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PRECAUTIONS 

1. The matters which are not covered inside this manual will not be guaranteed. 

2. The notes provided in this manual must be observed. Otherwise, the function may 

not be executed correctly or the system could be adversely affected. 

3. Specifications are subject to change for improvement without notice. 

4. Please contact us if you have any uncertainty about the manual. 
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1. ELECTRODE DESIGN AND ELECTRODE REDUCTION 
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In this chapter, In this chapter, In this chapter, In this chapter, we explain about the concept of “electrode reduction”, which iswe explain about the concept of “electrode reduction”, which iswe explain about the concept of “electrode reduction”, which iswe explain about the concept of “electrode reduction”, which is    importanimportanimportanimportantttt    inininin    

sinkersinkersinkersinker    EDM,EDM,EDM,EDM,    and its deciding method.and its deciding method.and its deciding method.and its deciding method.    

For achieving the maximum performance of For achieving the maximum performance of For achieving the maximum performance of For achieving the maximum performance of sinkersinkersinkersinker    EDM, it is necessary to decide “electrode EDM, it is necessary to decide “electrode EDM, it is necessary to decide “electrode EDM, it is necessary to decide “electrode 

reduction” based on the requirements such as machining time and shape accuracy.reduction” based on the requirements such as machining time and shape accuracy.reduction” based on the requirements such as machining time and shape accuracy.reduction” based on the requirements such as machining time and shape accuracy.    

    

1.1 Relation between spark gap, orbit and electrode reduction 

 

Sinker electrical dischargSinker electrical dischargSinker electrical dischargSinker electrical discharginginginging    is a machining method that generates diis a machining method that generates diis a machining method that generates diis a machining method that generates discharge scharge scharge scharge spark spark spark spark from an from an from an from an 

electrodeelectrodeelectrodeelectrode    totototo    aaaa    workpiece, and transfers the electrode shape to workpiece. The “transferred” workpiece, and transfers the electrode shape to workpiece. The “transferred” workpiece, and transfers the electrode shape to workpiece. The “transferred” workpiece, and transfers the electrode shape to workpiece. The “transferred” 

electrode shape, calculated by adding the electrode dimension and the length of discharge spark, electrode shape, calculated by adding the electrode dimension and the length of discharge spark, electrode shape, calculated by adding the electrode dimension and the length of discharge spark, electrode shape, calculated by adding the electrode dimension and the length of discharge spark, 

is bigger in dimension than the original elecis bigger in dimension than the original elecis bigger in dimension than the original elecis bigger in dimension than the original electrode shape. Therefore, it is necessary totrode shape. Therefore, it is necessary totrode shape. Therefore, it is necessary totrode shape. Therefore, it is necessary to    fabricate the fabricate the fabricate the fabricate the 

electrode to a smaller dimension than the target dimension. The lengthelectrode to a smaller dimension than the target dimension. The lengthelectrode to a smaller dimension than the target dimension. The lengthelectrode to a smaller dimension than the target dimension. The length    of this discharge spark is of this discharge spark is of this discharge spark is of this discharge spark is 

generally called a “spark gap”.generally called a “spark gap”.generally called a “spark gap”.generally called a “spark gap”.    

    

    

    

    

    

    

    

    

    

    

    

    

The “spark gap” changes according to the type of machining condition.The “spark gap” changes according to the type of machining condition.The “spark gap” changes according to the type of machining condition.The “spark gap” changes according to the type of machining condition.    

When machining speed is fast, and machining condition has When machining speed is fast, and machining condition has When machining speed is fast, and machining condition has When machining speed is fast, and machining condition has roughroughroughrough    surface roughness, spark gap surface roughness, spark gap surface roughness, spark gap surface roughness, spark gap 

becomes wide. becomes wide. becomes wide. becomes wide.     

When machining speed is slow, and machining condition hasWhen machining speed is slow, and machining condition hasWhen machining speed is slow, and machining condition hasWhen machining speed is slow, and machining condition has    fine surface roughness,fine surface roughness,fine surface roughness,fine surface roughness,    spark gap spark gap spark gap spark gap 

becomes narrow. becomes narrow. becomes narrow. becomes narrow.     

    

    

    

    

    

    

    

    

    

Wide spark gap 

Narrow spark gap 

Fast speed 

Rough surface Slow speed 

Fine surface 

電 極 

ワーク

 

Spark gap 

Discharging spark 
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For making fine surface roughness, after machining condition with wide spark gap, simply changing For making fine surface roughness, after machining condition with wide spark gap, simply changing For making fine surface roughness, after machining condition with wide spark gap, simply changing For making fine surface roughness, after machining condition with wide spark gap, simply changing 

to machto machto machto machining condition with narrow spark gap and machining will give finishing by ining condition with narrow spark gap and machining will give finishing by ining condition with narrow spark gap and machining will give finishing by ining condition with narrow spark gap and machining will give finishing by feeding feeding feeding feeding into the into the into the into the 

depth of bottom. depth of bottom. depth of bottom. depth of bottom. However, finishing is incomplete as the narrow spark gap does not reach the side However, finishing is incomplete as the narrow spark gap does not reach the side However, finishing is incomplete as the narrow spark gap does not reach the side However, finishing is incomplete as the narrow spark gap does not reach the side 

wallswallswallswalls. . . .     

        

    

    

    

    

    

    

    

    

Therefore, in Therefore, in Therefore, in Therefore, in sinkersinkersinkersinker    EDM having X, Y, and Z axEDM having X, Y, and Z axEDM having X, Y, and Z axEDM having X, Y, and Z axeeees, with the motion that swings s, with the motion that swings s, with the motion that swings s, with the motion that swings the the the the electrode on electrode on electrode on electrode on 

the plain surface that is perpendthe plain surface that is perpendthe plain surface that is perpendthe plain surface that is perpendicular to the machiningicular to the machiningicular to the machiningicular to the machining    method,method,method,method,    simultaneous finishing of bottom simultaneous finishing of bottom simultaneous finishing of bottom simultaneous finishing of bottom 

and side is possible. This motion is generally referred to as “orbiting”. and side is possible. This motion is generally referred to as “orbiting”. and side is possible. This motion is generally referred to as “orbiting”. and side is possible. This motion is generally referred to as “orbiting”. Half of Half of Half of Half of an orbiting width is an orbiting width is an orbiting width is an orbiting width is 

called an “orbiting radius”called an “orbiting radius”called an “orbiting radius”called an “orbiting radius”....    

    

    

    

    

    

    

    

    

 The reduced part of the electrode dimension where The reduced part of the electrode dimension where The reduced part of the electrode dimension where The reduced part of the electrode dimension where ““““spark gapspark gapspark gapspark gap””””    and and and and ““““pattern radiuspattern radiuspattern radiuspattern radius””””    are are are are 

consideredconsideredconsideredconsidered    is referred to as an is referred to as an is referred to as an is referred to as an ““““electrode reductionelectrode reductionelectrode reductionelectrode reduction””””. Usually, . Usually, . Usually, . Usually, ““““electrode reductionelectrode reductionelectrode reductionelectrode reduction””””    refers torefers torefers torefers to    the the the the 

reductionreductionreductionreduction    of of of of perperperper----side dimenside dimenside dimenside dimension. Therefore, the radial dimension of the electrode is sion. Therefore, the radial dimension of the electrode is sion. Therefore, the radial dimension of the electrode is sion. Therefore, the radial dimension of the electrode is reducereducereducereduced twice d twice d twice d twice 

of of of of ““““electrode reductionelectrode reductionelectrode reductionelectrode reduction””””....    

    

    

    

    

    

    

    

    

  
 

 

Electrode reduction Electrode reduction 

MC condition 

changed 

Side machining based on 

machining condition with wide 

spark gap 

 
MC direction 

Bottom machining based on 

machining condition with wide 

spark gap 

MC direction 

Orbiting  

MC direction 

Orbiting plane 

(Perpendicular to 

MC direction) 

Orbiting 

radius 

Electrode 

dimension 

(Bottom) 

Target 

dimension 

(Bottom) 

Interval is wide and 

discharge spark does 

not occur. 
MC direction 

Bottom machining based on 

machining condition with narrow 

spark gap 
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1.2  2D reduction and 3D reduction 

        There are two types of reduction method of electrode, namely, There are two types of reduction method of electrode, namely, There are two types of reduction method of electrode, namely, There are two types of reduction method of electrode, namely, ““““2D reduction2D reduction2D reduction2D reduction””””    and and and and ““““3D 3D 3D 3D 

reductionreductionreductionreduction””””....    

    

    

    

    

    

    

    

    

    

    

    

    

““““2D reduction2D reduction2D reduction2D reduction””””    and and and and ““““3D reduction3D reduction3D reduction3D reduction””””    have following featureshave following featureshave following featureshave following features    and they are separately used based on and they are separately used based on and they are separately used based on and they are separately used based on 

the application.the application.the application.the application.    

����It is common to machinIt is common to machinIt is common to machinIt is common to machineeee    2D reduction electrode using model plan (G101). 2D reduction electrode using model plan (G101). 2D reduction electrode using model plan (G101). 2D reduction electrode using model plan (G101).     

Regarding how to use it, refer to Chapter 2. Regarding how to use it, refer to Chapter 2. Regarding how to use it, refer to Chapter 2. Regarding how to use it, refer to Chapter 2.     

����In 3D reduction electrode, select irregular shape machining In 3D reduction electrode, select irregular shape machining In 3D reduction electrode, select irregular shape machining In 3D reduction electrode, select irregular shape machining ““““spherespherespheresphere----shape machiningshape machiningshape machiningshape machining””””    

““““columncolumncolumncolumn----shape machiningshape machiningshape machiningshape machining””””    etc. according to electrode shape usingetc. according to electrode shape usingetc. according to electrode shape usingetc. according to electrode shape using    model plan (G102).model plan (G102).model plan (G102).model plan (G102).    

    

    

    

    

  

Reduction Feature Purpose Example 

2D 

Merit 
Bottom corner can be accurately machined 

Orbiting motion is simple and machining efficiency is high 

General MC 

 

High 

accuracy 

right-angle

d shape 

Rib 

 

Connector Demerit
In 3D shape, shape error becomes large 

Electrode bottom is always machined to flat surface 

3D 

Merit 
In 3D shape, shape error can be made small 

Uniform finishing and machining of all surfaces is possible 

3D shape 

machining 

Mobile 

phone 
Demerit

Corner would have radius R that is equal to or more than 

electrode reduction 

Orbit  is complex and machining efficiency is low 

Introduction  of 3DCAD is required 

2D reduction 

Only XY directions are reduced 

Z 

X 

Y 

R 
R 

R R 

3D reduction 

R 

R 

R 
R 

All XYZ directions are equally reduced 

Orbiting path for 2D reduction Orbiting path for 3D reduction 
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1.2.1  Reference position in the case of 2D reduction and 3D reduction 

    

For transfer machining of electrode shape as per the target depth, it is necessary to give For transfer machining of electrode shape as per the target depth, it is necessary to give For transfer machining of electrode shape as per the target depth, it is necessary to give For transfer machining of electrode shape as per the target depth, it is necessary to give 

machining depth command after measuring the reference position given on the electrode. machining depth command after measuring the reference position given on the electrode. machining depth command after measuring the reference position given on the electrode. machining depth command after measuring the reference position given on the electrode. There is There is There is There is 

no need to consider reduction in the machining depth axis as it is auno need to consider reduction in the machining depth axis as it is auno need to consider reduction in the machining depth axis as it is auno need to consider reduction in the machining depth axis as it is automatically done based on the tomatically done based on the tomatically done based on the tomatically done based on the 

spark gap data.spark gap data.spark gap data.spark gap data.    

    

    

    

    

    

    

    

However, in the case of 3D reduction, by deciding the reference position onHowever, in the case of 3D reduction, by deciding the reference position onHowever, in the case of 3D reduction, by deciding the reference position onHowever, in the case of 3D reduction, by deciding the reference position on    electrode, machining electrode, machining electrode, machining electrode, machining 

depth to be depth to be depth to be depth to be instructed changes. Refer to the following figure below for the change of machining instructed changes. Refer to the following figure below for the change of machining instructed changes. Refer to the following figure below for the change of machining instructed changes. Refer to the following figure below for the change of machining 

depth command value.depth command value.depth command value.depth command value.    

    

①①①①    For 2D reductionFor 2D reductionFor 2D reductionFor 2D reduction    

If reference position is placed on the flat If reference position is placed on the flat If reference position is placed on the flat If reference position is placed on the flat part of electrode tip, positionpart of electrode tip, positionpart of electrode tip, positionpart of electrode tip, position    of the hof the hof the hof the heeeeight direction ight direction ight direction ight direction 

will not change. Thwill not change. Thwill not change. Thwill not change. Therefore, it iserefore, it iserefore, it iserefore, it is    not necessary tonot necessary tonot necessary tonot necessary to    change machining depth.change machining depth.change machining depth.change machining depth.    

    

    

    

②②②②    For 3D reductionFor 3D reductionFor 3D reductionFor 3D reduction    

(a)(a)(a)(a) When keeping reference position at the reduced placeWhen keeping reference position at the reduced placeWhen keeping reference position at the reduced placeWhen keeping reference position at the reduced place    

Keeping reference position at the reduced place will change the position in height Keeping reference position at the reduced place will change the position in height Keeping reference position at the reduced place will change the position in height Keeping reference position at the reduced place will change the position in height 

direction due to electrode reduction. However, it will be automatically corrected, and direction due to electrode reduction. However, it will be automatically corrected, and direction due to electrode reduction. However, it will be automatically corrected, and direction due to electrode reduction. However, it will be automatically corrected, and 

it is not necessary to change machining depth. it is not necessary to change machining depth. it is not necessary to change machining depth. it is not necessary to change machining depth.     

    

    

    

    

(b)(b)(b)(b) When When When When keeping reference position at the place that is not reducedkeeping reference position at the place that is not reducedkeeping reference position at the place that is not reducedkeeping reference position at the place that is not reduced    

Keeping reference position at the place that is not reduced, will keep the position in Keeping reference position at the place that is not reduced, will keep the position in Keeping reference position at the place that is not reduced, will keep the position in Keeping reference position at the place that is not reduced, will keep the position in 

the height direction unchanged. However, for balancing out correction, it is necessary the height direction unchanged. However, for balancing out correction, it is necessary the height direction unchanged. However, for balancing out correction, it is necessary the height direction unchanged. However, for balancing out correction, it is necessary 

to add electrode reducto add electrode reducto add electrode reducto add electrode reduction to tion to tion to tion to machiningmachiningmachiningmachining    depthdepthdepthdepth....    

    

    

    

 

ExExExEx))))    When machining depth When machining depth When machining depth When machining depth ----5.0mm5.0mm5.0mm5.0mm, and electrode reduction , and electrode reduction , and electrode reduction , and electrode reduction 0.2mm0.2mm0.2mm0.2mm, , , ,     

Change to machining depth Change to machining depth Change to machining depth Change to machining depth ----5.2mm5.2mm5.2mm5.2mm....    

Reference position 

Machining 

depth 

Machining feed 

Spark gap 

Reference position 

Reference 

Reference position 
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1.3  Changing machining shape with orbiting pattern 

    

The shape of The shape of The shape of The shape of ““““OrbitingOrbitingOrbitingOrbiting””””    motion is called motion is called motion is called motion is called ““““orbiting patternorbiting patternorbiting patternorbiting pattern””””. In most of the cases,. In most of the cases,. In most of the cases,. In most of the cases,    ““““orbiting patternorbiting patternorbiting patternorbiting pattern””””    

is either a is either a is either a is either a ““““CircleCircleCircleCircle””””    or or or or ““““SquareSquareSquareSquare””””. Therefore, the effect of machining. Therefore, the effect of machining. Therefore, the effect of machining. Therefore, the effect of machining    shape is explained focusing on shape is explained focusing on shape is explained focusing on shape is explained focusing on 

““““CircleCircleCircleCircle””””    and and and and ““““SquareSquareSquareSquare””””....    

    

    

    

    

    

    

    

    

� When machining prismatic electrode with “Circle orbiting” and “Square orbiting” 

    

    

    

    

    

    

    

    

    

    

    

� When machining electrode having acute corners with “Circle orbiting” and “Square 

orbiting” 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

R higher than electrode 

reduction is machined 

in all corners 

 

Circle orbiting Square orbiting 

Circle orbiting Square orbiting 

Flat shape will be 

machined at acute 

corner 

R higher than final 

spark gap will be 

machined 

Z 

X 

Y 

R higher than final 

spark gap will be 

machined 

MC direction Orbiting 

radius  

Circle orbiting 

pattern 

MC direction Orbiting 

radius  

 

Square orbiting 

pattern 

 

R higher than 

electrode reduction is 

machined in all 

corners 
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1.4   Setting method of electrode reduction 

 

1.4.1 Effect on machining time following the changes in electrode reduction 

    

The following table shows the effect of electrThe following table shows the effect of electrThe following table shows the effect of electrThe following table shows the effect of electrode reduction and spark area onode reduction and spark area onode reduction and spark area onode reduction and spark area on    machining machining machining machining time.time.time.time.    

    

 

    

            

    

    

    

    

    

    

    

    

    

    

    

The larger the electrode reduction (spark gap), the shorter the machining time.The larger the electrode reduction (spark gap), the shorter the machining time.The larger the electrode reduction (spark gap), the shorter the machining time.The larger the electrode reduction (spark gap), the shorter the machining time.    

    

When spark areaWhen spark areaWhen spark areaWhen spark area    is is is is □□□□10 and 10 and 10 and 10 and electrode reduction is electrode reduction is electrode reduction is electrode reduction is 0.2mm0.2mm0.2mm0.2mm～～～～0.3mm, machining time doesn0.3mm, machining time doesn0.3mm, machining time doesn0.3mm, machining time doesn’’’’t change t change t change t change 

at 45minutes. Therefore, when spark area is small, it is not necessary to make electrode reduction at 45minutes. Therefore, when spark area is small, it is not necessary to make electrode reduction at 45minutes. Therefore, when spark area is small, it is not necessary to make electrode reduction at 45minutes. Therefore, when spark area is small, it is not necessary to make electrode reduction 

large.large.large.large.    

    

When spark areaWhen spark areaWhen spark areaWhen spark area    is is is is □□□□10 and 10 and 10 and 10 and electrode reduction is electrode reduction is electrode reduction is electrode reduction is 0.3mm, it would depend on the set0.3mm, it would depend on the set0.3mm, it would depend on the set0.3mm, it would depend on the setting of jump ting of jump ting of jump ting of jump 

etc.; however, discharge will become unstable and abnormal etc.; however, discharge will become unstable and abnormal etc.; however, discharge will become unstable and abnormal etc.; however, discharge will become unstable and abnormal dischargedischargedischargedischarge    may occur in some cases. may occur in some cases. may occur in some cases. may occur in some cases.     

    

When When When When electrode reduction is electrode reduction is electrode reduction is electrode reduction is 0.1mm or below, a very 0.1mm or below, a very 0.1mm or below, a very 0.1mm or below, a very longlonglonglong    machining time is applied. Therefore, it machining time is applied. Therefore, it machining time is applied. Therefore, it machining time is applied. Therefore, it 

is necessary to shorten it more by preis necessary to shorten it more by preis necessary to shorten it more by preis necessary to shorten it more by pre----machining. (limitation:thimachining. (limitation:thimachining. (limitation:thimachining. (limitation:this s s s doesndoesndoesndoesn’’’’t apply when machining t apply when machining t apply when machining t apply when machining 

amount is small.)amount is small.)amount is small.)amount is small.)    

    

Even if it is other material electrode such as Gr material, this tendency remains the same.Even if it is other material electrode such as Gr material, this tendency remains the same.Even if it is other material electrode such as Gr material, this tendency remains the same.Even if it is other material electrode such as Gr material, this tendency remains the same.    

    

        

Reduction 

(mm) 

Machining time 

Spark area 

□10 

Spark area 

□50 

Spark area 

□100 

0.3 
45 min. 

(Unstable) 
4 hours 26 hours 

0.25 45 min. 7 hours 40 hours 

0.2 45 min. 10 hours 63 hours 

0.15 2 hours 20 hours 127 hours 

0.1 3 hours 58 hours － 

0.07 13 hours 127 hours － 

Machining data 

Cu(copper)-St(steel) 

No pre milling 

Machining depth 10mm 

Machining generator 30A 
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For For For For total machining time shortening, it is desirable to remove as much volume as possible with total machining time shortening, it is desirable to remove as much volume as possible with total machining time shortening, it is desirable to remove as much volume as possible with total machining time shortening, it is desirable to remove as much volume as possible with 

prepreprepre----machining through mechanical cutting, and reduce the machining volume of discharge machining through mechanical cutting, and reduce the machining volume of discharge machining through mechanical cutting, and reduce the machining volume of discharge machining through mechanical cutting, and reduce the machining volume of discharge 

machining.machining.machining.machining.    

    

    

    

    

    

    

However, if machining allowance of discharge machining is too small, due to the following reasons, However, if machining allowance of discharge machining is too small, due to the following reasons, However, if machining allowance of discharge machining is too small, due to the following reasons, However, if machining allowance of discharge machining is too small, due to the following reasons, 

longer total machining time may occur.longer total machining time may occur.longer total machining time may occur.longer total machining time may occur.    

����EEEElectrode reduction is large lectrode reduction is large lectrode reduction is large lectrode reduction is large →→→→    Discharge occur on only Discharge occur on only Discharge occur on only Discharge occur on only perperperper----side and machining efficiency declinesside and machining efficiency declinesside and machining efficiency declinesside and machining efficiency declines    

����EEEElectrode reduction is small lectrode reduction is small lectrode reduction is small lectrode reduction is small →→→→    Discharge occurs on all circumferences. However, machining capacity Discharge occurs on all circumferences. However, machining capacity Discharge occurs on all circumferences. However, machining capacity Discharge occurs on all circumferences. However, machining capacity 

declines. declines. declines. declines.     

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

In circle orbiting, R more than or equal to electrode reduction occurs in the corner. In circle orbiting, R more than or equal to electrode reduction occurs in the corner. In circle orbiting, R more than or equal to electrode reduction occurs in the corner. In circle orbiting, R more than or equal to electrode reduction occurs in the corner. Reducing Reducing Reducing Reducing 

electrode reduction reduces R, electrode reduction reduces R, electrode reduction reduces R, electrode reduction reduces R, however too much will result in long machining time.however too much will result in long machining time.however too much will result in long machining time.however too much will result in long machining time.    

    

    

    

    

When pattern radius is extremely large (Example: groove machining in the interior part of When pattern radius is extremely large (Example: groove machining in the interior part of When pattern radius is extremely large (Example: groove machining in the interior part of When pattern radius is extremely large (Example: groove machining in the interior part of 

cylindrical workpiece) cylindrical workpiece) cylindrical workpiece) cylindrical workpiece) For making spark area smaller as shownFor making spark area smaller as shownFor making spark area smaller as shownFor making spark area smaller as shown    iiiin n n n the following figure, machining the following figure, machining the following figure, machining the following figure, machining 

time will be long.time will be long.time will be long.time will be long.    

    

                                                    

    

    

  

Machining allowance of discharge machining 

is large 

Machining allowance of discharge 

machining is small 

 

Machining allowance is too small and 

electrode reduction is large 

Machining allowance is too small and 

electrode reduction is small 

 

Spark area 

Electrode 

Efficient 

Spark area 
Electrode 

Inefficient 

Electrode 

R occurs 
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1.4.2  Effect on shape accuracy following the change in electrode reduction 

    

Setting of Setting of Setting of Setting of electrode reduction may lead to worsening of shape accuracy as shown below.electrode reduction may lead to worsening of shape accuracy as shown below.electrode reduction may lead to worsening of shape accuracy as shown below.electrode reduction may lead to worsening of shape accuracy as shown below.    

    

①①①①  Reduction itself distorts electrode shape.Reduction itself distorts electrode shape.Reduction itself distorts electrode shape.Reduction itself distorts electrode shape.    

    

    

    

    

    

②②②② If electrode reduction is large, electrode wear of the corner tends to If electrode reduction is large, electrode wear of the corner tends to If electrode reduction is large, electrode wear of the corner tends to If electrode reduction is large, electrode wear of the corner tends to increase.increase.increase.increase.    

    

    

    

    

    

R of the bottom edge occurs due to bottom corner electrode wear. R of the bottom edge occurs due to bottom corner electrode wear. R of the bottom edge occurs due to bottom corner electrode wear. R of the bottom edge occurs due to bottom corner electrode wear.     

The stronger (wide spark gap) machining condition of a large The stronger (wide spark gap) machining condition of a large The stronger (wide spark gap) machining condition of a large The stronger (wide spark gap) machining condition of a large electrode reduction increases the electrode reduction increases the electrode reduction increases the electrode reduction increases the 

tendency of this corner electrode wear. In small area machining, usually it is required to tendency of this corner electrode wear. In small area machining, usually it is required to tendency of this corner electrode wear. In small area machining, usually it is required to tendency of this corner electrode wear. In small area machining, usually it is required to 

reduce R of the bottom edge. Therefore, do not increase electrode reduction beyond what is reduce R of the bottom edge. Therefore, do not increase electrode reduction beyond what is reduce R of the bottom edge. Therefore, do not increase electrode reduction beyond what is reduce R of the bottom edge. Therefore, do not increase electrode reduction beyond what is 

necessary.necessary.necessary.necessary.    

 

③③③③ If electrode reduction is smIf electrode reduction is smIf electrode reduction is smIf electrode reduction is small (0.15all (0.15all (0.15all (0.15    mm or less), electrode wear ratmm or less), electrode wear ratmm or less), electrode wear ratmm or less), electrode wear ratioioioio    tendstendstendstends    to become high.to become high.to become high.to become high.    

    

Ex) In the case of Cu-St small area machining (-�5) 

Electrode reduction(mm) 0.10 0.08 0.06 0.05 0.04 0.03 

Electrode wear rate(%) 0.1 0.1 0.2 0.3 1.0 2.0 

    

Note) Note) Note) Note) Effect on electrode wear Effect on electrode wear Effect on electrode wear Effect on electrode wear ratratratratioioioio    due to electrode reduction differs by machining condition. due to electrode reduction differs by machining condition. due to electrode reduction differs by machining condition. due to electrode reduction differs by machining condition. 

For increasing shape accuracy, it is necessary to decide electrode reduction after For increasing shape accuracy, it is necessary to decide electrode reduction after For increasing shape accuracy, it is necessary to decide electrode reduction after For increasing shape accuracy, it is necessary to decide electrode reduction after 

understanding the electrode wear ratio of machining condition. understanding the electrode wear ratio of machining condition. understanding the electrode wear ratio of machining condition. understanding the electrode wear ratio of machining condition.     

    

④④④④  Roughness occurs on the discharge plane of electrode, and Roughness occurs on the discharge plane of electrode, and Roughness occurs on the discharge plane of electrode, and Roughness occurs on the discharge plane of electrode, and the the the the workpiece is workpiece is workpiece is workpiece is subjectsubjectsubjectsubjectedededed    to to to to 

transfer machining.transfer machining.transfer machining.transfer machining.    

    

    

    

    

Note) Note) Note) Note) If general copper electrode material “Tough pitch copper” and “OxygenIf general copper electrode material “Tough pitch copper” and “OxygenIf general copper electrode material “Tough pitch copper” and “OxygenIf general copper electrode material “Tough pitch copper” and “Oxygen----free copper” are free copper” are free copper” are free copper” are 

compared, “Oxygencompared, “Oxygencompared, “Oxygencompared, “Oxygen----free copper” tends to have smaller roughness of electrode. free copper” tends to have smaller roughness of electrode. free copper” tends to have smaller roughness of electrode. free copper” tends to have smaller roughness of electrode.     

Create electrode 

with large 

electrode reduction 

Shape gets 

distorted due 

to reduction 

Electrode shape after reduction Target shape 
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1.4.3  Method of selecting electrode reduction from spark area 

    

At a place with narrow sparAt a place with narrow sparAt a place with narrow sparAt a place with narrow spark area, forcefully applying machining condition with large electrode k area, forcefully applying machining condition with large electrode k area, forcefully applying machining condition with large electrode k area, forcefully applying machining condition with large electrode 

reduction worsens machining efficiency, and in some cases, it may cause abnormal reduction worsens machining efficiency, and in some cases, it may cause abnormal reduction worsens machining efficiency, and in some cases, it may cause abnormal reduction worsens machining efficiency, and in some cases, it may cause abnormal dischargedischargedischargedischarge. . . . 

Therefore, method of selecting appropriate electrode reduction from spark area is shown here.Therefore, method of selecting appropriate electrode reduction from spark area is shown here.Therefore, method of selecting appropriate electrode reduction from spark area is shown here.Therefore, method of selecting appropriate electrode reduction from spark area is shown here.    

    

                ＜＜＜＜ExampleExampleExampleExample＞＞＞＞    

    

    

    

    

    

    

    

    

    

    

EntranceEntranceEntranceEntrance    areaareaareaarea                    14141414××××14141414－－－－12121212××××12121212    ＝＝＝＝    52525252((((mmmmmmmm2222))))    ≒≒≒≒    □□□□7777    

    

Refer to instruction manual data book, and select model data (machining condition number and Refer to instruction manual data book, and select model data (machining condition number and Refer to instruction manual data book, and select model data (machining condition number and Refer to instruction manual data book, and select model data (machining condition number and 

depth required for roughdepth required for roughdepth required for roughdepth required for rough----finishing machining, collection of orbiting data) corresponding to spark finishing machining, collection of orbiting data) corresponding to spark finishing machining, collection of orbiting data) corresponding to spark finishing machining, collection of orbiting data) corresponding to spark 

area area area area □□□□10 and Cu10 and Cu10 and Cu10 and Cu----St. St. St. St.     

In this example, In this example, In this example, In this example, momomomodel data del data del data del data 21 (applicable area21 (applicable area21 (applicable area21 (applicable area    ����5555    ~~~~    15) is applicable.15) is applicable.15) is applicable.15) is applicable.    

    

Next, refer to the Next, refer to the Next, refer to the Next, refer to the ““““Minimum spark areaMinimum spark areaMinimum spark areaMinimum spark area””””    field in the model data table. field in the model data table. field in the model data table. field in the model data table.     

““““Minimum spark areaMinimum spark areaMinimum spark areaMinimum spark area””””    refers to minimum spark area that doesnrefers to minimum spark area that doesnrefers to minimum spark area that doesnrefers to minimum spark area that doesn’’’’t result in the decline of abnormal t result in the decline of abnormal t result in the decline of abnormal t result in the decline of abnormal 

dischargdischargdischargdischargeeee    or machining efficiency, and a different value for each process number is set. For or machining efficiency, and a different value for each process number is set. For or machining efficiency, and a different value for each process number is set. For or machining efficiency, and a different value for each process number is set. For 

example, in texample, in texample, in texample, in the case of model data21 processhe case of model data21 processhe case of model data21 processhe case of model data21 process    No.No.No.No.3, it is 3, it is 3, it is 3, it is ����11. Therefore, it can be11. Therefore, it can be11. Therefore, it can be11. Therefore, it can be    interpreted that interpreted that interpreted that interpreted that 

process process process process No.No.No.No.3 can be used3 can be used3 can be used3 can be used    when spark areawhen spark areawhen spark areawhen spark area    ����11 or more. 11 or more. 11 or more. 11 or more.     

    

    

    

    

    

    

    

    

     

1 

10 

14 

12 

12 

14 

When a machining allowance of 1 mm on 

one side remains due to pre-machining 

based on mechanical cutting 

Electrode Cu(Copper) 

Workpiece S55C 

 

Minimum spark area 
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Entrance of machining example spark area is calculated as Entrance of machining example spark area is calculated as Entrance of machining example spark area is calculated as Entrance of machining example spark area is calculated as ����7. Therefore, searching a value less 7. Therefore, searching a value less 7. Therefore, searching a value less 7. Therefore, searching a value less 

than this will make “than this will make “than this will make “than this will make “����7” of process number5 becoming applicable. 7” of process number5 becoming applicable. 7” of process number5 becoming applicable. 7” of process number5 becoming applicable.     

    

    

    

    

    

    

    

    

    

    

    

    

If we look at the “electrode reduction” field belowIf we look at the “electrode reduction” field belowIf we look at the “electrode reduction” field belowIf we look at the “electrode reduction” field below, , , , electrode reduction inelectrode reduction inelectrode reduction inelectrode reduction in    thethethethe    ““““After pre millingAfter pre millingAfter pre millingAfter pre milling” ” ” ” 

field is mentioned as “0.12field is mentioned as “0.12field is mentioned as “0.12field is mentioned as “0.12    mm”.mm”.mm”.mm”.    

        

    

    

    

    

    

    

    

Electrode reduction (per side)Electrode reduction (per side)Electrode reduction (per side)Electrode reduction (per side)    ≧≧≧≧    0.120.120.120.12mmmmmmmm    

    

Therefore, electrode will be made with the aforementioned settings.Therefore, electrode will be made with the aforementioned settings.Therefore, electrode will be made with the aforementioned settings.Therefore, electrode will be made with the aforementioned settings.    

    

1.4.4  Other selection method of electrode reduction 

    

When the selection of electrode reduction becomes difficult due to reasons such as a changeWhen the selection of electrode reduction becomes difficult due to reasons such as a changeWhen the selection of electrode reduction becomes difficult due to reasons such as a changeWhen the selection of electrode reduction becomes difficult due to reasons such as a change    in the in the in the in the 

manufacturer (brand) of electrode material manufacturer (brand) of electrode material manufacturer (brand) of electrode material manufacturer (brand) of electrode material orororor    machining a new electrode shape, approximate spark machining a new electrode shape, approximate spark machining a new electrode shape, approximate spark machining a new electrode shape, approximate spark 

area and conduct machining test. During testing, check machining efficiency. At the machining area and conduct machining test. During testing, check machining efficiency. At the machining area and conduct machining test. During testing, check machining efficiency. At the machining area and conduct machining test. During testing, check machining efficiency. At the machining 

program side, you can adjust the discharge program side, you can adjust the discharge program side, you can adjust the discharge program side, you can adjust the discharge statestatestatestate    to some extent. The shape of the electrode need to some extent. The shape of the electrode need to some extent. The shape of the electrode need to some extent. The shape of the electrode need 

not necessarinot necessarinot necessarinot necessarily be aligned. The most important thing is to observe discharge state when it occurs. ly be aligned. The most important thing is to observe discharge state when it occurs. ly be aligned. The most important thing is to observe discharge state when it occurs. ly be aligned. The most important thing is to observe discharge state when it occurs. 

Therefore, benefits can be expected by checking, even for a few minutes.Therefore, benefits can be expected by checking, even for a few minutes.Therefore, benefits can be expected by checking, even for a few minutes.Therefore, benefits can be expected by checking, even for a few minutes.    

    

Refer to Chapter 2 for the adjustment method of discharge state with machining program. Refer to Chapter 2 for the adjustment method of discharge state with machining program. Refer to Chapter 2 for the adjustment method of discharge state with machining program. Refer to Chapter 2 for the adjustment method of discharge state with machining program. 

Without pre 

milling 

After pre milling 
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1.5  About number of electrodes    

    

In In In In ssssinker electrical discharge machine, mostly two electrodes, namely 1 roughing electrode and 1 inker electrical discharge machine, mostly two electrodes, namely 1 roughing electrode and 1 inker electrical discharge machine, mostly two electrodes, namely 1 roughing electrode and 1 inker electrical discharge machine, mostly two electrodes, namely 1 roughing electrode and 1 

finishing electrode are machined. The number of electrodes that satisfies the required machining finishing electrode are machined. The number of electrodes that satisfies the required machining finishing electrode are machined. The number of electrodes that satisfies the required machining finishing electrode are machined. The number of electrodes that satisfies the required machining 

time, shape accuracy, surface rotime, shape accuracy, surface rotime, shape accuracy, surface rotime, shape accuracy, surface roughness, and cost requirement ughness, and cost requirement ughness, and cost requirement ughness, and cost requirement areareareare    usually 2 in most of the cases. usually 2 in most of the cases. usually 2 in most of the cases. usually 2 in most of the cases. 

When machining multiple holes, adjust the number of electrodes using the following method.When machining multiple holes, adjust the number of electrodes using the following method.When machining multiple holes, adjust the number of electrodes using the following method.When machining multiple holes, adjust the number of electrodes using the following method.    

 

 <Example Two<Example Two<Example Two<Example Two----hole discharge machining>hole discharge machining>hole discharge machining>hole discharge machining>    

 

①①①①    Machining all positions with 1 roughing electrodeMachining all positions with 1 roughing electrodeMachining all positions with 1 roughing electrodeMachining all positions with 1 roughing electrode    

 You can individually set electrode reduction for rough machining and finishing machining You can individually set electrode reduction for rough machining and finishing machining You can individually set electrode reduction for rough machining and finishing machining You can individually set electrode reduction for rough machining and finishing machining 

according to the target. For rough machining, select machining condition with low according to the target. For rough machining, select machining condition with low according to the target. For rough machining, select machining condition with low according to the target. For rough machining, select machining condition with low 

electrode electrode electrode electrode wear ratwear ratwear ratwear ratioioioio....    

 

 

 

 

 

 

 

 

 

 

②②②②    Assign used finishing electrode to the next roughing electrodeAssign used finishing electrode to the next roughing electrodeAssign used finishing electrode to the next roughing electrodeAssign used finishing electrode to the next roughing electrode    

This method can reduceThis method can reduceThis method can reduceThis method can reduce    the dimension difference between holes. However, roughness and the dimension difference between holes. However, roughness and the dimension difference between holes. However, roughness and the dimension difference between holes. However, roughness and 

finishing electrode reduction are almost same. Therefore, machining speed is inferior to finishing electrode reduction are almost same. Therefore, machining speed is inferior to finishing electrode reduction are almost same. Therefore, machining speed is inferior to finishing electrode reduction are almost same. Therefore, machining speed is inferior to 

even even even even ①①①①....    

 

 

 

 

 

 

 

 

 

 

    

In the case of following machining details, the number of electrodes may increased or decreased.In the case of following machining details, the number of electrodes may increased or decreased.In the case of following machining details, the number of electrodes may increased or decreased.In the case of following machining details, the number of electrodes may increased or decreased.    

 

Amount of 

electrode 
Machining content 

1 In rib machining, shape accuracy and surface roughness requirement are loose 

Machining the screw shape in steel workpiece material 

Engraving (imposition) machining 

Contour machining 

3 or 

more 

In connector machining, bottom edge R requirement is strict 

In gear machining etc., shape accuracy requirement is strict 

Machining the high workpiece material of electrode wear ratio (Carbide etc.) 

Machining depth is extremely deep 

Surface roughness needs be finished less than Rz1μm 

Roughing 

electrode 

Roughing 

electrode 

Roughing 

electrode 

No.1 

Roughing 

electrode 
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Roughing No.2 

(Finishing No.1) 

Finishing 
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No.1 

Finishing 
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No.2 

Finishing 

electrode 
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Finishing 
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1.6  Setting example of electrode reduction 
    

Setting example of electrode reduction according to machining purpose is shown in the flowchart.Setting example of electrode reduction according to machining purpose is shown in the flowchart.Setting example of electrode reduction according to machining purpose is shown in the flowchart.Setting example of electrode reduction according to machining purpose is shown in the flowchart.    

    

        <Example of setting electrode reduction><Example of setting electrode reduction><Example of setting electrode reduction><Example of setting electrode reduction>    

    

    Preliminary studyPreliminary studyPreliminary studyPreliminary study                                                    RoughingRoughingRoughingRoughing                                                                                                        FinishingFinishingFinishingFinishing    

    

After pre mill 

 

Large MC amount 

 

Well balanced 

 

Fine accuracy    

  

 

Strict R 

requirement 

 

Rib machining 

 

 

 

Setting electrode reduction is important for achieving the balance of Setting electrode reduction is important for achieving the balance of Setting electrode reduction is important for achieving the balance of Setting electrode reduction is important for achieving the balance of machining speed and machining speed and machining speed and machining speed and 

machining accuracy. However, because of the following reasons, there are cases where roughness machining accuracy. However, because of the following reasons, there are cases where roughness machining accuracy. However, because of the following reasons, there are cases where roughness machining accuracy. However, because of the following reasons, there are cases where roughness 

and finishing electrode reduction are kept same.and finishing electrode reduction are kept same.and finishing electrode reduction are kept same.and finishing electrode reduction are kept same.    

    

����PrePrePrePre----machining accuracy using cuttmachining accuracy using cuttmachining accuracy using cuttmachining accuracy using cutting machineing machineing machineing machine, improving electrode making accuracy, improving electrode making accuracy, improving electrode making accuracy, improving electrode making accuracy    

����Improving the accuracy of positioning of discharge machining equipmentImproving the accuracy of positioning of discharge machining equipmentImproving the accuracy of positioning of discharge machining equipmentImproving the accuracy of positioning of discharge machining equipment    

����Reducing the cost of electrode making and managementReducing the cost of electrode making and managementReducing the cost of electrode making and managementReducing the cost of electrode making and management    

    

    

For improving production efficiency, it is important to For improving production efficiency, it is important to For improving production efficiency, it is important to For improving production efficiency, it is important to optimize electrode reduction byoptimize electrode reduction byoptimize electrode reduction byoptimize electrode reduction by    

accumulating actual machining data. accumulating actual machining data. accumulating actual machining data. accumulating actual machining data.     

 

  

Milling 
Remain 0.5mm 

EDMing 
Reduct. 0.3mm 

EDMing 
Reduct. 0.2mm 

EDMing 
Reduct. 0.15mm 

EDMing 
Reduct. 0.2mm 

EDMing 
Reduct. 0.15mm 

EDMing 
Reduct. 0.10mm 

EDMing 
Reduct. 0.1mm 

EDMing 
Reduct. 0.08mm 

EDMing 
Reduct. 0.07mm … 

EDMing 
Reduct. 0.25mm 

EDMing 
Reduct. 0.2mm 

No finishing 

… 
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1.7 Supplementary Explanation: Method of deciding electrode reduction from current density 

    

Here, we explain the method of deciding electrode reduction for rough machining from current Here, we explain the method of deciding electrode reduction for rough machining from current Here, we explain the method of deciding electrode reduction for rough machining from current Here, we explain the method of deciding electrode reduction for rough machining from current 

density.density.density.density.    

    

This method of deciding from current density is valid only forThis method of deciding from current density is valid only forThis method of deciding from current density is valid only forThis method of deciding from current density is valid only for    spark areaspark areaspark areaspark area    □10□10□10□10～～～～50, workpiece 50, workpiece 50, workpiece 50, workpiece 

material material material material St.St.St.St.    

    

                ＜＜＜＜ExampleExampleExampleExample＞＞＞＞    

    

    

    

    

    

    

                        Machining volumeMachining volumeMachining volumeMachining volume((((mmmmmmmm3333))))    ＝＝＝＝    50505050××××50505050××××30303030－－－－46464646××××46464646××××28282828    ≒≒≒≒    16000160001600016000    

    

Letting the specific gravity of iron be 7.8(g/cm3), machining weight is calculated as follows. Letting the specific gravity of iron be 7.8(g/cm3), machining weight is calculated as follows. Letting the specific gravity of iron be 7.8(g/cm3), machining weight is calculated as follows. Letting the specific gravity of iron be 7.8(g/cm3), machining weight is calculated as follows.     

    

    

                        Machining weightMachining weightMachining weightMachining weight((((ｇｇｇｇ))))        ＝＝＝＝    16000160001600016000÷÷÷÷1000100010001000××××7.87.87.87.8    ＝＝＝＝    124.8124.8124.8124.8(g)(g)(g)(g)    

    

Next, estimate machining time from Next, estimate machining time from Next, estimate machining time from Next, estimate machining time from ““““machining speedmachining speedmachining speedmachining speed””””    mentioned in instruction manual mentioned in instruction manual mentioned in instruction manual mentioned in instruction manual 

““““MMMMachining conditioachining conditioachining conditioachining conditionnnn””””. . . .     

    

Condition No. Roughness 

(μmRmax) 

MC speed 

(g/min) 

Estimated machining time 

(h) 

E164 50 0.11 124.8÷0.11÷60 ≒ 19 

E165 60 0.15 124.8÷0.15÷60 ≒ 14 

E166 70 0.21 124.8÷0.21÷60 ≒ 10 

E167 80 0.31 124.8÷0.31÷60 ≒ 7 

E168 90 0.48 124.8÷0.48÷60 ≒ 4 

    

・・・・Condition No.Condition No.Condition No.Condition No.    E164E164E164E164：：：：19191919    hourshourshourshours    

・・・・Condition No.Condition No.Condition No.Condition No.    E168E168E168E168：：：：4444    hourshourshourshours    

    

Because there is a lot of time difference, we want to select E168 as rough machining condition. Because there is a lot of time difference, we want to select E168 as rough machining condition. Because there is a lot of time difference, we want to select E168 as rough machining condition. Because there is a lot of time difference, we want to select E168 as rough machining condition. 

However, as mentioned earlier, forcefully applying fast machining condition to narrow spark area However, as mentioned earlier, forcefully applying fast machining condition to narrow spark area However, as mentioned earlier, forcefully applying fast machining condition to narrow spark area However, as mentioned earlier, forcefully applying fast machining condition to narrow spark area 

worsens machining efficiency, and it may cause abnormal worsens machining efficiency, and it may cause abnormal worsens machining efficiency, and it may cause abnormal worsens machining efficiency, and it may cause abnormal dischargedischargedischargedischarge    in some cases. in some cases. in some cases. in some cases.     
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2 

30 

Electrode  Cu（copper） 
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When a machining allowance of 2 mm on 
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““““SSSSpark areapark areapark areapark area””””    in this machining example is calculated as follows. in this machining example is calculated as follows. in this machining example is calculated as follows. in this machining example is calculated as follows.     

    

                                        EntranceEntranceEntranceEntrance    areaareaareaarea    ：：：：    ((((50505050××××50505050－－－－46464646××××46464646))))÷÷÷÷100100100100＝＝＝＝3.843.843.843.84((((cmcmcmcm2222))))    

                                        Bottom areaBottom areaBottom areaBottom area    ：：：：        50505050××××50505050÷÷÷÷100100100100＝＝＝＝25252525((((cmcmcmcm2222))))    

        

Next, refer to the Next, refer to the Next, refer to the Next, refer to the ““““average current valueaverage current valueaverage current valueaverage current value””””    of each machining of each machining of each machining of each machining condition mentionedcondition mentionedcondition mentionedcondition mentioned    in instruction in instruction in instruction in instruction 

manual manual manual manual ““““MMMMachining conditionachining conditionachining conditionachining condition””””. . . .     

    

    

    

    

    

    

    

    

    

    

    

    

    

SparkSparkSparkSpark    area of the entrance part is the smallest. Therefore, calculate currency density of the area of the entrance part is the smallest. Therefore, calculate currency density of the area of the entrance part is the smallest. Therefore, calculate currency density of the area of the entrance part is the smallest. Therefore, calculate currency density of the 

entrance part with the following expression. entrance part with the following expression. entrance part with the following expression. entrance part with the following expression.     

                                                                                                                                        

            Currency density (A/cm2) ＝ 

    

    Condition No. 

 

Roughness 

(μmRmax) 

Ave.current 

(A) 

Entrance currency density 

(A/cm2) 

    E164 50 9  9÷3.84＝2.3 

    E165 60 11 11÷3.84＝2.9 

    E166 70 14 14÷3.84＝3.6 

    E167 80 20 20÷3.84＝5.2 

    E168 90 24 24÷3.84＝6.3 

    

＜＜＜＜Appropriate currency densityAppropriate currency densityAppropriate currency densityAppropriate currency density＞＞＞＞    

Appropriate currency density changes depending on whether machining control is there or Appropriate currency density changes depending on whether machining control is there or Appropriate currency density changes depending on whether machining control is there or Appropriate currency density changes depending on whether machining control is there or 

not. Therefore, decide depending on the situation. not. Therefore, decide depending on the situation. not. Therefore, decide depending on the situation. not. Therefore, decide depending on the situation.     

Electrode Electrode Electrode Electrode materialmaterialmaterialmaterial    Workpiece materialWorkpiece materialWorkpiece materialWorkpiece material    Appropriate currency densityAppropriate currency densityAppropriate currency densityAppropriate currency density    

Cu(Cu(Cu(Cu(coppercoppercoppercopper))))    St(St(St(St(steelsteelsteelsteel))))    15(A/cm15(A/cm15(A/cm15(A/cm2222))))    or lessor lessor lessor less    

Gr(Gr(Gr(Gr(graphitegraphitegraphitegraphite))))    St(steelSt(steelSt(steelSt(steel))))    15(A/cm15(A/cm15(A/cm15(A/cm2222))))    or lessor lessor lessor less    

    

Current density of machining condition calculated this time is completely within the suitable Current density of machining condition calculated this time is completely within the suitable Current density of machining condition calculated this time is completely within the suitable Current density of machining condition calculated this time is completely within the suitable 

range. Therefore, range. Therefore, range. Therefore, range. Therefore, basically selecting any machining condition will not be a problem.basically selecting any machining condition will not be a problem.basically selecting any machining condition will not be a problem.basically selecting any machining condition will not be a problem.    

Average current value (A) 

Spark area (cm2) 

AAAAverage current valueverage current valueverage current valueverage current value    
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Here, for example, if the following additional requirements are added,Here, for example, if the following additional requirements are added,Here, for example, if the following additional requirements are added,Here, for example, if the following additional requirements are added,    

    

Rough machining can be completed with nighttime machining, and we want to avoid the occurrence Rough machining can be completed with nighttime machining, and we want to avoid the occurrence Rough machining can be completed with nighttime machining, and we want to avoid the occurrence Rough machining can be completed with nighttime machining, and we want to avoid the occurrence 

of abnormal of abnormal of abnormal of abnormal dischargedischargedischargedischarge    as much as possible. as much as possible. as much as possible. as much as possible.     

We want to keep roughness of bottom surface and We want to keep roughness of bottom surface and We want to keep roughness of bottom surface and We want to keep roughness of bottom surface and electrode wear electrode wear electrode wear electrode wear of corner part as small as of corner part as small as of corner part as small as of corner part as small as 

possible.possible.possible.possible.    

    

MMMMachining time: It can be judged that E165 machining condition calculated as 14 hours is achining time: It can be judged that E165 machining condition calculated as 14 hours is achining time: It can be judged that E165 machining condition calculated as 14 hours is achining time: It can be judged that E165 machining condition calculated as 14 hours is 

appropriate.appropriate.appropriate.appropriate.    

    

Next, read “electrode reductiNext, read “electrode reductiNext, read “electrode reductiNext, read “electrode reduction” of E165on” of E165on” of E165on” of E165    machining conditionmachining conditionmachining conditionmachining condition    from the instruction manual from the instruction manual from the instruction manual from the instruction manual 

“Data Book” model data table.“Data Book” model data table.“Data Book” model data table.“Data Book” model data table.    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

Note. Note. Note. Note. ““““MinimumMinimumMinimumMinimum    reductionreductionreductionreduction””””    in model data table may change to larger side due to the difference of in model data table may change to larger side due to the difference of in model data table may change to larger side due to the difference of in model data table may change to larger side due to the difference of 

electrode shape or fluid processing method.electrode shape or fluid processing method.electrode shape or fluid processing method.electrode shape or fluid processing method.    

            

““““Minimum electrode reductionMinimum electrode reductionMinimum electrode reductionMinimum electrode reduction””””    in the case of in the case of in the case of in the case of ““““With preWith preWith preWith pre----machiningmachiningmachiningmachining””””    is mentioned as 200 is mentioned as 200 is mentioned as 200 is mentioned as 200 

μμμμm. Therefore, it is decided as follows. m. Therefore, it is decided as follows. m. Therefore, it is decided as follows. m. Therefore, it is decided as follows.     

    

                                                            EEEElectrode reductionlectrode reductionlectrode reductionlectrode reduction    for roughingfor roughingfor roughingfor roughing    ＝＝＝＝    0000....2222    mmmmmmmm    

    

MINPULS



 

 

 
2 - 1 

2. SELECTION METHOD OF MODEL DATA AND PROCESS NO. 
 

CONTENTS 

                                                             Page 

2.1 Electrode reduction system and model plan selection 

based on machining shape････････････････････････････････････････  2 － 3  

2.2 Machining model selection method in the case of 2D reduction･･････ 2 － 4  

2.3 Machining model selection method in the case of 3D reduction･･････ 2 － 5  

2.4 Features of each machining model･････････････････････････････････ 2 － 6  

2.5 Selection of model data･･････････････････････････････････････････  2 － 1 0  

2.6 Selection of Start / End / Finish process No.･･････････････････････  2 － 1 1  

2.7 When machining doesn’t progress････････････････････････････････ 2 － 1 9  
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This chapter explains about using model data when doing roughThis chapter explains about using model data when doing roughThis chapter explains about using model data when doing roughThis chapter explains about using model data when doing rough    to to to to finish machining.finish machining.finish machining.finish machining.    

    

ModelModelModelModel    data refers to data refers to data refers to data refers to a a a a table where numerical data required for discharge machining is summarized. table where numerical data required for discharge machining is summarized. table where numerical data required for discharge machining is summarized. table where numerical data required for discharge machining is summarized. 

By using model data without any complex calculations, itBy using model data without any complex calculations, itBy using model data without any complex calculations, itBy using model data without any complex calculations, it    is possible to finish the target dimension is possible to finish the target dimension is possible to finish the target dimension is possible to finish the target dimension 

shape to any surface roughness.shape to any surface roughness.shape to any surface roughness.shape to any surface roughness.    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

Unique numbers are assigned to model data for each Unique numbers are assigned to model data for each Unique numbers are assigned to model data for each Unique numbers are assigned to model data for each ““““Electrode materialElectrode materialElectrode materialElectrode material””””    and and and and ““““workpiece materialworkpiece materialworkpiece materialworkpiece material””””, , , , 

and various machining details can be accommodated by separately using these numbers. and various machining details can be accommodated by separately using these numbers. and various machining details can be accommodated by separately using these numbers. and various machining details can be accommodated by separately using these numbers.     

    

                ＜＜＜＜ExampleExampleExampleExample＞＞＞＞    

                    ・・・・ElectrodeElectrodeElectrodeElectrode：：：：CuCuCuCu            WorkpieceWorkpieceWorkpieceWorkpiece：：：：StStStSt        Spark areaSpark areaSpark areaSpark area    □□□□20202020            …………    Model data Model data Model data Model data No.2No.2No.2No.23333    

                    ・・・・ElectrodeElectrodeElectrodeElectrode：：：：GrGrGrGr            WorkpieceWorkpieceWorkpieceWorkpiece：：：：StStStSt        Spark areaSpark areaSpark areaSpark area    □□□□25  25  25  25      …………    Model data Model data Model data Model data No.54No.54No.54No.54    

                    ・・・・ElectrodeElectrodeElectrodeElectrode：：：：CuW  WorkpieceCuW  WorkpieceCuW  WorkpieceCuW  Workpiece：：：：WC  WC  WC  WC  Spark areaSpark areaSpark areaSpark area    □□□□10  10  10  10      …………    Model data Model data Model data Model data No.73No.73No.73No.73    

    

    

    

    

    

    

    

    

    

    

    

 

  

Electrode 

material 
Workpiece 

material 
Spark 

area Model data 

No. 

MINPULS



 

 

 
2 - 3 

2.1 Electrode reduction system and model plan selection based on machining shape 

 

MMMModel data can be used with model plan odel data can be used with model plan odel data can be used with model plan odel data can be used with model plan ““““Machining ModelMachining ModelMachining ModelMachining Model””””    G101G101G101G101----104.104.104.104.    

Menu Detailed menu Code Contents 

Machining SINGLE MC 

BOTTOM STOPPED-SIMPLE 

BOTTOM STOPPED-COMPLEX 

THROUGH MC 

CORNER MC 

PACKAGE 

G100 

G101 

G102 

G103 

G104 

G105 

Single machining with a MC conditionSingle machining with a MC conditionSingle machining with a MC conditionSingle machining with a MC condition    

MC for single axis with model data MC for single axis with model data MC for single axis with model data MC for single axis with model data     

MC with complex shaped bottomMC with complex shaped bottomMC with complex shaped bottomMC with complex shaped bottom    

Through Through Through Through MC such as screw MCMC such as screw MCMC such as screw MCMC such as screw MC    

Corner Corner Corner Corner MCMCMCMC    

UserUserUserUser----defined defined defined defined or packaged MCor packaged MCor packaged MCor packaged MC 

    

Refer to Refer to Refer to Refer to ““““2D reduction2D reduction2D reduction2D reduction””””    and and and and ““““3D reduction3D reduction3D reduction3D reduction””””    flowcharts for electrode reduction given in flowcharts for electrode reduction given in flowcharts for electrode reduction given in flowcharts for electrode reduction given in chapter chapter chapter chapter 2.2 2.2 2.2 2.2 

and 2.3, and select appropriate machining model according to the respective machining shape. and 2.3, and select appropriate machining model according to the respective machining shape. and 2.3, and select appropriate machining model according to the respective machining shape. and 2.3, and select appropriate machining model according to the respective machining shape.     

    

 

 

 

 

 

 

 

 

 

 

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

  

3D reduction 

Sphere-shape machining 

Z 

X 

Y 

2D reduction 

Bottom inclined 

machining 

3D reduction 

Column-shape 

machining 

3D reduction 

Half-shape machining 

Machining model where model data can be used 

2D reduction 

3-axis finishing 
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2.2  Machining model selection method in the case of 2D reduction    
    

    

    

  

YES 

NO 

YES 

NO 

YES 

NO 

YES 

NO 

YES 

NO 

YES 

G102 

Bottom inclined MC 

Chap. 17 

Machining direction and 
orbit plane are at right 

angle 

MC with 

single axis 

G102 

2 or 3-axis MC 

Page 2-7 

2D reduction 

G101 

One-axis MC 

Page 2-6 

Machine the 
entire bottom and  

side surface 

G101L7 

G104 

Page 2-9 

Machining only 
corner part 

G103L6 

Under cut finish 

Page 2-8 

Do not machine 

the bottom 

Gear machining 

that required 

rotating axis 

G103L6 

Gear MC 

Chap.5 

G103L6 

Screw MC 

Chap.9 

Machining only 

side surface 

Female 

screw tap 

machining 

YES 

G103L6 

Under cut with top 

and bottom finish 

Page 2-8 

NO 

NO 

Low frequency of use 
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2.3  Machining model selection method in the case of 3D reduction 
     

YES 

NO 

YES 

NO 

YES 

NO 

YES 

NO 

YES 

NO 

G102L3P2222M1111 

Half-shape finish 

Chap.17 

G102P5050M1111B* 

Servo axis orbiting finish 

Chap.17 

Electrode 
bottom is 

wedge-shape 

Priority: 
MC time 

G102L3P2222M5050B* 

Wedge-shape finish 

Page 2-7 

3D reduction 

G102L3M0B0 

Sphere-shape finish 

Page 2-7 

Entire electrode bottom 
is curved surface shape 

Split female 
 screw tap  
machining 

G102L8M0B0 

3D-shape finish 

Chap.17 

Electrode bottom is 

column shape 

G102L3P2222M5050 

Column-shape finish 

Chap.17 

 

Priority: 

MC time 
 

G102L3P1111M0B* 

Drill-shape finish 

Page 2-7 

 

 

Electrode 
bottom is 
drill-shape 

Priority: 
accuracy 

Priority: 
accuracy 

 

NO 

YES 

Y 

X 

Z 

X 

Magnified figure 

of screw 

Low frequency of use 
Low frequency of use 

NO 
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2.4  Features of each machining model 
 

2.4.1  Machining model G101: BOTTOM STOPPED-SIMPLE 

    

G101 is used in linearG101 is used in linearG101 is used in linearG101 is used in linear    one wayone wayone wayone way    machining (XYZ axis) based on 2D reduction electrode that has flat machining (XYZ axis) based on 2D reduction electrode that has flat machining (XYZ axis) based on 2D reduction electrode that has flat machining (XYZ axis) based on 2D reduction electrode that has flat 

part in the bottom. part in the bottom. part in the bottom. part in the bottom.     

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

Furthermore, with G101 it is possible to set minute process management time with the following Furthermore, with G101 it is possible to set minute process management time with the following Furthermore, with G101 it is possible to set minute process management time with the following Furthermore, with G101 it is possible to set minute process management time with the following 

items.items.items.items.    

Item Item Item Item UUUU：：：：1ST PROCESS1ST PROCESS1ST PROCESS1ST PROCESS    

Item Item Item Item VVVV：：：：2ND PROCESS2ND PROCESS2ND PROCESS2ND PROCESS    

Item Item Item Item WWWW：：：：3333RD RD RD RD PROCESSPROCESSPROCESSPROCESS    

It is desired to use G101 where machining time is relatively long, and in the case of large It is desired to use G101 where machining time is relatively long, and in the case of large It is desired to use G101 where machining time is relatively long, and in the case of large It is desired to use G101 where machining time is relatively long, and in the case of large areaareaareaarea    

machining where setting of process management time is important. machining where setting of process management time is important. machining where setting of process management time is important. machining where setting of process management time is important.     

<Example><Example><Example><Example>    

・・・・Machining on large spark area (Machining on large spark area (Machining on large spark area (Machining on large spark area (□□□□100100100100    or more)or more)or more)or more)    

・・・・GlGlGlGlazed machiningazed machiningazed machiningazed machining    

・・・・HQSFHQSFHQSFHQSF    machimachimachimachiningningningning    

・・・・IC mold machining (Flower pattern)IC mold machining (Flower pattern)IC mold machining (Flower pattern)IC mold machining (Flower pattern)    

    

Item L: Basically, select the following machining method, and change the 2nd digit as and when required. Item L: Basically, select the following machining method, and change the 2nd digit as and when required. Item L: Basically, select the following machining method, and change the 2nd digit as and when required. Item L: Basically, select the following machining method, and change the 2nd digit as and when required.     

    

・・・・Item LItem LItem LItem L：：：：    = = = = 11113333    : : : : High accuracy 3High accuracy 3High accuracy 3High accuracy 3----axiaxiaxiaxis machinings machinings machinings machining    

・・・・Item LItem LItem LItem L：：：：    = 23 : = 23 : = 23 : = 23 : Standard 3Standard 3Standard 3Standard 3----axiaxiaxiaxis machinings machinings machinings machining    

    

Depending on the Depending on the Depending on the Depending on the machining shape, command of item L:machining method=1:machining shape, command of item L:machining method=1:machining shape, command of item L:machining method=1:machining shape, command of item L:machining method=1:    one wayone wayone wayone way    finishing finishing finishing finishing 

may be given.may be given.may be given.may be given.    
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2.4.2  Machining model G102：BOTTOM STOPPED-COMPLEX 

    

Use Use Use Use BOTTOM STOPPEDBOTTOM STOPPEDBOTTOM STOPPEDBOTTOM STOPPED----COMPLEX (G102)COMPLEX (G102)COMPLEX (G102)COMPLEX (G102)    in the case of onein the case of onein the case of onein the case of one    to to to to three three three three waywaywayway    machining (XYZ axis). machining (XYZ axis). machining (XYZ axis). machining (XYZ axis).     

In the case of machining with base in inclined direction, use In the case of machining with base in inclined direction, use In the case of machining with base in inclined direction, use In the case of machining with base in inclined direction, use BOTTOM STOPPEDBOTTOM STOPPEDBOTTOM STOPPEDBOTTOM STOPPED----COMPLEX (G102)COMPLEX (G102)COMPLEX (G102)COMPLEX (G102)....    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

Bottom complex Bottom complex Bottom complex Bottom complex (G102)(G102)(G102)(G102)    can be separately used for 2D reduction and 3D reduction electrocan be separately used for 2D reduction and 3D reduction electrocan be separately used for 2D reduction and 3D reduction electrocan be separately used for 2D reduction and 3D reduction electrode de de de 

depending items K, M, B.depending items K, M, B.depending items K, M, B.depending items K, M, B.    

    

①①①① In the case of 2D reduction electrodes In the case of 2D reduction electrodes In the case of 2D reduction electrodes In the case of 2D reduction electrodes …………    Use with item K, M, B = Blank.Use with item K, M, B = Blank.Use with item K, M, B = Blank.Use with item K, M, B = Blank.    

In this case, it will function in almost same manner as bottom simpleIn this case, it will function in almost same manner as bottom simpleIn this case, it will function in almost same manner as bottom simpleIn this case, it will function in almost same manner as bottom simple        

(G101)(G101)(G101)(G101)....    

    

②②②② In the case of 3D reduction electrodes: Basically use In the case of 3D reduction electrodes: Basically use In the case of 3D reduction electrodes: Basically use In the case of 3D reduction electrodes: Basically use ““““Sphere finishSphere finishSphere finishSphere finish””””:Item K = Blank, :Item K = Blank, :Item K = Blank, :Item K = Blank, 

Item M = 0, Item BItem M = 0, Item BItem M = 0, Item BItem M = 0, Item B    = 0. In the case of a special machining shape, refer to the flowchart = 0. In the case of a special machining shape, refer to the flowchart = 0. In the case of a special machining shape, refer to the flowchart = 0. In the case of a special machining shape, refer to the flowchart 

in chapter 2.4, and set items K, M, and B. Refer to Chapter 18 for details. in chapter 2.4, and set items K, M, and B. Refer to Chapter 18 for details. in chapter 2.4, and set items K, M, and B. Refer to Chapter 18 for details. in chapter 2.4, and set items K, M, and B. Refer to Chapter 18 for details.     

    

Item L: Basically, select the following machining method, and change the 2nd digit as and when Item L: Basically, select the following machining method, and change the 2nd digit as and when Item L: Basically, select the following machining method, and change the 2nd digit as and when Item L: Basically, select the following machining method, and change the 2nd digit as and when 

required. required. required. required.     

    

・・・・Item LItem LItem LItem L：：：：    = 13 : High accuracy 3= 13 : High accuracy 3= 13 : High accuracy 3= 13 : High accuracy 3----axiaxiaxiaxis machinings machinings machinings machining    

・・・・Item LItem LItem LItem L：：：：    = 23 : Standard 3= 23 : Standard 3= 23 : Standard 3= 23 : Standard 3----axiaxiaxiaxis machinings machinings machinings machining    

    

Depending on the machining shape, command of item L:machining method=1:Depending on the machining shape, command of item L:machining method=1:Depending on the machining shape, command of item L:machining method=1:Depending on the machining shape, command of item L:machining method=1:    one wayone wayone wayone way    finishing finishing finishing finishing 

may be given.may be given.may be given.may be given.    
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2.4.3  Machining model：G103 THROUGH MC 

    

Through MC Through MC Through MC Through MC (G103)(G103)(G103)(G103)    is used when you want to finish only side face.is used when you want to finish only side face.is used when you want to finish only side face.is used when you want to finish only side face.    

After moving up to the command position of bottom face direction, for After moving up to the command position of bottom face direction, for After moving up to the command position of bottom face direction, for After moving up to the command position of bottom face direction, for orbitorbitorbitorbit    machining of the side machining of the side machining of the side machining of the side 

face direction, you can discharge efficiency using the entire side face of eleface direction, you can discharge efficiency using the entire side face of eleface direction, you can discharge efficiency using the entire side face of eleface direction, you can discharge efficiency using the entire side face of electrode.ctrode.ctrode.ctrode.    Moreover, for Moreover, for Moreover, for Moreover, for 

shortening machining time, fluid flushing/suction unit is widely used.shortening machining time, fluid flushing/suction unit is widely used.shortening machining time, fluid flushing/suction unit is widely used.shortening machining time, fluid flushing/suction unit is widely used.    

    

＜＜＜＜Example of useExample of useExample of useExample of use＞＞＞＞    

・・・・Female screw tap machiningFemale screw tap machiningFemale screw tap machiningFemale screw tap machining                ・・・・Seal groove machining of rubber moldSeal groove machining of rubber moldSeal groove machining of rubber moldSeal groove machining of rubber mold                

・・・・Shape machining of through hole side faceShape machining of through hole side faceShape machining of through hole side faceShape machining of through hole side face    

・・・・Helical, warm gear machining (Z,C simultaneous Helical, warm gear machining (Z,C simultaneous Helical, warm gear machining (Z,C simultaneous Helical, warm gear machining (Z,C simultaneous two two two two waywaywayway    machining) machining) machining) machining)             

・・・・Expansion machining of through holeExpansion machining of through holeExpansion machining of through holeExpansion machining of through hole    diameterdiameterdiameterdiameter    

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In Through MCIn Through MCIn Through MCIn Through MC    (G103)(G103)(G103)(G103), with item L:machining method 3rd digit pattern offset and offset data , with item L:machining method 3rd digit pattern offset and offset data , with item L:machining method 3rd digit pattern offset and offset data , with item L:machining method 3rd digit pattern offset and offset data 

No.21No.21No.21No.21～～～～29, in addition to side face of the shaped part, you can also finish top and bottom face. 29, in addition to side face of the shaped part, you can also finish top and bottom face. 29, in addition to side face of the shaped part, you can also finish top and bottom face. 29, in addition to side face of the shaped part, you can also finish top and bottom face.     

    

1. 1. 1. 1. In case of 2D reduction electrode: Do not enter item L:machining method 3rd digit In case of 2D reduction electrode: Do not enter item L:machining method 3rd digit In case of 2D reduction electrode: Do not enter item L:machining method 3rd digit In case of 2D reduction electrode: Do not enter item L:machining method 3rd digit 

ppppattern offsetattern offsetattern offsetattern offset    

2. 2. 2. 2. In case of 3D reduction electrode: Use item L, enter electrode reductionIn case of 3D reduction electrode: Use item L, enter electrode reductionIn case of 3D reduction electrode: Use item L, enter electrode reductionIn case of 3D reduction electrode: Use item L, enter electrode reduction    of height of height of height of height 

direction in the corresponding offset dataNo.21direction in the corresponding offset dataNo.21direction in the corresponding offset dataNo.21direction in the corresponding offset dataNo.21～～～～29, and instruct under cut top and 29, and instruct under cut top and 29, and instruct under cut top and 29, and instruct under cut top and 

bottom surface finishing. bottom surface finishing. bottom surface finishing. bottom surface finishing.     

    

    

 

 

 

 

For item L: machining method, basically select L= 16 : high accuracy under cut finishing, and For item L: machining method, basically select L= 16 : high accuracy under cut finishing, and For item L: machining method, basically select L= 16 : high accuracy under cut finishing, and For item L: machining method, basically select L= 16 : high accuracy under cut finishing, and 

change the 2nd digit as required. Moreover, ensure to instruct change the 2nd digit as required. Moreover, ensure to instruct change the 2nd digit as required. Moreover, ensure to instruct change the 2nd digit as required. Moreover, ensure to instruct orbit orbit orbit orbit OFF for item 1:OFF for item 1:OFF for item 1:OFF for item 1:start process start process start process start process 

No.No.No.No.    3rd digit = 1** : start process depth machining, ensure that discharge trace is not added to 3rd digit = 1** : start process depth machining, ensure that discharge trace is not added to 3rd digit = 1** : start process depth machining, ensure that discharge trace is not added to 3rd digit = 1** : start process depth machining, ensure that discharge trace is not added to 

any unwanted place while approaching. any unwanted place while approaching. any unwanted place while approaching. any unwanted place while approaching.     

  

Offset data 

No.21～29 

Electrode 

reduction 

of height 

direction 
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2.4.4  Machining model：G104 CORNER MC 

    

Corner MC (G104) is only used when machining corner R that remained afterCorner MC (G104) is only used when machining corner R that remained afterCorner MC (G104) is only used when machining corner R that remained afterCorner MC (G104) is only used when machining corner R that remained after    mechanicmechanicmechanicmechanical cutting.al cutting.al cutting.al cutting.    

While linear and efficient machine is possible, it tends to have poor uniformWhile linear and efficient machine is possible, it tends to have poor uniformWhile linear and efficient machine is possible, it tends to have poor uniformWhile linear and efficient machine is possible, it tends to have poor uniform    finishing across the finishing across the finishing across the finishing across the 

surface. Therefore, use it according to the situation.surface. Therefore, use it according to the situation.surface. Therefore, use it according to the situation.surface. Therefore, use it according to the situation.    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

Furthermore, in bottom simple Furthermore, in bottom simple Furthermore, in bottom simple Furthermore, in bottom simple (G101) (G101) (G101) (G101) and bottom complexand bottom complexand bottom complexand bottom complex    (G102)(G102)(G102)(G102), instructing item , instructing item , instructing item , instructing item 

L:machining method=7, you can achieve similar corner finishing as Corner MC (G104). In the L:machining method=7, you can achieve similar corner finishing as Corner MC (G104). In the L:machining method=7, you can achieve similar corner finishing as Corner MC (G104). In the L:machining method=7, you can achieve similar corner finishing as Corner MC (G104). In the 

case of corner finishing, you can machine with almost same program as machining with bottom.case of corner finishing, you can machine with almost same program as machining with bottom.case of corner finishing, you can machine with almost same program as machining with bottom.case of corner finishing, you can machine with almost same program as machining with bottom.    
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2.5  Selection of model data 
    

When the machining model is decided, select model data number. When the machining model is decided, select model data number. When the machining model is decided, select model data number. When the machining model is decided, select model data number.     

Refer toRefer toRefer toRefer to    thethethethe    instruction manualinstruction manualinstruction manualinstruction manual    ””””data bookdata bookdata bookdata book””””    and select model data number corresponding to and select model data number corresponding to and select model data number corresponding to and select model data number corresponding to 

““““Electrode materialElectrode materialElectrode materialElectrode material””””,,,,    ““““workpiece materialworkpiece materialworkpiece materialworkpiece material””””    and and and and ““““spark areaspark areaspark areaspark area””””. . . .     

    

The following table shows main model daThe following table shows main model daThe following table shows main model daThe following table shows main model data numbers mentioned in data book.ta numbers mentioned in data book.ta numbers mentioned in data book.ta numbers mentioned in data book.    

    

Model data No. Electrode material Workpiece material 

19～28,1001,1002 Cu（Coppper） St（Steel） 

29 Cu（Coppper） St（Steel）※Glazed 

34,39,1043～1046 

1051～1057 
Gr（Graphite) St（Steel） 

59,62～67,1060 CuW（Coppper tungsten） St（Steel） 

69～74 CuW（Coppper tungsten） WC (Tungsten carbide） 

68 CuW（Coppper tungsten）,Cu CuW, Cu 

86 Cu（Coppper） Cu-Copper Alloy 

88 Cu（Coppper） CuBe(Beryllium copper) 

1082 Gr（Graphite） Cu-Copper Alloy 

    

In instruction manual In instruction manual In instruction manual In instruction manual ““““MMMMachining conditionachining conditionachining conditionachining condition””””    Chapter 7, various model Chapter 7, various model Chapter 7, various model Chapter 7, various model datadatadatadata    otherotherotherother    than the above than the above than the above than the above 

are mentioned. Using the information in the following table as reference, use them depending on are mentioned. Using the information in the following table as reference, use them depending on are mentioned. Using the information in the following table as reference, use them depending on are mentioned. Using the information in the following table as reference, use them depending on 

the condition. the condition. the condition. the condition.     

        

Model data No. Electrode Workpiece Comments 

5,6,8,10,11,15 Cu St 

Low electrode wear, but discharge may 

become unstable. Take precaution when 

using it. 

16,17,18 Cu St 
Having glazed machining condition, 

surface can be finished to fine roughness. 

75,76,77,78 Cu St Surface roughness up to Rz1μm 

40～47 Gr St 
Use when electrode tip has deteriorated 

and discharge has become unstable. 

48,49 Gr St Low electrode wear 
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2.6  Selection of Start / End / Finish process No. 
    

Next, the selection method for Start / End / Next, the selection method for Start / End / Next, the selection method for Start / End / Next, the selection method for Start / End / FFFFinish processinish processinish processinish process    differs differs differs differs depending ondepending ondepending ondepending on    the number of the number of the number of the number of 

electrodes, electrode material, etc. Therefore, refer to the following explanation, and select the electrodes, electrode material, etc. Therefore, refer to the following explanation, and select the electrodes, electrode material, etc. Therefore, refer to the following explanation, and select the electrodes, electrode material, etc. Therefore, refer to the following explanation, and select the 

appropriate process number.appropriate process number.appropriate process number.appropriate process number.    

    

    

    

    

    

    

    

    

    

    

    

    

Item IItem IItem IItem I：：：：Start process No.Start process No.Start process No.Start process No.    

…………    Specify Specify Specify Specify process number for starting the machining.process number for starting the machining.process number for starting the machining.process number for starting the machining.    

This item has the This item has the This item has the This item has the highest impact on machining time.highest impact on machining time.highest impact on machining time.highest impact on machining time.    

Item JItem JItem JItem J：：：：End process No.End process No.End process No.End process No.    

…………    SpecifySpecifySpecifySpecify    process number for ending the machining.process number for ending the machining.process number for ending the machining.process number for ending the machining.    

It mainly affects shape accuracy and machining time.It mainly affects shape accuracy and machining time.It mainly affects shape accuracy and machining time.It mainly affects shape accuracy and machining time.    

Item OItem OItem OItem O：：：：Finish process No.Finish process No.Finish process No.Finish process No.    

…………    SpecifySpecifySpecifySpecify    process number of target surface roughness value.process number of target surface roughness value.process number of target surface roughness value.process number of target surface roughness value.    

    

2.6.1  Reading and interpreting model data table 

    

In the model data table, select process number from the data covered inside the box below.In the model data table, select process number from the data covered inside the box below.In the model data table, select process number from the data covered inside the box below.In the model data table, select process number from the data covered inside the box below.    

    

(a)(a)(a)(a) Min. reduct.Min. reduct.Min. reduct.Min. reduct.                    …………        Selecting start process No.Selecting start process No.Selecting start process No.Selecting start process No.    

(b)(b)(b)(b) Min. spark area  Min. spark area  Min. spark area  Min. spark area  …………        Selecting start process No.Selecting start process No.Selecting start process No.Selecting start process No.    

(c)(c)(c)(c) Electrode wear Electrode wear Electrode wear Electrode wear         …………        Selecting start and end process No.Selecting start and end process No.Selecting start and end process No.Selecting start and end process No.    

(d)(d)(d)(d) RoughnessRoughnessRoughnessRoughness                        …………        Finish Finish Finish Finish processprocessprocessprocess    No.No.No.No.    

    

    

    

    

    

    

    

    

    

    

    

(d) Roughness 

(c) Electrode wear 

(b) Min. spark area 

(a) Min. reduct. 
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2.6.2  (a) Reading and interpreting fields of Minimum reduction 

The field to beThe field to beThe field to beThe field to be    referenced will differ when doing discharge machining for prereferenced will differ when doing discharge machining for prereferenced will differ when doing discharge machining for prereferenced will differ when doing discharge machining for pre----milled or solid milled or solid milled or solid milled or solid 

workpieces.workpieces.workpieces.workpieces.    

    

    

    

    

    

＜＜＜＜After pre millingAfter pre millingAfter pre millingAfter pre milling＞＞＞＞                                                                    ＜＜＜＜Without pre millingWithout pre millingWithout pre millingWithout pre milling＞＞＞＞    

    

    

    

    

    

    

    

    

    

    

①①①① After pre millingAfter pre millingAfter pre millingAfter pre milling    

From the From the From the From the ““““Aft. Aft. Aft. Aft. PrePrePrePre    millmillmillmill””””, search a smaller numerical value than electrode reduction, the, search a smaller numerical value than electrode reduction, the, search a smaller numerical value than electrode reduction, the, search a smaller numerical value than electrode reduction, thennnn    

select process number.select process number.select process number.select process number.    

    

    

    

    

    

Ex.Ex.Ex.Ex.））））In the case of electrode reductionIn the case of electrode reductionIn the case of electrode reductionIn the case of electrode reduction    0.150mm0.150mm0.150mm0.150mm    

No.No.No.No.3 3 3 3 ：：：：    0.165 0.165 0.165 0.165 ＞＞＞＞    0.150 0.150 0.150 0.150 …………    Minimum Minimum Minimum Minimum electrode reduction is larger than electrode electrode reduction is larger than electrode electrode reduction is larger than electrode electrode reduction is larger than electrode 

reduction, and therefore it cannotreduction, and therefore it cannotreduction, and therefore it cannotreduction, and therefore it cannot    be usedbe usedbe usedbe used....    Using it forcefully Using it forcefully Using it forcefully Using it forcefully 

will make rough finishing onwill make rough finishing onwill make rough finishing onwill make rough finishing on    the side facethe side facethe side facethe side face    

No.No.No.No.4 4 4 4 ：：：：    0.10.10.10.140404040    ≦≦≦≦    0.10.10.10.150505050    …………    Minimum electrode reduction is smaller than electrode Minimum electrode reduction is smaller than electrode Minimum electrode reduction is smaller than electrode Minimum electrode reduction is smaller than electrode 

reduction, therefore it canreduction, therefore it canreduction, therefore it canreduction, therefore it can    be usedbe usedbe usedbe used....    

    

    

    

    

    

    

 

     

Pilot hole with 

pre-milling 

After pre milling 

Without pre milling 

Pilot hole with 

pre-milling 

××××    ○○○○    
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②②②② When preWhen preWhen preWhen pre----machining is not donemachining is not donemachining is not donemachining is not done    

From From From From ““““2mm2mm2mm2mm””””    ““““10mm10mm10mm10mm””””    and and and and ““““20mm20mm20mm20mm””””    fields, focus ofields, focus ofields, focus ofields, focus on the rows containing numericaln the rows containing numericaln the rows containing numericaln the rows containing numerical    valuesvaluesvaluesvalues    higher higher higher higher 

than than than than ““““machining depthmachining depthmachining depthmachining depth””””, and select process number , and select process number , and select process number , and select process number corresponding tocorresponding tocorresponding tocorresponding to    the fieldthe fieldthe fieldthe fields containing s containing s containing s containing 

numerical values numerical values numerical values numerical values lowlowlowlower thaner thaner thaner than    electrode reduction. This machining depth is the actual machining electrode reduction. This machining depth is the actual machining electrode reduction. This machining depth is the actual machining electrode reduction. This machining depth is the actual machining 

depth. Not that it may differ from the machining depth command value of the program.depth. Not that it may differ from the machining depth command value of the program.depth. Not that it may differ from the machining depth command value of the program.depth. Not that it may differ from the machining depth command value of the program.    

    

    

    

    

    

    

    

    

    

    

    

    

Ex.Ex.Ex.Ex.1111))))    In the In the In the In the case of electrode reductioncase of electrode reductioncase of electrode reductioncase of electrode reduction    0.0.0.0.202020200mm0mm0mm0mm, machining depth 20.0mm, machining depth 20.0mm, machining depth 20.0mm, machining depth 20.0mm    

No.No.No.No.4444    ：：：：    0.20.20.20.211110 0 0 0 ＞＞＞＞    0.20.20.20.200000000    …………    Minimum electrode reduction is larger than electrode reduction, Minimum electrode reduction is larger than electrode reduction, Minimum electrode reduction is larger than electrode reduction, Minimum electrode reduction is larger than electrode reduction, 

and therefore it cannotand therefore it cannotand therefore it cannotand therefore it cannot    be usedbe usedbe usedbe used....    

    

No.No.No.No.5555    ：：：：    0.0.0.0.191919190 0 0 0 ≦≦≦≦    0.0.0.0.200 200 200 200 …………    Minimum electrode reduction is smaller than Minimum electrode reduction is smaller than Minimum electrode reduction is smaller than Minimum electrode reduction is smaller than electrode electrode electrode electrode 

reduction, therefore it canreduction, therefore it canreduction, therefore it canreduction, therefore it can    be usedbe usedbe usedbe used....    

    

    

    

    

    

    

    

    

    

Ex.Ex.Ex.Ex.2) 2) 2) 2) In the case of electrode reductionIn the case of electrode reductionIn the case of electrode reductionIn the case of electrode reduction    0.0.0.0.161616160mm0mm0mm0mm, machining depth 15.0mm, machining depth 15.0mm, machining depth 15.0mm, machining depth 15.0mm    

From minimum electrode reduction of 10mm and 20mm, calculate minimum electrode From minimum electrode reduction of 10mm and 20mm, calculate minimum electrode From minimum electrode reduction of 10mm and 20mm, calculate minimum electrode From minimum electrode reduction of 10mm and 20mm, calculate minimum electrode 

reduction when machining depth is reduction when machining depth is reduction when machining depth is reduction when machining depth is 15mm.15mm.15mm.15mm.    

Process No.Process No.Process No.Process No.    5555    6666    

10mm10mm10mm10mm    160160160160    141414140000    

15mm(15mm(15mm(15mm(CalculatedCalculatedCalculatedCalculated))))    111177775 = (15 = (15 = (15 = (160606060++++190190190190)/2)/2)/2)/2    111155 = (140+170)/255 = (140+170)/255 = (140+170)/255 = (140+170)/2    

20mm20mm20mm20mm    190190190190    170170170170    

     

××××    ○○○○    

Actual machining depth 
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No.No.No.No.5555：：：：0.0.0.0.175175175175    ＞＞＞＞    0.0.0.0.161616160 0 0 0 …………    Minimum electrode reduction is larger than electrode Minimum electrode reduction is larger than electrode Minimum electrode reduction is larger than electrode Minimum electrode reduction is larger than electrode 

reduction, and therefore it cannotreduction, and therefore it cannotreduction, and therefore it cannotreduction, and therefore it cannot    be usedbe usedbe usedbe used....    

No.No.No.No.6666：：：：0.10.10.10.155555555    ≦≦≦≦    0.0.0.0.161616160 0 0 0 …………    Minimum Minimum Minimum Minimum electrode reduction is smaller than electrode electrode reduction is smaller than electrode electrode reduction is smaller than electrode electrode reduction is smaller than electrode 

reduction, therefore it canreduction, therefore it canreduction, therefore it canreduction, therefore it can    be usedbe usedbe usedbe used....    

    

In the model data table, there are process numbers where minimum electrode reduction is not set. In the model data table, there are process numbers where minimum electrode reduction is not set. In the model data table, there are process numbers where minimum electrode reduction is not set. In the model data table, there are process numbers where minimum electrode reduction is not set. 

TTTThey are not suitable for the start process of roughing electrode because ohey are not suitable for the start process of roughing electrode because ohey are not suitable for the start process of roughing electrode because ohey are not suitable for the start process of roughing electrode because of the reasons such asf the reasons such asf the reasons such asf the reasons such as    

slow machining speed and largeslow machining speed and largeslow machining speed and largeslow machining speed and large    electrode wear. electrode wear. electrode wear. electrode wear.     

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

＜＜＜＜Relation between machining depth and electrode Relation between machining depth and electrode Relation between machining depth and electrode Relation between machining depth and electrode reductionreductionreductionreduction＞＞＞＞    

    

In the case of In the case of In the case of In the case of ““““Without pre millingWithout pre millingWithout pre millingWithout pre milling””””, as machining debris become more and as machining depth , as machining debris become more and as machining depth , as machining debris become more and as machining depth , as machining debris become more and as machining depth 

increases, discharge efficiency of machining debris due to jump reduces, and machining debris increases, discharge efficiency of machining debris due to jump reduces, and machining debris increases, discharge efficiency of machining debris due to jump reduces, and machining debris increases, discharge efficiency of machining debris due to jump reduces, and machining debris 

concentration in the hole keeps on increases. As aconcentration in the hole keeps on increases. As aconcentration in the hole keeps on increases. As aconcentration in the hole keeps on increases. As a    resultresultresultresult, discharge spark reaches farther than the , discharge spark reaches farther than the , discharge spark reaches farther than the , discharge spark reaches farther than the 

regular distance, and dimensionregular distance, and dimensionregular distance, and dimensionregular distance, and dimension    of the machining hole also widens.of the machining hole also widens.of the machining hole also widens.of the machining hole also widens.    

Because of these reasons, when preBecause of these reasons, when preBecause of these reasons, when preBecause of these reasons, when pre----machining is nmachining is nmachining is nmachining is not done, it is necessary to setot done, it is necessary to setot done, it is necessary to setot done, it is necessary to set    electrode electrode electrode electrode 

reduction reduction reduction reduction larger according to machining depth. larger according to machining depth. larger according to machining depth. larger according to machining depth.     

    

    

  

Suitable for the start process of 

roughing electrode 

NOT suitable for the start process of 

roughing electrode 
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2.6.3  (b) Reading and interpreting applicable minimum area field 

 

In discharge machining, even if machining is done at a small process number (fast machining speed) In discharge machining, even if machining is done at a small process number (fast machining speed) In discharge machining, even if machining is done at a small process number (fast machining speed) In discharge machining, even if machining is done at a small process number (fast machining speed) 

with respect to narrow spark area, machining speed may rather slow down and abnormal with respect to narrow spark area, machining speed may rather slow down and abnormal with respect to narrow spark area, machining speed may rather slow down and abnormal with respect to narrow spark area, machining speed may rather slow down and abnormal dischargedischargedischargedischarge    

may occur. Therefore, in the (b) column,may occur. Therefore, in the (b) column,may occur. Therefore, in the (b) column,may occur. Therefore, in the (b) column,    minimum applicable spminimum applicable spminimum applicable spminimum applicable spark area for each process number ark area for each process number ark area for each process number ark area for each process number 

is shown.is shown.is shown.is shown.    

    

Ex.Ex.Ex.Ex.) ) ) ) Process Process Process Process No.No.No.No.3 in the following table shows that it is not suitable to machining where spark 3 in the following table shows that it is not suitable to machining where spark 3 in the following table shows that it is not suitable to machining where spark 3 in the following table shows that it is not suitable to machining where spark 

areaareaareaarea����11 or below.11 or below.11 or below.11 or below.    

    

    

    

    

Note.Note.Note.Note.    SSSSpark area refers to facing area of electrode and workpiece shown with shaded area in park area refers to facing area of electrode and workpiece shown with shaded area in park area refers to facing area of electrode and workpiece shown with shaded area in park area refers to facing area of electrode and workpiece shown with shaded area in the the the the 

following figure.following figure.following figure.following figure.    

    

    

    

    

    

    

    

    

    

    

    

    

In the shape where spark area becomes wide asIn the shape where spark area becomes wide asIn the shape where spark area becomes wide asIn the shape where spark area becomes wide as    ththththe machining progresses, processe machining progresses, processe machining progresses, processe machining progresses, process    number is number is number is number is 

basically selected from the largest sbasically selected from the largest sbasically selected from the largest sbasically selected from the largest spark area. However, as a resultpark area. However, as a resultpark area. However, as a resultpark area. However, as a result    of this selection, problems like of this selection, problems like of this selection, problems like of this selection, problems like 

abnormal abnormal abnormal abnormal dischargedischargedischargedischarge    may occur when discharge takes place. In such case, divide machining program may occur when discharge takes place. In such case, divide machining program may occur when discharge takes place. In such case, divide machining program may occur when discharge takes place. In such case, divide machining program 

when dischargwhen dischargwhen dischargwhen discharge occurs and subsequent stages, and by instructing individual pre occurs and subsequent stages, and by instructing individual pre occurs and subsequent stages, and by instructing individual pre occurs and subsequent stages, and by instructing individual process number, you ocess number, you ocess number, you ocess number, you 

can shortencan shortencan shortencan shorten    machining timemachining timemachining timemachining time    and control abnormal and control abnormal and control abnormal and control abnormal dischargedischargedischargedischarge....    

    

    

    

    

    

    

    

  

Spark 

area 

MC direction 

90° 

+Z 

+X 

+Y 

+X 

Without pre milling 前加工ありの場合 

MC direction 

90° 

After pre milling 

(b) Select process number according to minimum spark 

area field. 

(a) Select process number according to minimum 

reduction field. 
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2.6.4  (c) Reading and interpreting the electrode wear field 

 

In the electrode wear field, electrode wear ratIn the electrode wear field, electrode wear ratIn the electrode wear field, electrode wear ratIn the electrode wear field, electrode wear ratioioioio    for each process number is mentioned. In for each process number is mentioned. In for each process number is mentioned. In for each process number is mentioned. In ssssinker inker inker inker 

electrical discharge machineelectrical discharge machineelectrical discharge machineelectrical discharge machine, machining condition, machining condition, machining condition, machining condition    with finewith finewith finewith fine    surface roughness (large process surface roughness (large process surface roughness (large process surface roughness (large process 

number) tends to have high electrode wear ratnumber) tends to have high electrode wear ratnumber) tends to have high electrode wear ratnumber) tends to have high electrode wear ratioioioio. Therefore, if . Therefore, if . Therefore, if . Therefore, if start processstart processstart processstart process    of roughing electrode of roughing electrode of roughing electrode of roughing electrode 

can be made smaller (if electrode reduction can be made large), electrode wear ratcan be made smaller (if electrode reduction can be made large), electrode wear ratcan be made smaller (if electrode reduction can be made large), electrode wear ratcan be made smaller (if electrode reduction can be made large), electrode wear ratioioioio    can be can be can be can be 

reduced andreduced andreduced andreduced and    machiningmachiningmachiningmachining    allowance of finishing electrode can also be reduced.allowance of finishing electrode can also be reduced.allowance of finishing electrode can also be reduced.allowance of finishing electrode can also be reduced.    

    

    

    

    

    

    

    

    

    

    

    

In roughing electrode, continuing machining up to process number with high In roughing electrode, continuing machining up to process number with high In roughing electrode, continuing machining up to process number with high In roughing electrode, continuing machining up to process number with high electrode wear ratelectrode wear ratelectrode wear ratelectrode wear ratioioioio    

will not reduce the machining allowance of finishing process. will not reduce the machining allowance of finishing process. will not reduce the machining allowance of finishing process. will not reduce the machining allowance of finishing process. MoreoMoreoMoreoMoreover, machining time will end up ver, machining time will end up ver, machining time will end up ver, machining time will end up 

becoming extremely long. By setting becoming extremely long. By setting becoming extremely long. By setting becoming extremely long. By setting endendendend    process as per the following table, process as per the following table, process as per the following table, process as per the following table, you can shorten total you can shorten total you can shorten total you can shorten total 

machiningmachiningmachiningmachining    time.time.time.time.    

    

＜＜＜＜Rough guide of Rough guide of Rough guide of Rough guide of roughing electrode end processroughing electrode end processroughing electrode end processroughing electrode end process＞＞＞＞    

MC MC MC MC typetypetypetype    Item Item Item Item JJJJ：：：：Input value of end process No.Input value of end process No.Input value of end process No.Input value of end process No.    

CuCuCuCu----StStStSt    Process number with electrode wear ratProcess number with electrode wear ratProcess number with electrode wear ratProcess number with electrode wear ratioioioio    2222----8%8%8%8%    

GrGrGrGr----StStStSt    Process number with electrode wear ratProcess number with electrode wear ratProcess number with electrode wear ratProcess number with electrode wear ratioioioio    5555----20202020%%%%    

CuWCuWCuWCuW----WCWCWCWC    Start processStart processStart processStart process’’’’    electrode wearelectrode wearelectrode wearelectrode wear    

ratratratratioioioio    10% or more10% or more10% or more10% or more    

Process number Process number Process number Process number with approximatewith approximatewith approximatewith approximate    

surface roughnesssurface roughnesssurface roughnesssurface roughness    Rz4Rz4Rz4Rz4----6666    umumumum    

OtherOtherOtherOther    Start processStart processStart processStart process’’’’    electrode wearelectrode wearelectrode wearelectrode wear    

ratratratratioioioio    less than less than less than less than 10%10%10%10%    

ProProProProcess number with electrode wearcess number with electrode wearcess number with electrode wearcess number with electrode wear    

ratratratratioioioio    5555----20202020%%%%    

Despite of small electrode reduction (high electrode wear ratDespite of small electrode reduction (high electrode wear ratDespite of small electrode reduction (high electrode wear ratDespite of small electrode reduction (high electrode wear ratioioioio), when machining accuracy and ), when machining accuracy and ), when machining accuracy and ), when machining accuracy and 

surface roughness requirement are high, handle it by increasing the number of electrodes. surface roughness requirement are high, handle it by increasing the number of electrodes. surface roughness requirement are high, handle it by increasing the number of electrodes. surface roughness requirement are high, handle it by increasing the number of electrodes.     

 
2.6.5  (d) Reading and interpreting the surface roughness field 

 

Set the process number having target surface roughness Set the process number having target surface roughness Set the process number having target surface roughness Set the process number having target surface roughness µµµµmRz, mRz, mRz, mRz, µµµµmRa, mRa, mRa, mRa, andandandand    VDI number inVDI number inVDI number inVDI number in    item item item item 

OOOO:finish process for roughing:finish process for roughing:finish process for roughing:finish process for roughing    ~~~~    finishing electrode program. finishing electrode program. finishing electrode program. finishing electrode program.     

    

Ex.Ex.Ex.Ex.) ) ) ) In the case of target surface roughness 6In the case of target surface roughness 6In the case of target surface roughness 6In the case of target surface roughness 6µµµµmmmmRzRzRzRz, select item, select item, select item, select item    OOOO    = 12 process.= 12 process.= 12 process.= 12 process.    

    

    

    

 

Process No.: small 

Electrode wear: small 

Process No.: large 

Electrode wear: large 

Low electrode wear 
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2.6.6  Selection of Start / End / Finish process No. for steel machining 
    

When the workpiece material is When the workpiece material is When the workpiece material is When the workpiece material is ssssteteteteeeeel, usually the number of electrodes is 2. l, usually the number of electrodes is 2. l, usually the number of electrodes is 2. l, usually the number of electrodes is 2.     

Select process number after referring to the following.Select process number after referring to the following.Select process number after referring to the following.Select process number after referring to the following.    
    

Item IItem IItem IItem I：：：：Start process No.Start process No.Start process No.Start process No.    

        RRRRoughing electrode:oughing electrode:oughing electrode:oughing electrode:    SpecifySpecifySpecifySpecify    process number according to roughing electrodeprocess number according to roughing electrodeprocess number according to roughing electrodeprocess number according to roughing electrode’’’’s electrode s electrode s electrode s electrode 

reductireductireductireduction.on.on.on.    

FFFFinishing electrode:inishing electrode:inishing electrode:inishing electrode:    Basically, it instructs process number according toBasically, it instructs process number according toBasically, it instructs process number according toBasically, it instructs process number according to    finishing electrode finishing electrode finishing electrode finishing electrode 

reduction. However, reduction. However, reduction. However, reduction. However, sssspecifying process number before 2pecifying process number before 2pecifying process number before 2pecifying process number before 2    ~~~~    3 3 3 3 

processes from end process processes from end process processes from end process processes from end process ofofofof    roughing electrode will help in efficientroughing electrode will help in efficientroughing electrode will help in efficientroughing electrode will help in efficient    

machining. machining. machining. machining.     

    

Item JItem JItem JItem J：：：：End End End End processprocessprocessprocess    No.No.No.No.    

RRRRoughing electrode:oughing electrode:oughing electrode:oughing electrode: Select end process targeting the process number where Select end process targeting the process number where Select end process targeting the process number where Select end process targeting the process number where 

ELECTRODE WEAR ratELECTRODE WEAR ratELECTRODE WEAR ratELECTRODE WEAR ratioioioio    changes greatly (changes greatly (changes greatly (changes greatly (≒≒≒≒machining time machining time machining time machining time 

applies). Enter the same numericalapplies). Enter the same numericalapplies). Enter the same numericalapplies). Enter the same numerical    value as finish process. value as finish process. value as finish process. value as finish process.     

FFFFinishing electrode:inishing electrode:inishing electrode:inishing electrode:    Enter the same value as finish proEnter the same value as finish proEnter the same value as finish proEnter the same value as finish process No.cess No.cess No.cess No.    

    

Item OItem OItem OItem O：：：：Finish process No.Finish process No.Finish process No.Finish process No.    

RRRRoughing oughing oughing oughing and finishing and finishing and finishing and finishing electrode:electrode:electrode:electrode: SpecifySpecifySpecifySpecify    the process number having the target surface the process number having the target surface the process number having the target surface the process number having the target surface 

roughness value.roughness value.roughness value.roughness value.    
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2.6.7 Selection of Start / End / Finish process No. for WC machining 

    

When the workpiece material is carbide material, usually 3 or more electrodes are required. When the workpiece material is carbide material, usually 3 or more electrodes are required. When the workpiece material is carbide material, usually 3 or more electrodes are required. When the workpiece material is carbide material, usually 3 or more electrodes are required.     

Select process number after referring to the following.Select process number after referring to the following.Select process number after referring to the following.Select process number after referring to the following.    

    

Item IItem IItem IItem I：：：：Start process No.Start process No.Start process No.Start process No.    

RRRRoughing electrodeoughing electrodeoughing electrodeoughing electrode：：：：SpecifySpecifySpecifySpecify    process number according to roughing electrodeprocess number according to roughing electrodeprocess number according to roughing electrodeprocess number according to roughing electrode’’’’s elects elects elects electrode rode rode rode 

reduction.reduction.reduction.reduction.    

SemiSemiSemiSemi----finishing electrodefinishing electrodefinishing electrodefinishing electrode：：：：Select samSelect samSelect samSelect same start process No. as roughinge start process No. as roughinge start process No. as roughinge start process No. as roughing    electrode or start electrode or start electrode or start electrode or start 

process No. with 1process No. with 1process No. with 1process No. with 1----2 processes more.2 processes more.2 processes more.2 processes more.    

Finishing electrodeFinishing electrodeFinishing electrodeFinishing electrode：：：：Select start process No. where end process of semiSelect start process No. where end process of semiSelect start process No. where end process of semiSelect start process No. where end process of semi----finishing finishing finishing finishing 

electrode is reduced by 2electrode is reduced by 2electrode is reduced by 2electrode is reduced by 2    ~~~~    3 3 3 3 processes.processes.processes.processes.    When it becomes smaller When it becomes smaller When it becomes smaller When it becomes smaller 

than semithan semithan semithan semi----finishing electrodefinishing electrodefinishing electrodefinishing electrode’’’’s rough machining condition,s rough machining condition,s rough machining condition,s rough machining condition,    specifyspecifyspecifyspecify    

same start process No. as same start process No. as same start process No. as same start process No. as semisemisemisemi----finishing process. finishing process. finishing process. finishing process.     

    

Item JItem JItem JItem J：：：：End End End End processprocessprocessprocess    No.No.No.No.    

Roughing electrodeRoughing electrodeRoughing electrodeRoughing electrode：：：：Select pSelect pSelect pSelect process number with approximate surface roughnessrocess number with approximate surface roughnessrocess number with approximate surface roughnessrocess number with approximate surface roughness    Rz4Rz4Rz4Rz4----6666    

umumumum    

SemiSemiSemiSemi----finishing electrodefinishing electrodefinishing electrodefinishing electrode：：：：Select process number that is intermediate to roughing Select process number that is intermediate to roughing Select process number that is intermediate to roughing Select process number that is intermediate to roughing 

electrode and finishing electrode.electrode and finishing electrode.electrode and finishing electrode.electrode and finishing electrode.    

Finishing electrodeFinishing electrodeFinishing electrodeFinishing electrode：：：：Enter the same value as finish process No.Enter the same value as finish process No.Enter the same value as finish process No.Enter the same value as finish process No.    

    

Item OItem OItem OItem O：：：：Finish process No.Finish process No.Finish process No.Finish process No.    

ALL electrodesALL electrodesALL electrodesALL electrodes：：：：SpecifySpecifySpecifySpecify    the process number having the target surface roughness value.the process number having the target surface roughness value.the process number having the target surface roughness value.the process number having the target surface roughness value.    
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2.7 When machining doesn’t progress 
    

Immediately after starting machining, if discharge becomes unstable and machining doesnImmediately after starting machining, if discharge becomes unstable and machining doesnImmediately after starting machining, if discharge becomes unstable and machining doesnImmediately after starting machining, if discharge becomes unstable and machining doesn’’’’t t t t 

progress, it is possible that the selected process number is progress, it is possible that the selected process number is progress, it is possible that the selected process number is progress, it is possible that the selected process number is too small (power is too strong). Try the too small (power is too strong). Try the too small (power is too strong). Try the too small (power is too strong). Try the 

following measures.following measures.following measures.following measures.    

    

①①①①     During machining, open machining condition[F6]During machining, open machining condition[F6]During machining, open machining condition[F6]During machining, open machining condition[F6]----MACHINING SET [L1] screen. Extend theMACHINING SET [L1] screen. Extend theMACHINING SET [L1] screen. Extend theMACHINING SET [L1] screen. Extend the    

ττττOFFOFFOFFOFF    ADJ bar displayed at the top of the screen, and lower machining power. After that, ADJ bar displayed at the top of the screen, and lower machining power. After that, ADJ bar displayed at the top of the screen, and lower machining power. After that, ADJ bar displayed at the top of the screen, and lower machining power. After that, 

observe the observe the observe the observe the discharge state for some time.discharge state for some time.discharge state for some time.discharge state for some time.        

    

    

    

    

    

    

    

When discharge has stabilized, return theWhen discharge has stabilized, return theWhen discharge has stabilized, return theWhen discharge has stabilized, return the    ττττOFFOFFOFFOFF    ADJ bar to the original setting, and continue ADJ bar to the original setting, and continue ADJ bar to the original setting, and continue ADJ bar to the original setting, and continue 

machining.machining.machining.machining.    

    

②②②②     If the situation doesnIf the situation doesnIf the situation doesnIf the situation doesn’’’’t improve even after attempting the measures, abort machining and t improve even after attempting the measures, abort machining and t improve even after attempting the measures, abort machining and t improve even after attempting the measures, abort machining and 

check the discharge check the discharge check the discharge check the discharge places of electrode. If any error is found during progress, replace the places of electrode. If any error is found during progress, replace the places of electrode. If any error is found during progress, replace the places of electrode. If any error is found during progress, replace the 

electrode or polish using abrasive paper.electrode or polish using abrasive paper.electrode or polish using abrasive paper.electrode or polish using abrasive paper.    

    

③③③③ Increase start process No. of machining program by 1 process (lower machining power), and Increase start process No. of machining program by 1 process (lower machining power), and Increase start process No. of machining program by 1 process (lower machining power), and Increase start process No. of machining program by 1 process (lower machining power), and 

conduct the machining once again.conduct the machining once again.conduct the machining once again.conduct the machining once again.    
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3.INSTALLATION OF A LARGE ELECTRODE 
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Installation of electrode and workpiece requires the most extreme care to ensure better Installation of electrode and workpiece requires the most extreme care to ensure better Installation of electrode and workpiece requires the most extreme care to ensure better Installation of electrode and workpiece requires the most extreme care to ensure better 

machining.machining.machining.machining.    

Unlike mechanUnlike mechanUnlike mechanUnlike mechanicalicalicalical    cutting, electrical discharge machining is taken place in noncutting, electrical discharge machining is taken place in noncutting, electrical discharge machining is taken place in noncutting, electrical discharge machining is taken place in non----contact state.contact state.contact state.contact state.    

It may therefore be thought that the stress applied to the electrode and workpiece during It may therefore be thought that the stress applied to the electrode and workpiece during It may therefore be thought that the stress applied to the electrode and workpiece during It may therefore be thought that the stress applied to the electrode and workpiece during 

machining is small.machining is small.machining is small.machining is small.    

In fact, large stressIn fact, large stressIn fact, large stressIn fact, large stresseseseses    areareareare    applied.applied.applied.applied.    The electrode approaches veThe electrode approaches veThe electrode approaches veThe electrode approaches very closely to the workpiece and ry closely to the workpiece and ry closely to the workpiece and ry closely to the workpiece and 

the facethe facethe facethe face----totototo----face contact is made. In theface contact is made. In theface contact is made. In theface contact is made. In the    space between them, the viscous dielectric fluid space between them, the viscous dielectric fluid space between them, the viscous dielectric fluid space between them, the viscous dielectric fluid 

generates a very large stress when the electrode moves up and down repeatedly at very high generates a very large stress when the electrode moves up and down repeatedly at very high generates a very large stress when the electrode moves up and down repeatedly at very high generates a very large stress when the electrode moves up and down repeatedly at very high 

speed.speed.speed.speed.    

This stress reaches several to ten tThis stress reaches several to ten tThis stress reaches several to ten tThis stress reaches several to ten times the stressimes the stressimes the stressimes the stress    producedproducedproducedproduced    during vertical movement in the during vertical movement in the during vertical movement in the during vertical movement in the 

air.air.air.air.    

    

                                            

In addition, this stress varies with the discharge gap and the contact area of electrode and In addition, this stress varies with the discharge gap and the contact area of electrode and In addition, this stress varies with the discharge gap and the contact area of electrode and In addition, this stress varies with the discharge gap and the contact area of electrode and 

workpiece, i.e., the discharge area. The stress becomes the largest when a small disworkpiece, i.e., the discharge area. The stress becomes the largest when a small disworkpiece, i.e., the discharge area. The stress becomes the largest when a small disworkpiece, i.e., the discharge area. The stress becomes the largest when a small discharge gap charge gap charge gap charge gap 

machining condition is usedmachining condition is usedmachining condition is usedmachining condition is used    in a large discharge area machining.in a large discharge area machining.in a large discharge area machining.in a large discharge area machining.    

InInInIn    general,general,general,general,    the larger electrode (the larger discharge area) orthe larger electrode (the larger discharge area) orthe larger electrode (the larger discharge area) orthe larger electrode (the larger discharge area) or    the finer finish machining (the the finer finish machining (the the finer finish machining (the the finer finish machining (the 

smaller discharge gap) requires the stronger installation of electrode and workpiecesmaller discharge gap) requires the stronger installation of electrode and workpiecesmaller discharge gap) requires the stronger installation of electrode and workpiecesmaller discharge gap) requires the stronger installation of electrode and workpiece....    

Weak installation of electrode and workpiece makes machining unstable, causing a trouble in Weak installation of electrode and workpiece makes machining unstable, causing a trouble in Weak installation of electrode and workpiece makes machining unstable, causing a trouble in Weak installation of electrode and workpiece makes machining unstable, causing a trouble in 

machining speed, accuracy or surface roughness.machining speed, accuracy or surface roughness.machining speed, accuracy or surface roughness.machining speed, accuracy or surface roughness.    

For the electrode installation, various fixtures are available, the fixture should be selected For the electrode installation, various fixtures are available, the fixture should be selected For the electrode installation, various fixtures are available, the fixture should be selected For the electrode installation, various fixtures are available, the fixture should be selected 

from a viewpoint offrom a viewpoint offrom a viewpoint offrom a viewpoint of    rigidity as well as work efficiency.rigidity as well as work efficiency.rigidity as well as work efficiency.rigidity as well as work efficiency.    

Moreover, when workpieceMoreover, when workpieceMoreover, when workpieceMoreover, when workpiece    heightheightheightheight    is low, it is better to pile up workpiece andis low, it is better to pile up workpiece andis low, it is better to pile up workpiece andis low, it is better to pile up workpiece and    the electrode the electrode the electrode the electrode 

sssshould be shortened for rigidity.hould be shortened for rigidity.hould be shortened for rigidity.hould be shortened for rigidity.    
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3.1 Examples to install a large electrode 

 

        a) Strong direct installationa) Strong direct installationa) Strong direct installationa) Strong direct installation    

 

 

    

    

    

    

    

    

    

    

    

        b) Strong installation with high rigid b) Strong installation with high rigid b) Strong installation with high rigid b) Strong installation with high rigid fixturefixturefixturefixture    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

 

Head 

 standard holder 
base 

3R 
dovetail 
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3.2  Installation with high efficient fixture 

There are various fixtures to improve work efficiency, however, these fixtures has, in general, There are various fixtures to improve work efficiency, however, these fixtures has, in general, There are various fixtures to improve work efficiency, however, these fixtures has, in general, There are various fixtures to improve work efficiency, however, these fixtures has, in general, 

small rigidity and they should not be used forsmall rigidity and they should not be used forsmall rigidity and they should not be used forsmall rigidity and they should not be used for    a large electrode. Otherwise, poor machia large electrode. Otherwise, poor machia large electrode. Otherwise, poor machia large electrode. Otherwise, poor machining ning ning ning 

accuracy or unstable machining will result. accuracy or unstable machining will result. accuracy or unstable machining will result. accuracy or unstable machining will result.     

The maximum electrodes (discharge area) for each fixture are as listed below, though they will The maximum electrodes (discharge area) for each fixture are as listed below, though they will The maximum electrodes (discharge area) for each fixture are as listed below, though they will The maximum electrodes (discharge area) for each fixture are as listed below, though they will 

vary depending on the machining condition used.vary depending on the machining condition used.vary depending on the machining condition used.vary depending on the machining condition used.    

    Fixture 
Max. electrode 

(discharge area) 

    Universal holder for EDNC6,8,10,15,20 

 

 

 

 

 

 

 

 

 

 

 

 

 

□50 

     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

□80 

Universal holder 

φ20 shank 

M10 lock screw 

T-shank or 
flanged shank 

MINPULS



 

3 - 5 

    

    

    

    

    

    

    

    

    

    

    

    

    

 

□100 

    

    

    

    

    

    

    

    

    

    

    

    

 

□100 

    

    

    

    

    

    

    

    

    

    

    

    

Universal holder for EDAC1,EDAF2,3 

□50 

Flanged fixture 

Mizoguchi 
Imea coupling 

Universal holder 

φ20 shank 

M10 lock screw 
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□70 

 

Take care of rigidity of fixture when using a large electrode, though Take care of rigidity of fixture when using a large electrode, though Take care of rigidity of fixture when using a large electrode, though Take care of rigidity of fixture when using a large electrode, though ddddesesesescription of additional cription of additional cription of additional cription of additional 

fixtures is omitted.fixtures is omitted.fixtures is omitted.fixtures is omitted.    

    

3.3  Note on using universal holder 

    

The adjuster screw on the universal holder is tightened by the hand, but it may be tightened The adjuster screw on the universal holder is tightened by the hand, but it may be tightened The adjuster screw on the universal holder is tightened by the hand, but it may be tightened The adjuster screw on the universal holder is tightened by the hand, but it may be tightened 

with a wrench only if a large electrode is used. In this case, however, do not tiwith a wrench only if a large electrode is used. In this case, however, do not tiwith a wrench only if a large electrode is used. In this case, however, do not tiwith a wrench only if a large electrode is used. In this case, however, do not tighten it ghten it ghten it ghten it 

extremely. Too strong tightening can damage the universal holder.extremely. Too strong tightening can damage the universal holder.extremely. Too strong tightening can damage the universal holder.extremely. Too strong tightening can damage the universal holder.    

The mThe mThe mThe maximum tightening force is as laximum tightening force is as laximum tightening force is as laximum tightening force is as liiiisted below.sted below.sted below.sted below.    

    

    

    

    

    

    

    

    

    Universal holder for 

EDNC6,8,10,15,20 
 7kgf max. 

    Universal holder for 

EDAC1,EDAF2,3 
 4kgf max. 

 

T-shank or 
flanged shank 

Universal holder 

Tightening 
force 

Single-ended 
wrench 
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4. SL MACHINING BY GRAPHITE ELECTRODE 
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Graphite electrodes areGraphite electrodes areGraphite electrodes areGraphite electrodes are    now becoming increasingly prevalent. It featuresnow becoming increasingly prevalent. It featuresnow becoming increasingly prevalent. It featuresnow becoming increasingly prevalent. It features    short manufacturing short manufacturing short manufacturing short manufacturing 

time, light weight, little distortion caused by thermal expansion, etc.time, light weight, little distortion caused by thermal expansion, etc.time, light weight, little distortion caused by thermal expansion, etc.time, light weight, little distortion caused by thermal expansion, etc.    

Unlike copper electrodeUnlike copper electrodeUnlike copper electrodeUnlike copper electrodessss, graphite electrode, graphite electrode, graphite electrode, graphite electrodessss    havehavehavehave    the fothe fothe fothe followingllowingllowingllowing    three characteristics.three characteristics.three characteristics.three characteristics.    

    

                            ・・・・Superior machining characteristics in a larger area and a largerSuperior machining characteristics in a larger area and a largerSuperior machining characteristics in a larger area and a largerSuperior machining characteristics in a larger area and a larger    currentcurrentcurrentcurrent    

                            ・・・・Inducing an arc in a smaller area and a larger currentInducing an arc in a smaller area and a larger currentInducing an arc in a smaller area and a larger currentInducing an arc in a smaller area and a larger current    

                            ・・・・Greater wear in finishing than copper electrodeGreater wear in finishing than copper electrodeGreater wear in finishing than copper electrodeGreater wear in finishing than copper electrode    

    

Next, we describe these characteristics in more detailNext, we describe these characteristics in more detailNext, we describe these characteristics in more detailNext, we describe these characteristics in more detailssss....    

The bThe bThe bThe below figure shows the change in the machining rate and wear ratielow figure shows the change in the machining rate and wear ratielow figure shows the change in the machining rate and wear ratielow figure shows the change in the machining rate and wear ratio o o o when the machining when the machining when the machining when the machining 

current is increased.current is increased.current is increased.current is increased.    

 

 

 

 

 

 

 

 

 

 

 

 

The above figure indicates that, if a discharge area is not small, a larger current flowing The above figure indicates that, if a discharge area is not small, a larger current flowing The above figure indicates that, if a discharge area is not small, a larger current flowing The above figure indicates that, if a discharge area is not small, a larger current flowing 

throuthrouthrouthrough the graphite electrode increases its machining rate, while even a current of 30A or gh the graphite electrode increases its machining rate, while even a current of 30A or gh the graphite electrode increases its machining rate, while even a current of 30A or gh the graphite electrode increases its machining rate, while even a current of 30A or 

moremoremoremore    flowing through the copper electrode does not increase machining rate flowing through the copper electrode does not increase machining rate flowing through the copper electrode does not increase machining rate flowing through the copper electrode does not increase machining rate asasasas    much. Also, much. Also, much. Also, much. Also, 

the figure shows that the graphite electrode wears more than the copper electrothe figure shows that the graphite electrode wears more than the copper electrothe figure shows that the graphite electrode wears more than the copper electrothe figure shows that the graphite electrode wears more than the copper electrode under the de under the de under the de under the 

machining condition of small current. Accordingly, the graphite electrode should be used machining condition of small current. Accordingly, the graphite electrode should be used machining condition of small current. Accordingly, the graphite electrode should be used machining condition of small current. Accordingly, the graphite electrode should be used 

under the machining condition where the electrode reduction and the current area are large.under the machining condition where the electrode reduction and the current area are large.under the machining condition where the electrode reduction and the current area are large.under the machining condition where the electrode reduction and the current area are large.    

The graphite electrode generally arcs in response to a larger The graphite electrode generally arcs in response to a larger The graphite electrode generally arcs in response to a larger The graphite electrode generally arcs in response to a larger current flowing through a small current flowing through a small current flowing through a small current flowing through a small 

area. In other words, the optimum current for the machining area stabilizes the machining.area. In other words, the optimum current for the machining area stabilizes the machining.area. In other words, the optimum current for the machining area stabilizes the machining.area. In other words, the optimum current for the machining area stabilizes the machining.    
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Machining example 1Machining example 1Machining example 1Machining example 1    

Name of workpiece  Telephone 

Workpiece dimensions  230mm × 140mm 

Depth of machining  30mm 

Premachining  None 

Mold material  S50C 

Use of SL  Used in rough, not used in finish(no suction hole) 

Electrode 

Material 

Rough  ED-3 reduction 0.8mm on one side 

Finish  ED-3 reduction 0.3m on one side 

Machiningti

me 

Rough  12H30M(max. current 120A) 

Finish  14H (roughness 12μ mRz）  

Total  26H30M 

    

    

    

    
 

 

 

SL suction from 
the electrode 
(rough only) 

Electrode  
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4.1  Designing of electrode reduction 

 

        Machining data Machining data Machining data Machining data     

        [Rough electrode]                                    [Rough electrode]                                    [Rough electrode]                                    [Rough electrode]                                                                                [finish electrode][finish electrode][finish electrode][finish electrode]    

    Machining 

   Current 

Discharge 

area 

Machining 

rate 

Electrode  

reduction  

per side 

 Electrode  

reduction  

per side 

    240A □ 150 MIN. 20 g/min 1.3 MIN.  

0.3 MIN. 
    120A □ 100 MIN. 10 g/min 0.8 MIN.  

     60A □  50 MIN.  5 g/min 0.6 MIN.  

     30A □  10 MIN. 2.5g/min 0.5 MIN.  

                                  * The machining rate is for SL machining. 

 

        The following explains how to design electrode reduction in the case of The following explains how to design electrode reduction in the case of The following explains how to design electrode reduction in the case of The following explains how to design electrode reduction in the case of     

        machining example 1 (telephone)machining example 1 (telephone)machining example 1 (telephone)machining example 1 (telephone)    

    

        (a) Machining weight calculation(a) Machining weight calculation(a) Machining weight calculation(a) Machining weight calculation    

                                            23cm 23cm 23cm 23cm ××××    14cm 14cm 14cm 14cm ××××    3cm = 966cm3cm = 966cm3cm = 966cm3cm = 966cm3333    

                                            966cm966cm966cm966cm3333    ××××    7.8g/cm7.8g/cm7.8g/cm7.8g/cm3333    (steel gravity) = 7500g(steel gravity) = 7500g(steel gravity) = 7500g(steel gravity) = 7500g    

    

The time required for machining at 120A is obtained by the following formula.The time required for machining at 120A is obtained by the following formula.The time required for machining at 120A is obtained by the following formula.The time required for machining at 120A is obtained by the following formula.    

    

                                        7500g 7500g 7500g 7500g ÷÷÷÷    10g/min 10g/min 10g/min 10g/min ≒≒≒≒    750min 750min 750min 750min ≒≒≒≒    13 hour13 hour13 hour13 hour    

    

                                        (where 10g/min is the SL rough machining rate at 120A)(where 10g/min is the SL rough machining rate at 120A)(where 10g/min is the SL rough machining rate at 120A)(where 10g/min is the SL rough machining rate at 120A)    

    

This formula indicates that finishing an even finer surface by the This formula indicates that finishing an even finer surface by the This formula indicates that finishing an even finer surface by the This formula indicates that finishing an even finer surface by the rough rough rough rough electrode takes electrode takes electrode takes electrode takes 

more or less 15hr. more or less 15hr. more or less 15hr. more or less 15hr.     

TTTThis is the optimum time in which starting roughing on one dahis is the optimum time in which starting roughing on one dahis is the optimum time in which starting roughing on one dahis is the optimum time in which starting roughing on one day enables the finish y enables the finish y enables the finish y enables the finish 

electrode to be applied on the next day.electrode to be applied on the next day.electrode to be applied on the next day.electrode to be applied on the next day.    

    

        (b) confirmation of the machining area(b) confirmation of the machining area(b) confirmation of the machining area(b) confirmation of the machining area    

The minimum of 100mm square in machining at 120A satisfies the electrode dimensions The minimum of 100mm square in machining at 120A satisfies the electrode dimensions The minimum of 100mm square in machining at 120A satisfies the electrode dimensions The minimum of 100mm square in machining at 120A satisfies the electrode dimensions 

limit of 230mm limit of 230mm limit of 230mm limit of 230mm ××××    140mm.140mm.140mm.140mm.    

                    

When machining at 120A according to (a)When machining at 120A according to (a)When machining at 120A according to (a)When machining at 120A according to (a)    and (b), the rough electrode reduction is 0.8mm and (b), the rough electrode reduction is 0.8mm and (b), the rough electrode reduction is 0.8mm and (b), the rough electrode reduction is 0.8mm 

and that of the finish electrode is 0.3mm per side.and that of the finish electrode is 0.3mm per side.and that of the finish electrode is 0.3mm per side.and that of the finish electrode is 0.3mm per side.    
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4.2  Suction hole boring 

 

        The following conditions specify the suction hole boring method.The following conditions specify the suction hole boring method.The following conditions specify the suction hole boring method.The following conditions specify the suction hole boring method.    

 

        (a) The suction hole pitch is 30(a) The suction hole pitch is 30(a) The suction hole pitch is 30(a) The suction hole pitch is 30～～～～50mm.50mm.50mm.50mm.    

        (b) Be sure to bore suction hole in the concave part of the electrode.(b) Be sure to bore suction hole in the concave part of the electrode.(b) Be sure to bore suction hole in the concave part of the electrode.(b) Be sure to bore suction hole in the concave part of the electrode.    

        (c) Bore suction holes in the part where the electrode touches the workpiece first, or the (c) Bore suction holes in the part where the electrode touches the workpiece first, or the (c) Bore suction holes in the part where the electrode touches the workpiece first, or the (c) Bore suction holes in the part where the electrode touches the workpiece first, or the 

convex part of the electrode as much as possible.convex part of the electrode as much as possible.convex part of the electrode as much as possible.convex part of the electrode as much as possible.    

These principles prescribe that sThese principles prescribe that sThese principles prescribe that sThese principles prescribe that suction holes have been bored at 14 spots in the figure. uction holes have been bored at 14 spots in the figure. uction holes have been bored at 14 spots in the figure. uction holes have been bored at 14 spots in the figure.     

The top part of the electrode is the rib for the cradle; however, The top part of the electrode is the rib for the cradle; however, The top part of the electrode is the rib for the cradle; however, The top part of the electrode is the rib for the cradle; however, iiiits thinness did not ts thinness did not ts thinness did not ts thinness did not 

necessitate hole boring.necessitate hole boring.necessitate hole boring.necessitate hole boring.    

        (d) The hole diameter is 3mm. When the depth of hole is deep, bore a large diameter h(d) The hole diameter is 3mm. When the depth of hole is deep, bore a large diameter h(d) The hole diameter is 3mm. When the depth of hole is deep, bore a large diameter h(d) The hole diameter is 3mm. When the depth of hole is deep, bore a large diameter hole to ole to ole to ole to 

the half depth from the opposite side.the half depth from the opposite side.the half depth from the opposite side.the half depth from the opposite side.    

    

    

              

        (e) Further, a stepped portion needs suction holes.(e) Further, a stepped portion needs suction holes.(e) Further, a stepped portion needs suction holes.(e) Further, a stepped portion needs suction holes.    

                    

        (f) Although no suction hole is required for the finish electrode because SL machining is not (f) Although no suction hole is required for the finish electrode because SL machining is not (f) Although no suction hole is required for the finish electrode because SL machining is not (f) Although no suction hole is required for the finish electrode because SL machining is not 

taken place, a gas bltaken place, a gas bltaken place, a gas bltaken place, a gas bleeding hole should be made one for each concave portion where it eeding hole should be made one for each concave portion where it eeding hole should be made one for each concave portion where it eeding hole should be made one for each concave portion where it 

is difficult to removeis difficult to removeis difficult to removeis difficult to remove    gas and chip.gas and chip.gas and chip.gas and chip.    

    

Concave portion of 
the electrode 

Hole pitch 
30～50mm 

Concave portion of 
the electrode 

Electrode 

Suction holes in a stepped portion 

Electrode 

Workpiece 
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4.3  Electrode fixture designing 

 

Without the high rigidity of the electrical discharge machine, the electrode fixing plate, and Without the high rigidity of the electrical discharge machine, the electrode fixing plate, and Without the high rigidity of the electrical discharge machine, the electrode fixing plate, and Without the high rigidity of the electrical discharge machine, the electrode fixing plate, and 

the electrode, powerfulthe electrode, powerfulthe electrode, powerfulthe electrode, powerful    SL suction causes the electrode swinging and unstable machining. SL suction causes the electrode swinging and unstable machining. SL suction causes the electrode swinging and unstable machining. SL suction causes the electrode swinging and unstable machining. 

The electrode fixing plate integrates suction holes to execute suction and also serves as aThe electrode fixing plate integrates suction holes to execute suction and also serves as aThe electrode fixing plate integrates suction holes to execute suction and also serves as aThe electrode fixing plate integrates suction holes to execute suction and also serves as a    

medium between the electrode and the electrical discharge machine.medium between the electrode and the electrical discharge machine.medium between the electrode and the electrical discharge machine.medium between the electrode and the electrical discharge machine.    

    

    

 

 

        [Design example of [Design example of [Design example of [Design example of electrode fixing plate]electrode fixing plate]electrode fixing plate]electrode fixing plate]    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Electrode fixture 
(supplied at the customer) 

Suction fixture 
(included in the 
 SL device) 

Electrode fixing plate 
(supplied at the customer) 

Electrode  Make a recess at the top of 
electrode to link suction holes. 

Hole e 4pcs 
M10 tap through 

Suction fixture 
mounting hole 
hole b 2pcs 
M8-1.25 tap through 

MIN. Electrode fixing hole 6 pcs 
(determined according to electrode) 

 Hole d 1pcs 
φ10～13 drill 

Plug 
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        Holes in electrode fixtureHoles in electrode fixtureHoles in electrode fixtureHoles in electrode fixture    

 

 Electrode fixture l mm Holes  

 3R dovetail 59.4 Hole a M6-P1  

 Mizoguchi Imea 222 55 Hole a M6-P1  

 Mizoguchi Imea 322 78.5 Hole a M8-P1.25  

 Spacer(standard accessory) - Hole e M10  

 

・・・・The 3R dovetail is directly fixed to the face plate on the The 3R dovetail is directly fixed to the face plate on the The 3R dovetail is directly fixed to the face plate on the The 3R dovetail is directly fixed to the face plate on the machine.machine.machine.machine.    

                                    (a fixture required)(a fixture required)(a fixture required)(a fixture required)    

・・・・Mizoguchi Imea can be attached either directly to the machine or to the universal Mizoguchi Imea can be attached either directly to the machine or to the universal Mizoguchi Imea can be attached either directly to the machine or to the universal Mizoguchi Imea can be attached either directly to the machine or to the universal 

holder.(a fixture required)holder.(a fixture required)holder.(a fixture required)holder.(a fixture required)    

・・・・If a spacer (standard accessory) is used, driIf a spacer (standard accessory) is used, driIf a spacer (standard accessory) is used, driIf a spacer (standard accessory) is used, drill ll ll ll φφφφ11 holes additionally at the hole e 11 holes additionally at the hole e 11 holes additionally at the hole e 11 holes additionally at the hole e 

position (normal screw holes).position (normal screw holes).position (normal screw holes).position (normal screw holes).    

 

        [Notes on designing][Notes on designing][Notes on designing][Notes on designing]    

        (a) Powerful suction requires sufficient rigidity and light weight.(a) Powerful suction requires sufficient rigidity and light weight.(a) Powerful suction requires sufficient rigidity and light weight.(a) Powerful suction requires sufficient rigidity and light weight.    

                                                                                                                                                                                                                    (e.g., hard aluminum)(e.g., hard aluminum)(e.g., hard aluminum)(e.g., hard aluminum)    

        (b) Use an ele(b) Use an ele(b) Use an ele(b) Use an electrode fixture of high rigidity, such as 3Rctrode fixture of high rigidity, such as 3Rctrode fixture of high rigidity, such as 3Rctrode fixture of high rigidity, such as 3R----27.2, Mizoguchi Imea 222 or 322, 27.2, Mizoguchi Imea 222 or 322, 27.2, Mizoguchi Imea 222 or 322, 27.2, Mizoguchi Imea 222 or 322, 

or fix the electrode directly to the electrode fixing plate of the electrical discharge or fix the electrode directly to the electrode fixing plate of the electrical discharge or fix the electrode directly to the electrode fixing plate of the electrical discharge or fix the electrode directly to the electrode fixing plate of the electrical discharge 

machine.machine.machine.machine.    

        (c) Use an electrode fixing plate of a large diameter as much as possible and in(c) Use an electrode fixing plate of a large diameter as much as possible and in(c) Use an electrode fixing plate of a large diameter as much as possible and in(c) Use an electrode fixing plate of a large diameter as much as possible and increase the crease the crease the crease the 

number of clamping bolts 1.5 times thatnumber of clamping bolts 1.5 times thatnumber of clamping bolts 1.5 times thatnumber of clamping bolts 1.5 times that    of copper electrode. Further, tap the platof copper electrode. Further, tap the platof copper electrode. Further, tap the platof copper electrode. Further, tap the plateeees as s as s as s as 

deeply as possible.deeply as possible.deeply as possible.deeply as possible.    
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4.4  Fixing electrode to the electrode fixing plate 

 

Since graphite is fragile, taps soon become unavailable and Since graphite is fragile, taps soon become unavailable and Since graphite is fragile, taps soon become unavailable and Since graphite is fragile, taps soon become unavailable and because itsbecause itsbecause itsbecause its    frictionfrictionfrictionfriction    coefficient to coefficient to coefficient to coefficient to 

steel is small, steel is small, steel is small, steel is small, the the the the electrode is likely to be dislocated.electrode is likely to be dislocated.electrode is likely to be dislocated.electrode is likely to be dislocated.    ThereforeThereforeThereforeTherefore, utmost care should be , utmost care should be , utmost care should be , utmost care should be 

taken of fixing an electrode.taken of fixing an electrode.taken of fixing an electrode.taken of fixing an electrode.    

Bolts alone cannot prevent dislocation of eleBolts alone cannot prevent dislocation of eleBolts alone cannot prevent dislocation of eleBolts alone cannot prevent dislocation of electrode. After fixing thectrode. After fixing thectrode. After fixing thectrode. After fixing the    electrode with bolts, electrode with bolts, electrode with bolts, electrode with bolts, 

pour an instantaneous adhespour an instantaneous adhespour an instantaneous adhespour an instantaneous adhesive around the electrode to fix it to the plate.ive around the electrode to fix it to the plate.ive around the electrode to fix it to the plate.ive around the electrode to fix it to the plate.    

Adhesive reinforcement would also go a long way toward preventing parts Adhesive reinforcement would also go a long way toward preventing parts Adhesive reinforcement would also go a long way toward preventing parts Adhesive reinforcement would also go a long way toward preventing parts oooof the electrode f the electrode f the electrode f the electrode 

from falling off unexpectedly.from falling off unexpectedly.from falling off unexpectedly.from falling off unexpectedly.    

             

    

    

        [Fixing the electrode fixing plate to the e[Fixing the electrode fixing plate to the e[Fixing the electrode fixing plate to the e[Fixing the electrode fixing plate to the electrical discharge machine.]lectrical discharge machine.]lectrical discharge machine.]lectrical discharge machine.]    

 

 

    

    

        The method (d) swings the electrode and invites unstable machining. The method (d) swings the electrode and invites unstable machining. The method (d) swings the electrode and invites unstable machining. The method (d) swings the electrode and invites unstable machining.     

        The use of the universal head in (c) requires that electrode alignment The use of the universal head in (c) requires that electrode alignment The use of the universal head in (c) requires that electrode alignment The use of the universal head in (c) requires that electrode alignment     

        and inclination be adjusted by fixing bolts wand inclination be adjusted by fixing bolts wand inclination be adjusted by fixing bolts wand inclination be adjusted by fixing bolts with a wrench. Tightening ith a wrench. Tightening ith a wrench. Tightening ith a wrench. Tightening     

        bolts just by hand would result in loose bolts.(However, too strong bolts just by hand would result in loose bolts.(However, too strong bolts just by hand would result in loose bolts.(However, too strong bolts just by hand would result in loose bolts.(However, too strong     

        tightening can damage the universal holder.)tightening can damage the universal holder.)tightening can damage the universal holder.)tightening can damage the universal holder.)    

Fixing the electrode 
with an instantaneous 
adhesive 

Electrode 

Insert “double screws” into tapped holes 
in electrode, then apply an adhesive to the 
space between electrode and double screws 
to ensure fixing. 
(Double screw: made by Nabeya) 

Universal 
head 

Wrench Universal 
head 
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4.5  Positioning 

        The graphite electrode with powder adhering to its surface impedes high The graphite electrode with powder adhering to its surface impedes high The graphite electrode with powder adhering to its surface impedes high The graphite electrode with powder adhering to its surface impedes high     

        accuracy touch seaccuracy touch seaccuracy touch seaccuracy touch sensing; therefore, care should be taken of its positioning.nsing; therefore, care should be taken of its positioning.nsing; therefore, care should be taken of its positioning.nsing; therefore, care should be taken of its positioning.    

        Especially in the case of touch sensing on a large surface, the touch Especially in the case of touch sensing on a large surface, the touch Especially in the case of touch sensing on a large surface, the touch Especially in the case of touch sensing on a large surface, the touch     

        state is provided in spite of a gap of approximately 0.1mm between the state is provided in spite of a gap of approximately 0.1mm between the state is provided in spite of a gap of approximately 0.1mm between the state is provided in spite of a gap of approximately 0.1mm between the     

        electrode and the surface.electrode and the surface.electrode and the surface.electrode and the surface.    

        To prevent this troTo prevent this troTo prevent this troTo prevent this trouble, clean the touch surface first, and then uble, clean the touch surface first, and then uble, clean the touch surface first, and then uble, clean the touch surface first, and then     

        position the electrode according to the procedure (a) position the electrode according to the procedure (a) position the electrode according to the procedure (a) position the electrode according to the procedure (a) ～～～～    (f) below.(f) below.(f) below.(f) below.    

    

    (a) Touch the electrode to the surface in the(a) Touch the electrode to the surface in the(a) Touch the electrode to the surface in the(a) Touch the electrode to the surface in the    
    smallest possible area.smallest possible area.smallest possible area.smallest possible area.    

(b) Light the electrode and the surface(b) Light the electrode and the surface(b) Light the electrode and the surface(b) Light the electrode and the surface    
                from the opposite side and confirm thatfrom the opposite side and confirm thatfrom the opposite side and confirm thatfrom the opposite side and confirm that    

there is no gap betwethere is no gap betwethere is no gap betwethere is no gap between them.en them.en them.en them.    

(c) Insert a reference block and execute (c) Insert a reference block and execute (c) Insert a reference block and execute (c) Insert a reference block and execute     
                touch sensing.touch sensing.touch sensing.touch sensing.    

Turn on the Turn on the Turn on the Turn on the INTERRUPTINTERRUPTINTERRUPTINTERRUPT    sw to disablesw to disablesw to disablesw to disable    
touch sensing, and lower thetouch sensing, and lower thetouch sensing, and lower thetouch sensing, and lower the    
electrode by 10electrode by 10electrode by 10electrode by 10μμμμm inching operationm inching operationm inching operationm inching operation    
to confirm the touch condition of to confirm the touch condition of to confirm the touch condition of to confirm the touch condition of     
reference block.reference block.reference block.reference block.    

(d) Insert a spindle ball between the(d) Insert a spindle ball between the(d) Insert a spindle ball between the(d) Insert a spindle ball between the    
                electrode and the surface and electrode and the surface and electrode and the surface and electrode and the surface and     
                execute touch sensing.execute touch sensing.execute touch sensing.execute touch sensing.    

(e) Use a block.(e) Use a block.(e) Use a block.(e) Use a block.    

(f) Use a depth gauge.(f) Use a depth gauge.(f) Use a depth gauge.(f) Use a depth gauge.    
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4.6  Large-scale roughing(SL machining) 

        After the machining position is determined, start machining in the MDI mode.After the machining position is determined, start machining in the MDI mode.After the machining position is determined, start machining in the MDI mode.After the machining position is determined, start machining in the MDI mode.    

        Of rough machining, initial machining is referred to as Of rough machining, initial machining is referred to as Of rough machining, initial machining is referred to as Of rough machining, initial machining is referred to as ““““largelargelargelarge----scale roughingscale roughingscale roughingscale roughing””””        

    

                            Machining process by a Machining process by a Machining process by a Machining process by a rough electroderough electroderough electroderough electrode    

    

                                            Large-scale roughing                                                                            Large current machiningLarge current machiningLarge current machiningLarge current machining    

    

    

                                            Rough to medium machining                                                        Medium finishing machiningMedium finishing machiningMedium finishing machiningMedium finishing machining    

    

            

        The largeThe largeThe largeThe large----scale roughing uses the scale roughing uses the scale roughing uses the scale roughing uses the ““““Single MCSingle MCSingle MCSingle MC””””    menu.menu.menu.menu.    

        Set approximate value Set approximate value Set approximate value Set approximate value to to to to ““““MC DEPTHMC DEPTHMC DEPTHMC DEPTH””””....    

    

    Machining currentMachining currentMachining currentMachining current    Setting of MC DEPTHSetting of MC DEPTHSetting of MC DEPTHSetting of MC DEPTH        

    240A240A240A240A    1.3mm before finish dimension1.3mm before finish dimension1.3mm before finish dimension1.3mm before finish dimension        

    120A120A120A120A    0.8mm before finish dimension0.8mm before finish dimension0.8mm before finish dimension0.8mm before finish dimension        

        60A60A60A60A    0.6mm before finish dimension0.6mm before finish dimension0.6mm before finish dimension0.6mm before finish dimension        

    

    

        Machining menu : Single machining(G100)Machining menu : Single machining(G100)Machining menu : Single machining(G100)Machining menu : Single machining(G100)    

    

 
Address Attri. Talk items Set value 

 
 N 

X 

Y 

Z 

C 

W 

L 

E 

U 

R 

P 

A 

B 

S 

T 

F 
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H 

M 

D 

V 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

* 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

ABS/INC                (90/91) 

MC DEPTH           X AXIS[u,t] 

                   Y AXIS[u,t] 

                   Z AXIS[u,t] 

            C AXIS[rot./ANGLE] 

AUTO DEPTH MAX.TRAVEL    [u,t] 

MC LAST STOP            (1:ON) 

MC COND No. 

  REMAIN AMOUNT          [u,t] 

PATTERN RADIUS           [u,t] 

        MODE/PATTERN 

        ROT.ANGLE        [deg] 

        CIRCUIT SPEED[m,i/min] 

JUMP AMOUNT         [code:u,t] 

     CYCLE     [code:0.001sec] 

     SPEED      [code:m,i/min] 

CLAMP AMOUNT             [u,t] 

TIME CONTROL TIME        [min] 

START MC COND.No       (DF[%]) 

START J.CYCLE  [code:0.001sec] 

START MC REMAIN AMOUNT   [u,t] 

 

 

 

-29.2 

 

 

 

4417 

 

50 

1111 

 

 

 

 

 

 

 

0 

 

 

 

    

0.8mm before finish0.8mm before finish0.8mm before finish0.8mm before finish    
dimensiondimensiondimensiondimension    

Machining at 120AMachining at 120AMachining at 120AMachining at 120A    

Determined according Determined according Determined according Determined according     
to machining profile.to machining profile.to machining profile.to machining profile. 

P pulse P pulse P pulse P pulse ““““ONONONON””””    
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・・・・P pulse P pulse P pulse P pulse     

    The P pulse is turned on by the following setting.The P pulse is turned on by the following setting.The P pulse is turned on by the following setting.The P pulse is turned on by the following setting.    

    The P pulse sets proper machining conditions according to the machining.The P pulse sets proper machining conditions according to the machining.The P pulse sets proper machining conditions according to the machining.The P pulse sets proper machining conditions according to the machining.    

                    It maintains stable machining at the start of machining where the discharge area It maintains stable machining at the start of machining where the discharge area It maintains stable machining at the start of machining where the discharge area It maintains stable machining at the start of machining where the discharge area 

becomes small temporarily.becomes small temporarily.becomes small temporarily.becomes small temporarily.    

    

                Machining menMachining menMachining menMachining menu : Single machining(G100)u : Single machining(G100)u : Single machining(G100)u : Single machining(G100) 

    
 U 

R 

P 

A 

B 

S 

T 

F 

I 

H 

M 

D 

V 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

  REMAIN AMOUNT          [u,t] 

PATTERN RADIUS           [u,t] 

        MODE/PATTERN 

        ROT.ANGLE   [0.001deg] 

        CIRCUIT SPEED[m,i/min] 

JUMP AMOUNT         [code:u,t] 

     CYCLE     [code:0.001sec] 

     SPEED      [code:m,i/min] 

CLAMP AMOUNT             [u,t] 

TIME CONTROL TIME        [min] 

START MC COND.No       (DF[%]) 

START J.CYCLE  [code:0.001sec] 

START MC REMAIN AMOUNT   [u,t] 

 

 

 

 

 

 

 

 

 

 

0 

 

 

 

 

    

    

    

                COND MC COND MC COND MC COND MC SET SCREENSET SCREENSET SCREENSET SCREEN    

    

    

    

    

    

    

    

    

    

    

    

Set value by PSet value by PSet value by PSet value by P----pulsepulsepulsepulse    

    

    

    

    

    

    

    

    

    

※ If P pulse is not used, change the machining condition and If P pulse is not used, change the machining condition and If P pulse is not used, change the machining condition and If P pulse is not used, change the machining condition and ττττOFF OFF OFF OFF     

            ADJ by manual operation according to the discharge area.ADJ by manual operation according to the discharge area.ADJ by manual operation according to the discharge area.ADJ by manual operation according to the discharge area.    

P pulse P pulse P pulse P pulse ““““ONONONON””””    
0:Current and OFF time0:Current and OFF time0:Current and OFF time0:Current and OFF time    
        is set.is set.is set.is set.    
        (For large curr(For large curr(For large curr(For large current)ent)ent)ent)    
1:OFF time is set.1:OFF time is set.1:OFF time is set.1:OFF time is set.    
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・・・・Suction condition of SL unit and setting of jumpSuction condition of SL unit and setting of jumpSuction condition of SL unit and setting of jumpSuction condition of SL unit and setting of jump    

                The jump function must be used if the suction condition by SL unit is not goThe jump function must be used if the suction condition by SL unit is not goThe jump function must be used if the suction condition by SL unit is not goThe jump function must be used if the suction condition by SL unit is not good.od.od.od.    

    

    

    

                SL suction enables jump with neither chips accumulated on the bottom SL suction enables jump with neither chips accumulated on the bottom SL suction enables jump with neither chips accumulated on the bottom SL suction enables jump with neither chips accumulated on the bottom     

                face face face face or a bottom arcing in a longer jump cycle.or a bottom arcing in a longer jump cycle.or a bottom arcing in a longer jump cycle.or a bottom arcing in a longer jump cycle.    

    

    

(a)(a)(a)(a)     Jump off is most effective in whole Jump off is most effective in whole Jump off is most effective in whole Jump off is most effective in whole     
electrode discharge with SL suction.electrode discharge with SL suction.electrode discharge with SL suction.electrode discharge with SL suction.    

(b(b(b(b----1) The electrode does not touch the whole1) The electrode does not touch the whole1) The electrode does not touch the whole1) The electrode does not touch the whole    
                        workpiece in preworkpiece in preworkpiece in preworkpiece in pre----machining.machining.machining.machining.    
                        Jump off is impossible because a liquidJump off is impossible because a liquidJump off is impossible because a liquidJump off is impossible because a liquid    
                        flows into the opening as shown in the flows into the opening as shown in the flows into the opening as shown in the flows into the opening as shown in the     
                        left figure and there is little liquid left figure and there is little liquid left figure and there is little liquid left figure and there is little liquid     
                        on the discharge surface.on the discharge surface.on the discharge surface.on the discharge surface.    
                        The jump cycle 10 The jump cycle 10 The jump cycle 10 The jump cycle 10 ～～～～    12 is essential.12 is essential.12 is essential.12 is essential.    

(b(b(b(b----2) The electrode touches the whole workpiece2) The electrode touches the whole workpiece2) The electrode touches the whole workpiece2) The electrode touches the whole workpiece    
                        in machining including prein machining including prein machining including prein machining including pre----machining.machining.machining.machining.    
                        Same as (a), jump off is allowed.Same as (a), jump off is allowed.Same as (a), jump off is allowed.Same as (a), jump off is allowed.    

(c) A sliding part is provided.(c) A sliding part is provided.(c) A sliding part is provided.(c) A sliding part is provided.    
                Jump off is not allowed because of the Jump off is not allowed because of the Jump off is not allowed because of the Jump off is not allowed because of the     
                same reason as (bsame reason as (bsame reason as (bsame reason as (b----1).1).1).1).    
                The same kind of jump as in (bThe same kind of jump as in (bThe same kind of jump as in (bThe same kind of jump as in (b----1) is 1) is 1) is 1) is     
                essential.essential.essential.essential.    
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4.7  Program preparation 

 

        Prepare a program when a largePrepare a program when a largePrepare a program when a largePrepare a program when a large----scale roughing started and machining isscale roughing started and machining isscale roughing started and machining isscale roughing started and machining is    stabilized.stabilized.stabilized.stabilized.    

        [P[P[P[Program for rough electrode]rogram for rough electrode]rogram for rough electrode]rogram for rough electrode]    

                M70L1;                                             SL large M70L1;                                             SL large M70L1;                                             SL large M70L1;                                             SL large ““““onononon””””    

                G100ZG100ZG100ZG100Z----29.0E4417S0M0;                              Large29.0E4417S0M0;                              Large29.0E4417S0M0;                              Large29.0E4417S0M0;                              Large----scale roughingscale roughingscale roughingscale roughing    

                G113X0Y0Z5.0;                                     G113X0Y0Z5.0;                                     G113X0Y0Z5.0;                                     G113X0Y0Z5.0;                                         

        [Program for middle[Program for middle[Program for middle[Program for middle    electelectelectelectrode]rode]rode]rode]    

    AUX AUX AUX AUX ：：：：.Special setting (G132).Special setting (G132).Special setting (G132).Special setting (G132)                                                                                Medium finishingMedium finishingMedium finishingMedium finishing    

Address Attri. Talk items Set value 
D 
H 
C 
Q 
A 
E 
K 
S 
M 
R 
U 
V 
W 
O 
P 
L 
X 
Y 
Z 
T 
B 

/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 

 STARTING COND. No. 
 τoff ADJ SETTING 
 HQSF μSC DENSITY               [g/l] 
 EXP P-PULSE 
     A-JUMP 
     F-JUMP 
     STEP ANGLE                  [deg] 
     SUPER SPARK 
 CYCLE JUMP MODE 
       NO.OF JUMP 
       JUMP AMOUNT          [code,u,t] 
       CYCLE           [code,0.001sec] 
       NUMBER OF TIMES 
 DISCHARGING JUMP               (1:ON) 
 SERVO JUMP AMOUNT               [u,t] 
 JUMP METHOD 
 ARBITRARY JUMP           X AXIS [u,t] 
                          Y AXIS [u,t] 
                          Z AXIS [u,t] 
 SETTING FOR FINE MATTE FINISH 
 POLARITY REVERSE CYCLE          [min] 

   
  
 
1 
 
 
 
 
 
 
 

    

    

Machining menu : Bottom stoppedMachining menu : Bottom stoppedMachining menu : Bottom stoppedMachining menu : Bottom stopped––––complex(G102)complex(G102)complex(G102)complex(G102)    

 Address Attri. Talk items Set value  

 N 

X 

Y 

Z 

C 

R 

E 

I 

J 

O 

D 

H 

L 

P 

A 

K 

M 

B 

S 

T 

F 

/ 

/ 

/ 

/ 

/ 

* 

* 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

ABS/INC                      (90/91) 

MC DEPTH                X AXIS [u,t] 

                        Y AXIS [u,t] 

                        Z AXIS [u,t] 

                 C AXIS [rot./ANGLE] 

ELECTRODE REDUCTION            [u,t] 

MODEL DATA No. 

START OF PROCESS No. 

    END OF PROCESS No. 

 FINISH PROCESS No. 

 SIDE REMAIN AMOUNT COMP      [%] 

 BOTTOM REMAIN AMOUNT COMP    [%] 

MC METHOD 

 PATTERN 

 ROT. ANGLE                 [deg] 

 SIDE TAPER ANGLE           [deg] 

 BOTTOM SHAPE PATTERN 

 CORNER ANGLE               [deg] 

JUMP AMOUNT               [code:u,t] 

      CYCLE          [code:0.001sec] 

      SPEED           [code:m,i/min] 

 

 

 

-29.85 

 

0.65 

30 

2 

5 

14 

 

 

23 

1111 

 

 

0 

0 

0 

 

 

 

                G113X0Y0Z5.0;G113X0Y0Z5.0;G113X0Y0Z5.0;G113X0Y0Z5.0;    

                M30;M30;M30;M30;    

0.150.150.150.15mmmmmmmm    allowance toallowance toallowance toallowance to    
final depth 30final depth 30final depth 30final depth 30mmmmmmmm....    

0.150.150.150.15mmmmmmmm    allowance toallowance toallowance toallowance to    
rough elec. reductionrough elec. reductionrough elec. reductionrough elec. reduction    
0.80.80.80.8mmmmmmmm....    

Specify Specify Specify Specify ““““spherespherespheresphere----shapeshapeshapeshape    
machiningmachiningmachiningmachining””””    to reduceto reduceto reduceto reduce    
the overcut at the the overcut at the the overcut at the the overcut at the     
corner.corner.corner.corner.    
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        The The The The ““““spherespherespheresphere----shape machiningshape machiningshape machiningshape machining””””    of bottom stopped of bottom stopped of bottom stopped of bottom stopped ----    complex is used becausecomplex is used becausecomplex is used becausecomplex is used because    

        manufacturing an electrode in a three dimenmanufacturing an electrode in a three dimenmanufacturing an electrode in a three dimenmanufacturing an electrode in a three dimensional program of an sional program of an sional program of an sional program of an     

        automatic program or in a copy machining diminishes the bottom face R, automatic program or in a copy machining diminishes the bottom face R, automatic program or in a copy machining diminishes the bottom face R, automatic program or in a copy machining diminishes the bottom face R,     

        resulting in excessive corner formation in roughing.resulting in excessive corner formation in roughing.resulting in excessive corner formation in roughing.resulting in excessive corner formation in roughing.    

        For the finish electrode, on the other hand, the bottom stoppedFor the finish electrode, on the other hand, the bottom stoppedFor the finish electrode, on the other hand, the bottom stoppedFor the finish electrode, on the other hand, the bottom stopped----simple simple simple simple     

        menu is used to make the cormenu is used to make the cormenu is used to make the cormenu is used to make the corners with the R as final profile.ners with the R as final profile.ners with the R as final profile.ners with the R as final profile.    

           

 

 

 

    

        [Program for finish electrode][Program for finish electrode][Program for finish electrode][Program for finish electrode]    

    AUX AUX AUX AUX ：：：：.Special setting (G132).Special setting (G132).Special setting (G132).Special setting (G132)                                                                                Finish machiningFinish machiningFinish machiningFinish machining    

Address Attri. Talk items Set value 
D 
H 
C 
Q 
A 
E 
K 
S 
M 
R 
U 
V 
W 
O 
P 
L 
X 
Y 
Z 
T 
B 

/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 

 STARTING COND. No. 
 τoff ADJ SETTING 
 HQSF μSC DENSITY               [g/l] 
 EXP P-PULSE 
     A-JUMP 
     F-JUMP 
     STEP ANGLE                  [deg] 
     SUPER SPARK 
 CYCLE JUMP MODE 
       NO.OF JUMP 
       JUMP AMOUNT          [code,u,t] 
       CYCLE           [code,0.001sec] 
       NUMBER OF TIMES 
 DISCHARGING JUMP               (1:ON) 
 SERVO JUMP AMOUNT               [u,t] 
 JUMP METHOD 
 ARBITRARY JUMP           X AXIS [u,t] 
                          Y AXIS [u,t] 
                          Z AXIS [u,t] 
 SETTING FOR FINE MATTE FINISH 
 POLARITY REVERSE CYCLE          [min] 

   
  
 
1 
 
 
 
 
 
 
 

    

                    

Machining menu : Bottom stoppedMachining menu : Bottom stoppedMachining menu : Bottom stoppedMachining menu : Bottom stopped––––simple(G101)     Finish machiningsimple(G101)     Finish machiningsimple(G101)     Finish machiningsimple(G101)     Finish machining    

 Address Attri. Talk items Set value  

 N 
Q 
Z 
R 
E 
I 
J 
O 
D 
H 
L 
P 
A 
S 
T 
F 

/ 
/ 
* 
* 
* 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 

ABS/INC                     (90/91) 
MC AXIS                  
(1:X,2:Y,3:Z) 
MC DEPTH                      [u,t] 
ELECTRODE REDUCTION           [u,t] 
MODEL DATA No. 
  START OF PROCESS No. 
  END OF PROCESS No. 
  FINISH PROCESS No. 
  SIDE REMAIN AMOUNT COMP       [%] 
  BOTTOM REMAIN AMOUNT COMP     [%] 
MACHINING METHOD 
  PATTERN 
  ROT. ANGLE             [0.001deg] 
JUMP AMOUNT              [code:u,t] 
     CYCLE          [code:0.001sec] 
     SPEED           [code:m,i/min] 

 
 
-30.0 
0.3 
30 
4 
14 
14 
 
 
23 
1111 
 
 
 
 

 

                G113X0Y0Z5.0;G113X0Y0Z5.0;G113X0Y0Z5.0;G113X0Y0Z5.0;    

                M30;M30;M30;M30;    

 Rough 
electrode 

Finish 
electrode 
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※ Refer to item 19.8 Refer to item 19.8 Refer to item 19.8 Refer to item 19.8 ““““3333----D machiningD machiningD machiningD machining””””    whewhewhewhen you use three dimension n you use three dimension n you use three dimension n you use three dimension     

            electrode maelectrode maelectrode maelectrode made by three dimensions CADde by three dimensions CADde by three dimensions CADde by three dimensions CAD････CAM.CAM.CAM.CAM.    

※ When the electrical discharge area is large, the machining depth When the electrical discharge area is large, the machining depth When the electrical discharge area is large, the machining depth When the electrical discharge area is large, the machining depth     

            and the amount of the side expansion are shallower than the and the amount of the side expansion are shallower than the and the amount of the side expansion are shallower than the and the amount of the side expansion are shallower than the     

            schedule or become small. Therefore, set the machining depth and schedule or become small. Therefore, set the machining depth and schedule or become small. Therefore, set the machining depth and schedule or become small. Therefore, set the machining depth and     

            electrode reduction deelectrode reduction deelectrode reduction deelectrode reduction deeply or largely according to the electrical eply or largely according to the electrical eply or largely according to the electrical eply or largely according to the electrical     

            discharge area.discharge area.discharge area.discharge area.    

※ Use DD circuit when the electrical discharge area is Use DD circuit when the electrical discharge area is Use DD circuit when the electrical discharge area is Use DD circuit when the electrical discharge area is □□□□200 or 200 or 200 or 200 or more. more. more. more.     

    

・・・・Installation of DD circuitInstallation of DD circuitInstallation of DD circuitInstallation of DD circuit    

    

    

    

    

    

    

    

    

                Fix the DD circuit on the table, and connect the DD circuit terminalFix the DD circuit on the table, and connect the DD circuit terminalFix the DD circuit on the table, and connect the DD circuit terminalFix the DD circuit on the table, and connect the DD circuit terminal    

                withwithwithwith    the power cable of electroforming electrode. Sink the DD circuit the power cable of electroforming electrode. Sink the DD circuit the power cable of electroforming electrode. Sink the DD circuit the power cable of electroforming electrode. Sink the DD circuit     

                in the liquid because there are a lot of heat. in the liquid because there are a lot of heat. in the liquid because there are a lot of heat. in the liquid because there are a lot of heat.     

                The machining chips piles up on the DD circuit. Please clean the The machining chips piles up on the DD circuit. Please clean the The machining chips piles up on the DD circuit. Please clean the The machining chips piles up on the DD circuit. Please clean the     

                connector sometimes.connector sometimes.connector sometimes.connector sometimes.    

    

    

    

Clip 

Liquid level 

DD circuit 

Workpiece 

Table 
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4.8  Other instructions 

    

        (a)(a)(a)(a)    

           

        (b)(b)(b)(b)    

    

    

    

    

    

    

    

    

Recessed 
portion 

Arc caused 
by chips 

When SL machining is executed with an When SL machining is executed with an When SL machining is executed with an When SL machining is executed with an     

electrode of the shape as in the left electrode of the shape as in the left electrode of the shape as in the left electrode of the shape as in the left     

figure, chips accumulatfigure, chips accumulatfigure, chips accumulatfigure, chips accumulated at the partinged at the partinged at the partinged at the parting    

of the electrodeof the electrodeof the electrodeof the electrode’’’’s recessed part and the s recessed part and the s recessed part and the s recessed part and the     

workpiece surface may cause an arc.workpiece surface may cause an arc.workpiece surface may cause an arc.workpiece surface may cause an arc.    

In this case, bore a hole in the recessed part or In this case, bore a hole in the recessed part or In this case, bore a hole in the recessed part or In this case, bore a hole in the recessed part or 

execute jump.execute jump.execute jump.execute jump.    

Arc protrusion 

Portion fitting 
the protrusion 

When an arc is generated When an arc is generated When an arc is generated When an arc is generated     
When increasing When increasing When increasing When increasing ττττOFF or the jump OFF or the jump OFF or the jump OFF or the jump     
amount does not eliminate unstableamount does not eliminate unstableamount does not eliminate unstableamount does not eliminate unstable    
discharge, an arc protrusion is discharge, an arc protrusion is discharge, an arc protrusion is discharge, an arc protrusion is     
generated at the tip of the electrode.generated at the tip of the electrode.generated at the tip of the electrode.generated at the tip of the electrode.    
File this part and also the part of File this part and also the part of File this part and also the part of File this part and also the part of     
the workpiece that fits this protrusionthe workpiece that fits this protrusionthe workpiece that fits this protrusionthe workpiece that fits this protrusion    
because this part has turned black.because this part has turned black.because this part has turned black.because this part has turned black.    
ThThThThen, restart machining from E5308.en, restart machining from E5308.en, restart machining from E5308.en, restart machining from E5308.    
When the electrode arcs several times, When the electrode arcs several times, When the electrode arcs several times, When the electrode arcs several times,     
the arc protrusion has spread and it the arc protrusion has spread and it the arc protrusion has spread and it the arc protrusion has spread and it     
isisisis    necessary to file it by a wide necessary to file it by a wide necessary to file it by a wide necessary to file it by a wide margin.margin.margin.margin.    
    
※ E5308 is a machining condition toE5308 is a machining condition toE5308 is a machining condition toE5308 is a machining condition to    
            extend extend extend extend ττττoff etc. of E4111 and to off etc. of E4111 and to off etc. of E4111 and to off etc. of E4111 and to     
            stabilize the machining betstabilize the machining betstabilize the machining betstabilize the machining better.ter.ter.ter.    
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5. HELICAL GEAR MACHINING 

    

The Helical gear machining uses synchronizing control on Z axis and C axis for 

machining. Therefore, one of following mandatory options must be chosen for the 

Helical gear machining. 

 

Mandatory options:  Mi Head   MR Head   MA Head     
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5.1 Materials and features of electrode 

The different materials such as copper (electrode copper, freeThe different materials such as copper (electrode copper, freeThe different materials such as copper (electrode copper, freeThe different materials such as copper (electrode copper, free----cutting cutting cutting cutting     

copper), copper tungsten, and brass are used for the electrode of the copper), copper tungsten, and brass are used for the electrode of the copper), copper tungsten, and brass are used for the electrode of the copper), copper tungsten, and brass are used for the electrode of the     

Helical gear machining. ThHelical gear machining. ThHelical gear machining. ThHelical gear machining. The following table shows features of each e following table shows features of each e following table shows features of each e following table shows features of each     

materialmaterialmaterialmaterial    with the threewith the threewith the threewith the three----grade evaluation of A, B, and C.grade evaluation of A, B, and C.grade evaluation of A, B, and C.grade evaluation of A, B, and C.    

                                                                                            Ａ：Ａ：Ａ：Ａ：ExcellentExcellentExcellentExcellent        Ｂ：Ｂ：Ｂ：Ｂ：GoodGoodGoodGood        Ｃ：Ｃ：Ｃ：Ｃ：No goodNo goodNo goodNo good    

Materials 
Removal 

Rate 

Electrode 

wear 

Material 

cost 

Machin- 

ability 

Evaluation 

result 

    

Electric copper Ａ Ｂ Ａ Ｃ Ａ     

Free-cut copper Ａ Ｂ Ｂ Ａ Ａ     

Copper tungsten Ｂ Ａ Ｃ Ａ Ｂ     

Brass Ｃ Ｃ Ａ Ａ Ｃ     

    

5.2 Electrode length, electrode reduction, and model data 

①①①①    Electrode lengthElectrode lengthElectrode lengthElectrode length    

Electrode length is restricted by wear of electrode material and balance withElectrode length is restricted by wear of electrode material and balance withElectrode length is restricted by wear of electrode material and balance withElectrode length is restricted by wear of electrode material and balance with    

machining plamachining plamachining plamachining plate thickness. Decide the length of electrode after referring to te thickness. Decide the length of electrode after referring to te thickness. Decide the length of electrode after referring to te thickness. Decide the length of electrode after referring to     

tttthehehehe    following data. following data. following data. following data.     

Electrode materialElectrode materialElectrode materialElectrode material    Electrode lengthElectrode lengthElectrode lengthElectrode length    

Electrode copperElectrode copperElectrode copperElectrode copper    Workpiece thicknessWorkpiece thicknessWorkpiece thicknessWorkpiece thickness    ××××    ２．５２．５２．５２．５    

FreeFreeFreeFree----cut coppercut coppercut coppercut copper    Workpiece thicknessWorkpiece thicknessWorkpiece thicknessWorkpiece thickness    ××××    ２．５２．５２．５２．５    

Copper tungstenCopper tungstenCopper tungstenCopper tungsten    Workpiece thicknessWorkpiece thicknessWorkpiece thicknessWorkpiece thickness    ××××    １．３１．３１．３１．３    

BraBraBraBrassssssss    Workpiece thicknessWorkpiece thicknessWorkpiece thicknessWorkpiece thickness    ××××    ５．０５．０５．０５．０    

（（（（At the time of one spot machining At the time of one spot machining At the time of one spot machining At the time of one spot machining ））））    

    

ReductionReductionReductionReduction, each electrode length must be more than 1/2 of above data., each electrode length must be more than 1/2 of above data., each electrode length must be more than 1/2 of above data., each electrode length must be more than 1/2 of above data.    

                                                                                                                                                                                        

                                                                                                                                                                                                            

    

    

    

    

    

    

    

    

    

＜＜＜＜Integrated Integrated Integrated Integrated electrodeelectrodeelectrodeelectrode    exampleexampleexampleexample＞＞＞＞                ＜＜＜＜Divided electrode exampleDivided electrode exampleDivided electrode exampleDivided electrode example＞＞＞＞    

Electrode 

length 

Rough to finish： 

2 times 

 

Electrode 

length 

Rough：1time 

Finish：1time 

（For finishing） 

（For roughing） 

Rough：1time 

Finish：2times 
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②②②②ElectrElectrElectrElectrode reductionode reductionode reductionode reduction    

In case of In case of In case of In case of deciding adeciding adeciding adeciding a    larger value on electrode reduction, machining can belarger value on electrode reduction, machining can belarger value on electrode reduction, machining can belarger value on electrode reduction, machining can be    

started from rough condition and machining time will be reduced. started from rough condition and machining time will be reduced. started from rough condition and machining time will be reduced. started from rough condition and machining time will be reduced.     

Since machining swarf emission is very good, stable machining can be Since machining swarf emission is very good, stable machining can be Since machining swarf emission is very good, stable machining can be Since machining swarf emission is very good, stable machining can be     

achieved. However, electrode achieved. However, electrode achieved. However, electrode achieved. However, electrode wwwwearearearear    at the corner will be at the corner will be at the corner will be at the corner will be     

increased due to the larger value on electrode reduction and the shapeincreased due to the larger value on electrode reduction and the shapeincreased due to the larger value on electrode reduction and the shapeincreased due to the larger value on electrode reduction and the shape    

becomesbecomesbecomesbecomes    structurallystructurallystructurallystructurally    weakened.weakened.weakened.weakened.    

In contrastIn contrastIn contrastIn contrast, if , if , if , if a a a a smaller value on electrode reduction was smaller value on electrode reduction was smaller value on electrode reduction was smaller value on electrode reduction was decideddecideddecideddecided, , , ,     

mmmmachiningachiningachiningachining    has to start from weak machining condition, and machining has to start from weak machining condition, and machining has to start from weak machining condition, and machining has to start from weak machining condition, and machining     

time requires more time. Also machining swarf emission becomes less time requires more time. Also machining swarf emission becomes less time requires more time. Also machining swarf emission becomes less time requires more time. Also machining swarf emission becomes less     

efficient and machefficient and machefficient and machefficient and machining gets easily unstable. Therefore a wellining gets easily unstable. Therefore a wellining gets easily unstable. Therefore a wellining gets easily unstable. Therefore a well----balancedbalancedbalancedbalanced    

value suitable for target accuracy should be value suitable for target accuracy should be value suitable for target accuracy should be value suitable for target accuracy should be chosenchosenchosenchosen    for the helical for the helical for the helical for the helical     

gear machining.gear machining.gear machining.gear machining.    

    

 Electrode  

reduction 

Machining 

time 

Machining 

stability 

Machining 

accuracy 

 Large Fast Stable Fragile 

     

     

 Small Slow Unstable Durable 

    

The electrode reduction The electrode reduction The electrode reduction The electrode reduction values for the helical gear in general arevalues for the helical gear in general arevalues for the helical gear in general arevalues for the helical gear in general are    as follows: as follows: as follows: as follows:     

Rough electrode reduction value  Rough electrode reduction value  Rough electrode reduction value  Rough electrode reduction value  ：：：：0.100.100.100.10    ～～～～    0.15mm0.15mm0.15mm0.15mm（（（（Per sidePer sidePer sidePer side））））    

Finish electrode reduction value Finish electrode reduction value Finish electrode reduction value Finish electrode reduction value     ：：：：0.050.050.050.05    ～～～～    0.10mm0.10mm0.10mm0.10mm（（（（Per sidePer sidePer sidePer side））））    

    

③③③③Model dataModel dataModel dataModel data    

The model data for the Helical gear machining use is determined by theThe model data for the Helical gear machining use is determined by theThe model data for the Helical gear machining use is determined by theThe model data for the Helical gear machining use is determined by the    

outside diameter of electrode and the thickness of workoutside diameter of electrode and the thickness of workoutside diameter of electrode and the thickness of workoutside diameter of electrode and the thickness of workpiece.piece.piece.piece.    

    

ExExExEx.).).).)    In case of 10mm outside diameter and 5mm thickness.In case of 10mm outside diameter and 5mm thickness.In case of 10mm outside diameter and 5mm thickness.In case of 10mm outside diameter and 5mm thickness.    

Model data Model data Model data Model data 21212121（□（□（□（□5555～～～～15151515））））    

Model data Model data Model data Model data 77777777（□（□（□（□5555～～～～15151515））））etc,etc,etc,etc,    

    

In case of 20mm outside diameter and 5mm thickness.In case of 20mm outside diameter and 5mm thickness.In case of 20mm outside diameter and 5mm thickness.In case of 20mm outside diameter and 5mm thickness.    

Model data Model data Model data Model data 23232323（□（□（□（□15151515～～～～50505050））））    

Model data Model data Model data Model data 78787878（□（□（□（□10101010～～～～25252525））））etc,etc,etc,etc,    
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5.3 Setting 

①①①①Fluid processingFluid processingFluid processingFluid processing    

The fluid proThe fluid proThe fluid proThe fluid processing is recommended using a jet vacuum container.cessing is recommended using a jet vacuum container.cessing is recommended using a jet vacuum container.cessing is recommended using a jet vacuum container.    

＜＜＜＜Rough machiningRough machiningRough machiningRough machining＞＞＞＞    …………    FlushingFlushingFlushingFlushing    

In rough machining, machining amount is large and large amount of machining In rough machining, machining amount is large and large amount of machining In rough machining, machining amount is large and large amount of machining In rough machining, machining amount is large and large amount of machining     

debris and gas is generated. Therefore, use debris and gas is generated. Therefore, use debris and gas is generated. Therefore, use debris and gas is generated. Therefore, use flushing. flushing. flushing. flushing. Take precaution so that Take precaution so that Take precaution so that Take precaution so that     

machining debris omachining debris omachining debris omachining debris or gas doesnr gas doesnr gas doesnr gas doesn’’’’t accumulate in flushing/suction flange.t accumulate in flushing/suction flange.t accumulate in flushing/suction flange.t accumulate in flushing/suction flange.    

The jet pressure should be set around 0.005 to 0.01MP. If the jet The jet pressure should be set around 0.005 to 0.01MP. If the jet The jet pressure should be set around 0.005 to 0.01MP. If the jet The jet pressure should be set around 0.005 to 0.01MP. If the jet     

pressure setting is too high, the machining becomes easily unstable. pressure setting is too high, the machining becomes easily unstable. pressure setting is too high, the machining becomes easily unstable. pressure setting is too high, the machining becomes easily unstable.     

    

＜＜＜＜FinishFinishFinishFinish    machiningmachiningmachiningmachining＞＞＞＞    …………    SuctionSuctionSuctionSuction    

Vacuum will be used at finish machinVacuum will be used at finish machinVacuum will be used at finish machinVacuum will be used at finish machining.ing.ing.ing.    

The vacuum usage equalizes discharge gaps and the difference between The vacuum usage equalizes discharge gaps and the difference between The vacuum usage equalizes discharge gaps and the difference between The vacuum usage equalizes discharge gaps and the difference between     

inlet and outlet inlet and outlet inlet and outlet inlet and outlet diameter diameter diameter diameter of workpieceof workpieceof workpieceof workpiece    can be minimized. The vacuum can be minimized. The vacuum can be minimized. The vacuum can be minimized. The vacuum     

pressure should be around 0.01MPpressure should be around 0.01MPpressure should be around 0.01MPpressure should be around 0.01MPaaaa. The early machining is hard to . The early machining is hard to . The early machining is hard to . The early machining is hard to     

stable, set the vacuum pressure to low mode stable, set the vacuum pressure to low mode stable, set the vacuum pressure to low mode stable, set the vacuum pressure to low mode uuuuntil the machining isntil the machining isntil the machining isntil the machining is    stabilized.stabilized.stabilized.stabilized.        

    

    

    

    

    

    

    

    

    

    

    

    

②②②②JumpJumpJumpJump    

In case of the fluid processing, frequent jump action is not necessary.In case of the fluid processing, frequent jump action is not necessary.In case of the fluid processing, frequent jump action is not necessary.In case of the fluid processing, frequent jump action is not necessary.    

Set the jump amount between 2 to 4, the jump cycle between 12 to 16, Set the jump amount between 2 to 4, the jump cycle between 12 to 16, Set the jump amount between 2 to 4, the jump cycle between 12 to 16, Set the jump amount between 2 to 4, the jump cycle between 12 to 16,     

and the jump speed to 1. There is a and the jump speed to 1. There is a and the jump speed to 1. There is a and the jump speed to 1. There is a possibilitypossibilitypossibilitypossibility    of damaging the of damaging the of damaging the of damaging the     

electrode during the Helical gear machiningelectrode during the Helical gear machiningelectrode during the Helical gear machiningelectrode during the Helical gear machining. Make sure to set the jump . Make sure to set the jump . Make sure to set the jump . Make sure to set the jump     

speed to belowspeed to belowspeed to belowspeed to below    3. With this setting, all axis feed rates including the 3. With this setting, all axis feed rates including the 3. With this setting, all axis feed rates including the 3. With this setting, all axis feed rates including the     

electrode escape action during the machining are restricted.electrode escape action during the machining are restricted.electrode escape action during the machining are restricted.electrode escape action during the machining are restricted.    

    

When machining is unstable, set large jump and short jump frequency. When machining is unstable, set large jump and short jump frequency. When machining is unstable, set large jump and short jump frequency. When machining is unstable, set large jump and short jump frequency.     

Keep the jump speed to Keep the jump speed to Keep the jump speed to Keep the jump speed to 3 or below. 3 or below. 3 or below. 3 or below.     

When machining is unstable, it is useful to jointly use When machining is unstable, it is useful to jointly use When machining is unstable, it is useful to jointly use When machining is unstable, it is useful to jointly use ““““DISCHARGING AMOUNTDISCHARGING AMOUNTDISCHARGING AMOUNTDISCHARGING AMOUNT””””    in the in the in the in the 

Jet and vacuum of 

machining fluid 

Jet vacuum 

container  

Workpiece 
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SPECIAL SETTING SPECIAL SETTING SPECIAL SETTING SPECIAL SETTING (G132) (G132) (G132) (G132) menu. However, secondary discharge through machining debris menu. However, secondary discharge through machining debris menu. However, secondary discharge through machining debris menu. However, secondary discharge through machining debris 

will become large. Therefore, it is better to avoid using it when emphasizinwill become large. Therefore, it is better to avoid using it when emphasizinwill become large. Therefore, it is better to avoid using it when emphasizinwill become large. Therefore, it is better to avoid using it when emphasizing surface g surface g surface g surface 

roughness. roughness. roughness. roughness.     

    

③③③③Machining method.Machining method.Machining method.Machining method.    

The through machining (G103) will be usThe through machining (G103) will be usThe through machining (G103) will be usThe through machining (G103) will be used as a machining model. And No.ed as a machining model. And No.ed as a machining model. And No.ed as a machining model. And No.16 16 16 16     

will be used as the machining method. With this setting, the Z will be used as the machining method. With this setting, the Z will be used as the machining method. With this setting, the Z will be used as the machining method. With this setting, the Z axisaxisaxisaxis        

moves tomoves tomoves tomoves to    a command value position then orbital expansion towards X anda command value position then orbital expansion towards X anda command value position then orbital expansion towards X anda command value position then orbital expansion towards X and        

Y axis is performed.Y axis is performed.Y axis is performed.Y axis is performed.    

    

④④④④Side remain amount Side remain amount Side remain amount Side remain amount correctioncorrectioncorrectioncorrection    rate rate rate rate     

At the Helical gear machining, secondary discharge amount to the side At the Helical gear machining, secondary discharge amount to the side At the Helical gear machining, secondary discharge amount to the side At the Helical gear machining, secondary discharge amount to the side     

direction becomes larger compare with common shape machining due to direction becomes larger compare with common shape machining due to direction becomes larger compare with common shape machining due to direction becomes larger compare with common shape machining due to     

inefficiency of machining swarf emission.  If the seconinefficiency of machining swarf emission.  If the seconinefficiency of machining swarf emission.  If the seconinefficiency of machining swarf emission.  If the secondary discharge dary discharge dary discharge dary discharge     

amount is too large, the finish of machining surface may not be able toamount is too large, the finish of machining surface may not be able toamount is too large, the finish of machining surface may not be able toamount is too large, the finish of machining surface may not be able to    

complete evenly. complete evenly. complete evenly. complete evenly.     

Therefore, enter Therefore, enter Therefore, enter Therefore, enter ““““130130130130    ~~~~    150150150150””””    in in in in ““““DDDD””””    in the machining menu, and increase side remain in the machining menu, and increase side remain in the machining menu, and increase side remain in the machining menu, and increase side remain 

between the respective processes.between the respective processes.between the respective processes.between the respective processes.    

    

⑤⑤⑤⑤Time controlTime controlTime controlTime control    

The time managemeThe time managemeThe time managemeThe time management must be used all the time.nt must be used all the time.nt must be used all the time.nt must be used all the time.    

The process of time management initiation should be set from rough The process of time management initiation should be set from rough The process of time management initiation should be set from rough The process of time management initiation should be set from rough     

machining condition process rather than common shape machining. machining condition process rather than common shape machining. machining condition process rather than common shape machining. machining condition process rather than common shape machining.     

However, do not use the time management from the machining initiation However, do not use the time management from the machining initiation However, do not use the time management from the machining initiation However, do not use the time management from the machining initiation     

process. process. process. process.     

In case of 5In case of 5In case of 5In case of 5mm thickness of mm thickness of mm thickness of mm thickness of workpieceworkpieceworkpieceworkpiece, a measure of the setting time , a measure of the setting time , a measure of the setting time , a measure of the setting time     

for rough machining should be more than two times the outside diameter for rough machining should be more than two times the outside diameter for rough machining should be more than two times the outside diameter for rough machining should be more than two times the outside diameter     

of electrode and five times or more for finish machining. of electrode and five times or more for finish machining. of electrode and five times or more for finish machining. of electrode and five times or more for finish machining.     

As the workpiece becomes thicker, the setting time should be longerAs the workpiece becomes thicker, the setting time should be longerAs the workpiece becomes thicker, the setting time should be longerAs the workpiece becomes thicker, the setting time should be longer        

than above setting time. On the contrary, if the than above setting time. On the contrary, if the than above setting time. On the contrary, if the than above setting time. On the contrary, if the workpieceworkpieceworkpieceworkpiece    becomes becomes becomes becomes     

thinner, the setting time should be shorter than above setting time.thinner, the setting time should be shorter than above setting time.thinner, the setting time should be shorter than above setting time.thinner, the setting time should be shorter than above setting time.    

        

＜＜＜＜ExExExEx＞＞＞＞    In case ofIn case ofIn case ofIn case ofφφφφ20mm electrode outside diameter and 5mm workpiece 20mm electrode outside diameter and 5mm workpiece 20mm electrode outside diameter and 5mm workpiece 20mm electrode outside diameter and 5mm workpiece     

    thickness.thickness.thickness.thickness.    

Rough machining setting timeRough machining setting timeRough machining setting timeRough machining setting time：：：：20 X 2 20 X 2 20 X 2 20 X 2 = 40 minutes or more= 40 minutes or more= 40 minutes or more= 40 minutes or more    

Finish machining setting Finish machining setting Finish machining setting Finish machining setting time:time:time:time:    20 X 3 = 620 X 3 = 620 X 3 = 620 X 3 = 60 minutes or more0 minutes or more0 minutes or more0 minutes or more        
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⑥⑥⑥⑥OrbitingOrbitingOrbitingOrbiting    speedspeedspeedspeed    

Input Input Input Input ““““3333””””    to the fifth digit on the to the fifth digit on the to the fifth digit on the to the fifth digit on the ““““STARTING CONDITION No.STARTING CONDITION No.STARTING CONDITION No.STARTING CONDITION No.””””    in the special in the special in the special in the special     

machiningmachiningmachiningmachining    setting (G132). With this setting, the setting (G132). With this setting, the setting (G132). With this setting, the setting (G132). With this setting, the orbitingorbitingorbitingorbiting    speed can be speed can be speed can be speed can be decreaseddecreaseddecreaseddecreased....    ForForForFor    

helical gear machining, the electrode length is getting longerhelical gear machining, the electrode length is getting longerhelical gear machining, the electrode length is getting longerhelical gear machining, the electrode length is getting longer....    If If If If orbitingorbitingorbitingorbiting    speed is too speed is too speed is too speed is too     

fast, thefast, thefast, thefast, the    electrode electrode electrode electrode will fanwill fanwill fanwill fan    and and and and result inresult inresult inresult in    poor machining. poor machining. poor machining. poor machining. Therefore toTherefore toTherefore toTherefore to    avoid this, avoid this, avoid this, avoid this,     

orbitingorbitingorbitingorbiting    speed should bespeed should bespeed should bespeed should be    setsetsetset    slower.slower.slower.slower.    

    

Special machining settingSpecial machining settingSpecial machining settingSpecial machining setting（Ｇ１３２）（Ｇ１３２）（Ｇ１３２）（Ｇ１３２）    

Address Attri. Talk items Range 

Ｄ ／ STARTING CONDITION No. ３＊＊＊＊ 

Ｃ ／ HQSF μＳＣ DENSITY [g/l]  

・ ・ ・  

・ ・ ・  

・ ・ ・  

    

Through machiningThrough machiningThrough machiningThrough machining（Ｇ１０３）（Ｇ１０３）（Ｇ１０３）（Ｇ１０３）    

Address Attri. Talk items Range 

・ ・ ・  

・ ・ ・  

・ ・ ・  

Ｅ ＊ MODEL DATA No. ＊＊ 

Ｉ ／ START OF PROCESS No. １＊＊ 

Ｊ ／ END OF PROCESS No. ＊＊ 

・ ・ ・  

・ ・ ・  

・ ・ ・  

Ｄ ／ SIDE REMAIN AMOUNT COMP [%] １３０～１５０ 

Ｈ ／ BOTTOM REMAIN AMOUNT COMP[%]  

Ｌ ／ MC METHOD １６ 

Ｐ ／ PATTERN １１１１ 

・ ・ ・  

・ ・ ・  

Ｓ ／ JUMP AMOUNT [code,μｍ] ２～４ 

Ｔ ／ CYCLE [Code, 0.001 sec.] １２～１６ 

Ｆ ／ SPEED [code, mm／min.] １ 

・ ・ ・  

・ ・ ・  

・ ・ ・  

    

Input 3 to the fifth 

digit. 

Input 1 to the third 

digit. 
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5.4  Machining example（Finish with two electrodes） 

Helical gear machiningHelical gear machiningHelical gear machiningHelical gear machining    

    

                

This This This This exampleexampleexampleexample    explainsexplainsexplainsexplains    simultaneous 2simultaneous 2simultaneous 2simultaneous 2----axiaxiaxiaxis machining using Z axis and s machining using Z axis and s machining using Z axis and s machining using Z axis and     

C axis. C axis. C axis. C axis. AAAA    value of the depth of machining on Z axis direction avalue of the depth of machining on Z axis direction avalue of the depth of machining on Z axis direction avalue of the depth of machining on Z axis direction and nd nd nd     

an appropriate value of the rotation angle on C axis are required.an appropriate value of the rotation angle on C axis are required.an appropriate value of the rotation angle on C axis are required.an appropriate value of the rotation angle on C axis are required.    

    

        ＜＜＜＜Calculation of C axis rotation angleCalculation of C axis rotation angleCalculation of C axis rotation angleCalculation of C axis rotation angle＞＞＞＞    

    

    

                                        

L(lead) = (Pitch circle dia. L(lead) = (Pitch circle dia. L(lead) = (Pitch circle dia. L(lead) = (Pitch circle dia. ××××    3.143.143.143.14159159159159) ) ) ) ××××    tan(90tan(90tan(90tan(90°°°°----    helix angle)helix angle)helix angle)helix angle)    

                                    [Pitch circle dia. = Module [Pitch circle dia. = Module [Pitch circle dia. = Module [Pitch circle dia. = Module ××××    No. of teeth No. of teeth No. of teeth No. of teeth ÷÷÷÷    coscoscoscos    (hel(hel(hel(helix angle)]ix angle)]ix angle)]ix angle)]    

    

        ・・・・    CCCCalculating L (lead) alculating L (lead) alculating L (lead) alculating L (lead) fromfromfromfrom    the above examplethe above examplethe above examplethe above example    

    

                Pitch circle dia. = Module Pitch circle dia. = Module Pitch circle dia. = Module Pitch circle dia. = Module ××××    No. of teeth No. of teeth No. of teeth No. of teeth ÷÷÷÷    coscoscoscos    (helix angle)(helix angle)(helix angle)(helix angle)    

                                                                                        = 0.8 = 0.8 = 0.8 = 0.8 ××××    16 16 16 16 ÷÷÷÷    cos20cos20cos20cos20    

                                                                                        ≒≒≒≒    13.6213.6213.6213.621111    

    

                L(lead) = (Pitch circle dia. L(lead) = (Pitch circle dia. L(lead) = (Pitch circle dia. L(lead) = (Pitch circle dia. ××××    3.143.143.143.14159159159159) ) ) ) ××××    tantantantan    (90(90(90(90°°°°----    helix angle)helix angle)helix angle)helix angle)    

                                                = (13.62= (13.62= (13.62= (13.621 1 1 1 ××××    3.143.143.143.14159159159159) ) ) ) ××××    tantantantan    (90 (90 (90 (90 ----    20)20)20)20)    

                                                ≒≒≒≒    117.5117.5117.5117.569696969    

    

    

Electrode  

 Material :   Copper（Free-cut） 

 Reduction per side: Rough    0.1mm 

Finish   0.05mm 

 Finish surface roughness   

Workpiece 

 Material :         ＳＫＤ－１１ 

 Module :          ０.８ 

 Number of teeth :  １６ 

 Helix angle :       ２０° 

 Helix direction:     Right 

Helix angleHelix angleHelix angleHelix angle    
    L (lead)L (lead)L (lead)L (lead)    

Peripheral lengthPeripheral lengthPeripheral lengthPeripheral length    of pitch circleof pitch circleof pitch circleof pitch circle    
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Calculating the rotation angle of C axis in relation to the depth of Calculating the rotation angle of C axis in relation to the depth of Calculating the rotation angle of C axis in relation to the depth of Calculating the rotation angle of C axis in relation to the depth of     

machining on Z axis based on the L (lead) value.machining on Z axis based on the L (lead) value.machining on Z axis based on the L (lead) value.machining on Z axis based on the L (lead) value.    

    

Z axis depth of machining = Workpiece height + Z axis depth of machining = Workpiece height + Z axis depth of machining = Workpiece height + Z axis depth of machining = Workpiece height +     

((((eeeelectrode lengthlectrode lengthlectrode lengthlectrode length    ––––    0.5mm)0.5mm)0.5mm)0.5mm)    + MC start point+ MC start point+ MC start point+ MC start point    = = = = 14 + 14 + 14 + 14 + 11116666    ----    0.50.50.50.5    + 10 = + 10 = + 10 = + 10 = 39393939.5.5.5.5    

    

                    (Machining start point is dimension between workpiece top and electrode)(Machining start point is dimension between workpiece top and electrode)(Machining start point is dimension between workpiece top and electrode)(Machining start point is dimension between workpiece top and electrode)    

    

                C axis rotation angle C axis rotation angle C axis rotation angle C axis rotation angle     

                                                    = Z axis setting value = Z axis setting value = Z axis setting value = Z axis setting value ××××    ----1 1 1 1 ××××    360 360 360 360 ÷÷÷÷    L (lead )L (lead )L (lead )L (lead )    

                                                    = = = = 39393939.5.5.5.5    ××××    ----1 1 1 1 ××××    360 360 360 360 ÷÷÷÷    117.5117.5117.5117.569696969    

                                                ≒≒≒≒    ----120.950120.950120.950120.950    

            ((((----1 is for right helix direction1 is for right helix direction1 is for right helix direction1 is for right helix direction    and +1 for left helix directionand +1 for left helix directionand +1 for left helix directionand +1 for left helix direction))))    

    

Precautions against machining program creationPrecautions against machining program creationPrecautions against machining program creationPrecautions against machining program creation    

・・・・Always use INC (G91) command to set the depth of machining.Always use INC (G91) command to set the depth of machining.Always use INC (G91) command to set the depth of machining.Always use INC (G91) command to set the depth of machining.    

Use of ABS (G90) command may causeUse of ABS (G90) command may causeUse of ABS (G90) command may causeUse of ABS (G90) command may cause    errors in setting the depth of errors in setting the depth of errors in setting the depth of errors in setting the depth of     

machining on Z axis and the rotation angle on C axis.machining on Z axis and the rotation angle on C axis.machining on Z axis and the rotation angle on C axis.machining on Z axis and the rotation angle on C axis.        

    

    

・・・・Before performing actual machining, check the depth of machining on Zaxis and the rotaBefore performing actual machining, check the depth of machining on Zaxis and the rotaBefore performing actual machining, check the depth of machining on Zaxis and the rotaBefore performing actual machining, check the depth of machining on Zaxis and the rota

tion angle on C axis with following method.tion angle on C axis with following method.tion angle on C axis with following method.tion angle on C axis with following method.        

    

            

If the indicator needle moIf the indicator needle moIf the indicator needle moIf the indicator needle moves, review the calculation and the electrodeves, review the calculation and the electrodeves, review the calculation and the electrodeves, review the calculation and the electrode    data.data.data.data.    

With the electrode attached to the spindle, 

move the spindle to the safe place where 

the electrode does not interfere. 

Then, as shown to the left, with the  

indicator touched the tooth surface, execute 

the following program with the MDI mode. 

 

Ｇ９１； 

Ｍ１９Ｇ０１Ｚ－２５.５Ｃ－１２０．９５０； 

Ｍ３０； 

Z axis 

C axis 
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＜＜＜＜Rough Rough Rough Rough machiningmachiningmachiningmachining    programprogramprogramprogram＞＞＞＞    

G132D30000Q1MG132D30000Q1MG132D30000Q1MG132D30000Q1M2222RRRR55550U2.0;0U2.0;0U2.0;0U2.0;    

G103N91ZG103N91ZG103N91ZG103N91Z----39393939....5555CCCC----120.950120.950120.950120.950R0.0R0.0R0.0R0.09999E23I108J1E23I108J1E23I108J1E23I108J11111O15DO15DO15DO15D202020200L16P1111S0L16P1111S0L16P1111S0L16P1111S3333T1T1T1T12222FFFF1V10W601V10W601V10W601V10W60;;;;    

G113X0Y0Z10.0L1A0;G113X0Y0Z10.0L1A0;G113X0Y0Z10.0L1A0;G113X0Y0Z10.0L1A0;    

    

＜＜＜＜Finish Finish Finish Finish machiningmachiningmachiningmachining    programprogramprogramprogram＞＞＞＞    

G132D30000Q1MG132D30000Q1MG132D30000Q1MG132D30000Q1M2222RRRR55550U2.0;0U2.0;0U2.0;0U2.0;    

G103N91ZG103N91ZG103N91ZG103N91Z----73737373.5.5.5.5CCCC----225.059225.059225.059225.059RRRR0.05E23I110J15O15D200L16P1111S3T12F1V11W1500.05E23I110J15O15D200L16P1111S3T12F1V11W1500.05E23I110J15O15D200L16P1111S3T12F1V11W1500.05E23I110J15O15D200L16P1111S3T12F1V11W150    

G113X0Y0Z10.0L1A0;G113X0Y0Z10.0L1A0;G113X0Y0Z10.0L1A0;G113X0Y0Z10.0L1A0;    

M30;M30;M30;M30;    

****１）、１）、１）、１）、****２）２）２）２）These values are calculated in the same manner as rough These values are calculated in the same manner as rough These values are calculated in the same manner as rough These values are calculated in the same manner as rough     

machining program.machining program.machining program.machining program.    

    

    

5.5 Cautions 

①①①①Do not use high speed jump Do not use high speed jump Do not use high speed jump Do not use high speed jump ““““A3*A3*A3*A3*””””    

The electrode may be damaged.The electrode may be damaged.The electrode may be damaged.The electrode may be damaged.    

    

②②②②Do not use SupeDo not use SupeDo not use SupeDo not use Super spark. r spark. r spark. r spark.     

The surface machining may not be completed.The surface machining may not be completed.The surface machining may not be completed.The surface machining may not be completed.    

    

③③③③Make sure to use the jet Make sure to use the jet Make sure to use the jet Make sure to use the jet vacuumvacuumvacuumvacuum    at the time of the jet vacuum at the time of the jet vacuum at the time of the jet vacuum at the time of the jet vacuum     

container usage. If container usage. If container usage. If container usage. If thethethethe    jet vacuum container is filled with gas, the jet vacuum container is filled with gas, the jet vacuum container is filled with gas, the jet vacuum container is filled with gas, the     

risk of explosion will be increased. In case of the explosion, checrisk of explosion will be increased. In case of the explosion, checrisk of explosion will be increased. In case of the explosion, checrisk of explosion will be increased. In case of the explosion, checkkkk    

the workpiece displacement and damages on the electrode and the the workpiece displacement and damages on the electrode and the the workpiece displacement and damages on the electrode and the the workpiece displacement and damages on the electrode and the     

machine.machine.machine.machine.    

    

④④④④Do not perform Do not perform Do not perform Do not perform ““““RetractRetractRetractRetract””””    and and and and ““““ReturnReturnReturnReturn””””    action.action.action.action.    

At the helical gear machining, there is a risk of damaging the At the helical gear machining, there is a risk of damaging the At the helical gear machining, there is a risk of damaging the At the helical gear machining, there is a risk of damaging the     

electrode due to machining swarf stuck in the gap between the electrode due to machining swarf stuck in the gap between the electrode due to machining swarf stuck in the gap between the electrode due to machining swarf stuck in the gap between the     

electelectelectelectrode and the workpiece. rode and the workpiece. rode and the workpiece. rode and the workpiece.     

If If If If aaaa    retract retract retract retract isisisis    performed to checkperformed to checkperformed to checkperformed to check    thethethethe    machined area, make sure the machined area, make sure the machined area, make sure the machined area, make sure the     

electrode is electrode is electrode is electrode is freefreefreefree    from the from the from the from the workpieceworkpieceworkpieceworkpiece    then execute reset andthen execute reset andthen execute reset andthen execute reset and    

restart.restart.restart.restart.    

    

    

*１） *２） 
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5.6 Measures against unstable machining 

    

TypicalTypicalTypicalTypical    conditions at the time of unstable machinconditions at the time of unstable machinconditions at the time of unstable machinconditions at the time of unstable machining. ing. ing. ing.     

・・・・Servo light and Condition light are both OFF. Servo light and Condition light are both OFF. Servo light and Condition light are both OFF. Servo light and Condition light are both OFF.     

・・・・No discharge sound at all.No discharge sound at all.No discharge sound at all.No discharge sound at all.    

    

If the above conditions (ShortIf the above conditions (ShortIf the above conditions (ShortIf the above conditions (Short----circuit or circuit or circuit or circuit or abnormalabnormalabnormalabnormal    discharge) discharge) discharge) discharge) occurredoccurredoccurredoccurred    

frequently, perform following procedures.frequently, perform following procedures.frequently, perform following procedures.frequently, perform following procedures.    

    

    

1. 1. 1. 1. OpenOpenOpenOpen                                    andandandand    goes to           screen.goes to           screen.goes to           screen.goes to           screen.    

    

・・・・IncreaseIncreaseIncreaseIncrease    ““““Servo adjustment Servo adjustment Servo adjustment Servo adjustment ””””    value about 2 taps. value about 2 taps. value about 2 taps. value about 2 taps.     

ExExExEx))))    If the current If the current If the current If the current value is 12 then changesvalue is 12 then changesvalue is 12 then changesvalue is 12 then changes    it to 14.it to 14.it to 14.it to 14.    

    

・・・・Increase Increase Increase Increase ““““ττττＯＦＦＯＦＦＯＦＦＯＦＦ””””    value.value.value.value.    

        Set the D.F ratio on the machining condition screen to below 10%.Set the D.F ratio on the machining condition screen to below 10%.Set the D.F ratio on the machining condition screen to below 10%.Set the D.F ratio on the machining condition screen to below 10%.    

    

    

    

2. 2. 2. 2. OpenOpenOpenOpen                                        andandandand    goes goes goes goes totototo                                                    screen.screen.screen.screen.    

    

・・・・Increase Increase Increase Increase ““““JJJJump amountump amountump amountump amount””””    value about 2 to 3 taps.value about 2 to 3 taps.value about 2 to 3 taps.value about 2 to 3 taps.    

・・・・DecreaseDecreaseDecreaseDecrease    ““““Jump cycleJump cycleJump cycleJump cycle””””    value about 2 to 4 taps. value about 2 to 4 taps. value about 2 to 4 taps. value about 2 to 4 taps.     

    

3. 3. 3. 3. Lower the jet and vacuum Lower the jet and vacuum Lower the jet and vacuum Lower the jet and vacuum pressurepressurepressurepressure....    

However, caution should be taken and make sure not to have gas which However, caution should be taken and make sure not to have gas which However, caution should be taken and make sure not to have gas which However, caution should be taken and make sure not to have gas which     

was produced by machining inside the jet vacuum container.was produced by machining inside the jet vacuum container.was produced by machining inside the jet vacuum container.was produced by machining inside the jet vacuum container.    

    

Execute 
 

Ｌ７

Ｆ６

Condition Machining 
setting 

Ｌ１ 

Condition 

Ｆ６
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6.1 General description 

    

HighHighHighHigh----QualityQualityQualityQuality----SurfaceSurfaceSurfaceSurface----Finish (HQSF) is a machining method of obtaining fast and stable Finish (HQSF) is a machining method of obtaining fast and stable Finish (HQSF) is a machining method of obtaining fast and stable Finish (HQSF) is a machining method of obtaining fast and stable 

electrical discharge performance in the finish process by the effect of electrical discharge performance in the finish process by the effect of electrical discharge performance in the finish process by the effect of electrical discharge performance in the finish process by the effect of μμμμSC.SC.SC.SC.    

    

Main electrical discharge performances are Main electrical discharge performances are Main electrical discharge performances are Main electrical discharge performances are shown below.shown below.shown below.shown below.    

    

①①①①The number of electrical discharges increases by a factor of 3The number of electrical discharges increases by a factor of 3The number of electrical discharges increases by a factor of 3The number of electrical discharges increases by a factor of 3～～～～5.5.5.5.    

②②②②An extremely light electrical discharges are maintained from the start machining to  the An extremely light electrical discharges are maintained from the start machining to  the An extremely light electrical discharges are maintained from the start machining to  the An extremely light electrical discharges are maintained from the start machining to  the 

end.end.end.end.    

③③③③The irregularities on the surface are extremely little, because the electrical The irregularities on the surface are extremely little, because the electrical The irregularities on the surface are extremely little, because the electrical The irregularities on the surface are extremely little, because the electrical     

discharges are distributed.discharges are distributed.discharges are distributed.discharges are distributed.    

    

Because the electrical discharge performance improves as shown above, the following Because the electrical discharge performance improves as shown above, the following Because the electrical discharge performance improves as shown above, the following Because the electrical discharge performance improves as shown above, the following 

results are obtained.results are obtained.results are obtained.results are obtained. 

    

①①①①Finished surface is flat and that is polished easily.Finished surface is flat and that is polished easily.Finished surface is flat and that is polished easily.Finished surface is flat and that is polished easily.    

②②②②Finish machining time is good.Finish machining time is good.Finish machining time is good.Finish machining time is good.    

③③③③Side which comes off is easily.Side which comes off is easily.Side which comes off is easily.Side which comes off is easily.    

    

HQSF does not only achieve a glazed surface, but it HQSF does not only achieve a glazed surface, but it HQSF does not only achieve a glazed surface, but it HQSF does not only achieve a glazed surface, but it is is is is also able to machine a uniform satin also able to machine a uniform satin also able to machine a uniform satin also able to machine a uniform satin 

surface which can be polished easily in post machining. surface which can be polished easily in post machining. surface which can be polished easily in post machining. surface which can be polished easily in post machining.     
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6.2 Main operation of the system 

 

In the HQSF model (S specification), it is necessary to use three In the HQSF model (S specification), it is necessary to use three In the HQSF model (S specification), it is necessary to use three In the HQSF model (S specification), it is necessary to use three kinds of modes properly kinds of modes properly kinds of modes properly kinds of modes properly 

concerning the circulation of dielectric fluid. concerning the circulation of dielectric fluid. concerning the circulation of dielectric fluid. concerning the circulation of dielectric fluid.     

The modes are selected by turning on and off The modes are selected by turning on and off The modes are selected by turning on and off The modes are selected by turning on and off ““““HQSFHQSFHQSFHQSF””””    and and and and ““““μμμμSC COL.MODESC COL.MODESC COL.MODESC COL.MODE””””    on on on on     

OPT FUNC - M.CONTROL    screen.screen.screen.screen.    

①①①①HQSF machining modeHQSF machining modeHQSF machining modeHQSF machining mode    

It is a mode with the dielectric fluid by which It is a mode with the dielectric fluid by which It is a mode with the dielectric fluid by which It is a mode with the dielectric fluid by which μμμμSC is addSC is addSC is addSC is added from roughing to finishing. ed from roughing to finishing. ed from roughing to finishing. ed from roughing to finishing. 

In this mode, the machined chips are removed by the magnet separator without passing In this mode, the machined chips are removed by the magnet separator without passing In this mode, the machined chips are removed by the magnet separator without passing In this mode, the machined chips are removed by the magnet separator without passing 

the standard filter system.the standard filter system.the standard filter system.the standard filter system.    

    

    

 

 

    

When When When When μμμμ SC is used, SC is used, SC is used, SC is used, ““““HQSFHQSFHQSFHQSF””””    

must be always ON.must be always ON.must be always ON.must be always ON.    

““““HQSFHQSFHQSFHQSF””””    is displayed at status is displayed at status is displayed at status is displayed at status 

display area on display area on display area on display area on CRTCRTCRTCRT    screen. screen. screen. screen.     

TTTThis setting will be hold even his setting will be hold even his setting will be hold even his setting will be hold even 

after power off.after power off.after power off.after power off.    

HQSFHQSFHQSFHQSF     can collect 30minutes can collect 30minutes can collect 30minutes can collect 30minutes 

per 200l.per 200l.per 200l.per 200l.    

 

    

②②②②μμμμSC collect modeSC collect modeSC collect modeSC collect mode    

When When When When μμμμSC becomes used up (HQSF time: 400 hours) or it is weakened the SC becomes used up (HQSF time: 400 hours) or it is weakened the SC becomes used up (HQSF time: 400 hours) or it is weakened the SC becomes used up (HQSF time: 400 hours) or it is weakened the μμμμSC SC SC SC 

density, density, density, density, μμμμSC in dielectric fluid is collected by the standard filter system.SC in dielectric fluid is collected by the standard filter system.SC in dielectric fluid is collected by the standard filter system.SC in dielectric fluid is collected by the standard filter system.    

 

 

 

 

 

It takes roughly one hour.It takes roughly one hour.It takes roughly one hour.It takes roughly one hour.    

No need to collect No need to collect No need to collect No need to collect μμμμSC SC SC SC     

completely.completely.completely.completely.    

    

    

Magnet separator 

Agitating 

ＨＱＳＦ μSC 

COL.MODE 

Paper filter 

ＨＱＳＦ μSC 

COL.MODE 
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③③③③Standard machining modeStandard machining modeStandard machining modeStandard machining mode    

Machining without Machining without Machining without Machining without μμμμSC. In this mode, the machined chips are removed from dielectric SC. In this mode, the machined chips are removed from dielectric SC. In this mode, the machined chips are removed from dielectric SC. In this mode, the machined chips are removed from dielectric 

fluid by using the standard filter system.fluid by using the standard filter system.fluid by using the standard filter system.fluid by using the standard filter system.    

    

    

    

 

 

When When When When ““““HQSFHQSFHQSFHQSF””””    is off, theis off, theis off, theis off, the    filter filter filter filter 

system works normally. system works normally. system works normally. system works normally.     

In case In case In case In case ““““HQSFHQSFHQSFHQSF””””    is off, is off, is off, is off, μμμμ SC SC SC SC 

will be collected with the will be collected with the will be collected with the will be collected with the     

machined chips.machined chips.machined chips.machined chips.    

    

    

Each mode is changed as follows.Each mode is changed as follows.Each mode is changed as follows.Each mode is changed as follows. 

HQSF mode 

 

(μSC mixing) 

(Density check) 

(HQSF machining) 

 

μSC collect mode 

(μSC becomes used up.) 

 

Standard machining mode 

    

    

6.3 Density management of μSC    

6.3.1 Outline of density management 

    

The density management of The density management of The density management of The density management of μμμμSC is important in HQSF machining. SC is important in HQSF machining. SC is important in HQSF machining. SC is important in HQSF machining.     

To maintain accurate density, inspect the To maintain accurate density, inspect the To maintain accurate density, inspect the To maintain accurate density, inspect the μμμμSC density before machining or every week.SC density before machining or every week.SC density before machining or every week.SC density before machining or every week.    

    

    

    

Paper filter 

ＨＱＳＦ μSC 

COL.MODE 
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①①①①Proper densityProper densityProper densityProper density    

General machGeneral machGeneral machGeneral machining  :  1g/ literining  :  1g/ literining  :  1g/ literining  :  1g/ liter    

Precise machining  :  0.5g/ literPrecise machining  :  0.5g/ literPrecise machining  :  0.5g/ literPrecise machining  :  0.5g/ liter    

When the density is too high, the machining is not stable. When the density is too high, the machining is not stable. When the density is too high, the machining is not stable. When the density is too high, the machining is not stable.     

The electrical discharge will not be generated when the The electrical discharge will not be generated when the The electrical discharge will not be generated when the The electrical discharge will not be generated when the μμμμSC density exceeds 4g/liter. SC density exceeds 4g/liter. SC density exceeds 4g/liter. SC density exceeds 4g/liter. 

Collect Collect Collect Collect μμμμSC by changing mode to the SC by changing mode to the SC by changing mode to the SC by changing mode to the μμμμSC collect mode (reSC collect mode (reSC collect mode (reSC collect mode (refer to clause 7.2) few fer to clause 7.2) few fer to clause 7.2) few fer to clause 7.2) few 

minutes to weakened the density. Oppositely, when the density becomes 0.2g or minutes to weakened the density. Oppositely, when the density becomes 0.2g or minutes to weakened the density. Oppositely, when the density becomes 0.2g or minutes to weakened the density. Oppositely, when the density becomes 0.2g or 

less/liter, the effect of less/liter, the effect of less/liter, the effect of less/liter, the effect of μμμμSC is lost. Add SC is lost. Add SC is lost. Add SC is lost. Add μμμμSC.SC.SC.SC.    

②②②②Method of measuring densityMethod of measuring densityMethod of measuring densityMethod of measuring density    

General machining  :  Method of measuring general densityGeneral machining  :  Method of measuring general densityGeneral machining  :  Method of measuring general densityGeneral machining  :  Method of measuring general density    

Precise machining  :Precise machining  :Precise machining  :Precise machining  :        Method of measuring low densityMethod of measuring low densityMethod of measuring low densityMethod of measuring low density    

Refer to clause Refer to clause Refer to clause Refer to clause 6666.3.4, .3.4, .3.4, .3.4, 6666.3.5..3.5..3.5..3.5.    

③③③③LifetimeLifetimeLifetimeLifetime    

                        It is about one month. (400 machining hours)It is about one month. (400 machining hours)It is about one month. (400 machining hours)It is about one month. (400 machining hours)    

It should be used only as a guide.It should be used only as a guide.It should be used only as a guide.It should be used only as a guide.    

Lifetime of Lifetime of Lifetime of Lifetime of μμμμSC differs according to the model and machining condition. SC differs according to the model and machining condition. SC differs according to the model and machining condition. SC differs according to the model and machining condition.     

Early replacement is reEarly replacement is reEarly replacement is reEarly replacement is recommended in case of hard condition machining or emphasizing commended in case of hard condition machining or emphasizing commended in case of hard condition machining or emphasizing commended in case of hard condition machining or emphasizing 

surface quality.surface quality.surface quality.surface quality.    

④④④④Timing of density measurementTiming of density measurementTiming of density measurementTiming of density measurement    

DonDonDonDon’’’’t measure the density during rough machining.t measure the density during rough machining.t measure the density during rough machining.t measure the density during rough machining.    

It is impossible to measure the density accurately during rough machining due to It is impossible to measure the density accurately during rough machining due to It is impossible to measure the density accurately during rough machining due to It is impossible to measure the density accurately during rough machining due to 

machined chips.machined chips.machined chips.machined chips.    

    

    

6.3.2 Type of μSC    

    

There are two types of There are two types of There are two types of There are two types of μμμμSC, type 1 and type 2. SC, type 1 and type 2. SC, type 1 and type 2. SC, type 1 and type 2.     

ChChChChooooose either one according to the usage.ose either one according to the usage.ose either one according to the usage.ose either one according to the usage.    

    

Type Type 1 Type 2 

Container 5kg can,  300g can 5kg can 

Usage for precise for general 

    

    

6.3.3 How to add μSC into dielectric fluid    

It may beIt may beIt may beIt may be    difficult to take difficult to take difficult to take difficult to take μμμμSC out of the can. SC out of the can. SC out of the can. SC out of the can. 

Beforehand, stir and soften it with a stick or a Beforehand, stir and soften it with a stick or a Beforehand, stir and soften it with a stick or a Beforehand, stir and soften it with a stick or a 

pipe.pipe.pipe.pipe.    
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Take Take Take Take μμμμSC out using the attached shovel.SC out using the attached shovel.SC out using the attached shovel.SC out using the attached shovel.    

It is about 500g per level shovel.It is about 500g per level shovel.It is about 500g per level shovel.It is about 500g per level shovel.    

Put Put Put Put μμμμSC and dielectric fluid, about 5 liters, in another can. SC and dielectric fluid, about 5 liters, in another can. SC and dielectric fluid, about 5 liters, in another can. SC and dielectric fluid, about 5 liters, in another can.     

Stir thoroughly until lStir thoroughly until lStir thoroughly until lStir thoroughly until lumps of umps of umps of umps of μμμμSC disappear. SC disappear. SC disappear. SC disappear.     

Then pour it into the work tank.Then pour it into the work tank.Then pour it into the work tank.Then pour it into the work tank.    

    

    

    

    

    

    

    

    

For instance, when you add For instance, when you add For instance, when you add For instance, when you add μμμμSCSCSCSC    by 1gby 1gby 1gby 1g/l/l/l/l    by the processing liquid gross weightby the processing liquid gross weightby the processing liquid gross weightby the processing liquid gross weight    

800l.800l.800l.800l.    

The The The The μμμμSC of 1SC of 1SC of 1SC of 1××××800800800800＝＝＝＝800g800g800g800g    is necessary.is necessary.is necessary.is necessary.    

AAAAnd take out half nd take out half nd take out half nd take out half μμμμSC to the shovel about the work of second, please.SC to the shovel about the work of second, please.SC to the shovel about the work of second, please.SC to the shovel about the work of second, please.    

    

The dielectric fluid gross capacities according to the models are shown.The dielectric fluid gross capacities according to the models are shown.The dielectric fluid gross capacities according to the models are shown.The dielectric fluid gross capacities according to the models are shown.    

    

Models Gross capacities (liters) 

EDAF2 300 

EDAF3 450 

EDNC6 800 

EDNC8 1000 

EDNC10 1500 

EDNC15 4500 

EDNC20 6000 

    

Select HQSF mode (refer to clause Select HQSF mode (refer to clause Select HQSF mode (refer to clause Select HQSF mode (refer to clause 6666.2) and agitate dielectric f.2) and agitate dielectric f.2) and agitate dielectric f.2) and agitate dielectric fluid when adding luid when adding luid when adding luid when adding μμμμSC.SC.SC.SC.    

    

    

6.3.4 How to measure density of μSC    

    

Use the graduated test tube for density measurement. Use the graduated test tube for density measurement. Use the graduated test tube for density measurement. Use the graduated test tube for density measurement.     

Wash and dry the test tube before measurement.Wash and dry the test tube before measurement.Wash and dry the test tube before measurement.Wash and dry the test tube before measurement.    

Measure the density according to the following procedures.Measure the density according to the following procedures.Measure the density according to the following procedures.Measure the density according to the following procedures.    
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General : 1g/liter 

Adjust height till scale 5. 

Low : 0.5g/liter 

Adjust height till scale 8. 

 

 

 

５  Compare to the check diagram after 5 minutes. 

４  Put the lid and shake hard. 

 Add water till height scale 10. ３ 

２ 

 Put dielectric in the test tube. １ 
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6.3.5 Standard of density    

①①①①Method of measuring general densityMethod of measuring general densityMethod of measuring general densityMethod of measuring general density    

In the method of measuring general density, make 1In the method of measuring general density, make 1In the method of measuring general density, make 1In the method of measuring general density, make 1----1.5g/liter the standard of the 1.5g/liter the standard of the 1.5g/liter the standard of the 1.5g/liter the standard of the 

density adjustment. Add or collect density adjustment. Add or collect density adjustment. Add or collect density adjustment. Add or collect μμμμSC so that the boundary part of dielectric fluid SC so that the boundary part of dielectric fluid SC so that the boundary part of dielectric fluid SC so that the boundary part of dielectric fluid 

and water may become wand water may become wand water may become wand water may become within the range of graduation 4ithin the range of graduation 4ithin the range of graduation 4ithin the range of graduation 4----5 of the test tube.5 of the test tube.5 of the test tube.5 of the test tube.    

 

 

 

 

 

 

 

 

 

 

 

 

 

②②②②Method of measuring low densityMethod of measuring low densityMethod of measuring low densityMethod of measuring low density    

In the method of measuring low density, make 0.5g/liter the standard of the density In the method of measuring low density, make 0.5g/liter the standard of the density In the method of measuring low density, make 0.5g/liter the standard of the density In the method of measuring low density, make 0.5g/liter the standard of the density 

adjustment. Add or collect adjustment. Add or collect adjustment. Add or collect adjustment. Add or collect μμμμSC so that the boundary part of dielectric flSC so that the boundary part of dielectric flSC so that the boundary part of dielectric flSC so that the boundary part of dielectric fluid and water uid and water uid and water uid and water 

may become within the range of graduation 1.5may become within the range of graduation 1.5may become within the range of graduation 1.5may become within the range of graduation 1.5----2 of the test tube.2 of the test tube.2 of the test tube.2 of the test tube.    

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 [g/liter] 2 [g/liter] 3 ［g/liter］ 

７ 

 

５ 
 
３ 
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6.3.6 Notice for density management    

    

If rough machining using 30A or more for a long time, collect and add If rough machining using 30A or more for a long time, collect and add If rough machining using 30A or more for a long time, collect and add If rough machining using 30A or more for a long time, collect and add μμμμSC in order to SC in order to SC in order to SC in order to 

readjust the density after rough macreadjust the density after rough macreadjust the density after rough macreadjust the density after rough machining. hining. hining. hining.     

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

A large amount of carbons are generated in rough machining when the current is 30A or A large amount of carbons are generated in rough machining when the current is 30A or A large amount of carbons are generated in rough machining when the current is 30A or A large amount of carbons are generated in rough machining when the current is 30A or 

more. The color of dielectric fluid changes from silver to deepmore. The color of dielectric fluid changes from silver to deepmore. The color of dielectric fluid changes from silver to deepmore. The color of dielectric fluid changes from silver to deep----black. black. black. black.     

An accurate An accurate An accurate An accurate μμμμSC density cannot be measured by the influence of the caSC density cannot be measured by the influence of the caSC density cannot be measured by the influence of the caSC density cannot be measured by the influence of the carbons when the rbons when the rbons when the rbons when the 

color of dielectric fluid is deepcolor of dielectric fluid is deepcolor of dielectric fluid is deepcolor of dielectric fluid is deep----black. Moreover, the effect of black. Moreover, the effect of black. Moreover, the effect of black. Moreover, the effect of μμμμSC decreases though the SC decreases though the SC decreases though the SC decreases though the 

density measurement result is proper.density measurement result is proper.density measurement result is proper.density measurement result is proper.    

    

Readjust the Readjust the Readjust the Readjust the μμμμSC density after rough machining for a long time, even if the machining SC density after rough machining for a long time, even if the machining SC density after rough machining for a long time, even if the machining SC density after rough machining for a long time, even if the machining 

current is 20A or less.current is 20A or less.current is 20A or less.current is 20A or less.    

        ※※※※    Do not return the liquid in the test tube which measured the density into the tank. Do not return the liquid in the test tube which measured the density into the tank. Do not return the liquid in the test tube which measured the density into the tank. Do not return the liquid in the test tube which measured the density into the tank.     

This is because the liquid containThis is because the liquid containThis is because the liquid containThis is because the liquid containssss    water.water.water.water.    

TheTheTheTheμμμμSC density sometimes SC density sometimes SC density sometimes SC density sometimes becomesbecomesbecomesbecomes    unstable in case of new machine or afterunstable in case of new machine or afterunstable in case of new machine or afterunstable in case of new machine or afterμμμμSC SC SC SC 

resumption or after switching the mode from standresumption or after switching the mode from standresumption or after switching the mode from standresumption or after switching the mode from standard machining.  If this is the case, add ard machining.  If this is the case, add ard machining.  If this is the case, add ard machining.  If this is the case, add 

μμμμSC until the density becomes stable for a certain periodSC until the density becomes stable for a certain periodSC until the density becomes stable for a certain periodSC until the density becomes stable for a certain period    of timeof timeof timeof time.  The stable period may .  The stable period may .  The stable period may .  The stable period may 

vary depending on vary depending on vary depending on vary depending on the the the the type of machines and type of machines and type of machines and type of machines and its its its its usage. Andusage. Andusage. Andusage. And    as foras foras foras for    the machinethe machinethe machinethe machine,,,,    especiallyespeciallyespeciallyespecially    

those ofthose ofthose ofthose of    smaller smaller smaller smaller sizessizessizessizes,,,,    regularly regularly regularly regularly pepepeperformrformrformrform    upupupup----andandandand----down movement of the work tank down movement of the work tank down movement of the work tank down movement of the work tank to to to to 

stabilize stabilize stabilize stabilize μμμμSCSCSCSC    density with easedensity with easedensity with easedensity with ease....    

    

Imitation of dielectric fluid inside after rough machining 

Carbon 

Carbon Carbon 

Carbon 

Carbon Carbon 

Carbon 

Carbon 

Carbon Carbon 
Carbon 

Carbon 

Carbon 

Carbon 

Carbon 

Carbon 
Carbon Carbon 

Carbon Carbon 

Carbon 

Carbon 

Carbon 
Carbon 

Machined chips 

 

Additives 

 
Combustion things 
of dielectric fluid 

Steel 

Steel 

Steel 

Steel 

μＳＣ 

Carbon 

μＳＣ 

μＳＣ 

μＳＣ μＳＣ 

μＳＣ 

μＳＣ 
μＳＣ 

μＳＣ 

μＳＣ 

μＳＣ 
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6.4 Machining condition table    

    

The machining conditions for HQSF are added after the usual model data. The machining conditions for HQSF are added after the usual model data. The machining conditions for HQSF are added after the usual model data. The machining conditions for HQSF are added after the usual model data.     

Make the program which inputs the model data number (Make the program which inputs the model data number (Make the program which inputs the model data number (Make the program which inputs the model data number (““““Model data speciModel data speciModel data speciModel data specified function of fied function of fied function of fied function of 

machining condition tablemachining condition tablemachining condition tablemachining condition table””””) corresponding to discharge area as follows. ) corresponding to discharge area as follows. ) corresponding to discharge area as follows. ) corresponding to discharge area as follows.     

Refer to clause Refer to clause Refer to clause Refer to clause 6666.6 for making the program..6 for making the program..6 for making the program..6 for making the program.    

①Ｃｕ－Ｓｔ    

Applied area   ～□30 (Rough to semi-finish : Model data20, 21, 23) 

Model data No. Process No. 

3600 1 2 3 4 5 6 7 8 9 

E No. E3601 E3602 E3603 E3604 

Surface roughness 0.4 0.45 0.5 0.7 

Wear ratio [%] 40 40 30 30   

 

Applied area  □30～□75 (Rough to semi-finish : Model data 23, 24) 

Model data No. Process No. 

3610 1 2  3 4 5 6 7 8   9 

E No. E3614 E3615 

Surface roughness 1 1 

Wear ratio [%] 40 40 

 

Applied area  □75～□150 (Rough to semi-finish : Model data 24, 25) 

Model data No. Process No. 

3620 1 2 3 4 5 6 7 8 9 

E No. E3626 

Surface roughness 1.5 

Wear ratio [%] 50 

    

Applied area  □150～□200 (Rough to semi-finish : Model data 25, 28) 

Model data No. Process No. 

3630 1 2 3 4 5 6 7 8 9 

E No. E3637 

Surface roughness 3 

Wear ratio [%] 50 

    

Refer to manual Refer to manual Refer to manual Refer to manual ““““MACHINING CONDITIONMACHINING CONDITIONMACHINING CONDITIONMACHINING CONDITION””””    for details of each machining condition.for details of each machining condition.for details of each machining condition.for details of each machining condition.    
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②Ｇｒ－Ｓｔ    

Applied area   ～□30 (Rough to semi-finish : Model data 54, 30) 

Model data No. Process No. 

3700 1 2 3 4 5 6 7 8 9 

E No. E3701 E3702 

Surface roughness 2 4 

Wear ratio [%] 350 250 

 

Applied area  □30～□75 (Rough to semi-finish : Model data 30) 

Model data No. Process No. 

3710 1 2 3 4 5 6 7 8 9 

E No. E3712 E3713 

Surface roughness 3 4 

Wear ratio [%] 350 350 

 

Applied area  □75～□150 (Rough to semi-finish : Model data 34) 

Model data No. Process No. 

3720 1 2 3 4 5 6 7 8 9 

E No. E3723 E3724 

Surface roughness 4 8 

Wear ratio [%] 350 100 

    

Applied area  □150～□200 (Rough to semi-finish : Model data 30) 

Model data No. Process No. 

3730 1 2 3 4 5 6 7 8 9 

E No. E3734 E3735 

Surface roughness 8 11 

Wear ratio [%] 250 70 

    

As for post satin machining, the surface may be polished easily and uniformly.As for post satin machining, the surface may be polished easily and uniformly.As for post satin machining, the surface may be polished easily and uniformly.As for post satin machining, the surface may be polished easily and uniformly.    

Satin machining Applied area □30～□1000 (Rough to semi-finish : Model data 30, 34) 

Model data No. Process No. 

3750 1 2 3 4 5 6 7 8 9 

E No. E3752 E3753 E3754 E3755 E3756 E3757  

Surface roughness 4 5 6 8 10 12 

Wear ratio [%] 300 270 250 230 200 140 

Note: Note: Note: Note: Satin machining circuitSatin machining circuitSatin machining circuitSatin machining circuit    is necessary fis necessary fis necessary fis necessary for the sor the sor the sor the satin machining in EDNC8atin machining in EDNC8atin machining in EDNC8atin machining in EDNC8    or more.or more.or more.or more.    

Refer to manual Refer to manual Refer to manual Refer to manual ““““MACHINING CONDITIONMACHINING CONDITIONMACHINING CONDITIONMACHINING CONDITION””””    for details of each machining condition.for details of each machining condition.for details of each machining condition.for details of each machining condition.    

MINPULS



 

6 - 12 

6.5 Guideline of the time control machining    

    

Decide setting the time control according to the discharge area (includes both bottom Decide setting the time control according to the discharge area (includes both bottom Decide setting the time control according to the discharge area (includes both bottom Decide setting the time control according to the discharge area (includes both bottom     

and side).and side).and side).and side).    

 

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

The above figure is a standard of the time control setting. The above figure is a standard of the time control setting. The above figure is a standard of the time control setting. The above figure is a standard of the time control setting.     

A necessary surface might not be obtained by the machining shape or selected A necessary surface might not be obtained by the machining shape or selected A necessary surface might not be obtained by the machining shape or selected A necessary surface might not be obtained by the machining shape or selected     

machining method. In that case, lengthen the time setting.machining method. In that case, lengthen the time setting.machining method. In that case, lengthen the time setting.machining method. In that case, lengthen the time setting.    

    

In case of burning several pieces, setIn case of burning several pieces, setIn case of burning several pieces, setIn case of burning several pieces, set    the time control shorter to make the electrode the time control shorter to make the electrode the time control shorter to make the electrode the time control shorter to make the electrode     

wear less.wear less.wear less.wear less.    

    

    

    

    

□12 □25 □50 □100 □200 

Discharge area [mm] 

６４０ 

 

３２０ 

 

１６０ 

 

８０ 

 

４０ 

 

２０ 
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Several piece (Low level glaze)

  Standard 

1 piece (High level glaze)
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6.6 Machining program 

    

Program for rough and semiProgram for rough and semiProgram for rough and semiProgram for rough and semi----finish machining are same as ordinary machining.finish machining are same as ordinary machining.finish machining are same as ordinary machining.finish machining are same as ordinary machining.    

In case if further improvement is required on surface, add the HQSF machining process.In case if further improvement is required on surface, add the HQSF machining process.In case if further improvement is required on surface, add the HQSF machining process.In case if further improvement is required on surface, add the HQSF machining process.    

    

MC : Bottom stopped (Simple) (G101) 
Ｎ 

Ｑ 

Ｚ 

Ｒ 

Ｅ 

Ｉ 

Ｊ 

Ｏ 

Ｄ 

Ｈ 

Ｌ 

Ｐ 

Ａ 

Ｓ 

Ｔ 

Ｆ 

Ｋ 

Ｍ 

Ｕ 

Ｖ 

Ｗ 

／ 

／ 

＊ 

＊ 

＊ 

／ 

／ 

／ 

／ 

／ 

／ 

／ 

／ 

／ 

／ 

／ 

／ 

／ 

／ 

／ 

／ 

 ABS/INC                       (90／91) 

 MC AXIS                   (1:X,2:Y,3:Z) 

 MC DEPTH                         [μ,t] 

 ELECTRODE REDUCTION             [μ,t] 

 MODEL DATA No. 

     START OF PROCESS No. 

     END OF PROCESS No. 

     FINISH OF PROCESS No. 

     SIDE REMAIN AMOUNT COMP        [%] 

     BOTTOM REMAIN AMOUNT COMP      [%] 

 MC METHOD 

     PATTERN 

     ROT. ANGLE   [0.001deg] 

 JUMP AMOUNT                [code,μ,t] 

      CYCLE             [code,0.001sec] 

      SPEED              [code,m,i/min] 

 CLAMP START PROCESS No. 

 TIME CONTROL MC START PROC.No. 

            1PROCESS              [min] 

            2PROCESS              [min] 

            3PROCESS              [min] 

 

POS : Dispersed (G113) etc. 

    

MC : Bottom stopped (Simple) (G101) 
Ｎ 

Ｑ 

Ｚ 

Ｒ 

Ｅ 

Ｉ 

Ｊ 

Ｏ 

Ｄ 

Ｈ 

Ｌ 

Ｐ 

Ａ 

Ｓ 

Ｔ 

Ｆ 

Ｋ 

Ｍ 

Ｕ 

Ｖ 

Ｗ 

／ 

／ 

＊ 

＊ 

＊ 

／ 

／ 

／ 

／ 

／ 

／ 

／ 

／ 

／ 

／ 

／ 

／ 

／ 

／ 

／ 

／ 

 ABS/INC                       (90／91) 

 MC AXIS                  (1:X,2:Y,3:Z) 

 MC DEPTH                        [μ,t] 

 ELECTRODE REDUCTION            [μ,t] 

 MODEL DATA No. 

     START OF PROCESS No. 

     END OF PROCESS No. 

     FINISH OF PROCESS No. 

     SIDE REMAIN AMOUNT COMP        [%] 

     BOTTOM REMAIN AMOUNT COMP      [%] 

 MC METHOD 

     PATTERN 

     ROT. ANGLE   [0.001deg] 

 JUMP AMOUNT                [code,μ,t] 

      CYCLE             [code,0.001sec] 

      SPEED              [code,m,i/min] 

 CLAMP START PROCESS No. 

 TIME CONTROL MC START PROC.No. 

            1PROCESS              [min] 

            2PROCESS              [min] 

            3PROCESS              [min] 

 

POS : Dispersed (G113) etc.    

    

M30;    

    

Enter actual MC depth and Enter actual MC depth and Enter actual MC depth and Enter actual MC depth and     

electrode reduction.electrode reduction.electrode reduction.electrode reduction.    

In HQSF mode, the remain In HQSF mode, the remain In HQSF mode, the remain In HQSF mode, the remain     

amounts of the modelamounts of the modelamounts of the modelamounts of the model    data are data are data are data are 

changed automatically.changed automatically.changed automatically.changed automatically.    

Refer to the model data No.0.Refer to the model data No.0.Refer to the model data No.0.Refer to the model data No.0.    

Setting of start, end and finish Setting of start, end and finish Setting of start, end and finish Setting of start, end and finish 

process are reversed in process are reversed in process are reversed in process are reversed in ““““Model Model Model Model 

data specified function of data specified function of data specified function of data specified function of     

machining condition tablemachining condition tablemachining condition tablemachining condition table””””....    

Make sure the bigMake sure the bigMake sure the bigMake sure the bigger number, the ger number, the ger number, the ger number, the 

rougher surface.rougher surface.rougher surface.rougher surface.    

Machining method 7 is invalid to Machining method 7 is invalid to Machining method 7 is invalid to Machining method 7 is invalid to 

use.use.use.use.    

Always set the time control Always set the time control Always set the time control Always set the time control     

machining.machining.machining.machining.    

General finishing 

HQSF finishing 

Add 0.03mm for depth and Add 0.03mm for depth and Add 0.03mm for depth and Add 0.03mm for depth and     

0.02mm for electrode reduction.0.02mm for electrode reduction.0.02mm for electrode reduction.0.02mm for electrode reduction.    
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““““Model data specified function of machining condition tableModel data specified function of machining condition tableModel data specified function of machining condition tableModel data specified function of machining condition table””””    is the function of machining is the function of machining is the function of machining is the function of machining 

condition tablecondition tablecondition tablecondition table    ((((refer to 6.4refer to 6.4refer to 6.4refer to 6.4) as a model data. The side and bottom remain amount are set ) as a model data. The side and bottom remain amount are set ) as a model data. The side and bottom remain amount are set ) as a model data. The side and bottom remain amount are set 

at at at at ““““48:SM48:SM48:SM48:SM””””    in each machining condition.in each machining condition.in each machining condition.in each machining condition.    

Refer to clause Refer to clause Refer to clause Refer to clause 6666.8 for machining programs..8 for machining programs..8 for machining programs..8 for machining programs.    

E3600E3600E3600E3600～～～～E3999 can be used as this function.E3999 can be used as this function.E3999 can be used as this function.E3999 can be used as this function.    

    

    

6.7 Notice for the operation    

    

①①①①When clear dielectric When clear dielectric When clear dielectric When clear dielectric is necessary to clean the workpiece up, change mode to the is necessary to clean the workpiece up, change mode to the is necessary to clean the workpiece up, change mode to the is necessary to clean the workpiece up, change mode to the     

μμμμSCSCSCSC    collect mode (refer to clause collect mode (refer to clause collect mode (refer to clause collect mode (refer to clause 6666.2). Filter system works as usual in this case  and .2). Filter system works as usual in this case  and .2). Filter system works as usual in this case  and .2). Filter system works as usual in this case  and 

μμμμSC will be collected.SC will be collected.SC will be collected.SC will be collected.    

    

②②②②A large quantity of carbon are produced A large quantity of carbon are produced A large quantity of carbon are produced A large quantity of carbon are produced 

in dielectric after long rough machining in dielectric after long rough machining in dielectric after long rough machining in dielectric after long rough machining 

wiwiwiwith more than 60A condition. th more than 60A condition. th more than 60A condition. th more than 60A condition.     

The carbons adhere to the inner wall and The carbons adhere to the inner wall and The carbons adhere to the inner wall and The carbons adhere to the inner wall and 

the dielectric outlet is closed the dielectric outlet is closed the dielectric outlet is closed the dielectric outlet is closed     

occasionally. Clean the work tank inner occasionally. Clean the work tank inner occasionally. Clean the work tank inner occasionally. Clean the work tank inner 

wall once or more a week.wall once or more a week.wall once or more a week.wall once or more a week.    

    

③③③③To remove the dirt from your hand To remove the dirt from your hand To remove the dirt from your hand To remove the dirt from your hand     

easily, apply cream to your hand in easily, apply cream to your hand in easily, apply cream to your hand in easily, apply cream to your hand in     

advance.advance.advance.advance.    

    

    

    

    

    

④④④④Paper filters that collected Paper filters that collected Paper filters that collected Paper filters that collected μμμμSC can be SC can be SC can be SC can be 

thrown away just as usual filters.thrown away just as usual filters.thrown away just as usual filters.thrown away just as usual filters.    

    

    

 

MINPULS



 

6 - 15 

6.8 Machining examples    

6.8.1 Chassis    

    

Electrode Copper 

Workpiece NAK80 (St) 

Number of elec. 2 pcs. 

Elec. reduction 0.15mm/side 

MC depth -5.0mm 

μSC density 2g/liter 

    

 

    

    

    

Machining program 

Rough electrode : Roughing 

G132 Q22 A32 M2 R20 U20.; 

G101 Z-4.95 R0.1 E124 I8 J9 L13 P2222 S7 T4 F8; 

G113 X0 Y0 Z10.0; 

M30; 

 

Finish electrode : Semi-finishing 

G132 Q2 A32 M2 R20 U20.; 

G101 Z-5.00 R0.15 E124 I8 J15 O15 L13 P2222 S7 T4 F8 M12 U40 V40 W40; 

G113 X0 Y0 Z10.0; 

; 

HQSF finishing 

G132 D60 M2 R20 U20.; 

G101 Z-5.03 R0.17 E3610 I5 J5 L13 P2222 S7 T4 F8 M5 U40; 

G113 X0 Y0 Z10.0; 

M30; 

 

Points    

････In HQSF finishing, increase machining depth and electrode reduction.In HQSF finishing, increase machining depth and electrode reduction.In HQSF finishing, increase machining depth and electrode reduction.In HQSF finishing, increase machining depth and electrode reduction.    

・・・・In HQSF finishing,In HQSF finishing,In HQSF finishing,In HQSF finishing,    use use use use ““““Model data specified function of machining condition tableModel data specified function of machining condition tableModel data specified function of machining condition tableModel data specified function of machining condition table””””....    

 

 

  Point 

  Point 

5 
30 

2 

60 
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6.8.2 Speaker grill 

 

Electrode Copper(200×200) 

Workpiece NAK80 (St) 

Number of elec. 1 pc. 

Elec. reduction 0.15mm/side 

MC depth -1.5mm 

μSC density 1g/liter 

 

 

 

 

 

Machining program 

Roughing 

G132 D60 Q3 A2 M2 R50 U20.; 

G100 Z-1.2 E194 R5 P1111 S7 T8 F6; 

G113 X0 Y0 Z10.0; 

; 

Semi-finishing 

G132 D60 Q3 A2 M2 R50 U20.; 

G101 Z-1.5 R0.15 E24 I5 J15 O15 L73 P1111 S8 T10 F6 M12 U180 V180 W180; 

G113 X0 Y0 Z10.0; 

; 

HQSF finishing 

G132 D60 M2 R50 U20.; 

G101 Z-1.53 R0.18 E3620 I6 J6 L73 P1111 S8 T10 F6 M6 U240; 

G113 X0 Y0 Z10.0; 

M30; 

 

Points 

・・・・Side machining area is wide, so it is difficult to finish.Side machining area is wide, so it is difficult to finish.Side machining area is wide, so it is difficult to finish.Side machining area is wide, so it is difficult to finish.    

・・・・Use machining method Use machining method Use machining method Use machining method 73737373....    

・・・・In HQSF finishing, increase machining depth and electrode reductiIn HQSF finishing, increase machining depth and electrode reductiIn HQSF finishing, increase machining depth and electrode reductiIn HQSF finishing, increase machining depth and electrode reduction.on.on.on.    

    

    

    

  Point 

  Point 

  Point 
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6.8.3 Small shape 

    

Electrode Copper 

Workpiece STAVAX (St) 

Number of elec. 1 pc. 

Elec. reduction 0.15mm/side 

MC depth -4.0mm 

μSC density 1g/liter 

    

    

Machining program 

Semi-finishing 

G132 Q2 A32 M2 R20 U20.; 

G101 Z-4.0 R0.15 E323 I6 J15 O15 L13 P1111 S7 T4 F8 M13 U15 V10 W10; 

G113 X0 Y0 Z5.0; 

; 

HQSF finishing 

G132 D60 M2 R20 U20.; 

G101 Z-4.03 R0.18 E3600 I4 J3 L13 P1111 S7 T4 F8 M4 U10 V10; 

G113 X0 Y0 Z5.0; 

M30; 

 

Points    

････In In In In ““““Model data specified function of machining condition tableModel data specified function of machining condition tableModel data specified function of machining condition tableModel data specified function of machining condition table””””, se, se, se, setting number of start, tting number of start, tting number of start, tting number of start, 

end and finish process are reversed.end and finish process are reversed.end and finish process are reversed.end and finish process are reversed.    

・・・・Set a shorter time for the time control machining.Set a shorter time for the time control machining.Set a shorter time for the time control machining.Set a shorter time for the time control machining.    

 

 

 

 

 

 

 

 

 

 

  Point 
  Point 

20 
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6.8.4 Panel 

 

Electrode Graphite (400×200) 

Workpiece S55C (St) 

Number of elec. 2 pcs. 

Elec. reduction 0.8(Rough), 0.3(Finish) 

MC depth -50.0mm 

μSC density 1g/liter 

 

 

 

 

Machining program 

Rough electrode : Roughing 

G132 Q22 A2 M2 R50 U50.; 

G102 Z-49.95 R0.8 E34 I5 J9 O15 L18 P1111 M0 B0 S8 T14 F2; 

G113 X0 Y0 Z10.0; 

M30; 

 

Finish electrode : Semi-finishing 

G132 Q2 A2 M2 R50 U50.; 

G102 Z-50.0 R0.3 E34 I8 J15 O15 L18 P1111 M0 B0 S8 T16 F2 U13 V300; 

G113 X0 Y0 Z10.0; 

; 

HQSF finishing 

G132 D60 M2 R50 U50. O1; 

G102 Z-50.01 R0.31 E3750 I5 J4 L18 P1111 M0 B0 S8 T16 F2 U4 V400; 

G113 X0 Y0 Z10.0; 

M30; 

 

 

Points 

・・・・Use 3Use 3Use 3Use 3----D sphere orbD sphere orbD sphere orbD sphere orbit (machining method 18 or 28 or 8 ).it (machining method 18 or 28 or 8 ).it (machining method 18 or 28 or 8 ).it (machining method 18 or 28 or 8 ).    

・・・・Use satin machining conditions.Use satin machining conditions.Use satin machining conditions.Use satin machining conditions.    

････In a large, deep machining, flush fIn a large, deep machining, flush fIn a large, deep machining, flush fIn a large, deep machining, flush from several places in order to rom several places in order to rom several places in order to rom several places in order to eeeensure proper nsure proper nsure proper nsure proper     

    distribution of distribution of distribution of distribution of μμμμSC during machining.SC during machining.SC during machining.SC during machining.    

    

Pre-machined 

Flushing from several places 

  Point 

  Point 

200 
400 

50 

  Point 

  Point 
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6.8.5 Rib 

 

Electrode Copper 

Workpiece STAVAX (St) 

Number of elec. 2 pcs. 

Elec. reduction 0.1mm/side 

MC depth -10.0mm 

μSC density 1g/liter 

 

Machining program 

Rough electrode : Roughing 

G132 Q22 A32 M2 R8 U20.; 

G100 Z-9.80 E262 R5 P2222 S12 T3 F10; 

G113 X0 Y0 Z10.0; 

M30; 

 

Finish electrode : Semi-finishing 

G132 Q2 A32 M2 R8 U20.; 

G101 Z-10.0 R0.1 E521 I8 J15 O15 L43 P2222 S12 T3 F10 M313 U15 V15 W15; 

G113 X0 Y0 Z10.0; 

; 

HQSF finishing 

G132 D60 M2 R8 U20. O1; 

G101 Z-10.03 R0.12 E3600 I4 J3 L43 P2222 S12 T3 F10 M304 U15 V15; 

G113 X0 Y0 Z10.0; 

M30; 

 

Point 

・・・・In HQSF In HQSF In HQSF In HQSF finishing, use the discharging jump.finishing, use the discharging jump.finishing, use the discharging jump.finishing, use the discharging jump.    

 

  Point 

0.6 

10 

10 
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7. GLAZED MACHINING AND SATIN MACHINING 

 

CONTENTS  

Page 
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7.1 Glazed machining 

  

In the range of surface roughness below 3In the range of surface roughness below 3In the range of surface roughness below 3In the range of surface roughness below 3μμμμmmmmRzRzRzRz, a glazed finished surface can be attained. , a glazed finished surface can be attained. , a glazed finished surface can be attained. , a glazed finished surface can be attained. 

However, note that the finishing result varies depending on the workpiece material, as However, note that the finishing result varies depending on the workpiece material, as However, note that the finishing result varies depending on the workpiece material, as However, note that the finishing result varies depending on the workpiece material, as 

listed below. Also, if a polishing is to be done after EDM, do not execute a glazed listed below. Also, if a polishing is to be done after EDM, do not execute a glazed listed below. Also, if a polishing is to be done after EDM, do not execute a glazed listed below. Also, if a polishing is to be done after EDM, do not execute a glazed 

machining, but execute a usual or samachining, but execute a usual or samachining, but execute a usual or samachining, but execute a usual or satin machining.tin machining.tin machining.tin machining. 

 

 

 

 

 

 

 

 

The glazed surface can be attained by using either of the following three glazedThe glazed surface can be attained by using either of the following three glazedThe glazed surface can be attained by using either of the following three glazedThe glazed surface can be attained by using either of the following three glazed    

machining conditions:machining conditions:machining conditions:machining conditions:    

 

 

 

 

A glazed machining can be executed with either of the following three methods:A glazed machining can be executed with either of the following three methods:A glazed machining can be executed with either of the following three methods:A glazed machining can be executed with either of the following three methods:    

①①①①Use glazed machining model data 16 Use glazed machining model data 16 Use glazed machining model data 16 Use glazed machining model data 16 ----    18 (inc18 (inc18 (inc18 (including three glazed machining conditions).luding three glazed machining conditions).luding three glazed machining conditions).luding three glazed machining conditions).    

②②②②Finish the surface to 3Finish the surface to 3Finish the surface to 3Finish the surface to 3μμμμmmmmRzRzRzRz    with a certain model data, then use the glazed machining with a certain model data, then use the glazed machining with a certain model data, then use the glazed machining with a certain model data, then use the glazed machining 

model data 29 that specifies three glazed machining conditions only.model data 29 that specifies three glazed machining conditions only.model data 29 that specifies three glazed machining conditions only.model data 29 that specifies three glazed machining conditions only.    

③③③③Use the Glazed machining model data adding function (the Use the Glazed machining model data adding function (the Use the Glazed machining model data adding function (the Use the Glazed machining model data adding function (the operation inoperation inoperation inoperation in②②②②is executed is executed is executed is executed 

automatically). automatically). automatically). automatically). (A usage method is given on the following page.)(A usage method is given on the following page.)(A usage method is given on the following page.)(A usage method is given on the following page.)    

 

In using either method, the time control must be set for three glazed machining conditions. In using either method, the time control must be set for three glazed machining conditions. In using either method, the time control must be set for three glazed machining conditions. In using either method, the time control must be set for three glazed machining conditions. 

In this case, set the time according to the discharge area as listed beloIn this case, set the time according to the discharge area as listed beloIn this case, set the time according to the discharge area as listed beloIn this case, set the time according to the discharge area as listed below:w:w:w:    

 

Standard time for time control by area (MC depth 10mm) 

    

    

    

    

    

    

 

The jump setting is automatically changed to proper values under these conditions.The jump setting is automatically changed to proper values under these conditions.The jump setting is automatically changed to proper values under these conditions.The jump setting is automatically changed to proper values under these conditions.    

Machining conditions 

Surface roughness 

Ｅ２７０３ Ｅ３１０２ Ｅ３１００    

1.0μ    mRz    0.4 μ     mRz    0.2 μ     mRz    

    (glazed)    (glazed) 

S K - 3  

S 5 5 C     

S K D - 1 1  

N A K 5 5     

S K D - 6 1  

N A K 8 0  

S T A V A X  

    

Good glazed surface    

Rather poor glazed surface 

Glazed surface not attained    

Workpiece material    Finishing result    

Machining conditions    

Ｅ２７０３ 

(1.0μ    mRz) 

Ｅ３１０２ 

(0.4μ    mRz) 

Ｅ３１００ 

(0.2μ    mRz) 

Discharge 
area 

□１０ 

□２０ 

□３０ 

 ６０ min 

１００ 

１４０ 

 ９０ min 

１４０ 

２００ 

１２０ min 

１８０ 

２４０ 
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Glazed machining by the Glazed machining by the Glazed machining by the Glazed machining by the ““““Glazed machining model data adding functionGlazed machining model data adding functionGlazed machining model data adding functionGlazed machining model data adding function””””....    

    

････Setting methodSetting methodSetting methodSetting method    

FINISH PROCESS No. =     

    

    

    

Setting 1 Setting 1 Setting 1 Setting 1 ----    3 to the glazed machining condition number changes automatically the model 3 to the glazed machining condition number changes automatically the model 3 to the glazed machining condition number changes automatically the model 3 to the glazed machining condition number changes automatically the model 

data to data to data to data to model data model data model data model data 29 after the finish process of current model data is completed. 29 after the finish process of current model data is completed. 29 after the finish process of current model data is completed. 29 after the finish process of current model data is completed.     

In this case, set the process number whose surface roughness is less than 3In this case, set the process number whose surface roughness is less than 3In this case, set the process number whose surface roughness is less than 3In this case, set the process number whose surface roughness is less than 3μμμμmmmmRzRzRzRz    to the to the to the to the 

finish process No.finish process No.finish process No.finish process No.    

    

Glazed machining condition numberGlazed machining condition numberGlazed machining condition numberGlazed machining condition number    

1111････････････････････････････････Machining with E2703 (1.0Machining with E2703 (1.0Machining with E2703 (1.0Machining with E2703 (1.0μμμμmmmmRzRzRzRz) (Glazed surface is not attained.)) (Glazed surface is not attained.)) (Glazed surface is not attained.)) (Glazed surface is not attained.)    

2222････････････････････････････････Machining with E2703 and E3102 (0.4Machining with E2703 and E3102 (0.4Machining with E2703 and E3102 (0.4Machining with E2703 and E3102 (0.4μμμμmmmmRzRzRzRz))))    

3333････････････････････････････････Machining with E2703, E3102 and E3100 (0.2Machining with E2703, E3102 and E3100 (0.2Machining with E2703, E3102 and E3100 (0.2Machining with E2703, E3102 and E3100 (0.2μμμμmmmmRzRzRzRz))))    

    

    

<Example> Ｅ：＊ MODEL DATA No. ２３ 

Ｉ：／    START OF PROCESS No. ９ 

Ｊ：／    END OF PROCESS No. (１４) omitable  

Ｏ：／    FINISH OF PROCESS No. ３１４ 

 

    

    

    

    

 

The model daThe model daThe model daThe model data is automatically changed tota is automatically changed tota is automatically changed tota is automatically changed to    model data model data model data model data 

29, and the machining depth and electrode reduction  29, and the machining depth and electrode reduction  29, and the machining depth and electrode reduction  29, and the machining depth and electrode reduction  

are added by 1are added by 1are added by 1are added by 10000 μμμμ m.  Also, the jump setting is m.  Also, the jump setting is m.  Also, the jump setting is m.  Also, the jump setting is 

automatically changed to proper values.automatically changed to proper values.automatically changed to proper values.automatically changed to proper values. 

 

Note : This function cannot be used for the corner machining modelNote : This function cannot be used for the corner machining modelNote : This function cannot be used for the corner machining modelNote : This function cannot be used for the corner machining model    (G104) and (G104) and (G104) and (G104) and                             

machining method 7.machining method 7.machining method 7.machining method 7.    

    

    

Finish process No. 
Glazed machining condition number 

Process 

Model data ２３ ２９ 

9 11 13 15 11 13 15 
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････Time control settingTime control settingTime control settingTime control setting    

The process before the finish process of the model daThe process before the finish process of the model daThe process before the finish process of the model daThe process before the finish process of the model data set by the item E : ta set by the item E : ta set by the item E : ta set by the item E : MODEL 

DATA No.    can be set as the can be set as the can be set as the can be set as the TIME CONTROL MC START PROC. No.    

    

<Setting example for □10 (G101)> 

Ｅ：＊ MODEL DATA No.･････････････････････････２１ 

Ｉ：／   START OF PROCESS No.･･･････････････１１ 

Ｊ：／   END OF PROCESS No.･･････････････････(１５)  omitable 

Ｏ：／   FINISH PROCESS No.･･･････････････････３１５ 

: 

Ｍ：／ TIME CONTROL MC START PROC.No.･････１５ 

Ｕ：／      1 PROCESS････････････････････６０ 

Ｖ：／      2 PROCESS････････････････････９０ 

Ｗ：／      3 PROCESS････････････････････１２０ 

 

    

    

    

    

 

 

Same time is set befSame time is set befSame time is set befSame time is set before and ore and ore and ore and 

after model data change.after model data change.after model data change.after model data change. 

 

 

 

    

    

    

 

 

 

 

 

 

 

 

 

 

9 11 13 15 11 13 15 
Process 

Model data ２３ ２９ 

60

min 

 60 90 120 

min min min 
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7.2 Satin machining 

 

The surface roughness below 3The surface roughness below 3The surface roughness below 3The surface roughness below 3μμμμmmmmRzRzRzRz    provides a satin finish surface.provides a satin finish surface.provides a satin finish surface.provides a satin finish surface.    

This finishing method is effective for those workpieces that require high accuracy.This finishing method is effective for those workpieces that require high accuracy.This finishing method is effective for those workpieces that require high accuracy.This finishing method is effective for those workpieces that require high accuracy.    

Satin machining is more stable thanSatin machining is more stable thanSatin machining is more stable thanSatin machining is more stable than    glazed machining, and is less affected by the workpiece glazed machining, and is less affected by the workpiece glazed machining, and is less affected by the workpiece glazed machining, and is less affected by the workpiece 

material.material.material.material.    

Satin machining circuitSatin machining circuitSatin machining circuitSatin machining circuit    must be installed for a satin machining. The must be installed for a satin machining. The must be installed for a satin machining. The must be installed for a satin machining. The Satin machining circuitSatin machining circuitSatin machining circuitSatin machining circuit    

is standard attached in EDis standard attached in EDis standard attached in EDis standard attached in EDACACACAC1,1,1,1,    EDEDEDEDAF2,AF2,AF2,AF2,    3333    and EDNC6.and EDNC6.and EDNC6.and EDNC6.    

 

①①①①Use model data 19 Use model data 19 Use model data 19 Use model data 19 ----    24 etc.24 etc.24 etc.24 etc.    

②②②②Set the time cSet the time cSet the time cSet the time control machining on demand.ontrol machining on demand.ontrol machining on demand.ontrol machining on demand. 

    

Difference between satin surface and glazed surface    

    

    

 

 

Satin surface    Glazed surface    

Enlarged machining section    

    

Craters are deeper than its radius. Craters are deeper than its radius. Craters are deeper than its radius. Craters are deeper than its radius.     Craters are shallow but their radiusCraters are shallow but their radiusCraters are shallow but their radiusCraters are shallow but their radius    

Less reLess reLess reLess re----coagulated layer doescoagulated layer doescoagulated layer doescoagulated layer does    are larare larare larare large. Thick rege. Thick rege. Thick rege. Thick re----coagulated layercoagulated layercoagulated layercoagulated layer    

not result in glazed surface.not result in glazed surface.not result in glazed surface.not result in glazed surface.    Results in glazed surface.Results in glazed surface.Results in glazed surface.Results in glazed surface.    

    

The satin surface has a thinner reThe satin surface has a thinner reThe satin surface has a thinner reThe satin surface has a thinner re----coagulated layer than that of glazed surface, thus coagulated layer than that of glazed surface, thus coagulated layer than that of glazed surface, thus coagulated layer than that of glazed surface, thus 

facilitating polishing workpiece. Also, better discharge gap accuracy and flatnessfacilitating polishing workpiece. Also, better discharge gap accuracy and flatnessfacilitating polishing workpiece. Also, better discharge gap accuracy and flatnessfacilitating polishing workpiece. Also, better discharge gap accuracy and flatness    of finished of finished of finished of finished 

surface are suitable for high accuracy machining.surface are suitable for high accuracy machining.surface are suitable for high accuracy machining.surface are suitable for high accuracy machining.    

Use this satin machining because there is no advantage of the glazed machining when Use this satin machining because there is no advantage of the glazed machining when Use this satin machining because there is no advantage of the glazed machining when Use this satin machining because there is no advantage of the glazed machining when the the the the 

workpiece material is SKDworkpiece material is SKDworkpiece material is SKDworkpiece material is SKD----11111111    and so on.and so on.and so on.and so on.    

 

Craters Re-coagulated layer 
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8. PIN GATE MACHINING 

 

CONTENTS  

Page 

8.1 Pin gate machining････････････････････････････････････････････ 8－ 2  
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8.1 Pin gate machining 

 

In EDM pin gate machining, the depth of machining is deep as compared to the electrode In EDM pin gate machining, the depth of machining is deep as compared to the electrode In EDM pin gate machining, the depth of machining is deep as compared to the electrode In EDM pin gate machining, the depth of machining is deep as compared to the electrode 

didididiameter. Therefore, machined chips hardly come out, result in difficult machining.ameter. Therefore, machined chips hardly come out, result in difficult machining.ameter. Therefore, machined chips hardly come out, result in difficult machining.ameter. Therefore, machined chips hardly come out, result in difficult machining.    

In such a case, the electrode may be rotated or a special pipe electrode may be used in In such a case, the electrode may be rotated or a special pipe electrode may be used in In such a case, the electrode may be rotated or a special pipe electrode may be used in In such a case, the electrode may be rotated or a special pipe electrode may be used in 

order to shorten the machining time. order to shorten the machining time. order to shorten the machining time. order to shorten the machining time.     

The following, however, describes a general machThe following, however, describes a general machThe following, however, describes a general machThe following, however, describes a general machining method.ining method.ining method.ining method.    

 

 

 

 

 

 

 

 

 

 

 

 

 

The finished diameter at the leading end of gate varies depending on the dimensional The finished diameter at the leading end of gate varies depending on the dimensional The finished diameter at the leading end of gate varies depending on the dimensional The finished diameter at the leading end of gate varies depending on the dimensional 

accuracy and centering accuracy of electrode.accuracy and centering accuracy of electrode.accuracy and centering accuracy of electrode.accuracy and centering accuracy of electrode.    

The machining depth is deep as compared to the electrode diameter, so take care of the The machining depth is deep as compared to the electrode diameter, so take care of the The machining depth is deep as compared to the electrode diameter, so take care of the The machining depth is deep as compared to the electrode diameter, so take care of the 

jump settijump settijump settijump setting.ng.ng.ng.    

<Program><Program><Program><Program>    

AUX ：MC control setting (G132)    

Address Attri. Talk items Set value 
Ｄ 
Ｈ 
Ｃ 
Ｑ 
Ａ 
Ｅ 
Ｋ 
Ｓ 
Ｍ 
Ｒ 
Ｕ 
Ｖ 
Ｗ 
Ｏ 
Ｐ 
Ｌ 
Ｘ 
Ｙ 
Ｚ 
Ｔ 
Ｂ 

／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 

 STARTING COND. No. 
 τoff ADJ SETTING 
 HQSF μSC DENSITY              [g/l] 
 EXP P-PULSE 
     A-JUMP 
     F-JUMP 
     STEP ANGLE                [deg] 
     SUPER SPARK 
 CYCLE JUMP MODE 
       NO.OF JUMP 
       JUMP AMOUNT          [code,u,t] 
       CYCLE           [code,0.001sec] 
       NUMBER OF TIMES 
 DISCHARGING JUMP               (1:ON) 
 SERVO JUMP AMOUNT               [u,t] 
 JUMP METHOD 
 ARBITRARY JUMP           X AXIS [u,t] 
                          Y AXIS [u,t] 
                          Z AXIS [u,t] 
 SETTING FOR FINE MATTE FINISH 
 POLARITY REVERSE CYCLE          [min] 

   
  
 
2 
32 
 
 
 
1 
10 
15.0 

 
 

[Electrode]  Quantity : 2 pcs. 

           Reduction : 0.25 

 

[Setting]    No injection 

60.0 ﾟ 

0.5 

 1.0 ﾟ 

Workpiece 

2
5
.0
 

2.0 
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MC ： Single MC (G100) 

Address Attri. Talk items Set value 
Ｎ 
Ｘ 
Ｙ 
Ｚ 
Ｃ 
Ｗ 
Ｌ 
Ｅ 
Ｕ 
Ｒ 
Ｐ 
Ａ 
Ｂ 
Ｓ 
Ｔ 
Ｆ 
Ｉ 
Ｈ 
Ｍ 
Ｄ 
Ｖ 

／ 
／ 
／ 
／ 
／ 
／ 
／ 
＊ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 

 ABS/INC               (90/91) 
 MC DEPTH              X AXIS [u,t] 
                       Y AXIS [u,t] 
                       Z AXIS [u,t] 
                     C AXIS[/ANGLE] 
 AUTO DEPTH MAX. TRAVEL       [u,t] 
     MC LAST STOP            (1:ON) 
 MC COND. No.  
     REMAIN AMOUNT            [u,t] 
 PATTERN RADIUS               [u,t] 
     MODE/PATTERN 
     ROT. ANGLE               [deg] 
     CIRCUIT SPEED       [m.i/min] 
 JUMP AMOUNT             [code,u,t] 
       CYCLE     [code,0.001sec] 
       SPEED         [code,m,i/min] 
 CLAMP AMOUNT                 [u,t] 
 TIME CONTROL TIME            [min] 
 START MC COND. No.         (DF[%]) 
 START J. CYCLE    [code,0.001sec] 
 START MC REMAIN AMOUNT       [u,t] 

   
  
  
-25.25 
  
  
  
277 
  
30 
1111 
 
 
16 
3 
10 

 

 

POS ： Dispersed (G113) etc.    

 

 

AUX ：MC control setting (G132)    

Address Attri. Talk items Set value 
Ｄ 
Ｈ 
Ｃ 
Ｑ 
Ａ 
Ｅ 
Ｋ 
Ｓ 
Ｍ 
Ｒ 
Ｕ 
Ｖ 
Ｗ 
Ｏ 
Ｐ 
Ｌ 
Ｘ 
Ｙ 
Ｚ 
Ｔ 
Ｂ 

／ 
 

／ 
／ 
／ 
／ 
／ 
 

／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 

 STARTING COND. No. 
τoff ADJ SETTING 

 HQSF μSC DENSITY               [g/l] 
 EXP P-PULSE 
     A-JUMP 
     F-JUMP 
     STEP ANGLE                  [deg] 

SUPER SPARK 
 CYCLE JUMP MODE 
       NO.OF JUMP 
       JUMP AMOUNT          [code,u,t] 
       CYCLE           [code,0.001sec] 
       NUMBER OF TIMES 
 DISCHARGING JUMP               (1:ON) 
 SERVO JUMP AMOUNT               [u,t] 
 JUMP METHOD 
 ARBITRARY JUMP           X AXIS [u,t] 
                          Y AXIS [u,t] 
                          Z AXIS [u,t] 
SETTING FOR FINE MATTE FINISH 

 POLARITY REVERSE CYCLE          [min] 

   
  
 
22 
32 
 
1.0 
 
1 
10 
15.0 
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MC ： Bottom stopped - complex (G102) 

Address Attri. Talk items Set value 
Ｎ 
Ｘ 
Ｙ 
Ｚ 
Ｃ 
Ｒ 
Ｅ 
Ｉ 
Ｊ 
Ｏ 
Ｄ 
Ｈ 
Ｌ 
Ｐ 
Ａ 
Ｋ 
Ｍ 
Ｂ 
Ｓ 
Ｔ 
Ｆ 
Ｕ 
Ｖ 

／ 
／ 
／ 
／ 
／ 
＊ 
＊ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 

 ABS/INC              (90/91) 
 MC DEPTH              X AXIS [u,t] 
                       Y AXIS [u,t] 
                       Z AXIS [u,t] 
                     C AXIS[/ANGLE] 
 ELECTRODE REDUCTION          [u,t] 
 MODEL DATA No. 
     START OF PROCESS No. 
     END OF PROCESS No. 
     FINISH PROCESS No. 
     SIDE REMAIN AMOUNT COMP    [%] 
     BOTTOM REMAIN AMOUNT COMP  [%] 
 MC METHOD 
     PATTERN 
       ROT.ANGLE              [deg] 
     SIDE TAPER ANGLE         [deg] 
     BOTTOM SHAPE PATTERN 
       CORNER ANGLE           [deg] 
 JUMP AMOUNT            [code, u,t] 
      CYCLE        [code,0.001sec] 
      SPEED          [code,m.i/min] 
 TIME CONTROL MC START PROC.No. 
     PROCESS CONTROL TIME     [min] 

   
  
  
-25.45 
  
0.25 
521 
4 
12 
12 
120 
 
13 
1111 
 
 
0 
60.0 
12 
3 
10 
 

 

 

POS ： Dispersed (G113) etc. 

 

 

M30 ; 
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9. THREAD CUTTING METHOD BY ORBITING 
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  9.4     Pre-machined hole method by discharge････････････････････････････ 9 － 4  

  9.5     Discharge thread cutting method by expanded orbit･･････････････････ 9 － 8  
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9.1  Overview 

        By using discharge machining by orbiting, female screw shape can be easily machined even By using discharge machining by orbiting, female screw shape can be easily machined even By using discharge machining by orbiting, female screw shape can be easily machined even By using discharge machining by orbiting, female screw shape can be easily machined even 

on steel material after hardening or ultraon steel material after hardening or ultraon steel material after hardening or ultraon steel material after hardening or ultra----hard material.hard material.hard material.hard material.    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

When doing When doing When doing When doing thread machining bythread machining bythread machining bythread machining by    discharge, it is necdischarge, it is necdischarge, it is necdischarge, it is necessary to open a pilot hole. essary to open a pilot hole. essary to open a pilot hole. essary to open a pilot hole.     

When it is difficult to make a preWhen it is difficult to make a preWhen it is difficult to make a preWhen it is difficult to make a pre----machined hole using cutting tools due to the effect of shape machined hole using cutting tools due to the effect of shape machined hole using cutting tools due to the effect of shape machined hole using cutting tools due to the effect of shape 

etc., refer to the explanation from next page onwards and open a pilot hole with discharge etc., refer to the explanation from next page onwards and open a pilot hole with discharge etc., refer to the explanation from next page onwards and open a pilot hole with discharge etc., refer to the explanation from next page onwards and open a pilot hole with discharge 

machining.machining.machining.machining.    

    

This chapter explains setupThis chapter explains setupThis chapter explains setupThis chapter explains setup    and programming method using the following examples.and programming method using the following examples.and programming method using the following examples.and programming method using the following examples.    

    

Example of machiningExample of machiningExample of machiningExample of machining    

Model data Model data Model data Model data 6666    

FemaleFemaleFemaleFemale    SSSScrew shapecrew shapecrew shapecrew shape    

Length Length Length Length 12.0mm12.0mm12.0mm12.0mm    

Surface roughnessSurface roughnessSurface roughnessSurface roughness        Rz10.0Rz10.0Rz10.0Rz10.0μμμμm (Ra1.7m (Ra1.7m (Ra1.7m (Ra1.7μμμμm)m)m)m)    

Screw electrodeScrew electrodeScrew electrodeScrew electrode：：：：Tip dTip dTip dTip diameteriameteriameteriameter    φφφφ4.6mm4.6mm4.6mm4.6mm    

Effective length 12.0mmEffective length 12.0mmEffective length 12.0mmEffective length 12.0mm    

Pitch lengthPitch lengthPitch lengthPitch length1.0mm1.0mm1.0mm1.0mm    

Pilot holePilot holePilot holePilot hole    ：：：：DiameterDiameterDiameterDiameter    φφφφ5.0mm  5.0mm  5.0mm  5.0mm  DepthDepthDepthDepth    15.0mm15.0mm15.0mm15.0mm    

Electrode for pilot holeElectrode for pilot holeElectrode for pilot holeElectrode for pilot hole：：：：Diameter Diameter Diameter Diameter φφφφ4.0mm4.0mm4.0mm4.0mm    

MaterialMaterialMaterialMaterial    CuCuCuCu    ((((in the case of iron workpiecein the case of iron workpiecein the case of iron workpiecein the case of iron workpiece))))    

            CuWCuWCuWCuW    ((((in the case of in the case of in the case of in the case of tungstetungstetungstetungsten carbide workpiecen carbide workpiecen carbide workpiecen carbide workpiece))))    

Discharge machining of 

screw by orbiting 

Screw electrode 

Pilot 

hole 
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9.2  Preparation before machining 

Purchase commercially available screw electrodes according to screw dimensions and Purchase commercially available screw electrodes according to screw dimensions and Purchase commercially available screw electrodes according to screw dimensions and Purchase commercially available screw electrodes according to screw dimensions and 

workpiece material.workpiece material.workpiece material.workpiece material.    

Workpiece materialWorkpiece materialWorkpiece materialWorkpiece material    Electrode materialElectrode materialElectrode materialElectrode material    

SteelSteelSteelSteel    (including stainless)(including stainless)(including stainless)(including stainless)    CopperCopperCopperCopper(Cu)(Cu)(Cu)(Cu)    

Tungsten carbideTungsten carbideTungsten carbideTungsten carbide    CCCCopper tungstenopper tungstenopper tungstenopper tungsten(CuW)(CuW)(CuW)(CuW)    

    

    

    

    

    

    

    

    

    

    

    

Tip diameter of screw electrode is made smaller than the regular screw diameter. Half of this Tip diameter of screw electrode is made smaller than the regular screw diameter. Half of this Tip diameter of screw electrode is made smaller than the regular screw diameter. Half of this Tip diameter of screw electrode is made smaller than the regular screw diameter. Half of this 

contraction is referred to as electrode reduction (contraction is referred to as electrode reduction (contraction is referred to as electrode reduction (contraction is referred to as electrode reduction (perperperper----side) etc. It is necessary to enter this side) etc. It is necessary to enter this side) etc. It is necessary to enter this side) etc. It is necessary to enter this 

value in tvalue in tvalue in tvalue in the program at a later stage. Besides, when machining screw shape in carbide material, he program at a later stage. Besides, when machining screw shape in carbide material, he program at a later stage. Besides, when machining screw shape in carbide material, he program at a later stage. Besides, when machining screw shape in carbide material, 

pitch dimensions of screw mount may be required. Therefore, note it down in advance. pitch dimensions of screw mount may be required. Therefore, note it down in advance. pitch dimensions of screw mount may be required. Therefore, note it down in advance. pitch dimensions of screw mount may be required. Therefore, note it down in advance.     

    

9.3 Pilot hole dimensions    

Machine the pilot hole at 3Machine the pilot hole at 3Machine the pilot hole at 3Machine the pilot hole at 3----5 mm depth from the female sc5 mm depth from the female sc5 mm depth from the female sc5 mm depth from the female screw length to be machined.rew length to be machined.rew length to be machined.rew length to be machined.    

It is recommended to machine the diameter of pilot hole to electrode tip electrode + 0.4mm or more.It is recommended to machine the diameter of pilot hole to electrode tip electrode + 0.4mm or more.It is recommended to machine the diameter of pilot hole to electrode tip electrode + 0.4mm or more.It is recommended to machine the diameter of pilot hole to electrode tip electrode + 0.4mm or more.    

If clearance between pilot holeIf clearance between pilot holeIf clearance between pilot holeIf clearance between pilot hole    andandandand    screw electrode is too narrow, discharge efficiency of screw electrode is too narrow, discharge efficiency of screw electrode is too narrow, discharge efficiency of screw electrode is too narrow, discharge efficiency of 

machining debris will worsen, and discmachining debris will worsen, and discmachining debris will worsen, and discmachining debris will worsen, and discharge may become unstable. harge may become unstable. harge may become unstable. harge may become unstable. FurthermoreFurthermoreFurthermoreFurthermore, in order to , in order to , in order to , in order to 

prevent pilot hole side face and screw mount from discharging before when Z is axis lowered, it prevent pilot hole side face and screw mount from discharging before when Z is axis lowered, it prevent pilot hole side face and screw mount from discharging before when Z is axis lowered, it prevent pilot hole side face and screw mount from discharging before when Z is axis lowered, it 

is necessary to select appropriate machining conditions of electrode reduction. is necessary to select appropriate machining conditions of electrode reduction. is necessary to select appropriate machining conditions of electrode reduction. is necessary to select appropriate machining conditions of electrode reduction.     

    

    

    

    

    

    

    

    

Effective 

length 

Pitch 

Tip  

diameter 

Screw diameter 

 

Electrode reduction 

Pilot hole length =15.0mm 

Pilot hole diameter =5.0mm 

Female screw length 

=12.0mm 

4.6 
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9.4 Pre-machined hole method by discharge    

    

(a) (a) (a) (a) PrePrePrePre----machined hole with rod electrodemachined hole with rod electrodemachined hole with rod electrodemachined hole with rod electrode    

    

Although it takes some amount of machining time, it can be easily machined.Although it takes some amount of machining time, it can be easily machined.Although it takes some amount of machining time, it can be easily machined.Although it takes some amount of machining time, it can be easily machined.    

    

    

    

    

    

    

    

    

    

    

    

    

Separately use the machining programs according to the workpiece material. Separately use the machining programs according to the workpiece material. Separately use the machining programs according to the workpiece material. Separately use the machining programs according to the workpiece material.     

FromFromFromFrom    ththththe e e e next page onwards, sample programs for iron and carbide material are shown.next page onwards, sample programs for iron and carbide material are shown.next page onwards, sample programs for iron and carbide material are shown.next page onwards, sample programs for iron and carbide material are shown.

φ4.0 Rod electrode 
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・・・・Workpiece material: Workpiece material: Workpiece material: Workpiece material: For SteelFor SteelFor SteelFor Steel    

    

Sample programSample programSample programSample program    

Ｇ１３２Ｑ２Ａ３２Ｆ３Ｍ２Ｒ２０Ｕ２０．０；Ｇ１３２Ｑ２Ａ３２Ｆ３Ｍ２Ｒ２０Ｕ２０．０；Ｇ１３２Ｑ２Ａ３２Ｆ３Ｍ２Ｒ２０Ｕ２０．０；Ｇ１３２Ｑ２Ａ３２Ｆ３Ｍ２Ｒ２０Ｕ２０．０；    

Ｇ１０３Ｚ－１５．０Ｒ０．５Ｅ１２１Ｇ１０３Ｚ－１５．０Ｒ０．５Ｅ１２１Ｇ１０３Ｚ－１５．０Ｒ０．５Ｅ１２１Ｇ１０３Ｚ－１５．０Ｒ０．５Ｅ１２１IIII４４４４JJJJ１０Ｏ１０Ｌ１６Ｐ１１１１Ｓ１０Ｔ３Ｆ１０；１０Ｏ１０Ｌ１６Ｐ１１１１Ｓ１０Ｔ３Ｆ１０；１０Ｏ１０Ｌ１６Ｐ１１１１Ｓ１０Ｔ３Ｆ１０；１０Ｏ１０Ｌ１６Ｐ１１１１Ｓ１０Ｔ３Ｆ１０；    

Ｇ１１３Ｘ０Ｙ０Ｚ５．０；Ｇ１１３Ｘ０Ｙ０Ｚ５．０；Ｇ１１３Ｘ０Ｙ０Ｚ５．０；Ｇ１１３Ｘ０Ｙ０Ｚ５．０；    

Ｍ３０；Ｍ３０；Ｍ３０；Ｍ３０；    

    

AUX : MC CONTROL SETTING (G132) 

    

    

    

    

    

    

    

    

    

    
MC : THROUGH (G103) 

 Address Attri. Talk items Set value  
 N 

X 
Y 
Z 
C 
R 
E 
I 
J 
O 
D 
H 
L 
P 
A 
B 
S 
T 
F 
M 
U 
V 
W 

/ 
/ 
/ 
/ 
/ 
* 
* 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 

 ABS/INC                (90/91) 
 MC DEPTH          X AXIS [u,t] 
                   Y AXIS [u,t] 
                   Z AXIS [u,t] 
                 C AXIS [ANGLE] 
 ELECTRODE REDUCTION      [u,t] 
 MODEL DATA No. 
 START OF PROCESS No. 
 END OF PROCESS No. 
 FINISH PROCESS No. 
 SIDE REMAIN AMOUNT COMP [%] 
BOTTOM REMAIN AMOUNT COMP  [%] 

 MC METHOD 
 PATTERN 
 ROT. ANGLE            [deg] 
 SIDE TAPER ANGLE      [deg] 
 JUMP AMOUNT         [code:u,t] 
 CYCLE    [code:0.001sec] 
 SPEED     [code:m,i/min] 
 DEPTH CHANGE START PROC. No. 
 ADD MC DEPTH          [u,t] 
 TIME CONTROL MC START PROC. No. 
 PROCESS CONTROL TIME  [min] 

 
 
 
-15.0 
 
0.5 
121 
4 
10 
10 
 
 
16 
1111 
 
 
10 
3 
10 
 

 

NoteNoteNoteNote....    

According to electrode diameter and pilot hole diameter, adjust G103 item R: “electrode According to electrode diameter and pilot hole diameter, adjust G103 item R: “electrode According to electrode diameter and pilot hole diameter, adjust G103 item R: “electrode According to electrode diameter and pilot hole diameter, adjust G103 item R: “electrode 

reduction”. reduction”. reduction”. reduction”.     

When discharge becomes unstable, increase G132 item H: “When discharge becomes unstable, increase G132 item H: “When discharge becomes unstable, increase G132 item H: “When discharge becomes unstable, increase G132 item H: “ττττoffoffoffoff    ADJ SETTINGADJ SETTINGADJ SETTINGADJ SETTING”, or ”, or ”, or ”, or 

increase jump amount, or  reduce jump frequency. increase jump amount, or  reduce jump frequency. increase jump amount, or  reduce jump frequency. increase jump amount, or  reduce jump frequency.     

Address Attri. Talk items Set value 
D 
H 
C 
Q 
A 
E 
K 
S 
M 
R 
U 
V 
W 
O 
P 
… 

/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
… 

 STARTING COND. No. 
 τoff ADJ SETTING 
 HQSF μSC DENSITY          [g/l] 
 EXP P-PULSE 
     A-JUMP 
     F-JUMP 
     STEP ANGLE          [deg] 
     SUPER SPARK 
 CYCLE JUMP MODE 
       NO.OF JUMP 
       JUMP AMOUNT    [code,u,t] 
       CYCLE     [code,0.001sec] 
       NUMBER OF TIMES 
 DISCHARGING JUMP         (1:ON) 
 SERVO JUMP AMOUNT          [u,t] 
 … 

 
  
 
2 
32 
 
 
 
2 
20 
20.0 

For machine with Z-axis stabilizer, 

set 15. 

Finish a premachined 

hole up to φ5.0. 

0.5×2＋0.4 = 5.0mm 

 

Set cycle jump amount that 

exceeds the top face of 

workpiece 
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・WorkpiWorkpiWorkpiWorkpiece material: ece material: ece material: ece material: For Tungsten carbideFor Tungsten carbideFor Tungsten carbideFor Tungsten carbide    

(Carbide machining circuit or Ultra(Carbide machining circuit or Ultra(Carbide machining circuit or Ultra(Carbide machining circuit or Ultra----fine machining circuit is required)fine machining circuit is required)fine machining circuit is required)fine machining circuit is required)    

    

SSSSaaaample programmple programmple programmple program    

Ｇ１３２Ｈ９Ａ３２Ｍ２Ｒ２０Ｕ２０．０；Ｇ１３２Ｈ９Ａ３２Ｍ２Ｒ２０Ｕ２０．０；Ｇ１３２Ｈ９Ａ３２Ｍ２Ｒ２０Ｕ２０．０；Ｇ１３２Ｈ９Ａ３２Ｍ２Ｒ２０Ｕ２０．０；    

Ｇ１０３Ｚ－１５．０Ｒ０．５Ｅ７４Ｉ４Ｊ８Ｏ８Ｌ１６Ｐ１１１１Ｓ１０Ｔ３Ｆ１０；Ｇ１０３Ｚ－１５．０Ｒ０．５Ｅ７４Ｉ４Ｊ８Ｏ８Ｌ１６Ｐ１１１１Ｓ１０Ｔ３Ｆ１０；Ｇ１０３Ｚ－１５．０Ｒ０．５Ｅ７４Ｉ４Ｊ８Ｏ８Ｌ１６Ｐ１１１１Ｓ１０Ｔ３Ｆ１０；Ｇ１０３Ｚ－１５．０Ｒ０．５Ｅ７４Ｉ４Ｊ８Ｏ８Ｌ１６Ｐ１１１１Ｓ１０Ｔ３Ｆ１０；    

Ｇ１１３Ｘ０Ｙ０Ｚ５．０；Ｇ１１３Ｘ０Ｙ０Ｚ５．０；Ｇ１１３Ｘ０Ｙ０Ｚ５．０；Ｇ１１３Ｘ０Ｙ０Ｚ５．０；    

Ｍ３０；Ｍ３０；Ｍ３０；Ｍ３０；    

    

 AUX : MC CONTROL SETTING (G132) 
Address Attri. Talk items Set value 

D 
H 
C 
Q 
A 
E 
K 
S 
M 
R 
U 
V 
W 
O 
P 
… 

/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
… 

 STARTING COND. No. 
τoff ADJ SETTING 
 HQSF μSC DENSITY          [g/l] 
 EXP P-PULSE 
     A-JUMP 
     F-JUMP 
     STEP ANGLE            [deg] 

SUPER SPARK 
 CYCLE JUMP MODE 
       NO.OF JUMP 
       JUMP AMOUNT    [code:u,t] 
       CYCLE     [code:0.001sec] 
       NUMBER OF TIMES 
 DISCHARGING JUMP         (1:ON) 
 SERVO JUMP AMOUNT          [u,t] 
 

 
9 
 
 
32 
 
 
 
2 
20 
20.0 

 
MC : THROUGH (G103) 

 Address Attri. Talk items Set value  
 N 

X 
Y 
Z 
C 
R 
E 
I 
J 
O 
D 
H 
L 
P 
A 
B 
S 
T 
F 
M 
U 
V 
W 

/ 
/ 
/ 
/ 
/ 
* 
* 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 

 ABS/INC                 (90/91) 
 MC DEPTH           X AXIS [u,t] 
                    Y AXIS [u,t] 
                    Z AXIS [u,t] 
                  C AXIS [ANGLE] 
 ELECTRODE REDUCTION       [u,t] 
 MODEL DATA No. 
 START OF PROCESS No. 
 END OF PROCESS No. 
 FINISH PROCESS No. 
 SIDE REMAIN AMOUNT COMP  [%] 
BOTTOM REMAIN AMOUNT COMP  [%] 

 MC METHOD 
 PATTERN 
 ROT. ANGLE             [deg] 
 SIDE TAPER ANGLE       [deg] 
 JUMP AMOUNT          [code:u,t] 

CYCLE      [code:0.001sec] 
SPEED       [code:m,i/min] 

 DEPTH CHANGE START PROC. No. 
 ADD MC DEPTH           [u,t] 
 TIME CONTROL MC START PROC. No. 
 PROCESS CONTROL TIME   [min] 

 
 
 
-15.0 
 
0.5 
74 
4 
8 
8 
 
 
16 
1111 
 
 
10 
3 
10 
 

 

NoteNoteNoteNote....    

When discharge becomes unstable, increase G132 item H: “When discharge becomes unstable, increase G132 item H: “When discharge becomes unstable, increase G132 item H: “When discharge becomes unstable, increase G132 item H: “ττττoffoffoffoff    ADJ SETTINGADJ SETTINGADJ SETTINGADJ SETTING”, or ”, or ”, or ”, or 

increase jump amount, or  reduce jump frequency.increase jump amount, or  reduce jump frequency.increase jump amount, or  reduce jump frequency.increase jump amount, or  reduce jump frequency.    

When machining carbide material, use nozzle flushing of dielectric When machining carbide material, use nozzle flushing of dielectric When machining carbide material, use nozzle flushing of dielectric When machining carbide material, use nozzle flushing of dielectric fluid fluid fluid fluid as and when required.as and when required.as and when required.as and when required.    

Set to the value where 

discharge stabilizes. 

For machine with Z-axis stabilizer, 

set 15. 

Finish a premachined 

hole up to φ5.0. 

0.5×2＋0.4 = 5.0mm 

 

Set cycle jump amount that 

exceeds the top face of 

workpiece 
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(b)(b)(b)(b)    PrePrePrePre----machined hole wimachined hole wimachined hole wimachined hole with complexth complexth complexth complex----shape electrodeshape electrodeshape electrodeshape electrode    

    

In the machine equipped with MA HEAD (Optional) or electrode rotary unit (Optional), In the machine equipped with MA HEAD (Optional) or electrode rotary unit (Optional), In the machine equipped with MA HEAD (Optional) or electrode rotary unit (Optional), In the machine equipped with MA HEAD (Optional) or electrode rotary unit (Optional), 

by jointly using complexby jointly using complexby jointly using complexby jointly using complex----shape electrode and injection nozzle, jump frequency T can be shape electrode and injection nozzle, jump frequency T can be shape electrode and injection nozzle, jump frequency T can be shape electrode and injection nozzle, jump frequency T can be 

set longer than the usual. For details of electrode rotaset longer than the usual. For details of electrode rotaset longer than the usual. For details of electrode rotaset longer than the usual. For details of electrode rotary unit, refer to Chapter 1ry unit, refer to Chapter 1ry unit, refer to Chapter 1ry unit, refer to Chapter 11111    

““““PREMACHINED HOLE MACHINING BY PIPE ELECTRODEPREMACHINED HOLE MACHINING BY PIPE ELECTRODEPREMACHINED HOLE MACHINING BY PIPE ELECTRODEPREMACHINED HOLE MACHINING BY PIPE ELECTRODE””””....    

Rotating the complexRotating the complexRotating the complexRotating the complex----shape electrode equipped with notch and shape electrode equipped with notch and shape electrode equipped with notch and shape electrode equipped with notch and injectinginjectinginjectinginjecting    dielectric fluid in dielectric fluid in dielectric fluid in dielectric fluid in 

the clearance helps in efficient discharge of machining debris. Machining time changes the clearance helps in efficient discharge of machining debris. Machining time changes the clearance helps in efficient discharge of machining debris. Machining time changes the clearance helps in efficient discharge of machining debris. Machining time changes 

depending on how dielectric fluid is depending on how dielectric fluid is depending on how dielectric fluid is depending on how dielectric fluid is injectedinjectedinjectedinjected. Therefore, adjust the position and angle of . Therefore, adjust the position and angle of . Therefore, adjust the position and angle of . Therefore, adjust the position and angle of 

nozzle while observing the discharge state.nozzle while observing the discharge state.nozzle while observing the discharge state.nozzle while observing the discharge state.    

    

    

    

    

    

    

    

    

    

    

    

    

    

Operate MA HEAD with [MC CONTROL (F11)]Operate MA HEAD with [MC CONTROL (F11)]Operate MA HEAD with [MC CONTROL (F11)]Operate MA HEAD with [MC CONTROL (F11)]----ROTARY HEAD (L3)]ROTARY HEAD (L3)]ROTARY HEAD (L3)]ROTARY HEAD (L3)]    screenscreenscreenscreen....    

After changing to rotation mode with the RAfter changing to rotation mode with the RAfter changing to rotation mode with the RAfter changing to rotation mode with the ROTATE MODE [B8] button, pressing the OTATE MODE [B8] button, pressing the OTATE MODE [B8] button, pressing the OTATE MODE [B8] button, pressing the 

ROTATE START [B9] button will rotate the spindle. Adjust spindle speed while observing ROTATE START [B9] button will rotate the spindle. Adjust spindle speed while observing ROTATE START [B9] button will rotate the spindle. Adjust spindle speed while observing ROTATE START [B9] button will rotate the spindle. Adjust spindle speed while observing 

the discharge status of machining debris.the discharge status of machining debris.the discharge status of machining debris.the discharge status of machining debris.    

    

    

    

    

Connecting the injection nozzle to coupler, and opening the nozzle when the fluid Connecting the injection nozzle to coupler, and opening the nozzle when the fluid Connecting the injection nozzle to coupler, and opening the nozzle when the fluid Connecting the injection nozzle to coupler, and opening the nozzle when the fluid 

ccccirculation button is on will irculation button is on will irculation button is on will irculation button is on will injectinjectinjectinject    the dielectric fluid. the dielectric fluid. the dielectric fluid. the dielectric fluid.     

    

    

Electrode rotation 

Injection nozzle 

Complex-shape electrode  

(Notch the rod electrodeφ4.0) 
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9.5 Discharge thread cutting method by expanded orbit    

Refer to the following description, create program and do Setup, and then Refer to the following description, create program and do Setup, and then Refer to the following description, create program and do Setup, and then Refer to the following description, create program and do Setup, and then performperformperformperform    the the the the 

machining.machining.machining.machining.    

    

    

    

    

    

    

    

    

    

    

 After completinAfter completinAfter completinAfter completing the machining, provisionally tighten the screw g the machining, provisionally tighten the screw g the machining, provisionally tighten the screw g the machining, provisionally tighten the screw 

without removing electrode and workpiece, and check the finishing without removing electrode and workpiece, and check the finishing without removing electrode and workpiece, and check the finishing without removing electrode and workpiece, and check the finishing 

dimension. When screws cannot be tighten properly, measure the dimension. When screws cannot be tighten properly, measure the dimension. When screws cannot be tighten properly, measure the dimension. When screws cannot be tighten properly, measure the 

tip diameter of screw electrode with micro meter. Add half of the tip diameter of screw electrode with micro meter. Add half of the tip diameter of screw electrode with micro meter. Add half of the tip diameter of screw electrode with micro meter. Add half of the 

worn out dimworn out dimworn out dimworn out dimension to G103 item R:electrode reduction, and run ension to G103 item R:electrode reduction, and run ension to G103 item R:electrode reduction, and run ension to G103 item R:electrode reduction, and run 

the program once again. the program once again. the program once again. the program once again.     

When machining carbide material, electrode wear becomes large, When machining carbide material, electrode wear becomes large, When machining carbide material, electrode wear becomes large, When machining carbide material, electrode wear becomes large, 

and therefore ensure to check the finishing dimensions. Refer to and therefore ensure to check the finishing dimensions. Refer to and therefore ensure to check the finishing dimensions. Refer to and therefore ensure to check the finishing dimensions. Refer to 9999.6 .6 .6 .6 

““““Finishing machining method by screw electrode cFinishing machining method by screw electrode cFinishing machining method by screw electrode cFinishing machining method by screw electrode cut outut outut outut out””””    for for for for 

getting dimensional accuracy in finish machining.getting dimensional accuracy in finish machining.getting dimensional accuracy in finish machining.getting dimensional accuracy in finish machining.    

    

When there is a hole in the center of screw electrode, by When there is a hole in the center of screw electrode, by When there is a hole in the center of screw electrode, by When there is a hole in the center of screw electrode, by injectinjectinjectinjecting dielectric fluid from this ing dielectric fluid from this ing dielectric fluid from this ing dielectric fluid from this 

hole, you can set longer jump frequency.hole, you can set longer jump frequency.hole, you can set longer jump frequency.hole, you can set longer jump frequency.    

In the MA/MR head specifications machine, by pressing thIn the MA/MR head specifications machine, by pressing thIn the MA/MR head specifications machine, by pressing thIn the MA/MR head specifications machine, by pressing the e e e [[[[ELECELECELECELECTTTT. . . . FLUSH]FLUSH]FLUSH]FLUSH]    button, you button, you button, you button, you 

can can can can injectinjectinjectinject    dielectric fluid from the chuck hole of spindle. Therefore, use it as and when dielectric fluid from the chuck hole of spindle. Therefore, use it as and when dielectric fluid from the chuck hole of spindle. Therefore, use it as and when dielectric fluid from the chuck hole of spindle. Therefore, use it as and when 

required.required.required.required.    

※※※※Holder having a through hole in the center will be required. Holder having a through hole in the center will be required. Holder having a through hole in the center will be required. Holder having a through hole in the center will be required.     

    

    

    

    

    

    

    

Workpiece coordinate 

on Z axis = -12.0mm 

Orbit radius 0.7mm (G103 item R:Electrode reduction) 

 Hole 

MC CONTROL[F8]- 

MC OPERATE SWITCH[L1] 

“ELECT. FLUSH”button 

Holder with a through hole Colette 
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・・・・Workpiece material: Workpiece material: Workpiece material: Workpiece material: For SteelFor SteelFor SteelFor Steel    

    

Sample programSample programSample programSample program    

Ｇ１３Ｇ１３Ｇ１３Ｇ１３２Ｑ２Ａ２２Ｑ２Ａ２２Ｑ２Ａ２２Ｑ２Ａ２Ｍ２Ｒ２０Ｕ２０．０；Ｍ２Ｒ２０Ｕ２０．０；Ｍ２Ｒ２０Ｕ２０．０；Ｍ２Ｒ２０Ｕ２０．０；    

Ｇ１０３Ｚ－１２Ｇ１０３Ｚ－１２Ｇ１０３Ｚ－１２Ｇ１０３Ｚ－１２....Ｒ０．７Ｅ１２１Ｒ０．７Ｅ１２１Ｒ０．７Ｅ１２１Ｒ０．７Ｅ１２１    IIII１０５１０５１０５１０５    JJJJ１０Ｏ１０Ｄ１２０Ｌ１６Ｐ１１１１Ｓ７Ｔ４Ｆ６１０Ｏ１０Ｄ１２０Ｌ１６Ｐ１１１１Ｓ７Ｔ４Ｆ６１０Ｏ１０Ｄ１２０Ｌ１６Ｐ１１１１Ｓ７Ｔ４Ｆ６１０Ｏ１０Ｄ１２０Ｌ１６Ｐ１１１１Ｓ７Ｔ４Ｆ６    

Ｇ１１３Ｘ０Ｙ０Ｚ５．０；Ｇ１１３Ｘ０Ｙ０Ｚ５．０；Ｇ１１３Ｘ０Ｙ０Ｚ５．０；Ｇ１１３Ｘ０Ｙ０Ｚ５．０；    

Ｍ３０；Ｍ３０；Ｍ３０；Ｍ３０；    

    

AUX : MC CONTROL SETTING (G132) 
Address Attri. Talk items Set value 

D 
H 
C 
Q 
A 
E 
K 
S 
M 
R 
U 
V 
W 
O 
P 
… 

/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
… 

 STARTING COND. No. 
τoff ADJ SETTING 

 HQSF μSC DENSITY              [g/l] 
 EXP P-PULSE 
     A-JUMP 
     F-JUMP 
     STEP ANGLE            [0.001 deg] 

SUPER SPARK 
 CYCLE JUMP MODE 
       NO.OF JUMP 
       JUMP AMOUNT          [code,u,t] 
       CYCLE           [code,0.001sec] 
       NUMBER OF TIMES 
 DISCHARGING JUMP               (1:ON) 
 SERVO JUMP AMOUNT               [u,t] 
  

   
  
 
2 
2 
 
 
 
2 
20 
20.0 

    
MC : THROUGH (G103) 

 Address Attri. Talk items Set value  
 N 

X 
Y 
Z 
C 
R 
E 
I 
J 
O 
D 
H 
L 
P 
A 
B 
S 
T 
F 
M 
U 
V 
W 

/ 
/ 
/ 
/ 
/ 
* 
* 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 

 ABS/INC                       (90/91) 
 MC DEPTH                 X AXIS [u,t] 
                          Y AXIS [u,t] 
                          Z AXIS [u,t] 
                        C AXIS [ANGLE] 
 ELECTRODE REDUCTION             [u,t] 
 MODEL DATA No. 
 START OF PROCESS No. 
 END OF PROCESS No. 
 FINISH PROCESS No. 
 SIDE REMAIN AMOUNT COMP        [%] 
 BOTTOM REMAIN AMOUNT COMP       [%] 
 MC METHOD 
 PATTERN 
 ROT. ANGLE                   [deg] 
 SIDE TAPER ANGLE             [deg] 
 JUMP AMOUNT                [code:u,t] 
 CYCLE           [code:0.001sec] 
 SPEED            [code:m,i/min] 
 DEPTH CHANGE START PROC. No. 
 ADD MC DEPTH                 [u,t] 
 TIME CONTROL MC START PROC. No. 
 PROCESS CONTROL TIME         [min] 

 
 
 
-12.0 
 
0.7 
121 
105 
10 
10 
120 
 
16 
1111 
 
 
7 
4 
6 
 

 

NoteNoteNoteNote....    

When discharge becomes unstable, increase G132 item H: “When discharge becomes unstable, increase G132 item H: “When discharge becomes unstable, increase G132 item H: “When discharge becomes unstable, increase G132 item H: “ττττoffoffoffoff    ADJ SETTINGADJ SETTINGADJ SETTINGADJ SETTING”, or ”, or ”, or ”, or 

increase jump amount, or  reduce jump frequency.increase jump amount, or  reduce jump frequency.increase jump amount, or  reduce jump frequency.increase jump amount, or  reduce jump frequency.    

Increase the numerical 

value when emphasizing 

finishing of the side face 

Screw dia.φ6.0 

0.7×2＋4.6 = 6.0mm 

With +100, orbit is turned 

off when Z axis is lowered. 

Model data 6 is also useful 

when targeting lower wear 

When flushing is used, 

extend jump frequency T 

Set cycle jump amount that 

exceeds the top face of 

workpiece 
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・Workpiece material: Workpiece material: Workpiece material: Workpiece material: For Tungsten carbideFor Tungsten carbideFor Tungsten carbideFor Tungsten carbide    

(Carbide machining circuit or Ultra(Carbide machining circuit or Ultra(Carbide machining circuit or Ultra(Carbide machining circuit or Ultra----fine machining circuit is fine machining circuit is fine machining circuit is fine machining circuit is required)required)required)required)    

    

Sample programSample programSample programSample program    

Ｇ１３２Ｈ９Ａ２Ｍ２Ｒ２０Ｕ２０．０；Ｇ１３２Ｈ９Ａ２Ｍ２Ｒ２０Ｕ２０．０；Ｇ１３２Ｈ９Ａ２Ｍ２Ｒ２０Ｕ２０．０；Ｇ１３２Ｈ９Ａ２Ｍ２Ｒ２０Ｕ２０．０；    

Ｇ１０３Ｚ－１２．０Ｒ０．７Ｅ７４Ｉ１０５Ｊ８Ｏ８Ｄ１２０Ｌ１６Ｐ１１１１Ｓ７Ｔ４Ｆ６；Ｇ１０３Ｚ－１２．０Ｒ０．７Ｅ７４Ｉ１０５Ｊ８Ｏ８Ｄ１２０Ｌ１６Ｐ１１１１Ｓ７Ｔ４Ｆ６；Ｇ１０３Ｚ－１２．０Ｒ０．７Ｅ７４Ｉ１０５Ｊ８Ｏ８Ｄ１２０Ｌ１６Ｐ１１１１Ｓ７Ｔ４Ｆ６；Ｇ１０３Ｚ－１２．０Ｒ０．７Ｅ７４Ｉ１０５Ｊ８Ｏ８Ｄ１２０Ｌ１６Ｐ１１１１Ｓ７Ｔ４Ｆ６；    

Ｇ１１３Ｘ０Ｙ０Ｚ５．０；Ｇ１１３Ｘ０Ｙ０Ｚ５．０；Ｇ１１３Ｘ０Ｙ０Ｚ５．０；Ｇ１１３Ｘ０Ｙ０Ｚ５．０；    

Ｍ３０；Ｍ３０；Ｍ３０；Ｍ３０；    

    

AUX : MC CONTROL SETTING (G132) 
Address Attri. Talk items Set value 

D 
H 
C 
Q 
A 
E 
K 
S 
M 
R 
U 
V 
W 
O 
P 
… 

/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
… 

 STARTING COND. No. 
τoff ADJ SETTING 

 HQSF μSC DENSITY              [g/l] 
 EXP P-PULSE 
     A-JUMP 
     F-JUMP 
     STEP ANGLE            [0.001 deg] 

SUPER SPARK 
 CYCLE JUMP MODE 
       NO.OF JUMP 
       JUMP AMOUNT          [code,u,t] 
       CYCLE           [code,0.001sec] 
       NUMBER OF TIMES 
 DISCHARGING JUMP               (1:ON) 
 SERVO JUMP AMOUNT               [u,t] 
  

 
9 
 
 
2 
 
 
 
2 
20 
20.0 

    
MC : THROUGH (G103) 

 Address Attri. Talk items Set value  
 N 

X 
Y 
Z 
C 
R 
E 
I 
J 
O 
D 
H 
L 
P 
A 
B 
S 
T 
F 
M 
U 
V 
W 

/ 
/ 
/ 
/ 
/ 
* 
* 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 

 ABS/INC                (90/91) 
 MC DEPTH          X AXIS [u,t] 
                   Y AXIS [u,t] 
                   Z AXIS [u,t] 
                 C AXIS [ANGLE] 
 ELECTRODE REDUCTION      [u,t] 
 MODEL DATA No. 
 START OF PROCESS No. 
 END OF PROCESS No. 
 FINISH PROCESS No. 
 SIDE REMAIN AMOUNT COMP [%] 
 BOTTOM REMAIN AMOUNT COMP [%] 
 MC METHOD 
 PATTERN 
 ROT. ANGLE            [deg] 
 SIDE TAPER ANGLE      [deg] 
 JUMP AMOUNT         [code:u,t] 
 CYCLE    [code:0.001sec] 
 SPEED     [code:m,i/min] 
 DEPTH CHANGE START PROC. No. 
 ADD MC DEPTH          [u,t] 
 TIME CONTROL MC START PROC. No. 
 PROCESS CONTROL TIME  [min] 

 
 
 
-12.0 
 
0.7 
74 
105 
8 
8 
120 
 
16 
1111 
 
 
7 
4 
6 
 

 

NoteNoteNoteNote....    

When discharge becomes unstable, increase G132 item H: “When discharge becomes unstable, increase G132 item H: “When discharge becomes unstable, increase G132 item H: “When discharge becomes unstable, increase G132 item H: “ττττoffoffoffoff    ADJ SETTINGADJ SETTINGADJ SETTINGADJ SETTING”, or ”, or ”, or ”, or 

increase jump amount, or reduce jump frequency.increase jump amount, or reduce jump frequency.increase jump amount, or reduce jump frequency.increase jump amount, or reduce jump frequency.    

Screw dia.φ6.0 

0.7×2＋4.6 = 6.0mm 

With +100, orbit is turned 

off when Z axis is lowered. 

Increase the numerical 

value when emphasizing 

finishing of the side face 

When flushing is used, 

extend jump frequency T 

Set to the value where 

discharge stabilizes. 

Set cycle jump amount that 

exceeds the top face of 

workpiece 
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9.6 Finishing machining method by screw electrode cut out 

During female screw machining of carbide material, if you cannot get satisfactory accuracy During female screw machining of carbide material, if you cannot get satisfactory accuracy During female screw machining of carbide material, if you cannot get satisfactory accuracy During female screw machining of carbide material, if you cannot get satisfactory accuracy 

withwithwithwith    electrode wear, you may cut electrode wear, you may cut electrode wear, you may cut electrode wear, you may cut outoutoutout    screw electrode and do roughing and finishing screw electrode and do roughing and finishing screw electrode and do roughing and finishing screw electrode and do roughing and finishing 

machining. As shown below, if the discharged places are separated, phase of screw mount machining. As shown below, if the discharged places are separated, phase of screw mount machining. As shown below, if the discharged places are separated, phase of screw mount machining. As shown below, if the discharged places are separated, phase of screw mount 

can be machined together. When cutting using wire can be machined together. When cutting using wire can be machined together. When cutting using wire can be machined together. When cutting using wire EDEDEDEDM, do not remove screw electrode M, do not remove screw electrode M, do not remove screw electrode M, do not remove screw electrode 

from the holder. from the holder. from the holder. from the holder.     

    

①①①①Purchase screw ePurchase screw ePurchase screw ePurchase screw electrode having more than twice of effective length of female screw length.lectrode having more than twice of effective length of female screw length.lectrode having more than twice of effective length of female screw length.lectrode having more than twice of effective length of female screw length.    

    

    

    

    

    

    

    

②②②②Install workpiece where preInstall workpiece where preInstall workpiece where preInstall workpiece where pre----machined hole is already made.machined hole is already made.machined hole is already made.machined hole is already made.    

③③③③Change workpiece coordinates (example: G55) for screw machining, and perform centering. Change workpiece coordinates (example: G55) for screw machining, and perform centering. Change workpiece coordinates (example: G55) for screw machining, and perform centering. Change workpiece coordinates (example: G55) for screw machining, and perform centering. 

After that, sAfter that, sAfter that, sAfter that, set the center position of pilot hole to the workpiece origin of X, Y, Z axis.et the center position of pilot hole to the workpiece origin of X, Y, Z axis.et the center position of pilot hole to the workpiece origin of X, Y, Z axis.et the center position of pilot hole to the workpiece origin of X, Y, Z axis.    

    

    

    

    

    

    

④④④④Install it keeping the copper tungsten plate (edge Install it keeping the copper tungsten plate (edge Install it keeping the copper tungsten plate (edge Install it keeping the copper tungsten plate (edge material material material material is also fine) protruded in the is also fine) protruded in the is also fine) protruded in the is also fine) protruded in the 

horizontal direction.horizontal direction.horizontal direction.horizontal direction.    

    

    

    

⑤⑤⑤⑤Change to the workpiece coordinate system (exaChange to the workpiece coordinate system (exaChange to the workpiece coordinate system (exaChange to the workpiece coordinate system (example: G56) of cutting out, let the mple: G56) of cutting out, let the mple: G56) of cutting out, let the mple: G56) of cutting out, let the 

screw electrode subject to touch sensing on the top side of copper tungsten plate, and screw electrode subject to touch sensing on the top side of copper tungsten plate, and screw electrode subject to touch sensing on the top side of copper tungsten plate, and screw electrode subject to touch sensing on the top side of copper tungsten plate, and 

set this position as workpiece origin of Z axis.set this position as workpiece origin of Z axis.set this position as workpiece origin of Z axis.set this position as workpiece origin of Z axis.    

    

    

    

    

Effective 

length 

Female screw length 

G55 Workpiece origin 

X, Y, Z = 0 

Copper tungsten plate 

RUN[F2]-COORD. G 

+Z 
+X 

+Y 

+X 

+Z 

RUN[F2]-COORD. G 

G56 Workpiece origin 

Z = 0 
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⑥⑥⑥⑥Move the screw electrode to a position that is apart from the copper tunMove the screw electrode to a position that is apart from the copper tunMove the screw electrode to a position that is apart from the copper tunMove the screw electrode to a position that is apart from the copper tungsten plate.gsten plate.gsten plate.gsten plate.    

    

    

    

    

    

    

⑦⑦⑦⑦Go to Go to Go to Go to RUNRUNRUNRUN    [F2][F2][F2][F2]----MDI MDI MDI MDI RUNRUNRUNRUN    [L3] screen (select MDI from the [L3] screen (select MDI from the [L3] screen (select MDI from the [L3] screen (select MDI from the RUNRUNRUNRUN    screen), and lower screen), and lower screen), and lower screen), and lower 

the Z axis by female screw length only.the Z axis by female screw length only.the Z axis by female screw length only.the Z axis by female screw length only.    

Example: ZExample: ZExample: ZExample: Z----12.0; Input → Start12.0; Input → Start12.0; Input → Start12.0; Input → Start    

    

    

    

    

    

    

⑧⑧⑧⑧Perform touch sensing on the side face of screw electrode,Perform touch sensing on the side face of screw electrode,Perform touch sensing on the side face of screw electrode,Perform touch sensing on the side face of screw electrode,    and set the workpiece origin and set the workpiece origin and set the workpiece origin and set the workpiece origin 

of X and Y axis.of X and Y axis.of X and Y axis.of X and Y axis.    

    

    

    

    

    

    

⑨⑨⑨⑨Change to the workpiece coordinate system (example: G55) for Change to the workpiece coordinate system (example: G55) for Change to the workpiece coordinate system (example: G55) for Change to the workpiece coordinate system (example: G55) for thread cuttingthread cuttingthread cuttingthread cutting, and , and , and , and 

perform rough machining.perform rough machining.perform rough machining.perform rough machining.    

    

    

    

    

    

    

Sample programSample programSample programSample program    

Ｇ１３２Ｈ９Ａ２Ｍ２Ｒ２０Ｕ２０．０；Ｇ１３２Ｈ９Ａ２Ｍ２Ｒ２０Ｕ２０．０；Ｇ１３２Ｈ９Ａ２Ｍ２Ｒ２０Ｕ２０．０；Ｇ１３２Ｈ９Ａ２Ｍ２Ｒ２０Ｕ２０．０；    

Ｇ１０３Ｚ－１２．０Ｒ０．７Ｅ７４Ｉ１０５Ｊ８Ｏ８Ｄ１２０Ｌ１６Ｇ１０３Ｚ－１２．０Ｒ０．７Ｅ７４Ｉ１０５Ｊ８Ｏ８Ｄ１２０Ｌ１６Ｇ１０３Ｚ－１２．０Ｒ０．７Ｅ７４Ｉ１０５Ｊ８Ｏ８Ｄ１２０Ｌ１６Ｇ１０３Ｚ－１２．０Ｒ０．７Ｅ７４Ｉ１０５Ｊ８Ｏ８Ｄ１２０Ｌ１６Ｐ１１１１Ｓ７Ｔ４Ｆ６；Ｐ１１１１Ｓ７Ｔ４Ｆ６；Ｐ１１１１Ｓ７Ｔ４Ｆ６；Ｐ１１１１Ｓ７Ｔ４Ｆ６；    

Ｇ１１３Ｇ１１３Ｇ１１３Ｇ１１３Ｗ５５Ｗ５５Ｗ５５Ｗ５５Ｘ０Ｙ０Ｚ５．０；Ｘ０Ｙ０Ｚ５．０；Ｘ０Ｙ０Ｚ５．０；Ｘ０Ｙ０Ｚ５．０；    

Ｍ３０；Ｍ３０；Ｍ３０；Ｍ３０；    

Roughing 

Z-12.0mm 

Workpiece origin 

X, Y = 0 

With the position model, specify workpiece coordinate system G55. 

RUN[F2]-COORD. G 
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⑩⑩⑩⑩Change to the workpiece coordinate system (example: G56) for cut out, Change to the workpiece coordinate system (example: G56) for cut out, Change to the workpiece coordinate system (example: G56) for cut out, Change to the workpiece coordinate system (example: G56) for cut out, executeexecuteexecuteexecute    the the the the 

following program, and cut the tip of screw electrode.following program, and cut the tip of screw electrode.following program, and cut the tip of screw electrode.following program, and cut the tip of screw electrode.    

    

    

    

    

    

    

    

    

    

    

    

    

    

Sample program for electrode cut out Sample program for electrode cut out Sample program for electrode cut out Sample program for electrode cut out (Carbide (Carbide (Carbide (Carbide machining circuit or Ultramachining circuit or Ultramachining circuit or Ultramachining circuit or Ultra----fine machining fine machining fine machining fine machining 

circuit is required)circuit is required)circuit is required)circuit is required)    

Ｇ１３２Ｈ９；Ｇ１３２Ｈ９；Ｇ１３２Ｈ９；Ｇ１３２Ｈ９；    

Ｇ１００Ｘ－１０．０Ｅ７３１５Ｓ３Ｔ８Ｆ４；Ｇ１００Ｘ－１０．０Ｅ７３１５Ｓ３Ｔ８Ｆ４；Ｇ１００Ｘ－１０．０Ｅ７３１５Ｓ３Ｔ８Ｆ４；Ｇ１００Ｘ－１０．０Ｅ７３１５Ｓ３Ｔ８Ｆ４；    

Ｇ１１３Ｇ１１３Ｇ１１３Ｇ１１３Ｗ５６Ｗ５６Ｗ５６Ｗ５６Ｘ２．０Ｙ０Ｚ－１２．０；Ｘ２．０Ｙ０Ｚ－１２．０；Ｘ２．０Ｙ０Ｚ－１２．０；Ｘ２．０Ｙ０Ｚ－１２．０；    

Ｍ３０；Ｍ３０；Ｍ３０；Ｍ３０；    

    

AUX : MC CONTROL SETTING (G132) 
Address Attri. Talk items Set value 

D 
H 
… 

/ 
/ 
… 

 STARTING COND. No. 
τoff ADJ SETTING 

  

 
9 
 

 
MC : THROUGH (G103) 

 Address Attri. Talk items Set value  
 N 

X 
… 
E 
… 
S 
T 
F 
… 

/ 
/ 
/ 
* 
/ 
/ 
/ 
/ 
… 

 ABS/INC                 (90/91) 
 MC DEPTH           X AXIS [u,t] 
 
MC CONDITION No. 
 
JUMP AMOUNT           [code:u,t] 
 CYCLE       [code:0.001sec] 
 SPEED        [code:m,i/min] 
 

 
-10.0 
 
7315 
 
3 
8 
4 

 

Copper tungsten plate 

Remove the discharged places 

Jump setting for lateral discharge 

With the position model, specify workpiece coordinate system G56. 

Set to the value where 

discharge stabilizes. 

Electrode dressing condition 

Machining in -X axis direction 
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⑪⑪⑪⑪Perform finish machining with workpiece coordinates (example: G55) for Perform finish machining with workpiece coordinates (example: G55) for Perform finish machining with workpiece coordinates (example: G55) for Perform finish machining with workpiece coordinates (example: G55) for thread thread thread thread 

cuttingcuttingcuttingcutting....    Lower machining depth Z axis in the integer multiple of pitch will align the Lower machining depth Z axis in the integer multiple of pitch will align the Lower machining depth Z axis in the integer multiple of pitch will align the Lower machining depth Z axis in the integer multiple of pitch will align the 

pitch.pitch.pitch.pitch.    

    

Calculation of machining depth Z axisCalculation of machining depth Z axisCalculation of machining depth Z axisCalculation of machining depth Z axis    

Female Female Female Female screw lengthscrew lengthscrew lengthscrew length    ：：：：12.0mm12.0mm12.0mm12.0mm    

Screw pitchScrew pitchScrew pitchScrew pitch            ：：：：    1.0mm1.0mm1.0mm1.0mm    

Corrected amount of MC depth Corrected amount of MC depth Corrected amount of MC depth Corrected amount of MC depth ：：：：12.0mm = 1.0mm 12.0mm = 1.0mm 12.0mm = 1.0mm 12.0mm = 1.0mm ××××    12 12 12 12 threadsthreadsthreadsthreads    

MC depth for Z axisMC depth for Z axisMC depth for Z axisMC depth for Z axis    ：：：：    

----    ((((female screw depth + corrected amountfemale screw depth + corrected amountfemale screw depth + corrected amountfemale screw depth + corrected amount) = ) = ) = ) = ----24.0mm24.0mm24.0mm24.0mm    

    

Sample programSample programSample programSample program    

Ｇ１３２Ｈ９Ａ２Ｍ２Ｒ２０Ｕ２０．０；Ｇ１３２Ｈ９Ａ２Ｍ２Ｒ２０Ｕ２０．０；Ｇ１３２Ｈ９Ａ２Ｍ２Ｒ２０Ｕ２０．０；Ｇ１３２Ｈ９Ａ２Ｍ２Ｒ２０Ｕ２０．０；    

Ｇ１０３Ｇ１０３Ｇ１０３Ｇ１０３Ｚ－２４．０Ｚ－２４．０Ｚ－２４．０Ｚ－２４．０Ｒ０．７Ｅ７４Ｉ１０５Ｊ８Ｏ８Ｄ１２０Ｌ１６Ｐ１１１１Ｓ７Ｔ４Ｆ６；Ｒ０．７Ｅ７４Ｉ１０５Ｊ８Ｏ８Ｄ１２０Ｌ１６Ｐ１１１１Ｓ７Ｔ４Ｆ６；Ｒ０．７Ｅ７４Ｉ１０５Ｊ８Ｏ８Ｄ１２０Ｌ１６Ｐ１１１１Ｓ７Ｔ４Ｆ６；Ｒ０．７Ｅ７４Ｉ１０５Ｊ８Ｏ８Ｄ１２０Ｌ１６Ｐ１１１１Ｓ７Ｔ４Ｆ６；    

Ｇ１１３Ｇ１１３Ｇ１１３Ｇ１１３Ｗ５５Ｗ５５Ｗ５５Ｗ５５Ｘ０Ｙ０Ｚ５．０；Ｘ０Ｙ０Ｚ５．０；Ｘ０Ｙ０Ｚ５．０；Ｘ０Ｙ０Ｚ５．０；    

Ｍ３０；Ｍ３０；Ｍ３０；Ｍ３０；    
 
 

MC : THROUGH (G103) 
 Address Attri. Talk items Set value  
 N 

X 
Y 
Z 
C 
R 
E 
I 
J 
O 
D 
H 
L 
P 
A 
B 
S 
T 
F 
M 
U 
V 
W 

/ 
/ 
/ 
/ 
/ 
* 
* 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 

 ABS/INC                       (90/91) 
 MC DEPTH                 X AXIS [u,t] 
                          Y AXIS [u,t] 
                          Z AXIS [u,t] 
                        C AXIS [ANGLE] 
 ELECTRODE REDUCTION             [u,t] 
 MODEL DATA No. 
 START OF PROCESS No. 
 END OF PROCESS No. 
 FINISH PROCESS No. 
 SIDE REMAIN AMOUNT COMP        [%] 
 BOTTOM REMAIN AMOUNT COMP      [%] 
 MC METHOD 
 PATTERN 
 ROT. ANGLE                   [deg] 
 SIDE TAPER ANGLE             [deg] 
 JUMP AMOUNT                [code:u,t] 
 CYCLE           [code:0.001sec] 
 SPEED            [code:m,i/min] 
 DEPTH CHANGE START PROC. No. 
 ADD MC DEPTH                 [u,t] 
 TIME CONTROL MC START PROC. No. 
 PROCESS CONTROL TIME         [min] 

 
 
 
-24.0 
 
0.7 
74 
105 
8 
8 
120 
 
16 
1111 
 
 
7 
4 
6 
 

 

    

Finishing 

Lower machining depth 

Z axis in the integer 

multiple of pitch 

With the position model, specify workpiece coordinate system G55. 

= -12.0-12.0  
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10. CONTOURING 
 

A programming of contour must completely be understood in executing A programming of contour must completely be understood in executing A programming of contour must completely be understood in executing A programming of contour must completely be understood in executing     

ccccontourontourontourontour    machining. This manual, however, does not cover it. Use themachining. This manual, however, does not cover it. Use themachining. This manual, however, does not cover it. Use themachining. This manual, however, does not cover it. Use the    

automatic programming training course.automatic programming training course.automatic programming training course.automatic programming training course.    
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10.1 General description 

 

        In In In In contouringcontouringcontouringcontouring,,,,    a contour is generateda contour is generateda contour is generateda contour is generated    by rotating the electrode underby rotating the electrode underby rotating the electrode underby rotating the electrode under    thethethethe    control  control  control  control      

of a program.of a program.of a program.of a program.    

        The use of an electrode that is runThe use of an electrode that is runThe use of an electrode that is runThe use of an electrode that is run----out or has poor accuracy cannot out or has poor accuracy cannot out or has poor accuracy cannot out or has poor accuracy cannot     

        ensure good machining. Therefore, the electrode must be dressed to ensure good machining. Therefore, the electrode must be dressed to ensure good machining. Therefore, the electrode must be dressed to ensure good machining. Therefore, the electrode must be dressed to     

        eliminate runeliminate runeliminate runeliminate run----out. For the elout. For the elout. For the elout. For the electrode dressing, see section 10ectrode dressing, see section 10ectrode dressing, see section 10ectrode dressing, see section 10.2..2..2..2.    

        A special profile electrode that has taper at the side is dressed by A special profile electrode that has taper at the side is dressed by A special profile electrode that has taper at the side is dressed by A special profile electrode that has taper at the side is dressed by aaaa    

primary elecprimary elecprimary elecprimary electrode having the same sectional profile, made by a wire trode having the same sectional profile, made by a wire trode having the same sectional profile, made by a wire trode having the same sectional profile, made by a wire     

        electric discharge machine (Figures 1 and 2). In addition, an electrodeelectric discharge machine (Figures 1 and 2). In addition, an electrodeelectric discharge machine (Figures 1 and 2). In addition, an electrodeelectric discharge machine (Figures 1 and 2). In addition, an electrode    

        having a sphere at the leading end can be dressed by a bar as primary having a sphere at the leading end can be dressed by a bar as primary having a sphere at the leading end can be dressed by a bar as primary having a sphere at the leading end can be dressed by a bar as primary     

        electrode (figure 3).electrode (figure 3).electrode (figure 3).electrode (figure 3).    

        The optimum material for tThe optimum material for tThe optimum material for tThe optimum material for the primary electrode is copper tungsten.he primary electrode is copper tungsten.he primary electrode is copper tungsten.he primary electrode is copper tungsten.    

    

 

 

        Generally, in a contouring, side Generally, in a contouring, side Generally, in a contouring, side Generally, in a contouring, side     

        machining is fast and bottom machining  machining is fast and bottom machining  machining is fast and bottom machining  machining is fast and bottom machining      

        is difficult. This is because the is difficult. This is because the is difficult. This is because the is difficult. This is because the     

        rotation speed in the elecrotation speed in the elecrotation speed in the elecrotation speed in the electrode centertrode centertrode centertrode center    

        is is is is ““““0000””””    and machining does not progress and machining does not progress and machining does not progress and machining does not progress     

        if chip is caught in the electrode if chip is caught in the electrode if chip is caught in the electrode if chip is caught in the electrode     

        center. It is recommended that, in center. It is recommended that, in center. It is recommended that, in center. It is recommended that, in     

        machining a workpiece that has a wide machining a workpiece that has a wide machining a workpiece that has a wide machining a workpiece that has a wide     

        bottom, the workpiece is at first cut bottom, the workpiece is at first cut bottom, the workpiece is at first cut bottom, the workpiece is at first cut     

        by a machine and then it is hardened, by a machine and then it is hardened, by a machine and then it is hardened, by a machine and then it is hardened,     

        or an electrode is formed by a wire or an electrode is formed by a wire or an electrode is formed by a wire or an electrode is formed by a wire     

        electrical discharge machine (Figure 4).electrical discharge machine (Figure 4).electrical discharge machine (Figure 4).electrical discharge machine (Figure 4).    

        If If If If contouring is unavoidable, the use of a pipe electrode or an contouring is unavoidable, the use of a pipe electrode or an contouring is unavoidable, the use of a pipe electrode or an contouring is unavoidable, the use of a pipe electrode or an     

        electrode having slits can reduce chip jamming .electrode having slits can reduce chip jamming .electrode having slits can reduce chip jamming .electrode having slits can reduce chip jamming .    

    

 

Figure 1 Figure 2 Figure 3 

Primary 
electrode 

Secondary 
electrode 

Secondary 
electrode 

Secondary 
electrode 

Primary 
electrode 

Primary 
electrode 

Electrode 

Make a rough  
electrode by  
a wire EDM 
 

Workpiece 

Figure 4 
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    Typical electrode used for contouringTypical electrode used for contouringTypical electrode used for contouringTypical electrode used for contouring    

    

 Solid bar electrode Pipe electrode Slit electrode 
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General contouring 

 

 

 

 

 

      

Fluid processing is  
possible from electrode 
side. Suitable for  
groove or bottom  
machining. 
Thin pipe wall is much 
Consumed. 
 
 

   

Suitable for bottom  
machining that does  
not require fluid  
processing. 
 
 
 

   

 R electrode Stepped electrode Taper electrode 
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A
p
p
lic
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Suitable for a fillet 
Or chamfer portion of  
Punch. 
 

 

     

Suitable for a recess 
Of punch. 
 

 

     

Suitable for taper  
Groove or rib. 
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Tooling plan for contouring  Tooling plan for contouring  Tooling plan for contouring  Tooling plan for contouring  ※※※※Additionally, there are a lot of tools.Additionally, there are a lot of tools.Additionally, there are a lot of tools.Additionally, there are a lot of tools.    

                                                                                                                                        ReferReferReferRefer    to each catalog for details.to each catalog for details.to each catalog for details.to each catalog for details.    

    

                                                                                            

    

    

                                            

    

    

                                                                            

    

    

                                                                                                        

    

    

    

                                                                                                

    

    

    

    

Y-type:YCQ 

Y-type:YB 

Erowa :EB 

Electrode rotary Holder 

for EDNC8,10,15 

   Y-type:YMR 

   Erowa :EMR 

Fixed holder 

 

 Y-type:YH 

 Erowa :EH 

 3 R   :RH 

Standard head 
ATC head MA head 

Manual chuck 

Holder base 

Electrode rotary unit 

Control box 

Colette chuck Colette chuck Drill chuck 

Prepare Colette according  

to electrode diameters. 

Prepare Colette according  

to electrode diameters. 
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        Setup exampleSetup exampleSetup exampleSetup example    

               

    

a. a. a. a. Install the primary electrode and adjust parallelism and Install the primary electrode and adjust parallelism and Install the primary electrode and adjust parallelism and Install the primary electrode and adjust parallelism and verticality.verticality.verticality.verticality.    

                b. Adjust parallelism of workpiece.b. Adjust parallelism of workpiece.b. Adjust parallelism of workpiece.b. Adjust parallelism of workpiece.    

                c. Install a centering ball in the traverse range.c. Install a centering ball in the traverse range.c. Install a centering ball in the traverse range.c. Install a centering ball in the traverse range.    

                d. Use the coordinate setting for electrode dressing.d. Use the coordinate setting for electrode dressing.d. Use the coordinate setting for electrode dressing.d. Use the coordinate setting for electrode dressing.    

    

            

        Secondary eSecondary eSecondary eSecondary electrode installationlectrode installationlectrode installationlectrode installation    

    

    

    

    

    

    

    

    

    

    

    

    

 

 

 

Primary electrode 

G54 

Secondary electrode 

G56 
Workpiece 

G56 

Centering ball 

 Table  

(magnet) 

A ball is built in the center  

so that inclination of primary 

electrode can be corrected. 

Fix the MA head or the electrode rotary 

unit, and tighten lightly. 

Refer to each manual for the method of 

fixing the MA head or the electrode 

rotary unit. 

Correct run-out by 

moving fingers up 

and down while turning 

the electrode. 

φ1.0 min. 

Indicator 

φ1.5 max. 

Correct run-out with 

right hand while turning 

Colette of rotary unit 

with left hand. 

MINPULS



 

10 - 6 

10.2  Electrode dressing 

    

        The electrode will run out immediately after it is installed on the The electrode will run out immediately after it is installed on the The electrode will run out immediately after it is installed on the The electrode will run out immediately after it is installed on the     

        Colette chuck. Dressing eliminates this and also makes electrode Diameter smaller.Colette chuck. Dressing eliminates this and also makes electrode Diameter smaller.Colette chuck. Dressing eliminates this and also makes electrode Diameter smaller.Colette chuck. Dressing eliminates this and also makes electrode Diameter smaller.    

        There are many metThere are many metThere are many metThere are many methods for dressing. In any case, the electrode is hods for dressing. In any case, the electrode is hods for dressing. In any case, the electrode is hods for dressing. In any case, the electrode is     

        rotated during dressing. Here described is a method that uses horizontal servo.rotated during dressing. Here described is a method that uses horizontal servo.rotated during dressing. Here described is a method that uses horizontal servo.rotated during dressing. Here described is a method that uses horizontal servo.    

        At first, measure the thickness At first, measure the thickness At first, measure the thickness At first, measure the thickness ““““TTTT””””    of primary electrode with micrometer etc.of primary electrode with micrometer etc.of primary electrode with micrometer etc.of primary electrode with micrometer etc.    

    

  Program  
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G54 
G84 Z-20.0 
G86 X(T + Electrode dia. 
      + 10.) 
    Z-10.0 
G92 X(-T/2) Z1. 
M30 
 
 
The point where electrode 
comes in contact with  
end face is “0” in Y  
axis. 

Setting G54 coordinate 
System. 
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G54 
G90G00 X+(Note1) Y0  
       Z-(length) 
M26 
G01 E3308 Y-10.0 
M19 G00 Y0 X+(Note2) 
G01 E3307 Y-11.0 
M19 G00 Y0 Z30.0 
M30 

 

Revolution: 
       approx 200 rpm 
 
Note1: 
Desired secondary  
electrode dia./2 + gap 
+ finish allowance 
            (20μm) 
    (Gap=0.03mm) 
Note2: 
Desired secondary  
electrode dia./2 + gap 
    (Gap=0.03mm) 
 
*Set τ off ADJ to “3”. 
 (     screen) 

    

Primary electrode  

thickness:   T 
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Eliminate runEliminate runEliminate runEliminate run----out by dressing by 0.05 mm since a little runout by dressing by 0.05 mm since a little runout by dressing by 0.05 mm since a little runout by dressing by 0.05 mm since a little run----out remains out remains out remains out remains     

        even after manual runeven after manual runeven after manual runeven after manual run----out correction.out correction.out correction.out correction.    

        Reduced SERVO ADJ. setting with electrode runReduced SERVO ADJ. setting with electrode runReduced SERVO ADJ. setting with electrode runReduced SERVO ADJ. setting with electrode run----outoutoutout    does not generate a does not generate a does not generate a does not generate a     

        true circle of electrode. Adjust the SERVO ADJ. setting in the following  true circle of electrode. Adjust the SERVO ADJ. setting in the following  true circle of electrode. Adjust the SERVO ADJ. setting in the following  true circle of electrode. Adjust the SERVO ADJ. setting in the following      

        manner.         manner.         manner.         manner.             

                                    (Note1) SERVO ADJ.:(Note1) SERVO ADJ.:(Note1) SERVO ADJ.:(Note1) SERVO ADJ.:    Condition at Run modeCondition at Run modeCondition at Run modeCondition at Run mode.    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

 

    

    

                    Make Make Make Make decisiondecisiondecisiondecision    by observing voltage during macby observing voltage during macby observing voltage during macby observing voltage during machining.hining.hining.hining.    

    

    

    

    

    

    

                                                                                                    

                    

○ Good 

× No good 

Good if machining voltage exceed 30. 

Use a larger SERVO ADJ. setting if 

machining voltage is below 25. 
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10.3  Program examples 

            

        Assume that an inner diameter machining is Assume that an inner diameter machining is Assume that an inner diameter machining is Assume that an inner diameter machining is     

        executed as shown to the right.executed as shown to the right.executed as shown to the right.executed as shown to the right.    

            

    

    

        [Program sample for one operation][Program sample for one operation][Program sample for one operation][Program sample for one operation]    

    O20;                      Program No. 

    G959;              Contouring mode on 

    G90G00X0Y0;              Positioning 

    Z-30;                     Z axis positioning 

    M26E3209;                Machining ON 

    G01G42D1X-2949Y4615;  Offset RH direction 

    G02X0Y10000I2949J1885;  CW direction 

    J-10000; 

    X2949Y4615J-3500; 

    G01G40X0Y0;        Offset cancel 

    G958;    Contouring mode cancel 

    M30;           End    

    

        [Program example for four [Program example for four [Program example for four [Program example for four operationsoperationsoperationsoperations]]]]    

    

        (Main program)        (Main program)        (Main program)        (Main program)                                (Subprogram)(Subprogram)(Subprogram)(Subprogram)    

    

    O100; 

    G959; 

    G90G00X0Y0; 

    Z-30; 

    M98O20E3213D1; 

    M98O20E3212D2; 

    M98O20E3210D3; 

    M98O20E3209D4; 

    G958; 

    M30; 

    

    

 

O20; 

M26; 

G90G01G42X-2949Y4615; 

G02X0Y10000I2949J1885; 

J-10000; 

X2949Y4615J-3500; 

G01G40X0Y0; 

M99; 
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        [Precautions on operating program][Precautions on operating program][Precautions on operating program][Precautions on operating program]    

    

1.1.1.1. Check or set a plane (G17,G18,G19) when using the offset. Check or set a plane (G17,G18,G19) when using the offset. Check or set a plane (G17,G18,G19) when using the offset. Check or set a plane (G17,G18,G19) when using the offset.     

                        (Usually, G17 (XY Plane) has been set.)(Usually, G17 (XY Plane) has been set.)(Usually, G17 (XY Plane) has been set.)(Usually, G17 (XY Plane) has been set.)    

        2. Offset 2. Offset 2. Offset 2. Offset cannot be active by the G83. Use the G01.cannot be active by the G83. Use the G01.cannot be active by the G83. Use the G01.cannot be active by the G83. Use the G01.    

        3. Machining starts by the M26. So insert it before G01.3. Machining starts by the M26. So insert it before G01.3. Machining starts by the M26. So insert it before G01.3. Machining starts by the M26. So insert it before G01.    

        4. When offset is used, positioning (G00) is not executed if offset is 4. When offset is used, positioning (G00) is not executed if offset is 4. When offset is used, positioning (G00) is not executed if offset is 4. When offset is used, positioning (G00) is not executed if offset is     

                    not cancelled.not cancelled.not cancelled.not cancelled.    

        5. Although both linear and circular interpolations can be 5. Although both linear and circular interpolations can be 5. Although both linear and circular interpolations can be 5. Although both linear and circular interpolations can be specified in specified in specified in specified in     

                    either absolute or incremental mode, the center point I, J, K must beeither absolute or incremental mode, the center point I, J, K must beeither absolute or incremental mode, the center point I, J, K must beeither absolute or incremental mode, the center point I, J, K must be    

                    specified in incremental value as viewed from the start point of circular arc.specified in incremental value as viewed from the start point of circular arc.specified in incremental value as viewed from the start point of circular arc.specified in incremental value as viewed from the start point of circular arc.    

        6. Simultaneous 36. Simultaneous 36. Simultaneous 36. Simultaneous 3----axiaxiaxiaxis can be specified.s can be specified.s can be specified.s can be specified.    

        7. Up to 99 offsets, D1 to D99, can be7. Up to 99 offsets, D1 to D99, can be7. Up to 99 offsets, D1 to D99, can be7. Up to 99 offsets, D1 to D99, can be    used.used.used.used.    

        8. Take care of electrode movement, though offset value may be changed 8. Take care of electrode movement, though offset value may be changed 8. Take care of electrode movement, though offset value may be changed 8. Take care of electrode movement, though offset value may be changed     

                    during machining.during machining.during machining.during machining.    

    

    

        [Dry run feed][Dry run feed][Dry run feed][Dry run feed]    

            

        ActActActActivation of DRY RUN mode with   ivation of DRY RUN mode with   ivation of DRY RUN mode with   ivation of DRY RUN mode with                               modemodemodemode    can stop machining and can stop machining and can stop machining and can stop machining and     

        increase traverse speed even if the feed rate (G01 to G 03) is set.increase traverse speed even if the feed rate (G01 to G 03) is set.increase traverse speed even if the feed rate (G01 to G 03) is set.increase traverse speed even if the feed rate (G01 to G 03) is set.    

        The traverse speed during dry run is that selected on the portable The traverse speed during dry run is that selected on the portable The traverse speed during dry run is that selected on the portable The traverse speed during dry run is that selected on the portable     

        operation panel (RAPID, HIGH, MIDDLE, or LOW).operation panel (RAPID, HIGH, MIDDLE, or LOW).operation panel (RAPID, HIGH, MIDDLE, or LOW).operation panel (RAPID, HIGH, MIDDLE, or LOW).    

        

        Note 1: The dry run is used to check a program.Note 1: The dry run is used to check a program.Note 1: The dry run is used to check a program.Note 1: The dry run is used to check a program.    

        Note 2: The rapid feed (G00) command is always active regardless of dry Note 2: The rapid feed (G00) command is always active regardless of dry Note 2: The rapid feed (G00) command is always active regardless of dry Note 2: The rapid feed (G00) command is always active regardless of dry     

                                        run ON/OFF, or machining ON/OFF (M26, M27).run ON/OFF, or machining ON/OFF (M26, M27).run ON/OFF, or machining ON/OFF (M26, M27).run ON/OFF, or machining ON/OFF (M26, M27).    

        Note 3: Keep electrode away from the workpiece properly when the dry run Note 3: Keep electrode away from the workpiece properly when the dry run Note 3: Keep electrode away from the workpiece properly when the dry run Note 3: Keep electrode away from the workpiece properly when the dry run                                     

                    is used.is used.is used.is used.    

        Note 4: Deactivate the dry run mode immediately after use. The electrode           Note 4: Deactivate the dry run mode immediately after use. The electrode           Note 4: Deactivate the dry run mode immediately after use. The electrode           Note 4: Deactivate the dry run mode immediately after use. The electrode           

                will be damaged if machining starts with dry run mode active.will be damaged if machining starts with dry run mode active.will be damaged if machining starts with dry run mode active.will be damaged if machining starts with dry run mode active.    
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10.4  Setting finish process (machining condition and offset) 

    

        CCCContouring hasontouring hasontouring hasontouring has    not been registered in the model data. Accordingly, not been registered in the model data. Accordingly, not been registered in the model data. Accordingly, not been registered in the model data. Accordingly,     

        the the the the machining condition and offset values must be calculated.machining condition and offset values must be calculated.machining condition and offset values must be calculated.machining condition and offset values must be calculated.    

    

        [How to see finish process sheet][How to see finish process sheet][How to see finish process sheet][How to see finish process sheet]    

                

    Finish process 40μ mRz  →  10μ mRz     

    Roughness 40μ 24μ 18μ 13μ 10μ     

    M/C cond. E 3215 3213 3212 3210 3209     

    

Offset value 

D/2 

+ 

74μ m 

d1/2 

+ 

54μ m 

d2/2 

+ 

34μ m 

d3/2 

+ 

21μ m 

d4/2 

+ 

15μ m 

    

    Feed rate ･ 10 10 10 10     

    

                                                                                                                            Varies with the machining rate.Varies with the machining rate.Varies with the machining rate.Varies with the machining rate.    

                                                                                                                                                                                        (See page (See page (See page (See page 10-17））））    

                                                    Feed rate per minute. Estimated machining time can be Feed rate per minute. Estimated machining time can be Feed rate per minute. Estimated machining time can be Feed rate per minute. Estimated machining time can be     

                                                    obtainedobtainedobtainedobtained    from the given circumferential length to be machinedfrom the given circumferential length to be machinedfrom the given circumferential length to be machinedfrom the given circumferential length to be machined    

                                                    (Unit: (Unit: (Unit: (Unit: mm/minmm/minmm/minmm/min）。）。）。）。    

                                                    This rate slows remarkably when the bottom is machined.This rate slows remarkably when the bottom is machined.This rate slows remarkably when the bottom is machined.This rate slows remarkably when the bottom is machined.    

                                                    D: Initial electrode dia. D: Initial electrode dia. D: Initial electrode dia. D: Initial electrode dia.     

                                                                (measured by micrometer or centering ball)(measured by micrometer or centering ball)(measured by micrometer or centering ball)(measured by micrometer or centering ball)    

                                                    ｄｄｄｄ: Electrode dia. at the end of previous process. : Electrode dia. at the end of previous process. : Electrode dia. at the end of previous process. : Electrode dia. at the end of previous process.     

                                                                    (Varies with the circumferential length to be machined)(Varies with the circumferential length to be machined)(Varies with the circumferential length to be machined)(Varies with the circumferential length to be machined)    

    

                                                    Machining cMachining cMachining cMachining condition E: Use E3205 to E3217 in contouring.ondition E: Use E3205 to E3217 in contouring.ondition E: Use E3205 to E3217 in contouring.ondition E: Use E3205 to E3217 in contouring.    

    

                                                    Roughness: Side face roughness in Roughness: Side face roughness in Roughness: Side face roughness in Roughness: Side face roughness in μμμμmmmmRzRzRzRz....    

    

                                                    Finish process: Process table with machining start condition Finish process: Process table with machining start condition Finish process: Process table with machining start condition Finish process: Process table with machining start condition     

                                                                                                                        E3215 and end condition E3209.E3215 and end condition E3209.E3215 and end condition E3209.E3215 and end condition E3209.    

    

    

    

    

    

    

    

Final gapFinal gapFinal gapFinal gap    
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        [Finish[Finish[Finish[Finish    process example 1]process example 1]process example 1]process example 1]    

                    

                Initial machining condition : E3216 (46Initial machining condition : E3216 (46Initial machining condition : E3216 (46Initial machining condition : E3216 (46μμμμmmmmRzRzRzRz))))    

                Electrode diameter used     : Electrode diameter used     : Electrode diameter used     : Electrode diameter used     : φφφφ2 or more2 or more2 or more2 or more    

    

                                                                                                                                                                            

                    

Finish process 46μ mRz→18μ mRz 

Roughness 46 32 18 

M/C cond. E 3216 3214 3212 

Offset value 

D/2 

+ 

121 

d1/2 

+ 

61 

d2/2 

+ 

26 

Feed rate  10 10 

    

    

    

Finish process 46μ mRz  →  10μmRz 

Roughness 46 32 18 13 10 

M/C cond. E 3216 3214 3212 3210 3209 

Offset value 

D/2 

+ 

129 

d1/2 

+ 

69 

d2/2 

+ 

34 

d3/2 

+ 

21 

d4/2 

+ 

15 

Feed rate  10 10 10 10 

    

    

    

Finish process 46μ mRz  →  5μ mRz 

Roughness 46 32 18 13 9 6 5 5 

M/C cond. E 3216 3214 3212 3210 3208 3206 3205 3205 

Offset value 

D/2 

+ 

155 

d1/2 

+ 

95 

d2/2 

+ 

60 

d3/2 

+ 

40 

d4/2 

+ 

27 

d5/2 

+ 

19 

d6/2 

+ 

14 

d7/2 

+ 

12 

Feed rate  10 10 10 10 10 10 10 

    

    

    

 

Plate 
thickness 20mm 

Spindle 
speed 
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        [Finish process example 2[Finish process example 2[Finish process example 2[Finish process example 2]]]]    

                    

                Initial machining condition : E3215 (40Initial machining condition : E3215 (40Initial machining condition : E3215 (40Initial machining condition : E3215 (40μμμμmmmmRzRzRzRz))))    

                Electrode diameter used     : Electrode diameter used     : Electrode diameter used     : Electrode diameter used     : φφφφ2 or more2 or more2 or more2 or more    

    

    

    

Finish process 40μ mRz→18μ mRz 

Roughness 40 24 18 

M/C cond. E 3215 3213 3212 

Offset value 

D/2 

+ 

106 

d1/2 

+ 

46 

d2/2 

+ 

26 

Feed rate  10 10 

    

    

    

Finish process 40μ mRz  →  10μ mRz 

Roughness 40 24 18 13 10 

M/C cond. E 3215 3213 3212 3210 3209 

Offset value 

D/2 

+ 

94 

d1/2 

+ 

54 

d2/2 

+ 

34 

d3/2 

+ 

21 

d4/2 

+ 

15 

Feed rate  10 10 10 10 

    

    

    

Finish process 40μ mRz  →  5μ mRz 

Roughness 40 24 18 13 9 6 5 5 

M/C cond. E 3215 3213 3212 3210 3209 3206 3205 3205 

Offset value 

D/2 

+ 

140 

d1/2 

+ 

100 

d2/2 

+ 

60 

d3/2 

+ 

40 

d4/2 

+ 

27 

d5/2 

+ 

19 

d6/2 

+ 

14 

d7/2 

+ 

12 

Feed rate  10 10 10 10 10 10 10 

    

    

    

    

 

Spindle 
speed 

Plate 
thickness 20mm 
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        [Fi[Fi[Fi[Finish process example 3]nish process example 3]nish process example 3]nish process example 3]    

                    

                Initial machining condition : E3214 (32Initial machining condition : E3214 (32Initial machining condition : E3214 (32Initial machining condition : E3214 (32μμμμmmmmRzRzRzRz))))    

                Electrode diameter used     : Electrode diameter used     : Electrode diameter used     : Electrode diameter used     : φφφφ2 or more2 or more2 or more2 or more    

    

                                                                                                                                                                            

                    

Finish process 32μ mRz→18μ mRz 

Roughness 32 24 18 

M/C cond. E 3214 3213 3212 

Offset value 

D/2 

+ 

76 

d1/2 

+ 

46 

d2/2 

+ 

26 

Feed rate  10 10 

    

    

    

Finish process 32μ mRz  →  10μ mRz 

Roughness 32 24 18 13 10 

M/C cond. E 3214 3213 3212 3210 3209 

Offset value 

D/2 

+ 

84 

d1/2 

+ 

54 

d2/2 

+ 

34 

d3/2 

+ 

21 

d4/2 

+ 

15 

Feed rate  10 10 10 10 

    

    

    

Finish process 32μ mRz  →  5μ mRz 

Roughness 32 24 18 13 9 6 5 5 

M/C cond. E 3214 3213 3212 3210 3209 3206 3205 3205 

Offset value 

D/2 

+ 

130 

d1/2 

+ 

100 

d2/2 

+ 

60 

d3/2 

+ 

40 

d4/2 

+ 

27 

d5/2 

+ 

19 

d6/2 

+ 

14 

d7/2 

+ 

12 

Feed rate  10 10 10 10 10 10 10 

    

    

    

 

Plate 
thickness 20mm 

Spindle 
speed 
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        [Preparation of machining process sheet][Preparation of machining process sheet][Preparation of machining process sheet][Preparation of machining process sheet]    

    

        The following factors should be determined:The following factors should be determined:The following factors should be determined:The following factors should be determined:    

                    

                a. Initial machining conditiona. Initial machining conditiona. Initial machining conditiona. Initial machining condition    

                b. Finish allowance remainedb. Finish allowance remainedb. Finish allowance remainedb. Finish allowance remained    

                c. Finish roughnessc. Finish roughnessc. Finish roughnessc. Finish roughness    

                d. Circumferential length to be machinedd. Circumferential length to be machinedd. Circumferential length to be machinedd. Circumferential length to be machined    

    

        ----    Machining example Machining example Machining example Machining example ----    

            

                The finish allowance remainedThe finish allowance remainedThe finish allowance remainedThe finish allowance remained    after preafter preafter preafter pre----millmillmillmill    is 0.3mm per side.is 0.3mm per side.is 0.3mm per side.is 0.3mm per side.    

                Finish roughness is 15Finish roughness is 15Finish roughness is 15Finish roughness is 15μμμμRzRzRzRz....    

                Circumferential length is approx 100mm.Circumferential length is approx 100mm.Circumferential length is approx 100mm.Circumferential length is approx 100mm.    

    

    

        ----    Machining process example Machining process example Machining process example Machining process example ----    

    

                A: Machining condition A: Machining condition A: Machining condition A: Machining condition ––––    from GAP table (See page from GAP table (See page from GAP table (See page from GAP table (See page 10101010----15)15)15)15)    

    

    
Machining 
condition 

E 

Roughness GAP Additional
 M/C  

amount① 

    

    3216 46          

    3215 40      

    3214 32      

    3213 24      

    3212 18      

    3211 15 20     

 

 

        The process sheet should be preparedThe process sheet should be preparedThe process sheet should be preparedThe process sheet should be prepared    

        setting from smaller condition.setting from smaller condition.setting from smaller condition.setting from smaller condition.    

 

    46μ mRz  →  15μ mRz     

    46 

3216 

D/2 

+ 

205 

40 

3215 

d/2 

+ 

160 

32 

3214 

d/2 

+ 

 120 

24 

3213 

d/2 

+ 

85 

18 

3212 

d/2 

+ 

55 

15 

3211 

d/2 

+ 

 35 

    

    

       F     E      D     C      B      A 

        Rougher machining conditions may be omitted (additional M/C amount Rougher machining conditions may be omitted (additional M/C amount Rougher machining conditions may be omitted (additional M/C amount Rougher machining conditions may be omitted (additional M/C amount ②②②②,,,,③③③③).).).).    

40 

35 

30 

20 

15 

As the finish roughness is 15μ mRz, 
the process sheet should be prepared 
so that machining ends under machining 
condition E3211. 
                               
a) E3211 d/2 +  Final GAP + 15 
                       A 
 
b) E3212 d/2 + (A) + 20 
                       B 
 
c) E3213 d/2 + (B) + 30 
                       C 
 
d) E3214 d/2 + (C) + 35 
                       D 
 
e) E3215 d/2 + (D) + 40 
                       E 
 
f) E3216 d/2 + (E) + Roughness 
                       F 

Final gap 

Additional M/C amount 
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        Machining condition Machining condition Machining condition Machining condition ––––    GAP tableGAP tableGAP tableGAP table    

    
 Machining 

condition 
E 

roughness 
μ mRz 

Final 
GAP 
μ m 

Additional 
M/C amount 

①  μ m 

Additional 
M/C amount 

②  μ m 

Additional 
M/C amount 

③  μ m 

 

 3216 46 50  
Initial 

condition 
 

Initial 
Condition 

 

 

 3215 40 40  

 3214 32 35  

 3213 24 30  

 3212 18 26  

 3211 15 20  

 3210 13 18  

 3209 10 15  

 3208 9 14  

 3207 7 13  

 3206 6 12  

 3205 5 12  

    

    

40 

35 

30 

20 

15 

10 

 6 

 4 

 3 

 3 

 3 

 

60 

 

35 

 

13 

 6 

 4 

 3 

 3 

 3 

 

 

40 

20 

 

13 

  

 8 

  

 5 

 3 
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        Electrode wear to circumferential lengthElectrode wear to circumferential lengthElectrode wear to circumferential lengthElectrode wear to circumferential length    

    

                Example : circumferential Example : circumferential Example : circumferential Example : circumferential length  150 mmlength  150 mmlength  150 mmlength  150 mm    

                                                        Electrode diameter       Electrode diameter       Electrode diameter       Electrode diameter       φφφφ3.83.83.83.8    

                                                        Depth of machining       20 mmDepth of machining       20 mmDepth of machining       20 mmDepth of machining       20 mm    

    

  3210 3211 3212 3213 3214 3215 3216 3217 

   13 15 18 24 32 40 46 55 

0.5 

Electrode wear 

           mm 
        

Feed rate 

       mm/min 
        

0.4 

Electrode wear 

           mm 
        

Feed rate 

       mm/min 
        

0.3 

Electrode wear 

           mm 
     0.038 0.035  

Feed rate 

       mm/min 
        

0.2 

Electrode wear 

           mm 
     0.02 0.02  

Feed rate 

       mm/min 
     6 6  

0.1 

Electrode wear 

           mm 
    0.006 0.008 0.008  

Feed rate 

       mm/min 
    7 7 7  

0.05 

Electrode wear 

           mm 
   0.002 0.002    

Feed rate 

       mm/min 
   10 10    

0.03 

Electrode wear 

           mm 
  0.002 0.0015 0.0015    

Feed rate 

       mm/min 
  10 10 10    

0.02 

Electrode wear 

           mm 
 0.0015 0.0015      

Feed rate 

       mm/min 
 10 10      

                Note: Small electrode diameter results in large wear.Note: Small electrode diameter results in large wear.Note: Small electrode diameter results in large wear.Note: Small electrode diameter results in large wear.    

    

    

    

    

    

    

ADD. 
M/C amount mm 

Roughness 
μ mRz 

M/C cond. 
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        Machining speed of E3216 (gap 0.05)Machining speed of E3216 (gap 0.05)Machining speed of E3216 (gap 0.05)Machining speed of E3216 (gap 0.05)    

        (Roughness  46(Roughness  46(Roughness  46(Roughness  46μμμμmmmmRzRzRzRz))))    

    

    

    

    

    

    

    

    

    

    

    

 

 

    Machining speed of E3215 (gap 0.04)Machining speed of E3215 (gap 0.04)Machining speed of E3215 (gap 0.04)Machining speed of E3215 (gap 0.04)    

    (Roughness 40(Roughness 40(Roughness 40(Roughness 40μμμμmmmmRzRzRzRz))))    

    

    

    

    

    

    

    

    

    

    

    

 

 

 

 

Machining 

Width 0.5 

Machining 

Width 0.3 

Machining 

Width 0.1 

Circumferential length (mm) 

E
le

c
tr

o
d
e
 w

e
ar

 s
u
rf

ac
e
 a

re
a 

(m
m

2
) 

Machining 

Width 0.5 
Machining 

Width 0.45 

Machining 

Width 0.3 

Machining 

Width 0.2 

Machining 

Width 0.1 

Circumferential length (mm) 

E
le

c
tr

o
d
e
 w

e
ar

 s
u
rf

ac
e
 a

re
a 

(m
m

2
) 
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11. PREMACHINED HOLE MACHINING BY PIPE ELECTRODE 
     (Use of electrode rotary unit) 

 

                There are many machining methods that use a pipe electrode according There are many machining methods that use a pipe electrode according There are many machining methods that use a pipe electrode according There are many machining methods that use a pipe electrode according     

                to machining speed, accuracy and number of holes to be machined. to machining speed, accuracy and number of holes to be machined. to machining speed, accuracy and number of holes to be machined. to machining speed, accuracy and number of holes to be machined.     

                This section covers a This section covers a This section covers a This section covers a method of which stress is put on the machining method of which stress is put on the machining method of which stress is put on the machining method of which stress is put on the machining     

                speed rather than machining accuracy, such as machining of prepared speed rather than machining accuracy, such as machining of prepared speed rather than machining accuracy, such as machining of prepared speed rather than machining accuracy, such as machining of prepared     

                holes for wire electrical discharge machining.holes for wire electrical discharge machining.holes for wire electrical discharge machining.holes for wire electrical discharge machining.    

 

CONTENTS 
                                                              Page 

  11.1 Tooling plan for machining by pipe electrode････････････････････････ 11 - 2 

  11.2 Installing pipe electrode･････････････････････････････････････････････ 11 - 3 

  11.3 Correcting run-out of electrode･････････････････････････････････････ 11 - 4 

  11.4 Setup for supplying fluid to pipe electrode･･････････････････････････ 11 - 4 

  11.5 Machining setting･･･････････････････････････････････････････････････ 11 - 5 

  11.6 Machining conditions････････････････････････････････････････････････ 11 - 5 

  11.7 Machining example･･････････････････････････････････････････････････ 11 - 6 
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11.1 Tooling plan for machining by pipe electrode 
 

                                                                            ※※※※Additionally, there are a lot of tools. Additionally, there are a lot of tools. Additionally, there are a lot of tools. Additionally, there are a lot of tools.     

                                                                                    refer to each catalog for details.refer to each catalog for details.refer to each catalog for details.refer to each catalog for details. 

 

 

                                                                                            

    

    

                                            

    

    

                                                                            

    

    

                                                                                                        

    

    

                                                                                                                                                                                                    

                

Standard head ATC head MA head 

Manual chuck 

Y-type:YCQ 

Holder base 

Y-type:YB 

Erowa :EB 

Electrode rotary unit 

Control box 

Electrode rotary Holder 

for EDNC8,10,15 

   Y-type:YMR 

   Erowa :EMR 

Fixed holder 

 

 Y-type:YH 

 Erowa :EH 

 3 R   :RH 

Collet chuck 

Prepare collet according  

to electrode diameters. 
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12.2  Installing pipe electrode 

 

        Tighten the colTighten the colTighten the colTighten the colｌｌｌｌetetetet    with pipe electrode pushed against the rubber seal.with pipe electrode pushed against the rubber seal.with pipe electrode pushed against the rubber seal.with pipe electrode pushed against the rubber seal.    

        

        When pipe electrode diameter is below 1.8mm, it is smaller than the When pipe electrode diameter is below 1.8mm, it is smaller than the When pipe electrode diameter is below 1.8mm, it is smaller than the When pipe electrode diameter is below 1.8mm, it is smaller than the     

        flushing port of rubber seal. In this case, use a joint pipe or a collet  flushing port of rubber seal. In this case, use a joint pipe or a collet  flushing port of rubber seal. In this case, use a joint pipe or a collet  flushing port of rubber seal. In this case, use a joint pipe or a collet      

        chuck havichuck havichuck havichuck having smaller diameter as shown below.ng smaller diameter as shown below.ng smaller diameter as shown below.ng smaller diameter as shown below.    

                Tighten with collet chuck 

                                                    

                        

    

                      

 

Rubber seal 

Flushing port 

Collet chuck 
  C-10 

Collet 

Pipe electrode 

Pipe electrode 

Joint pipe 

EROWA compact spec. 3R junior spec. 

Small diameter 

Electrode holder 
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11.3 correcting run-out of electrode 

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

 

        The presence of large runThe presence of large runThe presence of large runThe presence of large run----out of electrode affects machining performance  out of electrode affects machining performance  out of electrode affects machining performance  out of electrode affects machining performance      

        including machining speed, accuracy and electrode wear. So correct it as  including machining speed, accuracy and electrode wear. So correct it as  including machining speed, accuracy and electrode wear. So correct it as  including machining speed, accuracy and electrode wear. So correct it as      

        small as possible.small as possible.small as possible.small as possible.    

 

 

 

11.4 Setup for supplying fluid to pipe electrode  
 

        [when using electrode rotary unit][when using electrode rotary unit][when using electrode rotary unit][when using electrode rotary unit]    

 

    

    

                                                                
 

 

    

    

 

 

 Aboveφ1.0 

Below φ1.5 

Correct run-out by 

moving fingers up 

and down while turning 

the electrode. 

Correct run-out by 

moving fingers up 

and down while turning 

the electrode. Indicator 

Fix the MA head or the electrode rotary 

unit, and tighten lightly. 

Refer to each manual for the method of 

fixing the MA head or the electrode 

rotary unit. 

Connect a vinyl tube 
to the rotary unit. 

From flushing port 

Air pressure port for 
small-diameter oiling unit 
(not used) 

Head 
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11.5 Machining setting 
 

        [Spindle speed][Spindle speed][Spindle speed][Spindle speed]    

    

                Set approx 500 rpm. Precise setting is not required.Set approx 500 rpm. Precise setting is not required.Set approx 500 rpm. Precise setting is not required.Set approx 500 rpm. Precise setting is not required.    

                    

        [Flushing pressure][Flushing pressure][Flushing pressure][Flushing pressure]    

    

                Set 0.02 to 0.05 MPa.Set 0.02 to 0.05 MPa.Set 0.02 to 0.05 MPa.Set 0.02 to 0.05 MPa.    

                Higher flushing pressure, in geneHigher flushing pressure, in geneHigher flushing pressure, in geneHigher flushing pressure, in general, increases machining speed, but ral, increases machining speed, but ral, increases machining speed, but ral, increases machining speed, but     

                promotes electrode wear.promotes electrode wear.promotes electrode wear.promotes electrode wear.    

    

        [Others][Others][Others][Others]    

    

                Convection of fluid at the bottom of workpiece as shown below makes Convection of fluid at the bottom of workpiece as shown below makes Convection of fluid at the bottom of workpiece as shown below makes Convection of fluid at the bottom of workpiece as shown below makes     

                mmmmachining stable when electrode retracts.achining stable when electrode retracts.achining stable when electrode retracts.achining stable when electrode retracts.    

    

    

                                
    

    

                Chips are well discharged through piChips are well discharged through piChips are well discharged through piChips are well discharged through pipe electrode by flushing, thus pe electrode by flushing, thus pe electrode by flushing, thus pe electrode by flushing, thus     

                eliminating necessity of jumping. The use of jump wastes time and eliminating necessity of jumping. The use of jump wastes time and eliminating necessity of jumping. The use of jump wastes time and eliminating necessity of jumping. The use of jump wastes time and     

                decreases machining speed.decreases machining speed.decreases machining speed.decreases machining speed.    

    

    

    

11.6  Machining condition 
    

  ・ Copper pipe – Steel              E3400 to E3421 

 

  ・ Copper pipe – Tungsten carbide   E3500 to E3521 

    

        Refer to instruction manual Refer to instruction manual Refer to instruction manual Refer to instruction manual ““““Machining ConditionMachining ConditionMachining ConditionMachining Condition””””....    

 

Prevents gas accumulation  
at the outlet. 

Workpiece 

Pipe electrode 
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11.7  Machining example 

 

    

    
    MC : SINGLE MC (G100) 
 Address Attri. Talk items Set value  
 N 

X 
Y 
Z 
C 
W 
L 
E 
U 
R 
P 
A 
B 
S 
T 
F 
I 
H 
M 
D 
V 

/ 
/ 
/ 
/ 
/ 
/ 
/ 
* 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 

 ABS/INC                  (90/91) 
 MC DEPTH            X AXIS [u,t] 
                     Y AXIS [u,t] 
                     Z AXIS [u,t] 
              C AXIS [rot./ANGLE] 
 AUTO DEPTH MAX. TRAVEL     [u,t] 
 MC LAST STOP              (1:ON) 
 MC COND No. 
  REMAIN AMOUNT          [u,t] 
 PATTERN RADIUS             [u,t] 
      MODE/PATTERN 
      ROT.ANGLE             [deg] 
      CIRCUIT SPEED     [m,i/min] 
 JUMP  AMOUNT          [code:u,t] 
  CYCLE     [code:0.001sec] 
  SPEED      [code:m,i/min] 
 CLAMP AMOUNT               [u,t] 
 TIME CONTROL TIME          [min] 
 START MC COND. No.       (DF[%]) 
 START J. CYCLE   [code:0.001sec] 
 START MC REMAIN AMOUNT     [u,t] 

 
 
 
-35.0 
 
 
-70.0 
3407 
 
 
 
 
 
0 
 
 
 

 

 
    POS. : DISPERSED (G113) 

 Address Attri. Talk items Set value  
 H 

W 
X 
Y 
Z 
U 
V 
I 
J 
K 
B 
C 
P 
Q 
R 
L 
A 
D 
S 
T 

/ 
/ 
* 
* 
* 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 

 PLANE        (1:X-Y,2:Z-X,3:Y-Z) 
 WORK CORD. SYSTEM 
 START CORD.         X AXIS [u,t] 
    (ABS)            Y AXIS [u,t] 
                     Z AXIS [u,t] 
    No.2 HOLE (ABS)  I AXIS [u,t] 
                    II AXIS [u,t] 
    No.3 HOLE (ABS)  I AXIS [u,t] 
                    II AXIS [u,t] 
    No.4 HOLE (ABS)  I AXIS [u,t] 
                    II AXIS [u,t] 
    No.5 HOLE (ABS)  I AXIS [u,t] 
                    II AXIS [u,t] 
    No.6 HOLE (ABS)  I AXIS [u,t] 
                    II AXIS [u,t] 
 ANGLE INDEX   (C AXIS,INDEX,DH) 
   INDEX ANGLE             [deg] 
   ELECT. ROT. OFFSET      (1:ON) 
   C AXIS SYNC PATTERN   (1:ON) 
 OPPOSITE                  (1:ON) 

 
 
20.0 
30.0 
5.0 
40.0 
30.0 
60.0 
30.0 
 

 

 

Electrode: Cu pipe 
           Diameter 2.0mm 
 
Workpiece: SKD-11 
           Thickness 20mm 

Thickness + (thickness 
× wear ratio + 5.0 

Obtain from possible 
electrode length. 

Select jump OFF. 
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12. FINE-HOLE MACHINING METHOD BY USING ELECTRODE DRESSING 

 

The The The The "Electrode dressing "Electrode dressing "Electrode dressing "Electrode dressing macro programmacro programmacro programmacro program""""    and thand thand thand the rotary head are required to ue rotary head are required to ue rotary head are required to ue rotary head are required to utiliztiliztiliztilize the fine e the fine e the fine e the fine 

hole machining method by the electrode dressing described in this section. The hole machining method by the electrode dressing described in this section. The hole machining method by the electrode dressing described in this section. The hole machining method by the electrode dressing described in this section. The ““““Electrode Electrode Electrode Electrode 

dressing macrodressing macrodressing macrodressing macro    programprogramprogramprogram””””    and rotary headand rotary headand rotary headand rotary head    areareareare    optional, and therefore it is not supplied as optional, and therefore it is not supplied as optional, and therefore it is not supplied as optional, and therefore it is not supplied as 

standard.standard.standard.standard.    

 

CONTENTS 

                                                        Page 

12.1 Electrode････････････････････････････････････････････････････････ 1 2 － 2  

12.2 Electrode Dressing Method････････････････････････････････････････ 1 2 － 2  

12.3 Setup････････････････････････････････････････････････････････････ 1 2 － 3  

12.4 Input of Electrode Dressing Macro Program (O9020)････････････････ 1 2 － 4  

12.5 Electrode Dressing Macro (O9020) Model Talk Items････････････････ 1 2 － 4  

12.6 Machining Data during Dressing and Its Change Method･････････････ 1 2 － 6  

12.7 Applications of Electrode Dressing･････････････････････････････････ 1 2 － 7  

12.8 Fine Hole Machining Method by Dressed Electrode･･････････････････ 1 2 －13  

12.9 Input of Fine Shape Machining Macro Program (O9010)･････････････ 1 2 －13  

12.10 Fine Sharp Machining Macro  Model Talk Item (O9010)･････････････ 1 2 －14  

12.11  Applications of Fine Hole Machining by Dressed Electrode･････････････ 1 2 －17  

12.12 In Case of Faulty Machining･･･････････････････････････････････････ 1 2 －20  

12.13 Macro Programs･･････････････････････････････････････････････････ 1 2 －21  

12.14 Electrode Dressing Conditions･････････････････････････････････････ 1 2 －22  

12.15 Fine Hole Machining Conditions for Dressed Electrodes･････････････ 1 2 －23  

MINPULS



 

12 - 2 

12.1  Electrode 

FineFineFineFine    hole machining by electrode dressinghole machining by electrode dressinghole machining by electrode dressinghole machining by electrode dressing    requires a stick electrode for requires a stick electrode for requires a stick electrode for requires a stick electrode for the the the the fine hole machining fine hole machining fine hole machining fine hole machining 

and a plate electrode for dressing.and a plate electrode for dressing.and a plate electrode for dressing.and a plate electrode for dressing.    

    

・ For the electrodes For the electrodes For the electrodes For the electrodes used used used used for fine hole for fine hole for fine hole for fine hole 

machining, machining, machining, machining, wherewherewherewhere    toughness and less wear toughness and less wear toughness and less wear toughness and less wear 

are required, use silver tungsten or copper are required, use silver tungsten or copper are required, use silver tungsten or copper are required, use silver tungsten or copper 

tungsten.tungsten.tungsten.tungsten.    

                            Silver tungsten rod Silver tungsten rod Silver tungsten rod Silver tungsten rod     

                            TTTTungsten rodungsten rodungsten rodungsten rod    

・ For the electrodesFor the electrodesFor the electrodesFor the electrodes    usedusedusedused    for dressing,for dressing,for dressing,for dressing,    useuseuseuse    

silver tungsten or copper tungstensilver tungsten or copper tungstensilver tungsten or copper tungstensilver tungsten or copper tungsten    

wwwwith a flat surfaceith a flat surfaceith a flat surfaceith a flat surface....    

Silver tungsten plateSilver tungsten plateSilver tungsten plateSilver tungsten plate    

Copper tungsten plateCopper tungsten plateCopper tungsten plateCopper tungsten plate    

 

    Copper Copper Copper Copper ttttungsten rod ungsten rod ungsten rod ungsten rod     

    

    

    

    

    

    

    

    

    

 

12.2  Electrode Dressing Method    

The The The The "Electrode dressin"Electrode dressin"Electrode dressin"Electrode dressing macrog macrog macrog macro    program program program program """"(O9020) for the electrode dressing is used. (O9020) for the electrode dressing is used. (O9020) for the electrode dressing is used. (O9020) for the electrode dressing is used.     

A program can be easily created through talk input. The bar electrode is dressed to have steps A program can be easily created through talk input. The bar electrode is dressed to have steps A program can be easily created through talk input. The bar electrode is dressed to have steps A program can be easily created through talk input. The bar electrode is dressed to have steps 

as shown in the following figure to ensure rigidity.as shown in the following figure to ensure rigidity.as shown in the following figure to ensure rigidity.as shown in the following figure to ensure rigidity.    

    

    

 

 

 

 

ø1 silver tungsten stick electrode Copper tungsten plate electrode for dressing 

Electrode (AgW) 

Electrode rotation 

Machining direction 

Pattern radius 

Dressing electrode (AgW)  

Z : Dressing radius 

Y : Increment to next process 

Fine hole electrode after dressing 
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12.3  Setup    

Perform the setup work byPerform the setup work byPerform the setup work byPerform the setup work by    referring to the following figure and the procedure referring to the following figure and the procedure referring to the following figure and the procedure referring to the following figure and the procedure ①①①①    to to to to ⑥⑥⑥⑥    

 

    

    

    

    

    

    

    

    

    

①①①①    Install the electrode for dressing with its parallel and vertical alignments established.Install the electrode for dressing with its parallel and vertical alignments established.Install the electrode for dressing with its parallel and vertical alignments established.Install the electrode for dressing with its parallel and vertical alignments established.    

②②②②    Clamp the workpiece with a vise, etcClamp the workpiece with a vise, etcClamp the workpiece with a vise, etcClamp the workpiece with a vise, etc    

③③③③    Attach the fine hole machining electrode to the spindle through a collet, etc. Large runAttach the fine hole machining electrode to the spindle through a collet, etc. Large runAttach the fine hole machining electrode to the spindle through a collet, etc. Large runAttach the fine hole machining electrode to the spindle through a collet, etc. Large run----out out out out 

of electrode will aof electrode will aof electrode will aof electrode will affect adversely the machining time or dressing accuracy. Attach the ffect adversely the machining time or dressing accuracy. Attach the ffect adversely the machining time or dressing accuracy. Attach the ffect adversely the machining time or dressing accuracy. Attach the 

electrode so that its runelectrode so that its runelectrode so that its runelectrode so that its run----out is as less as possible by referring to the procedureout is as less as possible by referring to the procedureout is as less as possible by referring to the procedureout is as less as possible by referring to the procedures.s.s.s.    

  ＜Run-out eliminating procedure＞    

④④④④    Rotate the rotary head at the maximum speed.Rotate the rotary head at the maximum speed.Rotate the rotary head at the maximum speed.Rotate the rotary head at the maximum speed.    

    

    

    

    

    

    

⑤⑤⑤⑤    Pinch the electrode with your hand as shown in the right figure, Pinch the electrode with your hand as shown in the right figure, Pinch the electrode with your hand as shown in the right figure, Pinch the electrode with your hand as shown in the right figure, 

and slide your hand vertically by adding a force so as and slide your hand vertically by adding a force so as and slide your hand vertically by adding a force so as and slide your hand vertically by adding a force so as to allowto allowto allowto allow    the the the the 

electrode electrode electrode electrode to bow to bow to bow to bow a little.a little.a little.a little.    

⑥⑥⑥⑥    Slowly get your hand off the electrode, and check visually the Slowly get your hand off the electrode, and check visually the Slowly get your hand off the electrode, and check visually the Slowly get your hand off the electrode, and check visually the 

runrunrunrun----out.out.out.out.    In case of a large In case of a large In case of a large In case of a large runrunrunrun----out, repeat the steps out, repeat the steps out, repeat the steps out, repeat the steps ⑤⑤⑤⑤    and and and and ⑥⑥⑥⑥....    

The electrode overhang length should be constant, usually The electrode overhang length should be constant, usually The electrode overhang length should be constant, usually The electrode overhang length should be constant, usually aboutaboutaboutabout    5 to 10 mm. Varying overhang 5 to 10 mm. Varying overhang 5 to 10 mm. Varying overhang 5 to 10 mm. Varying overhang 

length causes a dispersion of electrode finish diameter.length causes a dispersion of electrode finish diameter.length causes a dispersion of electrode finish diameter.length causes a dispersion of electrode finish diameter.    

About 
5 to 10 mm 

F11
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12.4  Input of Electrode Dressing Macro Program (O9020) 

Call Call Call Call ““““G105 (PAG105 (PAG105 (PAG105 (PACKAGE)CKAGE)CKAGE)CKAGE)””””    from the Machining Menu, and perform talk input.from the Machining Menu, and perform talk input.from the Machining Menu, and perform talk input.from the Machining Menu, and perform talk input.    

    

 

    

    

Address Attri. Take items Description Input range 

O ＊ CALL PROGRAM NO. 9020  

N ／ P.MODEL COMBINATION (1:NO USE) Enter “1” when position model is not used 1 

X ＊ START POINT   X AXIS      [mm] Program start point X AXIS  

Y ＊                 Y AXIS      [mm] Program start point Y AXIS  

Z ／ TARGET DRESSING LENGTH   [mm] Target dressing length R×50times or less 

R ／ TARGET FINISH DIAMETER   [mm] Target finish diameter 0.06-1.0 

I ／ START OF PROCESS NO. Start of process No. 1-10 

J ／ END   OF PROCESS NO. End of process No. 1-10 

T ／ REPETATIONS IN 10TH PROCESS Repetitions in 10th process 1-100 

L ／ DRESSING DIRECTION Specify the approach direction to the dressing electrode. 1-4 

A ／ SHIFT OF ELECTRODE CENTER [mm] Shift amount of electrode center position  

B ／ SHIFT OF DRESSING LENGTH  [mm] Shift amount of electrode dressing length  

M ／ SPINDLE ROTATION        [CODE] Specify the spindle rotation speed during the dressing 1-15 

    

12.5  Electrode Dressing Macro (O9020) Model Talk Items 

                O:* CALL PORGRAM NO. 

                                            Enter O number of macro stored.  Enter the [9020].Enter O number of macro stored.  Enter the [9020].Enter O number of macro stored.  Enter the [9020].Enter O number of macro stored.  Enter the [9020].    

    

N:/ P.MODEL COMBINATION (1:NO USE) 

Enter Enter Enter Enter ““““1111””””    if the position model is not used and only O9020 is used for the machining.if the position model is not used and only O9020 is used for the machining.if the position model is not used and only O9020 is used for the machining.if the position model is not used and only O9020 is used for the machining.    

When When When When position modelposition modelposition modelposition model    is usedis usedis usedis used, set to e, set to e, set to e, set to emptymptymptympty....    

    

Z, R:/ TARGET DRESSING LENGTH, TARGET FINISH DIAMETER 

Use these items for automatic setting of electrode dressing data. If Z and R are Use these items for automatic setting of electrode dressing data. If Z and R are Use these items for automatic setting of electrode dressing data. If Z and R are Use these items for automatic setting of electrode dressing data. If Z and R are 

entered, the machining data is automatically written to the offset No.31 entered, the machining data is automatically written to the offset No.31 entered, the machining data is automatically written to the offset No.31 entered, the machining data is automatically written to the offset No.31 ----    99999. (See 9. (See 9. (See 9. (See 

SectioSectioSectioSection 1n 1n 1n 12222.6)  As default, no data is written. It will be convenient that the model .6)  As default, no data is written. It will be convenient that the model .6)  As default, no data is written. It will be convenient that the model .6)  As default, no data is written. It will be convenient that the model 

data is written once and then corrected later, even if the data is set manually. Entry data is written once and then corrected later, even if the data is set manually. Entry data is written once and then corrected later, even if the data is set manually. Entry data is written once and then corrected later, even if the data is set manually. Entry 

of a value less than 0.06 for the finish diameter, or a value exceeding 50 tiof a value less than 0.06 for the finish diameter, or a value exceeding 50 tiof a value less than 0.06 for the finish diameter, or a value exceeding 50 tiof a value less than 0.06 for the finish diameter, or a value exceeding 50 times of R for mes of R for mes of R for mes of R for 

the dressing length the dressing length the dressing length the dressing length will will will will cause an alarm.cause an alarm.cause an alarm.cause an alarm. 

F 2

MDI 
RUN 
   L 3

RUN 

 OR 
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L:/    DRESSING DIRECTION 

Specify the approach direction to the dressing electrode.Specify the approach direction to the dressing electrode.Specify the approach direction to the dressing electrode.Specify the approach direction to the dressing electrode.    

L = 1 : L = 1 : L = 1 : L = 1 : ----X directionX directionX directionX direction    

L = 2 : L = 2 : L = 2 : L = 2 : ----Y directionY directionY directionY direction    

L = 3 : L = 3 : L = 3 : L = 3 : +X direction+X direction+X direction+X direction    

L = 4 : L = 4 : L = 4 : L = 4 : +Y direction+Y direction+Y direction+Y direction    

    

As dAs dAs dAs default, the approach is made in efault, the approach is made in efault, the approach is made in efault, the approach is made in ----X direction (L = 1).X direction (L = 1).X direction (L = 1).X direction (L = 1).    

 

T:/  REPETITIONS IN 10TH PROCESS    

The same command can be repeated for the 10th process only. By specifying The same command can be repeated for the 10th process only. By specifying The same command can be repeated for the 10th process only. By specifying The same command can be repeated for the 10th process only. By specifying this this this this 

item,item,item,item,    the the the the dispersion of dispersion of dispersion of dispersion of the the the the electrode diameter due to the wear of electrode diameter due to the wear of electrode diameter due to the wear of electrode diameter due to the wear of the the the the dressing dressing dressing dressing 

electrode electrode electrode electrode can be reduced. Use this can be reduced. Use this can be reduced. Use this can be reduced. Use this withwithwithwith    machining conditions such as E9590machining conditions such as E9590machining conditions such as E9590machining conditions such as E9590,,,,    in in in in 

which the electrode wearwhich the electrode wearwhich the electrode wearwhich the electrode wear    is highis highis highis high....    

    

I, J:/ START OF PROCESS NO., END OF PROCESS NO. 

Use this when starting Use this when starting Use this when starting Use this when starting or ending or ending or ending or ending the the the the electrode electrode electrode electrode dressing dressing dressing dressing atatatat    mid processmid processmid processmid process. Even if . Even if . Even if . Even if the the the the 

electrode electrode electrode electrode dressing dressing dressing dressing iiiis s s s started from started from started from started from mid processmid processmid processmid process, the dressing position , the dressing position , the dressing position , the dressing position will be thewill be thewill be thewill be the    same same same same 

as when it is started from the first process.as when it is started from the first process.as when it is started from the first process.as when it is started from the first process.    

    

A, B:/ SHIFT OF ELECTRODE CENTER, SHIFT OF DRESSING LENGTH 

The electrode center position and dressing length of the electroThe electrode center position and dressing length of the electroThe electrode center position and dressing length of the electroThe electrode center position and dressing length of the electrode dressing data (sde dressing data (sde dressing data (sde dressing data (see ee ee ee 

Section 1Section 1Section 1Section 12222.6) can be corrected..6) can be corrected..6) can be corrected..6) can be corrected.    

Use this to adjust the electrode diameter or the dressing length.Use this to adjust the electrode diameter or the dressing length.Use this to adjust the electrode diameter or the dressing length.Use this to adjust the electrode diameter or the dressing length.    

    

M:/ SPINDLE ROTATION    

Using a code, specify the Using a code, specify the Using a code, specify the Using a code, specify the spindlespindlespindlespindle    rotating speed during the dressing. Normally, rotating speed during the dressing. Normally, rotating speed during the dressing. Normally, rotating speed during the dressing. Normally, 

specify specify specify specify ““““15151515””””....    

Dressing electrode 
L=2 

L=4 

L=3 L=1 -Y 

+Y 
-X +X 

Machining electrode 

+Y 

+X 
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12.6  Machining Data during Dressing and Its Change Method 

If the “TARGET DRESSING LENGTH Z” and “TARGET FINISH DIAMETER R” are entered, If the “TARGET DRESSING LENGTH Z” and “TARGET FINISH DIAMETER R” are entered, If the “TARGET DRESSING LENGTH Z” and “TARGET FINISH DIAMETER R” are entered, If the “TARGET DRESSING LENGTH Z” and “TARGET FINISH DIAMETER R” are entered, 

the machining data for electrode dressing are automatically created, and it is set on the “NC the machining data for electrode dressing are automatically created, and it is set on the “NC the machining data for electrode dressing are automatically created, and it is set on the “NC the machining data for electrode dressing are automatically created, and it is set on the “NC 

SET” SET” SET” SET” orororor    “OFFSET” screen. By correcting this “OFFSET” screen. By correcting this “OFFSET” screen. By correcting this “OFFSET” screen. By correcting this data manually on scdata manually on scdata manually on scdata manually on screenreenreenreen, the machining can , the machining can , the machining can , the machining can be be be be 

adjustedadjustedadjustedadjusted    finelyfinelyfinelyfinely. If this data was corrected, execute the dressing with the “TARGET DRESSING . If this data was corrected, execute the dressing with the “TARGET DRESSING . If this data was corrected, execute the dressing with the “TARGET DRESSING . If this data was corrected, execute the dressing with the “TARGET DRESSING 

LENGTH Z” and “TARGET FINISH DIAMETER R” items left blank. Otherwise, LENGTH Z” and “TARGET FINISH DIAMETER R” items left blank. Otherwise, LENGTH Z” and “TARGET FINISH DIAMETER R” items left blank. Otherwise, LENGTH Z” and “TARGET FINISH DIAMETER R” items left blank. Otherwise, if itemsif itemsif itemsif items    not set not set not set not set 

empty and run dressingempty and run dressingempty and run dressingempty and run dressing, the data is changed and th, the data is changed and th, the data is changed and th, the data is changed and the correction becomes ineffective.e correction becomes ineffective.e correction becomes ineffective.e correction becomes ineffective.    

    

    

    

    

        ＜＜＜＜Input example in the case of finish diameter 0.06Input example in the case of finish diameter 0.06Input example in the case of finish diameter 0.06Input example in the case of finish diameter 0.06＞＞＞＞    

Process 
M/C 
condition 

Electrode 
Center 
position 

Dressing 
length 

Servo 
speed 

Pattern 
radius 

Pattern 
speed 

Increment 
to next 
process 

1 (31)7339 (41)0.150 (51)6.5 (61)2.2 (71)400 (81)20.0 (91)1.2 

2 (32)7338 (42)0.140 (52)6.0 (62)2.2 (72)200 (82)10.0 (92)0.7 

3 (33)7337 (43)0.120 (53)5.5 (63)3.3 (73)150 (83)7.0 (93)0.4 

4 (34)7335 (44)0.085 (54)5.0 (64)5.5 (74)50 (84)1.0 (94)0.3 

5 (35)7333 (45)0.070 (55)4.5 (65)5.5 (75)50 (85)1.0 (95)0.3 

6 (36)7332 (46)0.060 (56)3.8 (66)5.5 (76)40 (86)0.5 (96)0.3 

7 (37)7331 (47)0.047 (57)3.3 (67)5.5 (77)30 (87)0.5 (97)0.3 

8 (38)7330 (48)0.035 (58)3.0 (68)5.5 (78)20 (88)0.5 (98)0.3 

9 (39) (49) (59) (69) (79) (89) (99) 

10 (40) (50) (60) (70) (80) (90) (100) Note1Note1Note1Note1 

Note 1 : There is no offset number (100). It is assumed same as data (99).Note 1 : There is no offset number (100). It is assumed same as data (99).Note 1 : There is no offset number (100). It is assumed same as data (99).Note 1 : There is no offset number (100). It is assumed same as data (99).    

Note 2 : Input of “0” in the machining condition field, executes positioning, but machining is Note 2 : Input of “0” in the machining condition field, executes positioning, but machining is Note 2 : Input of “0” in the machining condition field, executes positioning, but machining is Note 2 : Input of “0” in the machining condition field, executes positioning, but machining is 

omitted.omitted.omitted.omitted.    

OFFSET 

L 1F 8

NC SET 
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12.7  Applications of Electrode Dressing    

Example: If the electrode diameter is dressed in to Example: If the electrode diameter is dressed in to Example: If the electrode diameter is dressed in to Example: If the electrode diameter is dressed in to øøøø    0.10.10.10.1    

First, dress preliminarily the First, dress preliminarily the First, dress preliminarily the First, dress preliminarily the øøøø    1 electrode blank into 1 electrode blank into 1 electrode blank into 1 electrode blank into øøøø    0.5 electrode, and correct the dressing 0.5 electrode, and correct the dressing 0.5 electrode, and correct the dressing 0.5 electrode, and correct the dressing 

dimension and perform the centering of the workpiece.dimension and perform the centering of the workpiece.dimension and perform the centering of the workpiece.dimension and perform the centering of the workpiece.    

    

(1)(1)(1)(1)     Measure the thickness (Measure the thickness (Measure the thickness (Measure the thickness (““““tttt””””    in the followingin the followingin the followingin the following    figure) offigure) offigure) offigure) of    the the the the dressing electrode with a dressing electrode with a dressing electrode with a dressing electrode with a 

micrometer. In this example, the plate thickness t = 10.0 mm. Then, install the dressing micrometer. In this example, the plate thickness t = 10.0 mm. Then, install the dressing micrometer. In this example, the plate thickness t = 10.0 mm. Then, install the dressing micrometer. In this example, the plate thickness t = 10.0 mm. Then, install the dressing 

electrode in parallel direction with the Y axis.electrode in parallel direction with the Y axis.electrode in parallel direction with the Y axis.electrode in parallel direction with the Y axis.    

    

    

    

    

    

    

    

    

(2)(2)(2)(2) Attach the Attach the Attach the Attach the øøøø1.0 electrode blank to the spindle, overhanging 51.0 electrode blank to the spindle, overhanging 51.0 electrode blank to the spindle, overhanging 51.0 electrode blank to the spindle, overhanging 5    to 10 mm from the spindle to 10 mm from the spindle to 10 mm from the spindle to 10 mm from the spindle 

nose.nose.nose.nose.    

    

(3) (3) (3) (3) Change the coordinate system to Change the coordinate system to Change the coordinate system to Change the coordinate system to ““““G55G55G55G55””””....    

    

    

    

    

(4) (4) (4) (4) Rotate the spindle at the maximum speed.Rotate the spindle at the maximum speed.Rotate the spindle at the maximum speed.Rotate the spindle at the maximum speed.    

    

    

    

    

(5) (5) (5) (5) Make the spindle electrode touchMake the spindle electrode touchMake the spindle electrode touchMake the spindle electrode touch----sensed sensed sensed sensed onononon    the top face of the unused surface of the the top face of the unused surface of the the top face of the unused surface of the the top face of the unused surface of the 

dressing electroddressing electroddressing electroddressing electrode to set the workpiece origin in the Y and Z axis.e to set the workpiece origin in the Y and Z axis.e to set the workpiece origin in the Y and Z axis.e to set the workpiece origin in the Y and Z axis.    

    

    

    

    

    

５ ５ 
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Then, perform the centering of the spindle electrode and dressing electrode by using the Then, perform the centering of the spindle electrode and dressing electrode by using the Then, perform the centering of the spindle electrode and dressing electrode by using the Then, perform the centering of the spindle electrode and dressing electrode by using the 

Measuring Menu Measuring Menu Measuring Menu Measuring Menu ““““G122 (PLATE/COLUMN)G122 (PLATE/COLUMN)G122 (PLATE/COLUMN)G122 (PLATE/COLUMN)””””    or the method given below. or the method given below. or the method given below. or the method given below.     

    

(6) (6) (6) (6) Make the spindle electrMake the spindle electrMake the spindle electrMake the spindle electrode touchode touchode touchode touch----sensed to the unused surface sensed to the unused surface sensed to the unused surface sensed to the unused surface 

of the dressing electrode in +X direction (see the right figure). of the dressing electrode in +X direction (see the right figure). of the dressing electrode in +X direction (see the right figure). of the dressing electrode in +X direction (see the right figure). 

Set the work coordinate of X axis at the touchSet the work coordinate of X axis at the touchSet the work coordinate of X axis at the touchSet the work coordinate of X axis at the touch----sensed sensed sensed sensed 

position.position.position.position.    

    

    

    

(7) (7) (7) (7) Move the spindle electrode Move the spindle electrode Move the spindle electrode Move the spindle electrode above the dressingabove the dressingabove the dressingabove the dressing    electrode. Make electrode. Make electrode. Make electrode. Make 

the spindlthe spindlthe spindlthe spindle electrode touche electrode touche electrode touche electrode touch----sensed in sensed in sensed in sensed in ----X direction (see the X direction (see the X direction (see the X direction (see the 

right figure). Set the work coordinate of X/2 at the right figure). Set the work coordinate of X/2 at the right figure). Set the work coordinate of X/2 at the right figure). Set the work coordinate of X/2 at the 

touchtouchtouchtouch----sensed position.sensed position.sensed position.sensed position.    

    

    

    

At this time, the electrode rotation center coincides with the end face of dressing electrode. At this time, the electrode rotation center coincides with the end face of dressing electrode. At this time, the electrode rotation center coincides with the end face of dressing electrode. At this time, the electrode rotation center coincides with the end face of dressing electrode. 

This position remains unchangedThis position remains unchangedThis position remains unchangedThis position remains unchanged    even if the electrode was replaced; therefore it will be even if the electrode was replaced; therefore it will be even if the electrode was replaced; therefore it will be even if the electrode was replaced; therefore it will be 

convenient to save this coordinates when continuing convenient to save this coordinates when continuing convenient to save this coordinates when continuing convenient to save this coordinates when continuing electrode formingelectrode formingelectrode formingelectrode forming....    

        

(8) (8) (8) (8) In the MDI RUN mode, move the spindle electrode to the X (t/2) In the MDI RUN mode, move the spindle electrode to the X (t/2) In the MDI RUN mode, move the spindle electrode to the X (t/2) In the MDI RUN mode, move the spindle electrode to the X (t/2) 

position (X5.0 coordinate if thickness t = 10.0mm), and sposition (X5.0 coordinate if thickness t = 10.0mm), and sposition (X5.0 coordinate if thickness t = 10.0mm), and sposition (X5.0 coordinate if thickness t = 10.0mm), and set the et the et the et the 

workpiece origin in the X axis. By this operation, the electrode workpiece origin in the X axis. By this operation, the electrode workpiece origin in the X axis. By this operation, the electrode workpiece origin in the X axis. By this operation, the electrode 

rotation center coincides with the end surface of the dressing rotation center coincides with the end surface of the dressing rotation center coincides with the end surface of the dressing rotation center coincides with the end surface of the dressing 

electrode.electrode.electrode.electrode.    

This position remains unchanged even if the electrode was replaced, This position remains unchanged even if the electrode was replaced, This position remains unchanged even if the electrode was replaced, This position remains unchanged even if the electrode was replaced, 

and therefore this coordinates can be usedand therefore this coordinates can be usedand therefore this coordinates can be usedand therefore this coordinates can be used    as they are for the as they are for the as they are for the as they are for the 

dressing of the next electrode. It will be convenient to save this dressing of the next electrode. It will be convenient to save this dressing of the next electrode. It will be convenient to save this dressing of the next electrode. It will be convenient to save this 

coordinates during the fine hole machining with the dressed coordinates during the fine hole machining with the dressed coordinates during the fine hole machining with the dressed coordinates during the fine hole machining with the dressed 

electrode.electrode.electrode.electrode.    
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G105: Select the PACKAGEG105: Select the PACKAGEG105: Select the PACKAGEG105: Select the PACKAGE    

    

    

    

    

    

    

(9) (9) (9) (9) Keep the spindle electrode off the dressing electrode, and fill thKeep the spindle electrode off the dressing electrode, and fill thKeep the spindle electrode off the dressing electrode, and fill thKeep the spindle electrode off the dressing electrode, and fill the work tank with e work tank with e work tank with e work tank with circulatcirculatcirculatcirculatinginginging    

dielectric fluid.dielectric fluid.dielectric fluid.dielectric fluid.    

    

(10) (10) (10) (10) From the G105: PACKAGE, call the talk screen and create the machining blocksFrom the G105: PACKAGE, call the talk screen and create the machining blocksFrom the G105: PACKAGE, call the talk screen and create the machining blocksFrom the G105: PACKAGE, call the talk screen and create the machining blocks    

    

    

    

    

    

    

    

 

 

With the called model talk menu, enter the items as shown below.With the called model talk menu, enter the items as shown below.With the called model talk menu, enter the items as shown below.With the called model talk menu, enter the items as shown below.    

MACHINING - G105 : PACKAGE 
Address Attri. Talk Items Set Value 

O 
N 
X 
Y 
Z 
R 
I 
J 
T 
L 
A 
B 
M 

* 
/ 
* 
* 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 

CALL PROGRAM NO. 
P.MODEL COMBINATION       (1:NO USE) 
STRAT POSITION    X AXIS      [mm] 
                   Y AXIS     [mm] 
TARGET DRESSING LENGTH         [mm] 
TARGET FINISH DIAMETER         [mm] 
START OF PROCESS NO. 
END OF PROCESS NO. 
REPETITIONS IN 10TH PROCESS 
DRESSING DIRECTION 
SHIFT OF ELECTRODE CENTER      [mm] 
SHIFT OF DRESSING LENGTH       [mm] 
SPINDLE ROTATION             [CODE] 

9020 
1 
0 
0 
5.0 
0.5 

 
 
 
 
 
 
15 

Add blocks and press the START button.Add blocks and press the START button.Add blocks and press the START button.Add blocks and press the START button.    

    

    

    

    

F 2
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STARTSTARTSTARTSTART    

    

ENTERENTERENTERENTER    
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(11) (11) (11) (11) A discharge with the undressed electrode may be unstable due to the eccentricity or large A discharge with the undressed electrode may be unstable due to the eccentricity or large A discharge with the undressed electrode may be unstable due to the eccentricity or large A discharge with the undressed electrode may be unstable due to the eccentricity or large 

deflection of the edeflection of the edeflection of the edeflection of the electrode. In such a case, open the machining condition screen and set the lectrode. In such a case, open the machining condition screen and set the lectrode. In such a case, open the machining condition screen and set the lectrode. In such a case, open the machining condition screen and set the 

EXE. CONDITIONEXE. CONDITIONEXE. CONDITIONEXE. CONDITION    ““““SERVO ADJ.SERVO ADJ.SERVO ADJ.SERVO ADJ.””””    to to to to larger than standard value, and then observe the larger than standard value, and then observe the larger than standard value, and then observe the larger than standard value, and then observe the 

discharge for a while. When the entire electrode can discharge evenly, return gradually the discharge for a while. When the entire electrode can discharge evenly, return gradually the discharge for a while. When the entire electrode can discharge evenly, return gradually the discharge for a while. When the entire electrode can discharge evenly, return gradually the 

set value set value set value set value to to to to the the the the original value to finish the electrode. (For the details of original value to finish the electrode. (For the details of original value to finish the electrode. (For the details of original value to finish the electrode. (For the details of servo adjustment, servo adjustment, servo adjustment, servo adjustment, 

see Section 1see Section 1see Section 1see Section 12222.12).12).12).12)    

    

    

    

(12) (12) (12) (12) After the dressing After the dressing After the dressing After the dressing is is is is finished, finished, finished, finished, take out take out take out take out thethethethe    electrode electrode electrode electrode holderholderholderholder，，，，and and and and mmmmeasure easure easure easure the the the the electrodeelectrodeelectrodeelectrode    

diameter with diameter with diameter with diameter with a projector or a projector or a projector or a projector or a microscope, eta microscope, eta microscope, eta microscope, etc.c.c.c.    If If If If it is it is it is it is not finished to the required electrode not finished to the required electrode not finished to the required electrode not finished to the required electrode 

diameter, rediameter, rediameter, rediameter, re----dress the electrode through the following proceduredress the electrode through the following proceduredress the electrode through the following proceduredress the electrode through the following proceduressss....    

    

ExExExExample:ample:ample:ample:    If the electrode is dressed to If the electrode is dressed to If the electrode is dressed to If the electrode is dressed to φφφφ0.0.0.0.510510510510    against the target diaagainst the target diaagainst the target diaagainst the target dia....    0.50.50.50.5        

(A)(A)(A)(A)     Replace the electrode with a new one or remove the tip of tReplace the electrode with a new one or remove the tip of tReplace the electrode with a new one or remove the tip of tReplace the electrode with a new one or remove the tip of the electrode with he electrode with he electrode with he electrode with 

φφφφ0.510.The tip portion can be easily removed without replacing the steps and 0.510.The tip portion can be easily removed without replacing the steps and 0.510.The tip portion can be easily removed without replacing the steps and 0.510.The tip portion can be easily removed without replacing the steps and 

discharging on upper surface of the dressing electrode by usingdischarging on upper surface of the dressing electrode by usingdischarging on upper surface of the dressing electrode by usingdischarging on upper surface of the dressing electrode by using    dressing conditions dressing conditions dressing conditions dressing conditions 

(Section 1(Section 1(Section 1(Section 12222.14)..14)..14)..14).    

    

    

    

    

(B)(B)(B)(B)     Enter Enter Enter Enter ----0.005, which is obtained by converting the symbo0.005, which is obtained by converting the symbo0.005, which is obtained by converting the symbo0.005, which is obtained by converting the symbol at half of electrode l at half of electrode l at half of electrode l at half of electrode 

radius error, in item A: SHIFT OF ELECTRODE CENTER in the Electrode radius error, in item A: SHIFT OF ELECTRODE CENTER in the Electrode radius error, in item A: SHIFT OF ELECTRODE CENTER in the Electrode radius error, in item A: SHIFT OF ELECTRODE CENTER in the Electrode 

Dressing Macro Program. Use unused forming surface by shifting the item A: Dressing Macro Program. Use unused forming surface by shifting the item A: Dressing Macro Program. Use unused forming surface by shifting the item A: Dressing Macro Program. Use unused forming surface by shifting the item A: 

Program start point Y AXIS.Program start point Y AXIS.Program start point Y AXIS.Program start point Y AXIS.    

MACHINING - G105 : PACKAGE 
Address Attrib. Talk Items Set Value 

O 
N 
X 
Y 
Z 
R 
I 
J 
T 
L 
A 
B 
M 

* 
/ 
* 
* 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 

CALL PROGRAM NO. 
P.MODEL COMBINATION       (1:NO USE) 
STRAT POSITION    X AXIS        [mm] 
                   Y AXIS       [mm] 
TARGET DRESSING LENGTH          [mm] 
TARGET FINISH DIAMETER           [mm] 
START OF PROCESS NO. 
END OF PROCESS NO. 
REPETITIONS IN 10TH PROCESS 
DRESSING DIRECTION 
SHIFT OF ELECTRODE CENTER        [mm] 
SHIFT OF DRESSING LENGTH         [mm] 
SPINDLE ROTATION               [CODE] 

9020 
1 
0 
3.5 
5.0 
0.5 

 
 
 
 

-0.005 
 
15 

(C)(C)(C)(C)     Circulate dielectric fluid to repeat dressing.Circulate dielectric fluid to repeat dressing.Circulate dielectric fluid to repeat dressing.Circulate dielectric fluid to repeat dressing.    

F 6

MACHINING 
SET 
   L 1

COND 
EXE. CONDITION 

"SERVO_ADJ." 

EXECUTE 
CONDITION 

   L 7

φ0.510 

Dressing electrode 

Move to unused  

dressing surface 

 

Offset 
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G105: Select the PACKAGE 

Also, dAlso, dAlso, dAlso, dimensions of the electrode can be adjusted imensions of the electrode can be adjusted imensions of the electrode can be adjusted imensions of the electrode can be adjusted by changing the machining data by changing the machining data by changing the machining data by changing the machining data 

““““ElectrElectrElectrElectrode Center Positionode Center Positionode Center Positionode Center Position””””    (section 12.(section 12.(section 12.(section 12.6) on the 6) on the 6) on the 6) on the ““““OffsetOffsetOffsetOffset””””    screenscreenscreenscreen, note that the , note that the , note that the , note that the 

changes made so far are overwritten unless the program is started with the talk items Z and changes made so far are overwritten unless the program is started with the talk items Z and changes made so far are overwritten unless the program is started with the talk items Z and changes made so far are overwritten unless the program is started with the talk items Z and 

R left blank.R left blank.R left blank.R left blank.    

    

(13) (13) (13) (13) Perform the centering of the preliminarily dressed Perform the centering of the preliminarily dressed Perform the centering of the preliminarily dressed Perform the centering of the preliminarily dressed øøøø    0.5 electrode to 0.5 electrode to 0.5 electrode to 0.5 electrode to the workpiece. The the workpiece. The the workpiece. The the workpiece. The 

reason of why the preliminarily dressed electrode is used for centering is that the target reason of why the preliminarily dressed electrode is used for centering is that the target reason of why the preliminarily dressed electrode is used for centering is that the target reason of why the preliminarily dressed electrode is used for centering is that the target øøøø    

0.1 electrode is deficient in rigidity and the centering is difficult. Select another coordinate 0.1 electrode is deficient in rigidity and the centering is difficult. Select another coordinate 0.1 electrode is deficient in rigidity and the centering is difficult. Select another coordinate 0.1 electrode is deficient in rigidity and the centering is difficult. Select another coordinate 

system such as G56 and set the work coordinate.system such as G56 and set the work coordinate.system such as G56 and set the work coordinate.system such as G56 and set the work coordinate.    

    

    

    

    

    

    

Next, dressNext, dressNext, dressNext, dress    electrode to electrode to electrode to electrode to øøøø0.1. In this example, 0.1. In this example, 0.1. In this example, 0.1. In this example, dressingdressingdressingdressing    is executed is executed is executed is executed with the preliminarilywith the preliminarilywith the preliminarilywith the preliminarily    

dressed dressed dressed dressed øøøø0.5 to get 0.5 to get 0.5 to get 0.5 to get øøøø0.0.0.0.1.1.1.1.    If the electrode is faulty, If the electrode is faulty, If the electrode is faulty, If the electrode is faulty, replace the new bar electrodereplace the new bar electrodereplace the new bar electrodereplace the new bar electrode....    

    

(14) (14) (14) (14) Create the program for dressing. In this example, Create the program for dressing. In this example, Create the program for dressing. In this example, Create the program for dressing. In this example, new prnew prnew prnew proooogramgramgramgram    O10O10O10O10    was createdwas createdwas createdwas created....    

    

    

    

    

    

    

    

    

 

    

    

    

    

    

(15) (15) (15) (15) With the model talk menuWith the model talk menuWith the model talk menuWith the model talk menu    calledcalledcalledcalled, enter the items. Add the blocks, enter the items. Add the blocks, enter the items. Add the blocks, enter the items. Add the blocks, end off by typing, end off by typing, end off by typing, end off by typing    the the the the 

MMMM33330 command and close the file.0 command and close the file.0 command and close the file.0 command and close the file.    

 

９ ２ ０ ０ 

    

ENTERENTERENTERENTER    

Workpiece 

ø 0.5 Dressing electrode 

G56 Origin 

F 5

EDIT 

１ Ｏ ０ 
NEW 

FILE 
B10

MODEL 
PLAN 

B10
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    MACHINING - G105 : PACKAGE 
Address Attrib. Talk Items Set Value 

O 
N 
X 
Y 
Z 
R 
I 
J 
T 
L 
A 
B 
M 

* 
/ 
* 
* 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 

CALL PROGRAM NO. 
P.MODEL COMBINATION               (1:NO USE) 
STRAT POSITION    X AXIS         [mm] 
                   Y AXIS        [mm] 
TARGET DRESSING LENGTH           [mm] 
TARGET FINISH DIAMETER            [mm] 
START OF PROCESS NO. 
END OF PROCESS NO. 
REPETITIONS IN 10TH PROCESS 
DRESSING DIRECTION 
SHIFT OF ELECTRODE CENTER         [mm] 
SHIFT OF DRESSING LENGTH          [mm] 
SPINDLE ROTATION                [CODE] 

9020 
1 
0 
7.0 
4.0 
0.1 

 
 
 
 

 
 
15 

    

((((16161616) Write ) Write ) Write ) Write ““““M30M30M30M30””””    command after adding a block and close the file.command after adding a block and close the file.command after adding a block and close the file.command after adding a block and close the file.    

    

    

    

    

    

(17(17(17(17) ) ) ) Run the created program to dress the electrode toRun the created program to dress the electrode toRun the created program to dress the electrode toRun the created program to dress the electrode to    øøøø    0.1.0.1.0.1.0.1.    

    

    

    

    

    

(18(18(18(18))))    After the dressing After the dressing After the dressing After the dressing is is is is finished, finished, finished, finished, take out take out take out take out thethethethe    electrode electrode electrode electrode holholholholderderderder    and mand mand mand measure easure easure easure the the the the electrodeelectrodeelectrodeelectrode    

diameter with diameter with diameter with diameter with a projector or a projector or a projector or a projector or a microscope, etc.a microscope, etc.a microscope, etc.a microscope, etc.    If it is acceptable, theIf it is acceptable, theIf it is acceptable, theIf it is acceptable, the    electrode dressingelectrode dressingelectrode dressingelectrode dressing    is is is is 

completecompletecompletecomplete....    

BLOCK 
ADD 

B11

MODEL 
END 

B 1

FILE 
CLOSE 

B11

F 2

MEMORY 
RUN 

L 4

RUN 

１ Ｏ ０ 
STARTSTARTSTARTSTART    

３ Ｍ ０ 
    

ENTERENTERENTERENTER    

    

ENTERENTERENTERENTER    

Shortening the 

dressing length 

for 1mm 

Dressing 

electrode 

diameter φ0.1mm 

Move to unused 

dressing surface 
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12.8    Fine Hole Machining Method by Dressed Electrode 

Use the fine shape machining macro program (O9010). The program can be created through talk Use the fine shape machining macro program (O9010). The program can be created through talk Use the fine shape machining macro program (O9010). The program can be created through talk Use the fine shape machining macro program (O9010). The program can be created through talk 

input, where the machining model and the position model are combined, same as usual machining input, where the machining model and the position model are combined, same as usual machining input, where the machining model and the position model are combined, same as usual machining input, where the machining model and the position model are combined, same as usual machining 

programs. For the machining conditions, use excprograms. For the machining conditions, use excprograms. For the machining conditions, use excprograms. For the machining conditions, use exclusive colusive colusive colusive conditions mentioned in Section 1nditions mentioned in Section 1nditions mentioned in Section 1nditions mentioned in Section 12222.15.15.15.15    

    

G105O9010ZG105O9010ZG105O9010ZG105O9010Z----3.0E3.0E3.0E3.0E7347347347343B5.5S0;3B5.5S0;3B5.5S0;3B5.5S0;        …………    Fine shape machining macro (machining model)Fine shape machining macro (machining model)Fine shape machining macro (machining model)Fine shape machining macro (machining model)    

G111X0Y0Z1.0P10.0Q5.0U1V3I1J2;G111X0Y0Z1.0P10.0Q5.0U1V3I1J2;G111X0Y0Z1.0P10.0Q5.0U1V3I1J2;G111X0Y0Z1.0P10.0Q5.0U1V3I1J2;    …………    Line/Grid (position model)Line/Grid (position model)Line/Grid (position model)Line/Grid (position model)    

M30;M30;M30;M30;    

    

    

    

12.9 Input of Fine Shape Machining Macro Program (O9010) 

The fine The fine The fine The fine shape machining macro program is entered through talk input by calling the shape machining macro program is entered through talk input by calling the shape machining macro program is entered through talk input by calling the shape machining macro program is entered through talk input by calling the ““““Machining Machining Machining Machining 

MenuMenuMenuMenu””””    ---->>>>    ““““G105 (PACKAGE)G105 (PACKAGE)G105 (PACKAGE)G105 (PACKAGE)””””....    

    

 

 

Address Attrib. Talk Items Description 

O ＊ CALL PROGRAM NO. 9010 

N ／ P.MODEL COMBINATION      (1:NO USE) “1” if a combination with position model is not be invalid 

X ／ MC DEPTH      X AXIS             [mm] X axis value 

Y ／ Y AXIS               [mm] Y axis value 

Z ／ Z AXIS               [mm] Z axis value 

C ／ C AXIS         [rot/deg] C axis value 

E ／ MC COND. NO. Machining condition number 

B ／        SERVO SPEED    (FOWARD.BACK) Servo axis forward/backward feed rate 

R ／ PATTERN RADIUS                  [mm] Pattern radius (pattern radius in taper machining) 

P ／          MODE/PATTERN Pattern mode, pattern 

A ／          ROT. ANGLE           [0.001deg] Pattern angle 

F ／          CIRCUIT SPEED        [mm/min] Pattern speed 

S ／ JUMP AMOUNT                [code,mm] Jump amount (OFF for “0”) 

T ／        CYCLE             [code,0.001sec] Jump cycle 

U ／       SPEED              [code,mm/min] Jump speed 

I ／       SERVO JUMP AMOUNT        [mm] Servo jump amount 

L ／ MACHINING PARAMETER For details, see Section 12.10 

J ／ TAPER ANGLE                 [0.001deg] Taper machining (taper angle) 

K ／        FEED STEP                  [mm] Taper machining (taper step) 

D ／ PROGRAM NO. INSERTED Program No. inserted 

H ／ TIME CONTROL                     [min] Specify Upper limit time of MC process 

M ／ SPINDLE ROTATION               [code] Specify the spindle rotation speed at machining 

F 5

EDIT 
MODEL 
PLAN 

B10
「G105O9010;」 

MINPULS
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12.10 Fine Sharp Machining Macro  Model Talk Item (O9010) 

O：* CALL PROGRAM NO. 

Enter O number of macro stored. Enter the [9010]Enter O number of macro stored. Enter the [9010]Enter O number of macro stored. Enter the [9010]Enter O number of macro stored. Enter the [9010]    

    

N：/ P.MODEL COMBINATION (1:NO USE) 

Enter Enter Enter Enter ““““1111””””    if multiif multiif multiif multi----workpiece operation by position model is not required and machining is workpiece operation by position model is not required and machining is workpiece operation by position model is not required and machining is workpiece operation by position model is not required and machining is 

executed onexecuted onexecuted onexecuted only with the machining model.ly with the machining model.ly with the machining model.ly with the machining model.    When use position model,When use position model,When use position model,When use position model,    set empty.set empty.set empty.set empty.    

    

L：/ MACHINING PARAMETER 

＊＊１ … Machining stop at end point 

Machining stops at the command value.  (however, MDI mode only)Machining stops at the command value.  (however, MDI mode only)Machining stops at the command value.  (however, MDI mode only)Machining stops at the command value.  (however, MDI mode only)    

＊＊２ … Continuous machining command 

The bottom is machined up to the The bottom is machined up to the The bottom is machined up to the The bottom is machined up to the specified value with pattern OFF and enlarge pattern specified value with pattern OFF and enlarge pattern specified value with pattern OFF and enlarge pattern specified value with pattern OFF and enlarge pattern 

machining is executed only if the enlarge pattern (P2****) is specified in the pattern machining is executed only if the enlarge pattern (P2****) is specified in the pattern machining is executed only if the enlarge pattern (P2****) is specified in the pattern machining is executed only if the enlarge pattern (P2****) is specified in the pattern 

mode.mode.mode.mode.    

＊１＊ … Incremental command 

Use incremental command.Use incremental command.Use incremental command.Use incremental command.    

□＊＊ … Pattern offset data number 

Function is same as in theFunction is same as in theFunction is same as in theFunction is same as in the    machining model machining model machining model machining model ““““BOTTOM STOP BOTTOM STOP BOTTOM STOP BOTTOM STOP ––––    SIMPLESIMPLESIMPLESIMPLE””””....    

    

B：/ SERVO SPEED (FOWARD.BACK)    

The discharge servo forward/backward speed can be set to a slow speed. Use this when The discharge servo forward/backward speed can be set to a slow speed. Use this when The discharge servo forward/backward speed can be set to a slow speed. Use this when The discharge servo forward/backward speed can be set to a slow speed. Use this when 

the discharge with a micrthe discharge with a micrthe discharge with a micrthe discharge with a micro electrode is unstable. (See 1o electrode is unstable. (See 1o electrode is unstable. (See 1o electrode is unstable. (See 12222.15 Machining Condition Table, .15 Machining Condition Table, .15 Machining Condition Table, .15 Machining Condition Table, 

bottom row)bottom row)bottom row)bottom row)    

    

＊．＊：＊．＊：＊．＊：＊．＊：    (Forward speed).(Backward speed)(Forward speed).(Backward speed)(Forward speed).(Backward speed)(Forward speed).(Backward speed)    

    Input value   Input value   Input value   Input value   1111            2222            3333                4444            5555                6666            7777        

    Speed ratioSpeed ratioSpeed ratioSpeed ratio    1/11/11/11/1        1/21/21/21/2        1/4 1/4 1/4 1/4     1/81/81/81/8    1/16  1/321/16  1/321/16  1/321/16  1/32    1/641/641/641/64    

Example: EExample: EExample: EExample: E7347347347345 5 5 5 øøøø    0.3 dressed electrode fine hole machining condition0.3 dressed electrode fine hole machining condition0.3 dressed electrode fine hole machining condition0.3 dressed electrode fine hole machining condition    

                Item B Servo SpeedItem B Servo SpeedItem B Servo SpeedItem B Servo Speed    ＝＝＝＝    ４．４４．４４．４４．４    

                                            Forward speedForward speedForward speedForward speed    1/8  1/8  1/8  1/8  Backward speedBackward speedBackward speedBackward speed    1/81/81/81/8    

    

I：/ SERVO JUMP AMOUNT 

The discharge restarts at the point advanced by the amount of set length when the jump The discharge restarts at the point advanced by the amount of set length when the jump The discharge restarts at the point advanced by the amount of set length when the jump The discharge restarts at the point advanced by the amount of set length when the jump 

returns. Usually, use this item in a range of 5 to 30 mm.returns. Usually, use this item in a range of 5 to 30 mm.returns. Usually, use this item in a range of 5 to 30 mm.returns. Usually, use this item in a range of 5 to 30 mm.    
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J, K：/ TAPER ANGLE, TAPER FEED STEP 

R：/ START PATTERN RADIUS (meaning varies only for taper machining) 

These items are used for the taper machining (phased These items are used for the taper machining (phased These items are used for the taper machining (phased These items are used for the taper machining (phased 

large pattern machining). Enter large pattern machining). Enter large pattern machining). Enter large pattern machining). Enter suitablesuitablesuitablesuitable    values to all values to all values to all values to all 

items J, K, and Ritems J, K, and Ritems J, K, and Ritems J, K, and R....    Also,enterAlso,enterAlso,enterAlso,enter””””2****2****2****2****    ((((enlarged pattern enlarged pattern enlarged pattern enlarged pattern 

machiningmachiningmachiningmachining))))in item in item in item in item ＰＰＰＰ:Pattern mode,pattern.:Pattern mode,pattern.:Pattern mode,pattern.:Pattern mode,pattern.    

    

D：/  PROGRAM NO. INSERTED 

Before machining, the program of O number entered in this item can be executed. In the Before machining, the program of O number entered in this item can be executed. In the Before machining, the program of O number entered in this item can be executed. In the Before machining, the program of O number entered in this item can be executed. In the 

example shown below, to eliminate variations in the machining depth due to the electrode example shown below, to eliminate variations in the machining depth due to the electrode example shown below, to eliminate variations in the machining depth due to the electrode example shown below, to eliminate variations in the machining depth due to the electrode 

wear, the touch sensing is done in the Z direction by the G84 cowear, the touch sensing is done in the Z direction by the G84 cowear, the touch sensing is done in the Z direction by the G84 cowear, the touch sensing is done in the Z direction by the G84 command to set the origin, mmand to set the origin, mmand to set the origin, mmand to set the origin, 

and then the machining is executed.and then the machining is executed.and then the machining is executed.and then the machining is executed.    

    

Example: The following program is registered to O10 with item D = 10Example: The following program is registered to O10 with item D = 10Example: The following program is registered to O10 with item D = 10Example: The following program is registered to O10 with item D = 10    

O10 

G91;  … Select INC mode  

G00X-5.0  … Move to X-5.0 position 

G84Z-20.0;  … Measure in -Z direction, and return 

G92Z1.0;  … Set work coordinate of Z axis 

G00X5.0;  … Return to original X position 

M99 

 

R (start pattern radius) 

J (taper angle) 

K (step amount) 

MC start point 

workpiece 

electrode 
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Ｍ：/  SPINDLE ROTATION 

Set the below code or rotation speedSet the below code or rotation speedSet the below code or rotation speedSet the below code or rotation speed    when the machining is executed by rotating the when the machining is executed by rotating the when the machining is executed by rotating the when the machining is executed by rotating the 

spindle.spindle.spindle.spindle.    

Normally spindle speed is 1000 rpm. Please adjust rotatioNormally spindle speed is 1000 rpm. Please adjust rotatioNormally spindle speed is 1000 rpm. Please adjust rotatioNormally spindle speed is 1000 rpm. Please adjust rotation speed as the below when the n speed as the below when the n speed as the below when the n speed as the below when the 

machining is unstable.machining is unstable.machining is unstable.machining is unstable.    

・・・・When electrode diameter is thickWhen electrode diameter is thickWhen electrode diameter is thickWhen electrode diameter is thick    : : : : ReduceReduceReduceReduce    rotation speedrotation speedrotation speedrotation speed    

・・・・When electrode diameter is thinWhen electrode diameter is thinWhen electrode diameter is thinWhen electrode diameter is thin    : : : : IncreaseIncreaseIncreaseIncrease    rotation speedrotation speedrotation speedrotation speed    

    

Code Code Code Code : Input range : Input range : Input range : Input range 0 0 0 0 ～～～～    15 (TAP)15 (TAP)15 (TAP)15 (TAP)    

Code Speed[rpm] Code Speed[rpm] Code Speed[rpm] 

0 10 6 125 12 500 

1 40 7 160 13 630 

2 50 8 200 14 800 

3 63 9 250 15 1000 

4 80 10 315   

5 100 11 400   

    

Direct valueDirect valueDirect valueDirect value    ::::    Input range Input range Input range Input range 100 100 100 100 ～～～～    2000 [2000 [2000 [2000 [rpmrpmrpmrpm]]]]    
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G105: Select the PACKAGEG105: Select the PACKAGEG105: Select the PACKAGEG105: Select the PACKAGE    

12.11 Applications of Fine Hole Machining by Dressed Electrode 

 

This section describes an applicable exampThis section describes an applicable exampThis section describes an applicable exampThis section describes an applicable example of fine hole machining with the dressed electrode. le of fine hole machining with the dressed electrode. le of fine hole machining with the dressed electrode. le of fine hole machining with the dressed electrode. 

As the diameter of the machined holes varies depending on the workpiece thickness or the As the diameter of the machined holes varies depending on the workpiece thickness or the As the diameter of the machined holes varies depending on the workpiece thickness or the As the diameter of the machined holes varies depending on the workpiece thickness or the 

electrode condition after dressing, it is recommended to perform a test machining before actual electrode condition after dressing, it is recommended to perform a test machining before actual electrode condition after dressing, it is recommended to perform a test machining before actual electrode condition after dressing, it is recommended to perform a test machining before actual 

machining.machining.machining.machining.    

    

Electrode ø 0.1 silver tungsten (AgW) 

Workpiece Steel, thickness 0.5mm 

Machining points 6 places (see right figure) 

    

(1) (1) (1) (1) Change the coordinate system to Change the coordinate system to Change the coordinate system to Change the coordinate system to ““““G56G56G56G56””””....    

    

    

    

    

(2) (2) (2) (2) Rotate the spindle at the maximum speed.Rotate the spindle at the maximum speed.Rotate the spindle at the maximum speed.Rotate the spindle at the maximum speed.    

    

    

    

    

(3) (3) (3) (3) MakMakMakMake the e the e the e the dressingdressingdressingdressing    electrode touchelectrode touchelectrode touchelectrode touch----sensed to the sensed to the sensed to the sensed to the wwwworkpieceorkpieceorkpieceorkpiece, , , , and set the workpiece origin.and set the workpiece origin.and set the workpiece origin.and set the workpiece origin.    

Even if the electrode is replaced, the center of the dressed electrode remains unchanged Even if the electrode is replaced, the center of the dressed electrode remains unchanged Even if the electrode is replaced, the center of the dressed electrode remains unchanged Even if the electrode is replaced, the center of the dressed electrode remains unchanged 

becbecbecbecause the electrode is rotating.ause the electrode is rotating.ause the electrode is rotating.ause the electrode is rotating.    Too thin electrode will bend when it touches tToo thin electrode will bend when it touches tToo thin electrode will bend when it touches tToo thin electrode will bend when it touches the he he he 

workpieworkpieworkpieworkpiecececece....        

(4) (4) (4) (4) Create a machining program. In this example, O20 is newly created.Create a machining program. In this example, O20 is newly created.Create a machining program. In this example, O20 is newly created.Create a machining program. In this example, O20 is newly created.    

    

    

    

    

    

    

    

    

F 5

EDIT 

２ Ｏ ０ 
    

ENTERENTERENTERENTER    

F11

MC MA/MR 
 

L3

５ ６ 
F 2

RUN 

(X,Y)=(10.0,10.0) 

    

ENTERENTERENTERENTER    

" COORD. SET " 

" COORD.  G " 

ROTATE  
MODE 

B 8

ROTATE 

START 

B 9

HIGH 

→ 

NEW 
FILE 

B10

MODEL 
PLAN 

B10

15.0 

1
0
.0
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G111: Select the LINE/GRIDG111: Select the LINE/GRIDG111: Select the LINE/GRIDG111: Select the LINE/GRID 

(5) (5) (5) (5) Item O: Enter O number in the Item O: Enter O number in the Item O: Enter O number in the Item O: Enter O number in the ““““CALL PROGRAM NO.CALL PROGRAM NO.CALL PROGRAM NO.CALL PROGRAM NO.””””. Enter the set value in the called . Enter the set value in the called . Enter the set value in the called . Enter the set value in the called 

talk menu, and add the blocks.talk menu, and add the blocks.talk menu, and add the blocks.talk menu, and add the blocks.    

 

 

 

 

                            MACHINING - G105: PACKAGE 

Address Attrib. Talk items Set Value 

O 
N 
X 
Y 
Z 
C 
E 
B 
R 
P 
A 
F 
S 
T 
U 
I 
L 
J 
K 
D 
H 
M 

* 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 

CALL PROGRAM NO. 
P.MODEL COMBINATION            (1:NO USE) 
MC DEPTH      X AXIS                 [mm] 

Y AXIS               [mm] 
Z AXIS               [mm] 
C AXIS          [rot/deg] 

MC COND. NO. 
       SERVO SPEED          (FOWARD.BACK) 
PATTERN RADIUS                       [mm] 
         MODE/PATTERN 
         ROT. ANGLE            [0.001deg] 
         CIRCUIT SPEED           [mm/min] 
JUMP AMOUNT                     [code,mm] 
      CYCLE              [code,0.001sec] 
      SPEED                [code,mm/min] 
      SERVO JUMP AMOUNT             [mm] 
MACHINING PARAMETER 
TAPER ANGLE                   [0.001deg] 
       FEED STEP                    [mm] 
PROGRAM NO. INSERTED 
TIME CONTROL                       [min] 
SPINDLE ROTATION                  [code] 

9010 
 
 
 
-3.0 
 
7343 
5.5 
 
 
 
 
3 
3 
6 
 
 
 
 
 
 
15 

    

    

    

    

The following machining model is outputted in the fThe following machining model is outputted in the fThe following machining model is outputted in the fThe following machining model is outputted in the file.ile.ile.ile.    

G105O8010Z-3.0E7343B5.5S0M15; 

    

(6) (6) (6) (6) Select G111 (LINE/GRID) of the POSITION menu on the left side of the screen.Select G111 (LINE/GRID) of the POSITION menu on the left side of the screen.Select G111 (LINE/GRID) of the POSITION menu on the left side of the screen.Select G111 (LINE/GRID) of the POSITION menu on the left side of the screen.    

    

    

    

    

    

    

９ １ ０ ０     

ENTERENTERENTERENTER    

BLOCK 
ADD 

B11
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(7) (7) (7) (7) Enter the set value in the called talk menu, and add the blocksEnter the set value in the called talk menu, and add the blocksEnter the set value in the called talk menu, and add the blocksEnter the set value in the called talk menu, and add the blocks....    

    
                                    POSITIONING - G111：LINE/GRID 

Address Attrib. Talk items Set Value 

H 
W 
X 
Y 
Z 
P 
Q 
U 
V 
I 
J 
M 
N 
B 
K 
L 
A 
D 
S 
T 

/ 
/ 
* 
* 
* 
* 
* 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 

PLANE           (1:X-Y,2:Z-X,3:Y-Z) 
WORK COORD. SYSTEM 
START COORD            X AXIS [u,t] 
(ABS)                 Y AXIS [u,t] 

Z AXIS [u,t] 
PITCH WIDTH              I AXIS [u,t] 
                       II AXIS [u,t] 
MC EXTENT        I AXIS START(n-th) 
   PROCESSION           END (n-th) 
                II AXIS START(n-th) 
                        END  (n-th) 

HOLE                START(n-th) 
                        END  (n-th) 
ROTATE ANGLE             [0.001deg] 
SQUARE                       (1:ON) 
ANGLE INDEX       (C AXIS,INDEX,DH)       

INDEX ANGLE        [0.001deg] 
 ELECT. ROT. OFFSET     (1:ON) 
      C AXIS SYNC PATTERN    (1:ON) 
OPPOSITE                     (1:ON) 

 
 
10.0 
10.0 
1.0 
15.0 
10.0 
1 
3 
1 
2 
 

    

    

    

    

The following position model is outputted in the file.The following position model is outputted in the file.The following position model is outputted in the file.The following position model is outputted in the file.    

G111X10.0Y10.0Z1.0P15.0Q10.0U1V3I1J2; 

    

(8)(8)(8)(8)    Write Write Write Write ““““M30M30M30M30””””    command at the end of file and close the file.command at the end of file and close the file.command at the end of file and close the file.command at the end of file and close the file.    

    

    

    

    

    

(9) (9) (9) (9) Start the machining program to executStart the machining program to executStart the machining program to executStart the machining program to execute the fine hole machining.e the fine hole machining.e the fine hole machining.e the fine hole machining.    

    

    

    

    

    

３ Ｍ ０ 
    

ENTERENTERENTERENTER    

F 2

RUN 

２ Ｏ ０     

ENTERENTERENTERENTER    

STARTSTARTSTARTSTART    

BLOCK 
ADD 

B11

MODEL  
END 

B 1

FILE 
CLOSE 

B11

MEMORY 
RUN 

L 4
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12.12  In Case of Faulty Machining 

In fine hole machining by electrode dressing, a discharge may be unstable and the machining does In fine hole machining by electrode dressing, a discharge may be unstable and the machining does In fine hole machining by electrode dressing, a discharge may be unstable and the machining does In fine hole machining by electrode dressing, a discharge may be unstable and the machining does 

not progress normally. In such a case, the machining conditions must be changnot progress normally. In such a case, the machining conditions must be changnot progress normally. In such a case, the machining conditions must be changnot progress normally. In such a case, the machining conditions must be changed ed ed ed bybybyby    measures.measures.measures.measures.    

This section describes the points of machining condition change.This section describes the points of machining condition change.This section describes the points of machining condition change.This section describes the points of machining condition change.    

    

        τoff : Discharge stop time 

Setting a larger value can reduce the frequency of the discharge. Use this item when the Setting a larger value can reduce the frequency of the discharge. Use this item when the Setting a larger value can reduce the frequency of the discharge. Use this item when the Setting a larger value can reduce the frequency of the discharge. Use this item when the 

discharge becomes unstable due to discharge becomes unstable due to discharge becomes unstable due to discharge becomes unstable due to excessivelyexcessivelyexcessivelyexcessively    strong machining power.strong machining power.strong machining power.strong machining power.    

    

    

    

    

    

    

By solely making adjustmentBy solely making adjustmentBy solely making adjustmentBy solely making adjustment    totototo    thethethethe τOFF (discharge stop time)    may not improve the discharge may not improve the discharge may not improve the discharge may not improve the discharge 

stability due to frequent shortstability due to frequent shortstability due to frequent shortstability due to frequent short----circuitscircuitscircuitscircuits....    TheTheTheThe    reasonreasonreasonreason    to this will beto this will beto this will beto this will be    mentioned later. In such a mentioned later. In such a mentioned later. In such a mentioned later. In such a 

case, case, case, case, include changes toinclude changes toinclude changes toinclude changes to    the servo adjustment (SERVO_ADJ) asasasas    described below.described below.described below.described below.    

    

SERVO_ADJ (servo adjustment): Adjustment of gap distance 

Setting a larger value can widen the distance of the gap (between electrode and workpiece). Setting a larger value can widen the distance of the gap (between electrode and workpiece). Setting a larger value can widen the distance of the gap (between electrode and workpiece). Setting a larger value can widen the distance of the gap (between electrode and workpiece). 

This item will be effective when the shortThis item will be effective when the shortThis item will be effective when the shortThis item will be effective when the short----circuit occurs frequently during the discharge.circuit occurs frequently during the discharge.circuit occurs frequently during the discharge.circuit occurs frequently during the discharge.    

    

    

    

    

    

τOFF (discharge stop time).  

Similar to the effect of settingSimilar to the effect of settingSimilar to the effect of settingSimilar to the effect of setting    a larger servo adjustment valuea larger servo adjustment valuea larger servo adjustment valuea larger servo adjustment value, a large discharge stop time value, a large discharge stop time value, a large discharge stop time value, a large discharge stop time value    

reduces the frequency of the discharge,reduces the frequency of the discharge,reduces the frequency of the discharge,reduces the frequency of the discharge,    Set Set Set Set an an an an appropriate value by referring to the servo lamp appropriate value by referring to the servo lamp appropriate value by referring to the servo lamp appropriate value by referring to the servo lamp 

and discharge sound.and discharge sound.and discharge sound.and discharge sound.    

    

CLK-S: Adjustment range of servo adjust 

SetSetSetSetssss    an adjustment range for the servo adjustment (San adjustment range for the servo adjustment (San adjustment range for the servo adjustment (San adjustment range for the servo adjustment (SERVO_ERVO_ERVO_ERVO_ADJ).For CLKADJ).For CLKADJ).For CLKADJ).For CLK----S, four different S, four different S, four different S, four different 

values of 1, 2, 4, and 8 can be set. Setting a large value widens the servo adjustment range. Use values of 1, 2, 4, and 8 can be set. Setting a large value widens the servo adjustment range. Use values of 1, 2, 4, and 8 can be set. Setting a large value widens the servo adjustment range. Use values of 1, 2, 4, and 8 can be set. Setting a large value widens the servo adjustment range. Use 

this item when a wide discharge gap is to be set.this item when a wide discharge gap is to be set.this item when a wide discharge gap is to be set.this item when a wide discharge gap is to be set.    

Current Current 

Time Time 

Extend the stop timeExtend the stop timeExtend the stop timeExtend the stop time 

Discharge pulse generating conditionDischarge pulse generating conditionDischarge pulse generating conditionDischarge pulse generating condition 

τoff τoff 

Workpiece Workpiece 

Make servo adjustment largerMake servo adjustment largerMake servo adjustment largerMake servo adjustment larger 

Gap distance conditionGap distance conditionGap distance conditionGap distance condition    
Narrow gap 

Electrode 

Wide gap 

Electrode 
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The reasonThe reasonThe reasonThe reason    wwwwhy hy hy hy the adjustment of the adjustment of the adjustment of the adjustment of τoff    and and and and SERVO_ADJ (servo adjustment)    are used are used are used are used 

togethertogethertogethertogether....    

Setting a larger Setting a larger Setting a larger Setting a larger ττττOFF (discharge stop time) will reduce the generation of machining debris OFF (discharge stop time) will reduce the generation of machining debris OFF (discharge stop time) will reduce the generation of machining debris OFF (discharge stop time) will reduce the generation of machining debris 

and then narrow the discharge gap, because the discharge gap is determined by the intenand then narrow the discharge gap, because the discharge gap is determined by the intenand then narrow the discharge gap, because the discharge gap is determined by the intenand then narrow the discharge gap, because the discharge gap is determined by the intensity sity sity sity 

of sparks and the quantity of machining debris in the gap.of sparks and the quantity of machining debris in the gap.of sparks and the quantity of machining debris in the gap.of sparks and the quantity of machining debris in the gap.    

    

    

    

    

    

    

    

    

Narrow discharge gap causes frequent shortNarrow discharge gap causes frequent shortNarrow discharge gap causes frequent shortNarrow discharge gap causes frequent short----circuits (touch) between electrode and workpiece, circuits (touch) between electrode and workpiece, circuits (touch) between electrode and workpiece, circuits (touch) between electrode and workpiece, 

resulting in unstable machining. resulting in unstable machining. resulting in unstable machining. resulting in unstable machining. ThusThusThusThus, the, the, the, the    increase inincrease inincrease inincrease in    servo adjustment must servo adjustment must servo adjustment must servo adjustment must accoaccoaccoaccompany the mpany the mpany the mpany the 

increase inincrease inincrease inincrease in    discharge stop timedischarge stop timedischarge stop timedischarge stop time    to effectively widen discharge gapto effectively widen discharge gapto effectively widen discharge gapto effectively widen discharge gap....    

    

12.13 Macro Programs 

The fine hole machining by the dressed electrode requirThe fine hole machining by the dressed electrode requirThe fine hole machining by the dressed electrode requirThe fine hole machining by the dressed electrode requires the following macro programses the following macro programses the following macro programses the following macro programs....    

    

Program name Registered O numbers 

UMAC.108 O9010, O9020 

    

Note: NoNote: NoNote: NoNote: Normally, the programs after O8000 are writermally, the programs after O8000 are writermally, the programs after O8000 are writermally, the programs after O8000 are write----protected. Perform the following protected. Perform the following protected. Perform the following protected. Perform the following 

operation, if the relevant O numbers are not found on the EDIT screenoperation, if the relevant O numbers are not found on the EDIT screenoperation, if the relevant O numbers are not found on the EDIT screenoperation, if the relevant O numbers are not found on the EDIT screen....    

    

    

    

    

    

    

    

If the relevant O numbers have not been registered, please contact us.If the relevant O numbers have not been registered, please contact us.If the relevant O numbers have not been registered, please contact us.If the relevant O numbers have not been registered, please contact us.    

Workpiece 

In case of less machining debris, 

the discharge fails unless the gap is 

narrow. 

Workpiece 
In case of much machining debris, the 

discharge is successful even if the gap 

is wide. 

Wide gap Narrow gap 

Electrode 
Electrode 

F 8

NC SET 

3 0 

    

ENTERENTERENTERENTER    

PARAMETER 

 

L 3

SEARCH 
 

B 8

SET "0" to NO.30, 31 parameter 
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12.14  Electrode Dressing Conditions 

    

        Dressing conditions of the electrode wear ratio 15 - 25% 

* Machining conditions using Satin machining circuit 

  E number 7330 7331 7332 7333 7334 7335 7336 7337 7338 7339 

Application range 

By elec. dia.[mm] 
0.05 

or more 
0.07 

or more 
0.1 

or more 
0.12 

or more 
0.15 

or more 
0.17 

or more 
0.18 

or more 
0.2 

or more 
0.3 

or more 
0.5 

or more 

  τON 1 1 1 1 1 1 1 1 1 1 

  τOFF 30 20 20 20 20 18 15 12 10 5 

  VH 0 0 1 2 3 4 5 5 5 5 

  VL 0 0 0 0 0 0 20 20 20 20 

  IPH 11 12 1 3 4 5 7 7 7 7 

  IPL 0 0 0 0 0 0 74 74 80 82 

  SERVO_NO. 5 5 5 5 5 5 5 5 5 5 

  POL + + + + + + + + + + 

  SERVO_ADJ. 13 13 13 14 14 15 15 15 15 15 

  CLK-S 1 1 1 1 1 1 1 1 1 1 

  WC 1 11 12 13 14 15 16 17 18 19 20 

           

SERVO SPEED 
FORWORD.BACK 

5.5～7.7 5.5 5.5 5.5 5.5 5.5 4.4 3.3 2.2 2.2 

* The servo speed is automatically set during the dressing machining. 
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12.15  Fine Hole Machining Conditions for Dressed Electrodes 

Fine hole rough machining conditions 

Electrode   AgW, CuW, W 

Workpiece   St, WC 

* Machining conditions using Satin machining circuit 

  E number 7340 7341 7342 7343 7344 7345 7346 7347 7348 7349 

Application range 

By elec. dia.[mm] 
0.1 

or more 
0.1 

or more 
0.1 

or more 
0.1 

or more 
0.1 

or more 
0.15 

or more 
0.3 

or more 
0.4 

or more 
0.5 

or more 
0.6 

or more 

  τON 1 1 1 1 1 1 1 1 1 1 

  τOFF 40 40 40 40 40 40 40 40 50 50 

  VH 0 1 2 3 4 5 6 7 7 7 

  VL 0 0 0 0 0 0 0 0 0 0 

  IPH 13 14 1 2 3 4 4 4 4 4 

  IPL 0 0 0 0 0 0 0 0 0 0 

  SERVO_NO. 5 5 5 5 5 5 5 5 5 5 

  POL - - - - - - - - - - 

  SERVO_ADJ. 15 16 16 17 20 20 20 20 20 20 

  CLK-S 4 4 4 4 4 4 4 4 4 4 

  WC 1 11 12 13 14 15 16 17 18 19 20 

           

SERVO SPEED 
FORWORD.BACK 

5.5～7.7 5.5～7.7 5.5～7.7 5.5～7.7 5.5 4.4 no need no need no need no need 

* Specify the O9010 item U: SERVO SPEED according to the machining conditions. 
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13. PUNCH MACHINING BY POLARITY REVERSE 
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13.1 General description 

In sinker EDM, machining is usually executed between workpiece (steel etc.) on theIn sinker EDM, machining is usually executed between workpiece (steel etc.) on theIn sinker EDM, machining is usually executed between workpiece (steel etc.) on theIn sinker EDM, machining is usually executed between workpiece (steel etc.) on the    table table table table 

and electrode (copper etc.) on the spindle. However, it is more effective installing the and electrode (copper etc.) on the spindle. However, it is more effective installing the and electrode (copper etc.) on the spindle. However, it is more effective installing the and electrode (copper etc.) on the spindle. However, it is more effective installing the 

workpiece onto the spindle and the electrode on the table according to the machining workpiece onto the spindle and the electrode on the table according to the machining workpiece onto the spindle and the electrode on the table according to the machining workpiece onto the spindle and the electrode on the table according to the machining 

shape.shape.shape.shape.    

This section describes polarity reverse machining as an example of pThis section describes polarity reverse machining as an example of pThis section describes polarity reverse machining as an example of pThis section describes polarity reverse machining as an example of punch machining.unch machining.unch machining.unch machining.    

The electrode is fixed to a fixture with a hole such that dielectric fluid processing is The electrode is fixed to a fixture with a hole such that dielectric fluid processing is The electrode is fixed to a fixture with a hole such that dielectric fluid processing is The electrode is fixed to a fixture with a hole such that dielectric fluid processing is 

possible. And the workpiece is fixed to a holder onto the spindle.possible. And the workpiece is fixed to a holder onto the spindle.possible. And the workpiece is fixed to a holder onto the spindle.possible. And the workpiece is fixed to a holder onto the spindle.    

The characteristic of this machining is to finish up by taper machining with dielectThe characteristic of this machining is to finish up by taper machining with dielectThe characteristic of this machining is to finish up by taper machining with dielectThe characteristic of this machining is to finish up by taper machining with dielectric ric ric ric 

processing (flushing or suction).processing (flushing or suction).processing (flushing or suction).processing (flushing or suction).    

    

                    

            

    

    

    

    

    

    

    

13.2 Setup    

    

①①①①ElectrodeElectrodeElectrodeElectrode    

Pulling out shape is made in a board electrode by Pulling out shape is made in a board electrode by Pulling out shape is made in a board electrode by Pulling out shape is made in a board electrode by 

wire EDM etc. wire EDM etc. wire EDM etc. wire EDM etc.     

Set a large electrode reduction for rough machining.Set a large electrode reduction for rough machining.Set a large electrode reduction for rough machining.Set a large electrode reduction for rough machining.    

Electrode Reduction [mm] 

Rough 0.3～0.5 

Finish 0.1 

    

Select board electrode thickness according to the Select board electrode thickness according to the Select board electrode thickness according to the Select board electrode thickness according to the 

machining length.machining length.machining length.machining length.    

Machining length Thickness 

Less than 20mm 5mm 

20mm or more 10mm 

    

Flushing 

Workpiece 

T
h
ic

kn
e
ss

 

M
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h
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g 
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n
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h
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②②②②Dielectric processingDielectric processingDielectric processingDielectric processing    

Dielectric processing is useful for shortening the machining time in rough machining.Dielectric processing is useful for shortening the machining time in rough machining.Dielectric processing is useful for shortening the machining time in rough machining.Dielectric processing is useful for shortening the machining time in rough machining.    

The fixtuThe fixtuThe fixtuThe fixture is used to process dielectric on the table.re is used to process dielectric on the table.re is used to process dielectric on the table.re is used to process dielectric on the table.    

    

    

    

    

    

    

 

    

Prepare the fixture such that it does not leak dielectric so much with the workpiece Prepare the fixture such that it does not leak dielectric so much with the workpiece Prepare the fixture such that it does not leak dielectric so much with the workpiece Prepare the fixture such that it does not leak dielectric so much with the workpiece 

clamping state in order to improve the effect of flushing and suction. Decide the hole clamping state in order to improve the effect of flushing and suction. Decide the hole clamping state in order to improve the effect of flushing and suction. Decide the hole clamping state in order to improve the effect of flushing and suction. Decide the hole 

size and thickness of size and thickness of size and thickness of size and thickness of the fixture according to the electrode shape and the machining the fixture according to the electrode shape and the machining the fixture according to the electrode shape and the machining the fixture according to the electrode shape and the machining 

length.length.length.length.    
    

In flushing, set about 0.In flushing, set about 0.In flushing, set about 0.In flushing, set about 0.00003MPa pressure under the machining.3MPa pressure under the machining.3MPa pressure under the machining.3MPa pressure under the machining.    

In suction, adjust suction pressure by observing the machining state. The machining In suction, adjust suction pressure by observing the machining state. The machining In suction, adjust suction pressure by observing the machining state. The machining In suction, adjust suction pressure by observing the machining state. The machining 

stability may worsen if suction is too stability may worsen if suction is too stability may worsen if suction is too stability may worsen if suction is too strong.strong.strong.strong.    

    

    

13.3 Machining program    

13.3.1 Guideline for machining program    

 

The machining program is composed as follows.The machining program is composed as follows.The machining program is composed as follows.The machining program is composed as follows.    

Main codes 

①Polarity reverse M24 

Special setting G132 

②Roughing Machining model (Through) G103 

Positioning model G113 etc. 

Special setting G132 

③Finishing Machining model (Through) G103 

Positioning model G113 etc. 

④End M30 

 

    

    

 

Flushing and 

suction hole 

Tap hole for electrode 

clamping (4 places) 

Flushing and suction hose 

entrance 
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13.3.2 Polarity reverse    

    

In polarity reverse machining, it is necessary to reverse the polarity because standard In polarity reverse machining, it is necessary to reverse the polarity because standard In polarity reverse machining, it is necessary to reverse the polarity because standard In polarity reverse machining, it is necessary to reverse the polarity because standard 

model data are set for installing electrode to themodel data are set for installing electrode to themodel data are set for installing electrode to themodel data are set for installing electrode to the    spindle and workpiece on the table.spindle and workpiece on the table.spindle and workpiece on the table.spindle and workpiece on the table.    

Add Add Add Add ““““M24;M24;M24;M24;””””    at the beginning of the program in order to execute polarity reverse machining.at the beginning of the program in order to execute polarity reverse machining.at the beginning of the program in order to execute polarity reverse machining.at the beginning of the program in order to execute polarity reverse machining.    

The polarity display on The polarity display on The polarity display on The polarity display on COND - EXECUTE    screen reverses when screen reverses when screen reverses when screen reverses when ““““M24;M24;M24;M24;””””    is executed. At is executed. At is executed. At is executed. At 

this time, a machining condition element this time, a machining condition element this time, a machining condition element this time, a machining condition element ““““08:POL””””    does not reverse. does not reverse. does not reverse. does not reverse.     

Moreover, Moreover, Moreover, Moreover, ““““M24M24M24M24””””    is released when resetting.is released when resetting.is released when resetting.is released when resetting.    

    

Polarity display    

    

    

０８：ＰＯＬ        ＋             ＋          ＋    

    

    

13.3.3 Using jump and dielectric processing together    

    

In case dielectric is not processed, set jumpIn case dielectric is not processed, set jumpIn case dielectric is not processed, set jumpIn case dielectric is not processed, set jump    elementselementselementselements    as follows.as follows.as follows.as follows.    

Jump amount（S） 5～7 （1.0～1.4 mm） 

Cycle（T） 7～10 （0.7～1.0 s） 

Speed（F） 6～8 （300～400 mm/min） 

The The The The irregularity on the side can be reduced by using special setting (G132) together.irregularity on the side can be reduced by using special setting (G132) together.irregularity on the side can be reduced by using special setting (G132) together.irregularity on the side can be reduced by using special setting (G132) together.    

    

The jump cycle can be set long by dielectric processing and the machining time can be The jump cycle can be set long by dielectric processing and the machining time can be The jump cycle can be set long by dielectric processing and the machining time can be The jump cycle can be set long by dielectric processing and the machining time can be 

shortened. The examples of setting the jump according to dielectric processing method ashortened. The examples of setting the jump according to dielectric processing method ashortened. The examples of setting the jump according to dielectric processing method ashortened. The examples of setting the jump according to dielectric processing method are re re re 

shown as follows.shown as follows.shown as follows.shown as follows.    

    

①①①①For flushing from the fixtureFor flushing from the fixtureFor flushing from the fixtureFor flushing from the fixture    

Rough Jump OFF or jump cycle 2Jump OFF or jump cycle 2Jump OFF or jump cycle 2Jump OFF or jump cycle 2----3 seconds3 seconds3 seconds3 seconds    

(S0) (S5 T3000 F8)    

Finish    Special jump and jump cycle is longerSpecial jump and jump cycle is longerSpecial jump and jump cycle is longerSpecial jump and jump cycle is longer    

(S5 T12 F8)    

Special jump : ASpecial jump : ASpecial jump : ASpecial jump : A----jump, cycle jump, servo jump, jump, cycle jump, servo jump, jump, cycle jump, servo jump, jump, cycle jump, servo jump,     

(G132)(G132)(G132)(G132)    and discharging jumpand discharging jumpand discharging jumpand discharging jump    

②②②②For flushing from the sideFor flushing from the sideFor flushing from the sideFor flushing from the side    

Rough jump cycle is longerjump cycle is longerjump cycle is longerjump cycle is longer    

(S5 T12 F8)    

Finish    Jump cycle is longerJump cycle is longerJump cycle is longerJump cycle is longer    

(S5 T12 F8)    

    M24 

Execution 
Reset 
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③③③③For flushing from the electrodeFor flushing from the electrodeFor flushing from the electrodeFor flushing from the electrode    

Rough Jump cycle 2Jump cycle 2Jump cycle 2Jump cycle 2----3 seconds3 seconds3 seconds3 seconds    

(S5 T3000 F8)    

Finish    Special jump and jump cycle is longerSpecial jump and jump cycle is longerSpecial jump and jump cycle is longerSpecial jump and jump cycle is longer    

(S5 T12 F8)    

Special jump : ASpecial jump : ASpecial jump : ASpecial jump : A----jump, cycle jump, servojump, cycle jump, servojump, cycle jump, servojump, cycle jump, servo    jump, jump, jump, jump,     

(G132)(G132)(G132)(G132)    and discharging jumpand discharging jumpand discharging jumpand discharging jump    

    

Example of special settingExample of special settingExample of special settingExample of special setting    

Ｇ１３２ Ｍ２Ｒ５０Ｕ５０． Ｏ１ Ｐ１５；    

    

    

13.3.4 Machining model    

    

Usually, the through machining model (G103) is used with setting to item B Usually, the through machining model (G103) is used with setting to item B Usually, the through machining model (G103) is used with setting to item B Usually, the through machining model (G103) is used with setting to item B ““““Side taper Side taper Side taper Side taper 

angleangleangleangle””””. This is because the upper diameter of the . This is because the upper diameter of the . This is because the upper diameter of the . This is because the upper diameter of the machining part grows a little compared to machining part grows a little compared to machining part grows a little compared to machining part grows a little compared to 

the under diameter of the punch machining.the under diameter of the punch machining.the under diameter of the punch machining.the under diameter of the punch machining.    

    

Electrode Machining length Side taper angle 

Rough Any -0.01 

 

Finish 

Less than 15mm -0.01 

Less than 25mm -0.015 

25mm or more -0.02 

    

Moreover, enter Moreover, enter Moreover, enter Moreover, enter ““““1111””””    to item L to item L to item L to item L ““““MMMMachining methodachining methodachining methodachining method””””....    

Example of machining modelExample of machining modelExample of machining modelExample of machining model    

                Ｇ１０３ Ｚ・・・・・ Ｌ１ Ｐ・・ Ｂ－０.０１ Ｓ・・・；    

    

    

13.3.5 Notes in finish machining    

    

①①①①Select the model data suited by actual discharge area.Select the model data suited by actual discharge area.Select the model data suited by actual discharge area.Select the model data suited by actual discharge area.    

②②②②Prevent the irregularity on the surface.Prevent the irregularity on the surface.Prevent the irregularity on the surface.Prevent the irregularity on the surface.    

････Extend Extend Extend Extend ττττoff by adjusting off by adjusting off by adjusting off by adjusting ““““ττττOFF ADJOFF ADJOFF ADJOFF ADJ””””    on on on on COND - MC SET    screen and adjust duty screen and adjust duty screen and adjust duty screen and adjust duty 

factor (D.F.) 30% or less.factor (D.F.) 30% or less.factor (D.F.) 30% or less.factor (D.F.) 30% or less.    

････Shorten jump cycle a little during uninhabited, continuous run.Shorten jump cycle a little during uninhabited, continuous run.Shorten jump cycle a little during uninhabited, continuous run.Shorten jump cycle a little during uninhabited, continuous run.    

③③③③If there is presence of irregularity on the surfaceIf there is presence of irregularity on the surfaceIf there is presence of irregularity on the surfaceIf there is presence of irregularity on the surface    

････Repeat only the end process of the program. At this time, confirm Repeat only the end process of the program. At this time, confirm Repeat only the end process of the program. At this time, confirm Repeat only the end process of the program. At this time, confirm ②②②②....    

････The stability of the machining is valued. And adjust flushing and suction pressure.The stability of the machining is valued. And adjust flushing and suction pressure.The stability of the machining is valued. And adjust flushing and suction pressure.The stability of the machining is valued. And adjust flushing and suction pressure.    

Discharging jump Cycle jump 

Servo jump 

Machining method Side taper angle 
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13.4 Machining example    

    

Electrode Cu (Thickness : 5mm) 

Coord. system Rough : G55 

Finish : G56 

Electrode reduction Rough : 0.3mm 

Finish : 0.1mm 

Machining depth -20.0mm 

Flushing pressure 0.03MPa 

 

Machining program 

M24; 

G132 A2; 

G103 Z-20.0 R0.3 E423 I3 J7 O11 L1 P1111 B-0.01 S5 T12 F8; 

G113 W55 X0 Y0 Z5.0; 

G132 A2 M2 R50 U50.0 O1 P15; 

G103 Z-20.0 R0.1 E123 I7 J11 O11 L1 P1111 B-0.015 S5 T12 F8; 

G113 W56 X0 Y0 Z5.0; 

M30; 

Rough G55 Finish G56 

Flushing 
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14. HOW TO USE A CENTERING BALL 
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14.1  Merits of centering by using a centering ball and a measuring ball 

 

        The NC EDM is equipped with the toucThe NC EDM is equipped with the toucThe NC EDM is equipped with the toucThe NC EDM is equipped with the touch sensing function as standard.h sensing function as standard.h sensing function as standard.h sensing function as standard.    

        ThisThisThisThis    function provides various automatic measurements.function provides various automatic measurements.function provides various automatic measurements.function provides various automatic measurements.    

        The principle of the touch sensing function is:The principle of the touch sensing function is:The principle of the touch sensing function is:The principle of the touch sensing function is:    

    

    

    

    

    

    

    

    

        It detects insulation status between electrode and workpiece. It detects insulation status between electrode and workpiece. It detects insulation status between electrode and workpiece. It detects insulation status between electrode and workpiece.     

        If electrode and workpiece are in continuity status, it stoIf electrode and workpiece are in continuity status, it stoIf electrode and workpiece are in continuity status, it stoIf electrode and workpiece are in continuity status, it stops the machine immediately.ps the machine immediately.ps the machine immediately.ps the machine immediately.    

        On the other hand, the demerit of touch sensing function is that accuracy is lowered On the other hand, the demerit of touch sensing function is that accuracy is lowered On the other hand, the demerit of touch sensing function is that accuracy is lowered On the other hand, the demerit of touch sensing function is that accuracy is lowered 

by the burrs or debris attached to the by the burrs or debris attached to the by the burrs or debris attached to the by the burrs or debris attached to the workpieceworkpieceworkpieceworkpiece    or electrode.or electrode.or electrode.or electrode.    

    

    

    

    

    

        However, various functions cannot be utilized unless theHowever, various functions cannot be utilized unless theHowever, various functions cannot be utilized unless theHowever, various functions cannot be utilized unless the    touch sensing futouch sensing futouch sensing futouch sensing function is used.nction is used.nction is used.nction is used.    

        Under these circumstances, a ball is introduced.Under these circumstances, a ball is introduced.Under these circumstances, a ball is introduced.Under these circumstances, a ball is introduced.    

    

    

    

    

    

    

        Use of the sphere reduces an error to 0.003 or less, which otherwise is Use of the sphere reduces an error to 0.003 or less, which otherwise is Use of the sphere reduces an error to 0.003 or less, which otherwise is Use of the sphere reduces an error to 0.003 or less, which otherwise is     

        0.01 to 0.07.0.01 to 0.07.0.01 to 0.07.0.01 to 0.07.    

        In the NC EDM, it may be said that the coexistence of automatioIn the NC EDM, it may be said that the coexistence of automatioIn the NC EDM, it may be said that the coexistence of automatioIn the NC EDM, it may be said that the coexistence of automation and n and n and n and     

        machining accuracy depends on the usage of machining accuracy depends on the usage of machining accuracy depends on the usage of machining accuracy depends on the usage of the the the the ball.ball.ball.ball.    

        Therefore, utilize the ball in various applications.Therefore, utilize the ball in various applications.Therefore, utilize the ball in various applications.Therefore, utilize the ball in various applications.    

    

Electrode 

Workpiece 

V 

Electrode 

Workpiece 

Burrs and debris 

Electrode 

Workpiece 

Ball 
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14.2  Utilization of ball 1 

    

        Attach a ball to the stem so that it can easily be inserted into the Attach a ball to the stem so that it can easily be inserted into the Attach a ball to the stem so that it can easily be inserted into the Attach a ball to the stem so that it can easily be inserted into the     

        touch point, as shown below.touch point, as shown below.touch point, as shown below.touch point, as shown below.    

    

    

    

    

    

    

    

        In the above centering, the following provides effective functions.In the above centering, the following provides effective functions.In the above centering, the following provides effective functions.In the above centering, the following provides effective functions.    

    

                a)          functiona)          functiona)          functiona)          function    

    

                                                                                                                                                                        

                                                                                                                                                                        

    

                                                                                                                                                                                     Z 10.0   

                                                                                                                                                                                        

                                                                                                                                                                        

    

    

                b) Use      b) Use      b) Use      b) Use                                              function for halvingfunction for halvingfunction for halvingfunction for halving    

    

    

                                                                                                                                                                

                                                                                                                                                                    

    

    

    

 

 

                                                                                                                                                                    

                                                                                                                                                                    

                                                                                                                                                                    

                                                                                                                                                                    

 

 

Electrode Electrode 

Workpiece 

Stem 

Stem 

Electrode 

Workpiece 

Stem 

Centering ball 
dia. φ10.0 

Under this condition, the Under this condition, the Under this condition, the Under this condition, the     

ffffollowing operation can ollowing operation can ollowing operation can ollowing operation can bebebebe    

rrrrewriewriewriewrittttteteteten ton ton ton to    the work coordinate.the work coordinate.the work coordinate.the work coordinate. 

Electrode 

Electrode 

Workpiece 

Workpiece 

Execute touch sensing at the Execute touch sensing at the Execute touch sensing at the Execute touch sensing at the     

left edge of workpiece, andleft edge of workpiece, andleft edge of workpiece, andleft edge of workpiece, and    

set the X axis origin.set the X axis origin.set the X axis origin.set the X axis origin. 

When the next operation is doneWhen the next operation is doneWhen the next operation is doneWhen the next operation is done    

after touch sensing at the rightafter touch sensing at the rightafter touch sensing at the rightafter touch sensing at the right    

edgeedgeedgeedge of workpiece, the work of workpiece, the work of workpiece, the work of workpiece, the work     

coordinate is halved and the coordinate is halved and the coordinate is halved and the coordinate is halved and the     

X axis origin is set in the center of X axis origin is set in the center of X axis origin is set in the center of X axis origin is set in the center of 

workpiece.workpiece.workpiece.workpiece. 

 
 WORK 
 SET  

B11 
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14.3  Utilization of ball 2 

    

        As shown below, the workpiece origin is replaced with a ball, and the As shown below, the workpiece origin is replaced with a ball, and the As shown below, the workpiece origin is replaced with a ball, and the As shown below, the workpiece origin is replaced with a ball, and the     

        electrode is positioned against the ball; The electrode does not touch electrode is positioned against the ball; The electrode does not touch electrode is positioned against the ball; The electrode does not touch electrode is positioned against the ball; The electrode does not touch     

        the workpiece directhe workpiece directhe workpiece directhe workpiece directly.tly.tly.tly.    

 

 

 

 

 

 

 

 

 

 

 

 

    

    

        The ball to substitute for workpiece origin is called The ball to substitute for workpiece origin is called The ball to substitute for workpiece origin is called The ball to substitute for workpiece origin is called ““““centering ballcentering ballcentering ballcentering ball””””....    

        The workpiece origin is set in the center in the above figure, however,The workpiece origin is set in the center in the above figure, however,The workpiece origin is set in the center in the above figure, however,The workpiece origin is set in the center in the above figure, however,    

        it may be at the corner.it may be at the corner.it may be at the corner.it may be at the corner.    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

Centering ball 

Workpiece origin 

Workpiece 

Centering ball 

Workpiece origin 

Workpiece 
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        (a)(a)(a)(a)    Replace the workpiece origin with a centering ball.Replace the workpiece origin with a centering ball.Replace the workpiece origin with a centering ball.Replace the workpiece origin with a centering ball.    

    

                Position the center of centering ball at the origin of work coordinatePosition the center of centering ball at the origin of work coordinatePosition the center of centering ball at the origin of work coordinatePosition the center of centering ball at the origin of work coordinate    system G54, asystem G54, asystem G54, asystem G54, a

nd position the workpiece origin at the origin of work coordinate system G55.nd position the workpiece origin at the origin of work coordinate system G55.nd position the workpiece origin at the origin of work coordinate system G55.nd position the workpiece origin at the origin of work coordinate system G55.    

    

                                                                                                                                                

                                                                                                                                            

                                                                                                                                            

                                                                                                                                            

                                                                                                                                            

    

    

    

    

    

     

 

MEASURE : MEASURE SPHERE (G125) 

 Address Attri. Talk items Set value  

 R 

P 

F 

Q 

K 

W 

B 

* 

* 

/ 

/ 

/ 

/ 

/ 

SPINDLE BALL DIA.          [u,t] 
TABLE BALL DIA.            [u,t] 
   MEASURE RATE        [m,i/min] 

ROT.   ANGLE            [deg] 
RETRACT VALUE              [u,t] 
SET G54                  (1:YES) 
ROTATE AXIS CENTER COMP   (1:ON) 

10.0 
10.0 
 
 
 
1 
 

 

    

    

                Thus, the point at which a measuring ball and a centering ball meet isThus, the point at which a measuring ball and a centering ball meet isThus, the point at which a measuring ball and a centering ball meet isThus, the point at which a measuring ball and a centering ball meet is    

                the origin of work coordinate system G54.the origin of work coordinate system G54.the origin of work coordinate system G54.the origin of work coordinate system G54.    

                Next, the work coordinate system G55 is set.Next, the work coordinate system G55 is set.Next, the work coordinate system G55 is set.Next, the work coordinate system G55 is set.    

    

    

    

                       

 

 

G55; 

    

    

(Setting G54) 

Measuring ball 

Centering ball 

Prepare a measuring ball as shown toPrepare a measuring ball as shown toPrepare a measuring ball as shown toPrepare a measuring ball as shown to    

the left.the left.the left.the left.    

(It should be made in the method (It should be made in the method (It should be made in the method (It should be made in the method     

    described later.)described later.)described later.)described later.)    

Attach the measuring ball on the Attach the measuring ball on the Attach the measuring ball on the Attach the measuring ball on the     

spindle, perform centering against spindle, perform centering against spindle, perform centering against spindle, perform centering against     

the centering ball, and the centering ball, and the centering ball, and the centering ball, and set set set set the the the the     

origin of work coordinate system G54origin of work coordinate system G54origin of work coordinate system G54origin of work coordinate system G54....    

Measuring ball dia.φ10.0 
Centering ball dia.φ10.0 

when using a standard 
centering ball attached 

START 

START 
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If the MODAL field on the  If the MODAL field on the  If the MODAL field on the  If the MODAL field on the                           screen display screen display screen display screen display ““““55555555””””, the work , the work , the work , the work     

                coordinate system G55 has been selected.coordinate system G55 has been selected.coordinate system G55 has been selected.coordinate system G55 has been selected.    

    

                       

                    

 

 

 

                    

    

    

    

After a measuring ball is positioned against the workpiece, After a measuring ball is positioned against the workpiece, After a measuring ball is positioned against the workpiece, After a measuring ball is positioned against the workpiece, set theset theset theset the        

origin (work coordinate system G55)origin (work coordinate system G55)origin (work coordinate system G55)origin (work coordinate system G55)    in the sain the sain the sain the same manner as in usual me manner as in usual me manner as in usual me manner as in usual     

work using an electrode.work using an electrode.work using an electrode.work using an electrode.    

 

 

 

 

 

 

 

 

Upon completing the above proceduresUpon completing the above proceduresUpon completing the above proceduresUpon completing the above procedures, the center of centering ball is positioned at , the center of centering ball is positioned at , the center of centering ball is positioned at , the center of centering ball is positioned at bothbothbothboth

the origin of work coordinate system G54, and the workpiece reference origin of work the origin of work coordinate system G54, and the workpiece reference origin of work the origin of work coordinate system G54, and the workpiece reference origin of work the origin of work coordinate system G54, and the workpiece reference origin of work     

coordinatecoordinatecoordinatecoordinate    system G55.system G55.system G55.system G55.    

    

    

    

    

    

    

    

    

                Thus, the workpiece origin has been replaced with the center of centering ball.Thus, the workpiece origin has been replaced with the center of centering ball.Thus, the workpiece origin has been replaced with the center of centering ball.Thus, the workpiece origin has been replaced with the center of centering ball.    

    

LCD screen 

Centering ball 

Measuring ball 

(Setting G55) 

Workpiece 

G55 
G54 

Centering ball 

Workpiece 
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        (b) Positioning of electrode(b) Positioning of electrode(b) Positioning of electrode(b) Positioning of electrode    

    

                The electrode need not be positioned against the workpiece. That is, The electrode need not be positioned against the workpiece. That is, The electrode need not be positioned against the workpiece. That is, The electrode need not be positioned against the workpiece. That is,     

                an error generated when the electrode is pan error generated when the electrode is pan error generated when the electrode is pan error generated when the electrode is positioned against the ositioned against the ositioned against the ositioned against the     

                centering ball means centering ball means centering ball means centering ball means that it is the that it is the that it is the that it is the relative position between relative position between relative position between relative position between the the the the center of measuringcenter of measuringcenter of measuringcenter of measuring

                ball andball andball andball and    thethethethe    center of center of center of center of the the the the electrode.electrode.electrode.electrode.    

    

    

                                      

 

                                      

                                      

                                      

 

                                       

                                      

                                      

    

    

                There is a function that shifts temporarily the origins ofThere is a function that shifts temporarily the origins ofThere is a function that shifts temporarily the origins ofThere is a function that shifts temporarily the origins of    all all all all     

                coordinate systems on the basis of this relative position.coordinate systems on the basis of this relative position.coordinate systems on the basis of this relative position.coordinate systems on the basis of this relative position.    

                This function is called This function is called This function is called This function is called ““““local offset functionlocal offset functionlocal offset functionlocal offset function””””, and the temporary , and the temporary , and the temporary , and the temporary     

                Shifted coordinate system is called Shifted coordinate system is called Shifted coordinate system is called Shifted coordinate system is called ““““local coordinate systemlocal coordinate systemlocal coordinate systemlocal coordinate system””””....    

    

    

    

    

    

    

    

    

    

                If the electroIf the electroIf the electroIf the electrode is positioned at the origin of work coordinate system    de is positioned at the origin of work coordinate system    de is positioned at the origin of work coordinate system    de is positioned at the origin of work coordinate system        

G55 with local coordinate system set, the reference point of workpiece  G55 with local coordinate system set, the reference point of workpiece  G55 with local coordinate system set, the reference point of workpiece  G55 with local coordinate system set, the reference point of workpiece      

coincides with the electrode center. coincides with the electrode center. coincides with the electrode center. coincides with the electrode center.     

                The above processing is automatically executed by the MEASURING menu The above processing is automatically executed by the MEASURING menu The above processing is automatically executed by the MEASURING menu The above processing is automatically executed by the MEASURING menu     

                descridescridescridescribed later.bed later.bed later.bed later.    

    

Centering ball 

Electrode 

[Display example of work coordinates[Display example of work coordinates[Display example of work coordinates[Display example of work coordinates    

    after centering]after centering]after centering]after centering]    

X     0.125 

Y   -10.000 

Z     5.000 

Means relative position betweenMeans relative position betweenMeans relative position betweenMeans relative position between    

the the the the measuring ball center and measuring ball center and measuring ball center and measuring ball center and the the the the electrodeelectrodeelectrodeelectrode    

center.center.center.center.    

G55’ G54’ 

Centering ball 

Workpiece 

Shifting origins of  
each coordinate system 
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        (c) Example of electrode centering program(c) Example of electrode centering program(c) Example of electrode centering program(c) Example of electrode centering program    

    

    

    

    

                                                                                                                                                             (Setting local coordinate system) 

    

    

    

    

    

    

    

    

    

    MEASURE : ELERCTRODE SPHERE (G126) 
 Address Attri. Talk items Set value  

 P 

U 

V 

C 

I 

J 

A 

B 

Q 

W 

F 

K 

D 

N 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

TABLE BALL DIA.               [u,t] 
ELECT. MEA-PART MEA.  X AXIS[u,t] 
                         Y AXIS[u,t] 
                         Z AXIS[u,t] 
X CENTERING OFFSET    X AXIS[u,t] 
        (INC)        Y AXIS[u,t] 
Y CENTERING OFFSET    X AXIS[u,t] 
        (INC)        Y AXIS[u,t] 
Z CENTERING OFFSET    X AXIS[u,t] 
        (INC)            Y AXIS[u,t] 
      MEASURE RATE      [m,i/min] 
      RETRACT VALUE          [u,t] 
LOCAL CORD.SYSTEM SET (1:XYZ,2:Z) 
      ELECTRODE OFFSET 

10.0 
15.0 
15.0 
10.0 
 
 
 
 
 
 
 
 
1 
 

 

    

    

    

    

    

    

                Thus, the electrode has been positioned.Thus, the electrode has been positioned.Thus, the electrode has been positioned.Thus, the electrode has been positioned.    

    

            

20 

□15 

φ10 Centering ball 

Electrode 

Height from electrode 
bottom to touch point 
with centering ball 

Local coordinate 
system is set to 
X,Y,Z axes. 

 

START 
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(d) Preparation of a machining program(d) Preparation of a machining program(d) Preparation of a machining program(d) Preparation of a machining program    

    

                An important thing in preparing a machining program is to set pointsAn important thing in preparing a machining program is to set pointsAn important thing in preparing a machining program is to set pointsAn important thing in preparing a machining program is to set points    

                in the work coordinate system Gin the work coordinate system Gin the work coordinate system Gin the work coordinate system G55.55.55.55.    

                The following provides a machining example where the depth of The following provides a machining example where the depth of The following provides a machining example where the depth of The following provides a machining example where the depth of     

                machining is 5 mm.machining is 5 mm.machining is 5 mm.machining is 5 mm.    

    

    

    MC : BOTTOM STOPPED-SIMPLE(G101) 

 Address Attri. Talk items Set value  

 N 

Q 

Z 

R 

E 

I 

J 

O 

D 

H 

L 

P 

A 

/ 

/ 

* 

* 

* 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

ABS/INC                   (90/91) 
MC AXIS               (1:X,2:Y,3:Z) 
MC DEPTH                     [u,t] 
ELECTRODE REDUCTION          [u,t] 
MODEL DATA No. 
  START OF PROCESS No. 
  END OF PROCESS No. 
  FINISH PROCESS No. 
  SIDE   REMAIN AMOUNT COMP     [%] 
  BOTTOM REMAIN AMOUNT COMP     [%] 
MC METHOD 
   PATTERN 
        ROT. ANGLE         [deg] 

 
 
-5.0 
0.2 
123 
5 
13 
13 
 
 
13 
2222 
 

 

    

    

    

    
    POS. : DISPERSED (G113) 
 Address Attri. Talk items Set value  

 H 

W 

X 

Y 

Z 

U 

V 

I 

J 

/ 

/ 

* 

* 

* 

/ 

/ 

/ 

/ 

PLANE          (1:X-Y,2:Z-X,3:Y-Z) 
WORK CORD. SYSTEM 
START CORD.           X AXIS [u,t] 
    (ABS)             Y AXIS [u,t] 
                      Z AXIS [u,t] 
  No.2 HOLE (ABS)     I AXIS [u,t] 
                     II AXIS [u,t] 
  No.3 HOLE (ABS)     I AXIS [u,t] 
                     II AXIS [u,t] 

 
55 
0 
0 
5.0 
 

 

 

Enter work coordinate 
system G55 set to the 
workpiece. 
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14.4  Notes on utilizing centering ball 

    

        The previous section describeThe previous section describeThe previous section describeThe previous section describedddd    how to use a centering ballhow to use a centering ballhow to use a centering ballhow to use a centering ball....    HHHHowever, owever, owever, owever, a question frequa question frequa question frequa question frequ

ently asked:ently asked:ently asked:ently asked:    

    

    

    

    

    

    

    

    

    

    

    

        It is definitely possibleIt is definitely possibleIt is definitely possibleIt is definitely possible....    There are two methods to overcome this problem, There are two methods to overcome this problem, There are two methods to overcome this problem, There are two methods to overcome this problem,     

        as showas showas showas shown below.n below.n below.n below.    

    

        (a) Assign the reference plane to the electrode. Also, standardize the(a) Assign the reference plane to the electrode. Also, standardize the(a) Assign the reference plane to the electrode. Also, standardize the(a) Assign the reference plane to the electrode. Also, standardize the    

             shank diameter to one or two kinds.shank diameter to one or two kinds.shank diameter to one or two kinds.shank diameter to one or two kinds.    

    

                                                 

                                                                                                                                                                                

                                                                                                                                                                                

                                                                                                                                                                                

    

    

    

    

                Assignment of a reference plane would be the most important thing in Assignment of a reference plane would be the most important thing in Assignment of a reference plane would be the most important thing in Assignment of a reference plane would be the most important thing in     

                utilizing the ATC unit, etc. (At present, however, the reference planeutilizing the ATC unit, etc. (At present, however, the reference planeutilizing the ATC unit, etc. (At present, however, the reference planeutilizing the ATC unit, etc. (At present, however, the reference plane    

                as shown above cannot be pras shown above cannot be pras shown above cannot be pras shown above cannot be provided when making the electrode by the ovided when making the electrode by the ovided when making the electrode by the ovided when making the electrode by the     

                wire EDM, but design various kinds of reference planes.)wire EDM, but design various kinds of reference planes.)wire EDM, but design various kinds of reference planes.)wire EDM, but design various kinds of reference planes.)    

    

    

As shown on the leftAs shown on the leftAs shown on the leftAs shown on the left    figurefigurefigurefigure, can, can, can, can    a complex a complex a complex a complex     

electrode be automatically positioned electrode be automatically positioned electrode be automatically positioned electrode be automatically positioned     

against the centering ball?against the centering ball?against the centering ball?against the centering ball?    

Centering ball 

Electrode 

Electrode 

End mill 

Shank Reference 
plane 

As shown to the left, provide As shown to the left, provide As shown to the left, provide As shown to the left, provide     

a reference plane when making a reference plane when making a reference plane when making a reference plane when making     

the electrode.the electrode.the electrode.the electrode.    

Also, standardize the shank Also, standardize the shank Also, standardize the shank Also, standardize the shank     

diameter to diameter to diameter to diameter to φφφφ10 or 10 or 10 or 10 or φφφφ20.20.20.20.    
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        (b) Utilization of ELECTRODE SPHERE menu(b) Utilization of ELECTRODE SPHERE menu(b) Utilization of ELECTRODE SPHERE menu(b) Utilization of ELECTRODE SPHERE menu    

    

                Utilize the CENTERING OFFSET in the ELECTRODE SPHERE menu.Utilize the CENTERING OFFSET in the ELECTRODE SPHERE menu.Utilize the CENTERING OFFSET in the ELECTRODE SPHERE menu.Utilize the CENTERING OFFSET in the ELECTRODE SPHERE menu.    

    

    MEASURE : ELERCTRODE SPHERE (G126) 
 Address Attri. Talk items Set value  

 P 

U 

V 

C 

I 

J 

A 

B 

Q 

W 

F 

K 

D 

N 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

TABLE BALL DIA.             [u,t] 
ELECT. MEA-PART MEA.   X AXIS[u,t] 
                       Y AXIS[u,t] 
                       Z AXIS[u,t] 
X CENTERING OFFSET     X AXIS[u,t] 
        (INC)       Y AXIS[u,t] 
Y CENTERING OFFSET     X AXIS[u,t] 
        (INC)       Y AXIS[u,t] 
Z CENTERING OFFSET     X AXIS[u,t] 
        (INC)          Y AXIS[u,t] 
      MEASURE RATE       [m,i/min] 
      RETRACT VALUE          [u,t] 
LOCAL CORD.SYSTEM SET  (1:XYZ,2:Z) 
      ELECTRODE OFFSET 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

    

                [Input example][Input example][Input example][Input example]    

                    

                Z centering offsetZ centering offsetZ centering offsetZ centering offset    

    

    

    

    

    

    

                                       

                                                                                                                                        

                                                                                                                                        

    

    

    

    

    MEASURE : ELERCTRODE SPHERE (G126) 
 C 

I 

J 

A 

B 

Q 

W 

F 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

                      Z AXIS[u,t] 
X CENTERING OFFSET    X AXIS[u,t] 
        (INC)      Y AXIS[u,t] 
Y CENTERING OFFSET    X AXIS[u,t] 
        (INC)      Y AXIS[u,t] 
Z CENTERING OFFSET    X AXIS[u,t] 
        (INC)         Y AXIS[u,t] 
      MEASURE RATE      [m,i/min] 

 
 
 
 
 
5.0 
-5.0 
 

 

 

Centering offset 

５ 

５ 

Reference 
plane 

Z axis centering 
position 

As shown on the left, if Z axisAs shown on the left, if Z axisAs shown on the left, if Z axisAs shown on the left, if Z axis    

centering position is not in centering position is not in centering position is not in centering position is not in     

the center of reference plane, the center of reference plane, the center of reference plane, the center of reference plane,     

the X and Y axes can be shifted the X and Y axes can be shifted the X and Y axes can be shifted the X and Y axes can be shifted     

temporarily during Z axis temporarily during Z axis temporarily during Z axis temporarily during Z axis     

centering.centering.centering.centering.    
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14.5  Local coordinate system 

    

        The local coordinate system refers to the one in which the origin of The local coordinate system refers to the one in which the origin of The local coordinate system refers to the one in which the origin of The local coordinate system refers to the one in which the origin of thethethethe    

        work coordinate system is temporariwork coordinate system is temporariwork coordinate system is temporariwork coordinate system is temporarily offset.ly offset.ly offset.ly offset.    

            

    

    

    

    

    

    

    

    

    

    

    

    

    

        [Display when local offsets A and B are set][Display when local offsets A and B are set][Display when local offsets A and B are set][Display when local offsets A and B are set]    

Example of local coord. system X axis Y axis 

Work coordinate system G54 

(Local coord. system cancel) 
40.000 20.000 

Local coordinate system G54 

Work cord. system G54 

           + 

Local offset A 

28.000 10.000 

Local coordinate syatem G54 

Work cord. system G54 

           + 

Local offset B 

55.000 30.000 

    

        Thus, the origin of work coordinate system can be shifted to any point Thus, the origin of work coordinate system can be shifted to any point Thus, the origin of work coordinate system can be shifted to any point Thus, the origin of work coordinate system can be shifted to any point     

        without erasing it. Thwithout erasing it. Thwithout erasing it. Thwithout erasing it. This method is commonly used to compensate center is method is commonly used to compensate center is method is commonly used to compensate center is method is commonly used to compensate center     

        error of error of error of error of an an an an electrode. (Local offset values are all set to the work electrode. (Local offset values are all set to the work electrode. (Local offset values are all set to the work electrode. (Local offset values are all set to the work     

        coordinate system G54 coordinate system G54 coordinate system G54 coordinate system G54 ～～～～    G61 (G500 G61 (G500 G61 (G500 G61 (G500 ～～～～    G509) in the same manner.)G509) in the same manner.)G509) in the same manner.)G509) in the same manner.)    

    

Y axis 

X axis 

Current position 

Origin of work 

coordinate system G54 

10 

20 

12 40 

-10 

-15 

A 

B 

Local offsets 
A 

B 
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14.6  Preparation of a centering ball and a measuring ball 

    

        NormallNormallNormallNormally, a centering ball and a measuring ball is supplied. However, y, a centering ball and a measuring ball is supplied. However, y, a centering ball and a measuring ball is supplied. However, y, a centering ball and a measuring ball is supplied. However,     

        several kinds of ball diameters will be necessary according to the several kinds of ball diameters will be necessary according to the several kinds of ball diameters will be necessary according to the several kinds of ball diameters will be necessary according to the     

        workpiece and electrode used. workpiece and electrode used. workpiece and electrode used. workpiece and electrode used. Prepare Prepare Prepare Prepare the ball as the ball as the ball as the ball as shownshownshownshown    in the in the in the in the     

        method provided below.method provided below.method provided below.method provided below.    

    

    

    

    

    

    

    

    

    

    

    

        As for a measuring ball, thAs for a measuring ball, thAs for a measuring ball, thAs for a measuring ball, the diameter e diameter e diameter e diameter φφφφ3, 3, 3, 3, φφφφ5, and 5, and 5, and 5, and φφφφ10 will be 10 will be 10 will be 10 will be     

        suitable. suitable. suitable. suitable.     

    

Drive in A ball used for bearing 

Use of a carbide ball will 
further improve measuring  
accuracy because it hardly rusts.    

Make a hole by electrical 
discharge machining 
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15. INDEX MACHINING 
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15.1  Index machining 1 (use of C axis unit) 

 

This method sets the coordinate system individually at each index position.This method sets the coordinate system individually at each index position.This method sets the coordinate system individually at each index position.This method sets the coordinate system individually at each index position.    

    

[Machining example][Machining example][Machining example][Machining example]    

    

    

    

    

    

    

    

    

    

    

＜＜＜＜ProcessProcessProcessProcess＞＞＞＞    

①①①①    With electrode in        position, specify the work coordinate system G54, perform With electrode in        position, specify the work coordinate system G54, perform With electrode in        position, specify the work coordinate system G54, perform With electrode in        position, specify the work coordinate system G54, perform 

centering on the basis of workpiece, and set thcentering on the basis of workpiece, and set thcentering on the basis of workpiece, and set thcentering on the basis of workpiece, and set the origin of all axes including C axis.e origin of all axes including C axis.e origin of all axes including C axis.e origin of all axes including C axis.    

②②②②    Index the electrode 180Index the electrode 180Index the electrode 180Index the electrode 180°°°°using the C axis so that it is in       position, then specify using the C axis so that it is in       position, then specify using the C axis so that it is in       position, then specify using the C axis so that it is in       position, then specify 

the work coordinate system G55, perform centering on the basis of workpiece, and set the work coordinate system G55, perform centering on the basis of workpiece, and set the work coordinate system G55, perform centering on the basis of workpiece, and set the work coordinate system G55, perform centering on the basis of workpiece, and set 

the origin of all axes including C axis.the origin of all axes including C axis.the origin of all axes including C axis.the origin of all axes including C axis.    

③③③③    Model plan input exampleModel plan input exampleModel plan input exampleModel plan input example    

MC ： Single MC (G100) 

Address Attri. Talk items Set value 
Ｎ 
Ｘ 
Ｙ 
Ｚ 
Ｃ 
Ｗ 
Ｌ 
Ｅ 
Ｕ 
Ｒ 
Ｐ 
Ａ 
Ｂ 
Ｓ 
Ｔ 
Ｆ 
Ｉ 
Ｈ 
Ｍ 
Ｄ 
Ｖ 

／ 
／ 
／ 
／ 
／ 
／ 
／ 
＊ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 

 ABS/INC               (90/91) 
 MC DEPTH              X AXIS [u,t] 
                       Y AXIS [u,t] 
                       Z AXIS [u,t] 
                 C AXIS[rot./ANGLE] 
 AUTO DEPTH MAX. TRAVEL       [u,t] 
     MC LAST STOP            (1:ON) 
 MC COND. No.  
     REMAIN AMOUNT            [u,t] 
 PATTERN RADIUS               [u,t] 
     MODE/PATTERN 
     ROT. ANGLE          [0.001deg] 
     CIRCUIT SPEED       [m.i/min] 
 JUMP AMOUNT             [code,u,t] 
       CYCLE     [code,0.001sec] 
       SPEED         [code,m,i/min] 
 CLAMP AMOUNT                 [u,t] 
 TIME CONTROL TIME            [min] 
 START MC COND. No.         (DF[%]) 
 START J. CYCLE    [code,0.001sec] 
 START MC REMAIN AMOUNT       [u,t] 

   
  
  
-12.0 
  
  
  
1307 
  
100 
2222 
 
 
7 
3 
8 

 

 

20 20 

4 5 6 

1 2 3 

1
0
 

1
0
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POS ： Line/Grid (G111) 

Address Attri. Talk items Set value 
Ｈ 
Ｗ 
Ｘ 
Ｙ 
Ｚ 
Ｐ 
Ｑ 
Ｕ 
Ｖ 
Ｉ 
Ｊ 
Ｍ 
Ｎ 
Ｂ 
Ｋ 
Ｌ 
Ａ 
Ｄ 
Ｓ 
Ｔ 

／ 
／ 
＊ 
＊ 
＊ 
＊ 
＊ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 

 PLANE         (1:X-Y,2:Z-X,3:Y-Z) 
 WORK CORD. SYSTEM 
 START CORD.          X AXIS [u,t] 
       (ABS)          Y AXIS [u,t] 
                      Z AXIS [u,t] 
 PITCH WIDTH          I AXIS [u,t] 
                     II AXIS [u,t] 
 MC EXTENT      I AXIS START(n-th) 
     PROCESSION        END  (n-th) 
               II AXIS START(n-th) 
                       END  (n-th) 
     HOLE              START(n-th) 
                       END  (n-th) 
 ROTATE ANGLE                [deg] 
 SQUARE                     (1:ON) 
 INDEX DEVICE(1:C AXIS,2:IDX,3:DH) 
     INDEX ANGLE             [deg] 
     ELECT.ROT.OFFSET       (1:ON) 
     C AXIS SYNC PATTERN    (1:ON) 
 OPPOSITE                   (1:ON) 

 
54  
-20.0 
-10.0 
5.0 
20.0 
0 
1 
3 
 
 
 
 
 
 
1 
0 
1 

 

 

POS ： Line/Grid (G111) 

Address Attri. Talk items Set value 
Ｈ 
Ｗ 
Ｘ 
Ｙ 
Ｚ 
Ｐ 
Ｑ 
Ｕ 
Ｖ 
Ｉ 
Ｊ 
Ｍ 
Ｎ 
Ｂ 
Ｋ 
Ｌ 
Ａ 
Ｄ 
Ｓ 
Ｔ 

／ 
／ 
＊ 
＊ 
＊ 
＊ 
＊ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 

 PLANE         (1:X-Y,2:Z-X,3:Y-Z) 
 WORK CORD. SYSTEM 
 START CORD.          X AXIS [u,t] 
       (ABS)          Y AXIS [u,t] 
                      Z AXIS [u,t] 
 PITCH WIDTH          I AXIS [u,t] 
                     II AXIS [u,t] 
 MC EXTENT      I AXIS START(n-th) 
     PROCESSION        END  (n-th) 
               II AXIS START(n-th) 
                       END  (n-th) 
     HOLE              START(n-th) 
                       END  (n-th) 
 ROTATE ANGLE                [deg] 
 SQUARE                     (1:ON) 
 INDEX DEVICE(1:C AXIS,2:IDX,3:DH) 
     INDEX ANGLE             [deg] 
     ELECT.ROT.OFFSET       (1:ON) 

C AXIS SYNC PATTERN    (1:ON) 
 OPPOSITE                   (1:ON) 

 
55  
-20.0 
10.0 
5.0 
20.0 
0 
1 
3 
 
 
 
 
 
 
1 
0 
1 

    

    

    

Specify an index unit 
(optional.). 
(C axis unit) 

 

The index angle varies 
with a setting method 
of origin. 
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15.2  Index machining 2 (use of electrode rotation compensate function) 

    

As the number of electrode increase, the origin setting by the index machining 1 and 2 will As the number of electrode increase, the origin setting by the index machining 1 and 2 will As the number of electrode increase, the origin setting by the index machining 1 and 2 will As the number of electrode increase, the origin setting by the index machining 1 and 2 will 

increase setting operation. In this case, the elecincrease setting operation. In this case, the elecincrease setting operation. In this case, the elecincrease setting operation. In this case, the electrode rotation compensate (D) function is trode rotation compensate (D) function is trode rotation compensate (D) function is trode rotation compensate (D) function is 

useful.useful.useful.useful.    

    

The electrode rotation compensate (D) function compensate the change in electrode center The electrode rotation compensate (D) function compensate the change in electrode center The electrode rotation compensate (D) function compensate the change in electrode center The electrode rotation compensate (D) function compensate the change in electrode center 

position that will occur when the electrode is indexed if the electrode is not positioned in position that will occur when the electrode is indexed if the electrode is not positioned in position that will occur when the electrode is indexed if the electrode is not positioned in position that will occur when the electrode is indexed if the electrode is not positioned in 

the center of index unithe center of index unithe center of index unithe center of index unit. t. t. t.     

    

[Electrode compensation at 180[Electrode compensation at 180[Electrode compensation at 180[Electrode compensation at 180°°°°index CCW]index CCW]index CCW]index CCW]    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

Before using the electrode rotation compensate (D) function, the electrode center error Before using the electrode rotation compensate (D) function, the electrode center error Before using the electrode rotation compensate (D) function, the electrode center error Before using the electrode rotation compensate (D) function, the electrode center error 

must be read. For this purpose, a centering ball and a measuring ball are required. Prepare must be read. For this purpose, a centering ball and a measuring ball are required. Prepare must be read. For this purpose, a centering ball and a measuring ball are required. Prepare must be read. For this purpose, a centering ball and a measuring ball are required. Prepare 

the balls in the balls in the balls in the balls in advance.advance.advance.advance.    

Normally, a centering ball and a measuring ball is supplied. However, several kinds of ball Normally, a centering ball and a measuring ball is supplied. However, several kinds of ball Normally, a centering ball and a measuring ball is supplied. However, several kinds of ball Normally, a centering ball and a measuring ball is supplied. However, several kinds of ball 

diameters will be necessary according to the workpiece and electrode used. So, prepare the diameters will be necessary according to the workpiece and electrode used. So, prepare the diameters will be necessary according to the workpiece and electrode used. So, prepare the diameters will be necessary according to the workpiece and electrode used. So, prepare the 

ball as necessary in the method provided below.ball as necessary in the method provided below.ball as necessary in the method provided below.ball as necessary in the method provided below.    

    

    

    

    

    

    

    

Electrode center offset 

C axis (or DH unit) 

Holder 

Electrode 

Electrode center error 

Drive in A ball used for bearing (φ3～10) 

Use of a carbide ball will further 
improve measuring accuracy 
because it hardly rusts.    

Make a hole by EDM. 

For the shank 
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[Machin[Machin[Machin[Machining example]ing example]ing example]ing example]    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

[Procedure][Procedure][Procedure][Procedure]    

①①①①    Setting of origin and preparation of electrode rotation compensate functionSetting of origin and preparation of electrode rotation compensate functionSetting of origin and preparation of electrode rotation compensate functionSetting of origin and preparation of electrode rotation compensate function    

(a)(a)(a)(a)Set the work coordinate system G54 in MDI RUN mode.Set the work coordinate system G54 in MDI RUN mode.Set the work coordinate system G54 in MDI RUN mode.Set the work coordinate system G54 in MDI RUN mode.    

    

    

    

    

 

(b)(b)(b)(b)Return the C axis to the origin (0Return the C axis to the origin (0Return the C axis to the origin (0Return the C axis to the origin (0°°°°). ). ). ).     

The index unit mustThe index unit mustThe index unit mustThe index unit must    be in origin since the electrode rotation compensate function be in origin since the electrode rotation compensate function be in origin since the electrode rotation compensate function be in origin since the electrode rotation compensate function 

provides compensation on the basis of origin (0provides compensation on the basis of origin (0provides compensation on the basis of origin (0provides compensation on the basis of origin (0°°°°).).).).    

(c)(c)(c)(c)Attach a measuring ball to the spindle. Attach a measuring ball to the spindle. Attach a measuring ball to the spindle. Attach a measuring ball to the spindle.     

At this time, the center of measuring ball At this time, the center of measuring ball At this time, the center of measuring ball At this time, the center of measuring ball 

must be within 3mm of rotation center.must be within 3mm of rotation center.must be within 3mm of rotation center.must be within 3mm of rotation center.    

And, move the mAnd, move the mAnd, move the mAnd, move the measuring ball to over of the easuring ball to over of the easuring ball to over of the easuring ball to over of the 

centering ball.centering ball.centering ball.centering ball.    

    

20 20 

4 5 6 

1 2 3 

1
0
 

1
0
 

Measuring ball 

Centering ball 

Workpiece 

Magnet base 

５Ｇ 
（ 

４

Measuring ball 

Centering ball 

  

    

START 
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(d) The point at which the measuring ball is centered against the centering ball is (d) The point at which the measuring ball is centered against the centering ball is (d) The point at which the measuring ball is centered against the centering ball is (d) The point at which the measuring ball is centered against the centering ball is 

assigned origin of work coordinate system G54. Then, register the dimension from assigned origin of work coordinate system G54. Then, register the dimension from assigned origin of work coordinate system G54. Then, register the dimension from assigned origin of work coordinate system G54. Then, register the dimension from 

this point to C axis rotation center to this point to C axis rotation center to this point to C axis rotation center to this point to C axis rotation center to thethethethe    parameter No.392 and 393parameter No.392 and 393parameter No.392 and 393parameter No.392 and 393....    

    

    

MEA ： Measure/Sphere (G125) 

Address Attri. Talk items Set value 
Ｒ 
Ｐ 
Ｆ 
Ｑ 
Ｋ 
Ｗ 
Ｂ 
Ａ 
Ｍ 
Ｅ 

＊ 
＊ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 

 SPINDLE BALL DIA.           [u,t] 
 TABLE BALL DIA.             [u,t] 
    MEASURE RATE         [m,i/min] 
    ROT.    ANGLE            [deg] 

RETRACT VALUE            [u,t] 
 SET G54                   (1:YES) 
 ROTATE AXIS CENTER COMP    (1:ON) 
 INDEX DEVICE(1:C AXIS,2:IDX,3:DH) 
  SAVE MEASURED BALL DIA.TO NO. 
MEA.ERROR LMT.(CENT. DIA.)  [u,t] 

10.0 
10.0 
 
 
 
1 
 
1 
 
1 

    

※※※※    ConfiConfiConfiConfirm the offserm the offserm the offserm the offset data of parameter No.392 and 393.t data of parameter No.392 and 393.t data of parameter No.392 and 393.t data of parameter No.392 and 393.    

    

                                                                                                                                                                                    Parameter No.392 Parameter No.392 Parameter No.392 Parameter No.392     

and 393.and 393.and 393.and 393.    

    

    

    

(e) Move the measuring ball on (e) Move the measuring ball on (e) Move the measuring ball on (e) Move the measuring ball on thethethethe    workpiece, set the work coordinate system G55, and workpiece, set the work coordinate system G55, and workpiece, set the work coordinate system G55, and workpiece, set the work coordinate system G55, and 

position the measuring ball against the workposition the measuring ball against the workposition the measuring ball against the workposition the measuring ball against the workpiece to set the origin.piece to set the origin.piece to set the origin.piece to set the origin.    

    

    

    

    

    

    

    

(f) Attach an electrode to the spindle. Center the electrode against the centering ball. (f) Attach an electrode to the spindle. Center the electrode against the centering ball. (f) Attach an electrode to the spindle. Center the electrode against the centering ball. (f) Attach an electrode to the spindle. Center the electrode against the centering ball.     

    

    

    

    

    

    

    

Specify for setting 
rotating center 
position 

Specify an index unit 
(optional.). 

Workpiece origin 

Measuring ball 
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MEA ： Electrode/Sphere (G126) 

Address Attri. Talk items Set value 
Ｐ 
Ｕ 
Ｖ 
Ｃ 
Ｉ 
Ｊ 
Ａ 
Ｂ 
Ｑ 
Ｗ 
Ｆ 
Ｋ 
Ｄ 
Ｎ 
Ｓ 
Ｈ 
Ｔ 
Ｍ 
Ｘ 
Ｏ 
Ｅ 

／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 

 TABLE BALL DIA.            [u,t] 
 ELECT.MEA-PART MEA.   X AXIS [u,t] 
                       Y AXIS [u,t] 
                       Z AXIS [u,t] 
 X CENTERING OFFSET    X AXIS [u,t] 
         (INC)         Y AXIS [u,t] 
 Y CENTERING OFFSET    X AXIS [u,t] 
         (INC)         Y AXIS [u,t] 
 Z CENTERING OFFSET    X AXIS [u,t] 
         (INC)         Y AXIS [u,t] 
       MEASURE RATE       [m,i/min] 
       RETRACT VALUE          [u,t] 
 LOCAL CORD.SYSTEM SET  (1:XYZ,2:Z) 
       ELECTRODE OFFSET 
       ELECTRODE OFFSET 2 
 PARALLEL ADJ.(4:+X,5:-X,6:+Y,7:-Y) 
       MEASURE PITCH          [m,t ] 
       MEASURE COUNT 
       MEASURE ERROR LIMIT    [m,t] 
SAVE MEASURED ELECT.DIA.TO NO [m,t] 
 MEA. ERROR LMT (ELECT.DIA.)  [u,t] 

10.0 
20.0 
20.0 
10.0 
 
 
 
 
 
 
 
 
1 

    

    

    

    

    

    

    

    

    

Measure offset amount between electrode and measuring ball. And local coordinate Measure offset amount between electrode and measuring ball. And local coordinate Measure offset amount between electrode and measuring ball. And local coordinate Measure offset amount between electrode and measuring ball. And local coordinate 

system is set. The offset valuesystem is set. The offset valuesystem is set. The offset valuesystem is set. The offset value    of local coordinate system is displayed on of local coordinate system is displayed on of local coordinate system is displayed on of local coordinate system is displayed on SET - LOCAL 

OFFSET    screenscreenscreenscreen....    

    

※※※※     ““““LOCAL OFFSETLOCAL OFFSETLOCAL OFFSETLOCAL OFFSET””””    is displayed in the is displayed in the is displayed in the is displayed in the 

status display area on the screen when the status display area on the screen when the status display area on the screen when the status display area on the screen when the 

local coordinate system is used.local coordinate system is used.local coordinate system is used.local coordinate system is used.    

    

    

    

Thus, the centering work is over.Thus, the centering work is over.Thus, the centering work is over.Thus, the centering work is over.    

Enter each 
dimension. 

A local coordinates 
system is set. 

Electrode 

Centering ball 
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(g) The following covers a(g) The following covers a(g) The following covers a(g) The following covers a    complex electrode that cannot be centered automatically by complex electrode that cannot be centered automatically by complex electrode that cannot be centered automatically by complex electrode that cannot be centered automatically by 

the model plan in sthe model plan in sthe model plan in sthe model plan in step (f).tep (f).tep (f).tep (f).    

ⅰⅰⅰⅰ) Make sure that the local coordinate system has not been set.) Make sure that the local coordinate system has not been set.) Make sure that the local coordinate system has not been set.) Make sure that the local coordinate system has not been set.    

    

    

    

    

    

    

Execute following model plan in MDI RUN in order to cancel local coordinate system.Execute following model plan in MDI RUN in order to cancel local coordinate system.Execute following model plan in MDI RUN in order to cancel local coordinate system.Execute following model plan in MDI RUN in order to cancel local coordinate system.    

AUX ： Coordinate system set (G130) 

Address Attri. Talk items Set value 
Ｗ 
Ｘ 
Ｙ 
Ｚ 
Ｃ 
Ｌ 
Ｉ 
Ｊ 
Ｋ 
Ｂ 
Ｏ 
Ｔ 

／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 

 WORK CORD. SYSTEM 
   SET CORD.           X AXIS [u,t] 
                       Y AXIS [u,t] 
                       Z AXIS [u,t] 
                       C AXIS [deg] 
 LOCAL CORD. SYSTEM SET      (1:ON) 
   SET CORD.           X AXIS [u,t] 
                       Y AXIS [u,t] 
                       Z AXIS [u,t] 
                       C AXIS [deg] 
   ELECT. OFFSET No.    (LOCAL SET) 
  WORK ROTATION       (0:OFF,1:ON) 

 
 
 
 
 
1 
0 
0 
0 
0 

Another method is holding down the Another method is holding down the Another method is holding down the Another method is holding down the ““““LOCAL CANCELLOCAL CANCELLOCAL CANCELLOCAL CANCEL””””    buttonbuttonbuttonbutton....    

    

    

    

ⅱⅱⅱⅱ) Set the work coordinate system G54 in MDI RUN mode.) Set the work coordinate system G54 in MDI RUN mode.) Set the work coordinate system G54 in MDI RUN mode.) Set the work coordinate system G54 in MDI RUN mode.    

ⅲⅲⅲⅲ) Make the electrode touch the centering ball manually, and read the coordinate ) Make the electrode touch the centering ball manually, and read the coordinate ) Make the electrode touch the centering ball manually, and read the coordinate ) Make the electrode touch the centering ball manually, and read the coordinate 

value of electrode rotation center.value of electrode rotation center.value of electrode rotation center.value of electrode rotation center.    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

“LOCAL OFFSET” is displayed 

when the local coordinate 

system is used. 

Read and record the coordinate value Read and record the coordinate value Read and record the coordinate value Read and record the coordinate value 

where twhere twhere twhere the centering ball center coincides he centering ball center coincides he centering ball center coincides he centering ball center coincides 

with the electrode rotation center through with the electrode rotation center through with the electrode rotation center through with the electrode rotation center through 

manual touch sensing.manual touch sensing.manual touch sensing.manual touch sensing.    

Local offset 
cancel 

Electrode rotation center 

Electrode 

10 

Centering ball 
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②②②②Model plan input exampleModel plan input exampleModel plan input exampleModel plan input example    

MC ： Bottom stopped - simple (G101) etc. 

 

POS ： Line/Grid (G111) 

Address Attri. Talk items Set value 
Ｈ 
Ｗ 
Ｘ 
Ｙ 
Ｚ 
Ｐ 
Ｑ 
Ｕ 
Ｖ 
Ｉ 
Ｊ 
Ｍ 
Ｎ 
Ｂ 
Ｋ 
Ｌ 
Ａ 
Ｄ 
Ｓ 
Ｔ 

／ 
／ 
＊ 
＊ 
＊ 
＊ 
＊ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 

 PLANE         (1:X-Y,2:Z-X,3:Y-Z) 
 WORK CORD. SYSTEM 
 START CORD.          X AXIS [u,t] 
       (ABS)          Y AXIS [u,t] 
                      Z AXIS [u,t] 
 PITCH WIDTH          I AXIS [u,t] 
                     II AXIS [u,t] 
 MC EXTENT      I AXIS START(n-th) 
     PROCESSION        END  (n-th) 
               II AXIS START(n-th) 
                       END  (n-th) 
     HOLE              START(n-th) 
                       END  (n-th) 
 ROTATE ANGLE           [0.001deg] 
 SQUARE                     (1:ON) 
 INDEX DEVICE(1:C AXIS,2:IDX,3:DH) 
     INDEX ANGLE             [deg] 
     ELECT.ROT.OFFSET       (1:ON) 

C AXIS SYNC PATTERN    (1:ON) 
 OPPOSITE                   (1:ON) 

 
55  
-20.0 
-10.0 
5.0 
20.0 
0 
1 
3 
 
 
 
 
 
 
1 
0 
1 

 

 

POS ： Line/Grid (G111) 

Address Attri. Talk items Set value 
Ｈ 
Ｗ 
Ｘ 
Ｙ 
Ｚ 
Ｐ 
Ｑ 
Ｕ 
Ｖ 
Ｉ 
Ｊ 
Ｍ 
Ｎ 
Ｂ 
Ｋ 
Ｌ 
Ａ 
Ｄ 
Ｓ 
Ｔ 

／ 
／ 
＊ 
＊ 
＊ 
＊ 
＊ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 

 PLANE         (1:X-Y,2:Z-X,3:Y-Z) 
 WORK CORD. SYSTEM 
 START CORD.          X AXIS [u,t] 
       (ABS)          Y AXIS [u,t] 
                      Z AXIS [u,t] 
 PITCH WIDTH          I AXIS [u,t] 
                     II AXIS [u,t] 
 MC EXTENT      I AXIS START(n-th) 
     PROCESSION        END  (n-th) 
               II AXIS START(n-th) 
                       END  (n-th) 
     HOLE              START(n-th) 
                       END  (n-th) 
 ROTATE ANGLE           [0.001deg] 
 SQUARE                     (1:ON) 
 INDEX DEVICE(1:C AXIS,2:IDX,3:DH) 
     INDEX ANGLE             [deg] 
     ELECT.ROT.OFFSET       (1:ON) 

C AXIS SYNC PATTERN    (1:ON) 
 OPPOSITE                   (1:ON) 

 
55  
-20.0 
10.0 
5.0 
20.0 
0 
1 
3 
 
 
 
 
 
 
1 
180.0 
1 

Specify an index unit 
(optional). 
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15.3  Index machining 3 (use of C axis synchronous index function) 

    

In a machining that requires a complex indexing unlike a simple indexing such as 0In a machining that requires a complex indexing unlike a simple indexing such as 0In a machining that requires a complex indexing unlike a simple indexing such as 0In a machining that requires a complex indexing unlike a simple indexing such as 0°°°°    and and and and 

180180180180°°°°, the electrode and the orbiting pattern must also be rotated in the index direction., the electrode and the orbiting pattern must also be rotated in the index direction., the electrode and the orbiting pattern must also be rotated in the index direction., the electrode and the orbiting pattern must also be rotated in the index direction.    

[Machining example][Machining example][Machining example][Machining example]    

    

    

    

    

    

    

    

    

    

    

    

    

As shown above, the function As shown above, the function As shown above, the function As shown above, the function that rotates the electrode and the orbiting pattern in the that rotates the electrode and the orbiting pattern in the that rotates the electrode and the orbiting pattern in the that rotates the electrode and the orbiting pattern in the 

index direction is called index direction is called index direction is called index direction is called ““““C axis synchronous index functionC axis synchronous index functionC axis synchronous index functionC axis synchronous index function””””....    

It is used in the arc/circumference menu of model plan.It is used in the arc/circumference menu of model plan.It is used in the arc/circumference menu of model plan.It is used in the arc/circumference menu of model plan.    

・・・・    Initial angle (C)Initial angle (C)Initial angle (C)Initial angle (C)    

The electrode index angle at the index reference point is The electrode index angle at the index reference point is The electrode index angle at the index reference point is The electrode index angle at the index reference point is called called called called ““““initial angleinitial angleinitial angleinitial angle””””. It is . It is . It is . It is 

specified at item C of the arc/circumference menu.specified at item C of the arc/circumference menu.specified at item C of the arc/circumference menu.specified at item C of the arc/circumference menu.    

    

    

    

    

    

    

    

    

    

    

POS ： Arc/Circumference (G112) 

Address Attri. Talk items Set value 
Ｈ 
Ｗ 
Ｘ 
Ｙ 
Ｚ 
Ｃ 
Ｒ 
Ｐ 
: 

／ 
／ 
＊ 
＊ 
＊ 
／ 
＊ 
／ 
: 

 PLANE         (1:X-Y,2:Z-X,3:Y-Z) 
 WORK CORD. SYSTEM 
 CENTER CORD.         X AXIS [u,t] 
       (ABS)          Y AXIS [u,t] 
                      Z AXIS [u,t] 
                 C AXIS      [deg] 
 RADIUS                      [u,t] 
   (1)PITCH ANGLE            [deg] 
            : 

 
 
 
 
 
 
 
 

Orbiting pattern 

φ100 

Workpiece 

Centering ball 

The origin of index angle is in 

the electrode index direction on 

the centering ball. 

Set initial angle. 

Initial angle 

X axis 

Y axis 

Index reference point 

Centering 

ball 

The index reference point is the one at 

which a pitch circle intersects +X axis, 

irrespective of machining. 
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・・・・Orbiting patterOrbiting patterOrbiting patterOrbiting pattern angle (A)n angle (A)n angle (A)n angle (A)    

The orbiting pattern rotation angle (A) can be set in each machining menu. This angle is The orbiting pattern rotation angle (A) can be set in each machining menu. This angle is The orbiting pattern rotation angle (A) can be set in each machining menu. This angle is The orbiting pattern rotation angle (A) can be set in each machining menu. This angle is 

only used when the orbiting pattern is to be rotated on the basis of the electrode only used when the orbiting pattern is to be rotated on the basis of the electrode only used when the orbiting pattern is to be rotated on the basis of the electrode only used when the orbiting pattern is to be rotated on the basis of the electrode in the in the in the in the 

index origin (the electrodeindex origin (the electrodeindex origin (the electrodeindex origin (the electrode    index angle on the centering ball).index angle on the centering ball).index angle on the centering ball).index angle on the centering ball).    

    

The C axis synchronous index function adds index angle to the orbiting pattern rotation The C axis synchronous index function adds index angle to the orbiting pattern rotation The C axis synchronous index function adds index angle to the orbiting pattern rotation The C axis synchronous index function adds index angle to the orbiting pattern rotation 

angle (A), and the orbiting pattern is then rotated.angle (A), and the orbiting pattern is then rotated.angle (A), and the orbiting pattern is then rotated.angle (A), and the orbiting pattern is then rotated.    

    

[Procedure][Procedure][Procedure][Procedure]    

①①①①    For the electrode rotation compensate function and centFor the electrode rotation compensate function and centFor the electrode rotation compensate function and centFor the electrode rotation compensate function and centering method, refer to clause ering method, refer to clause ering method, refer to clause ering method, refer to clause 

15151515.2.2.2.2....    

②②②②Model plan input exampleModel plan input exampleModel plan input exampleModel plan input example    

MC ： Bottom stopped - simple (G101) 

Address Attri. Talk items Set value 
Ｎ 
Ｑ 
Ｚ 
Ｒ 
Ｅ 
Ｉ 
Ｊ 
Ｏ 
Ｄ 
Ｈ 
Ｌ 
Ｐ 
Ａ 
Ｓ 
: 

／ 
／ 
＊ 
＊ 
＊ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
: 

 ABS/INC              (90/91) 
 MC AXIS              (1:X,2:Y,3:Z) 
 MC DEPTH                     [u,t] 
 ELECTRODE REDUCTION          [u,t] 
 MODEL DATA No. 
     START OF PROCESS No. 
     END OF PROCESS No. 
     FINISH PROCESS No. 
     SIDE REMAIN AMOUNT COMP    [%] 
     BOTTOM REMAIN AMOUNT COMP   [%] 
 MC METHOD 
     PATTERN 
       ROT.ANGLE              [deg] 
 JUMP AMOUNT            [code, u,t] 
     : 

   
  
-5.0 
0.2 
123 
6 
13 
13 
 
 
13 
2222 
 
7 
 

 

 

POS ： Arc/Circumference (G112) 

Address Attri. Talk items Set value 
Ｈ 
Ｗ 
Ｘ 
Ｙ 
Ｚ 
Ｃ 
Ｒ 
Ｐ 
Ｎ 
Ｂ 
Ｍ 
Ｏ 
Ｄ 
Ｔ 

／ 
／ 
＊ 
＊ 
＊ 
／ 
＊ 
／ 
／ 
／ 
＊ 
／ 
／ 
／ 

 PLANE         (1:X-Y,2:Z-X,3:Y-Z) 
 WORK CORD. SYSTEM 
 CENTER CORD.         X AXIS [u,t] 
       (ABS)          Y AXIS [u,t] 
                      Z AXIS [u,t] 
                      C AXIS [deg] 
 RADIUS                      [u,t] 
   (1)PITCH ANGLE            [deg] 
   (2)DIVIDE EQUALLY NUMBER 
 START POI.ANGLE             [deg] 
 HOLES                      [pcs.] 
 C AXIS SYNC INDEX          (1:ON) 
    ELECT. ROT. OFFSET      (1:ON) 
 OPPOSITE                   (1:ON) 

 
55 
0 
0 
5.0 
0 
50.0 
 
8 
 
8 
1 
1 

    

    

    

    

Set initial orbiting 
pattern rotation angle. 
(No required in this 
case)    

Set initial angle. 
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15.4  Index machining 4 (use of C axis synchronous index function) 

    

This paragraph describes a machining example in which machining direction is changed in This paragraph describes a machining example in which machining direction is changed in This paragraph describes a machining example in which machining direction is changed in This paragraph describes a machining example in which machining direction is changed in 

addition to the electrode indexing.addition to the electrode indexing.addition to the electrode indexing.addition to the electrode indexing.    

[Machining ex[Machining ex[Machining ex[Machining example]ample]ample]ample]    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

The electrode and machining direction can be rotated according to the index angle by The electrode and machining direction can be rotated according to the index angle by The electrode and machining direction can be rotated according to the index angle by The electrode and machining direction can be rotated according to the index angle by 

setting the C axis synchronous index function.setting the C axis synchronous index function.setting the C axis synchronous index function.setting the C axis synchronous index function.    

・・・・Note on making an electrodeNote on making an electrodeNote on making an electrodeNote on making an electrode    

Even in a machining that uses only a part of end face of electrode as sEven in a machining that uses only a part of end face of electrode as sEven in a machining that uses only a part of end face of electrode as sEven in a machining that uses only a part of end face of electrode as shown above, the hown above, the hown above, the hown above, the 

electrode shape should be the one that easily halves the dimension in the center. electrode shape should be the one that easily halves the dimension in the center. electrode shape should be the one that easily halves the dimension in the center. electrode shape should be the one that easily halves the dimension in the center. 

Otherwise, the centerinOtherwise, the centerinOtherwise, the centerinOtherwise, the centering work as described in clause 15g work as described in clause 15g work as described in clause 15g work as described in clause 15.2.2.2.2    (g) is required.(g) is required.(g) is required.(g) is required.    

[Example of electrode form][Example of electrode form][Example of electrode form][Example of electrode form]    

ⅰⅰⅰⅰ))))    

The electrode has enough size to perform The electrode has enough size to perform The electrode has enough size to perform The electrode has enough size to perform 

centering centering centering centering against the centering ball.against the centering ball.against the centering ball.against the centering ball.    

    

    

    

    

    

    

    

Centering ball 

Workpiece 

Electrode 

Table 

φ100 
Electrode 

Workpiece 

15 
8 

Bad example 

Electrode 
Shank 

Electrode 

Shank 

20 
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ⅱⅱⅱⅱ))))The electrode form is suitable for centeringThe electrode form is suitable for centeringThe electrode form is suitable for centeringThe electrode form is suitable for centering    

    

    

    

    

    

    

    

    

    

    

As shown above, design the electrode form so that it can be centered against the As shown above, design the electrode form so that it can be centered against the As shown above, design the electrode form so that it can be centered against the As shown above, design the electrode form so that it can be centered against the 

centering ball.centering ball.centering ball.centering ball.    

    

・・・・Setting the machining depth and pitch circle radiusSetting the machining depth and pitch circle radiusSetting the machining depth and pitch circle radiusSetting the machining depth and pitch circle radius    

The machiniThe machiniThe machiniThe machining depth must be set with INC value.ng depth must be set with INC value.ng depth must be set with INC value.ng depth must be set with INC value.    

Also, the pitch circle radius should be large enough while taking into account the Also, the pitch circle radius should be large enough while taking into account the Also, the pitch circle radius should be large enough while taking into account the Also, the pitch circle radius should be large enough while taking into account the 

workpiece diameter and electrode diameter.workpiece diameter and electrode diameter.workpiece diameter and electrode diameter.workpiece diameter and electrode diameter.    

    

    

    

    

    

    

    

    

    

    

    

Assuming that the pitch circle radius is 90,Assuming that the pitch circle radius is 90,Assuming that the pitch circle radius is 90,Assuming that the pitch circle radius is 90,    

Machining depth = 90 - 50 - 20 + 15    

= 35 
    

The machining direction is the one at the index reference point. The machining direction is the one at the index reference point. The machining direction is the one at the index reference point. The machining direction is the one at the index reference point.     

It will be It will be It will be It will be automaticallyautomaticallyautomaticallyautomatically    changed according to the index angle.changed according to the index angle.changed according to the index angle.changed according to the index angle.    
    

MC ： Bottom stopped - simple (G101) 

Address Attri. Talk items Set value 
Ｎ 
Ｑ 
Ｚ 
Ｒ 
Ｅ 
: 

／ 
／ 
＊ 
＊ 
＊ 
: 

 ABS/INC              (90/91) 
 MC AXIS              (1:X,2:Y,3:Z) 
 MC DEPTH                     [u,t] 
 ELECTRODE REDUCTION          [u,t] 
 MODEL DATA No. 
     : 

91 
1 
-35.0 
0.2 
123 
 

20 

Electrode 

Shank 

Set INC mode.    

35 

15 

Ｘ 

Ｙ 

Electrode 

Pitch circle radius : 90 

Index reference point 

Pitch circle 

MC depth 

20 

Workpiece 

φ100 
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・・・・Input of positioning heightInput of positioning heightInput of positioning heightInput of positioning height    

Enter the positioning height at the beginning of program since theEnter the positioning height at the beginning of program since theEnter the positioning height at the beginning of program since theEnter the positioning height at the beginning of program since the    Z axis in the Z axis in the Z axis in the Z axis in the 

arc/circumference menu is specified at the machining position.arc/circumference menu is specified at the machining position.arc/circumference menu is specified at the machining position.arc/circumference menu is specified at the machining position.    
    

G55 G90; 

G00 Z5.0;                 Positioning height 

Machining model 

Positioning model(G112) 
    

※※※※    If the positioning height is not specified, be sure to raise the electrode aboIf the positioning height is not specified, be sure to raise the electrode aboIf the positioning height is not specified, be sure to raise the electrode aboIf the positioning height is not specified, be sure to raise the electrode above the ve the ve the ve the 

workpiece by manual operation. Otherwise, the electrode can hit against the workpiece by manual operation. Otherwise, the electrode can hit against the workpiece by manual operation. Otherwise, the electrode can hit against the workpiece by manual operation. Otherwise, the electrode can hit against the 

workpiece.workpiece.workpiece.workpiece.    

    

    

    

    
    

[Procedure][Procedure][Procedure][Procedure]    

①①①①    For the electrode rotation compensate function and centFor the electrode rotation compensate function and centFor the electrode rotation compensate function and centFor the electrode rotation compensate function and centering method, refer to clause ering method, refer to clause ering method, refer to clause ering method, refer to clause 

15151515.2.2.2.2....    

②②②②Model plan input exampleModel plan input exampleModel plan input exampleModel plan input example    

G55 G90; 

G00 Z5.0;                 Positioning height    

MC ： Bottom stopped - simple (G101) 

Address Attri. Talk items Set value 
Ｎ 
Ｑ 
Ｚ 
Ｒ 
Ｅ 
Ｉ 
Ｊ 
Ｏ 
Ｄ 
: 

／ 
／ 
＊ 
＊ 
＊ 
／ 
／ 
／ 
／ 
: 

 ABS/INC              (90/91) 
 MC AXIS              (1:X,2:Y,3:Z) 
 MC DEPTH                     [u,t] 
 ELECTRODE REDUCTION          [u,t] 
 MODEL DATA No. 
     START OF PROCESS No. 
     END OF PROCESS No. 
     FINISH PROCESS No. 
     SIDE REMAIN AMOUNT COMP    [%] 
     : 

91 
1 
-35.0 
0.2 
123 
6 
13 
13 
 
 

 

 

POS ： Arc/Circumference (G112) 

Address Attri. Talk items Set value 
Ｈ 
Ｗ 
Ｘ 
Ｙ 
Ｚ 
Ｃ 
Ｒ 
Ｐ 
Ｎ 
Ｂ 
Ｍ 
Ｏ 
Ｄ 
Ｔ 

／ 
／ 
＊ 
＊ 
＊ 
／ 
＊ 
／ 
／ 
／ 
＊ 
／ 
／ 
／ 

 PLANE         (1:X-Y,2:Z-X,3:Y-Z) 
 WORK CORD. SYSTEM 
 CENTER CORD.         X AXIS [u,t] 
       (ABS)          Y AXIS [u,t] 
                      Z AXIS [u,t] 
                      C AXIS [deg] 
 RADIUS                      [u,t] 
   (1)PITCH ANGLE            [deg] 
   (2)DIVIDE EQUALLY NUMBER 
 START POI.ANGLE             [deg] 
 HOLES                      [pcs.] 
 C AXIS SYNC INDEX          (1:ON) 
    ELECT. ROT. OFFSET      (1:ON) 
 OPPOSITE                   (1:ON) 

 
55 
0 
0 
-19.8 
0 
90.0 
 
8 
 
8 
1 
1 

Workpiece 

Table 

Electrode 

Subtract the electrode 
reduction (R). 
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15.5  Index machining 5 (use of C axis synchronous index function) 

    

This paragraph describes This paragraph describes This paragraph describes This paragraph describes a machining example in clause 15a machining example in clause 15a machining example in clause 15a machining example in clause 15.4.4.4.4    with exception that the with exception that the with exception that the with exception that the 

machining direction is from inside to outside.machining direction is from inside to outside.machining direction is from inside to outside.machining direction is from inside to outside.    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

The poThe poThe poThe positioning height must be set insitioning height must be set insitioning height must be set insitioning height must be set in    the same reason as in clause 15the same reason as in clause 15the same reason as in clause 15the same reason as in clause 15.4.4.4.4. . . .     

Also, additional items should be set inAlso, additional items should be set inAlso, additional items should be set inAlso, additional items should be set in    the same manner as in clause 15the same manner as in clause 15the same manner as in clause 15the same manner as in clause 15.4.4.4.4....    

    

[Procedure][Procedure][Procedure][Procedure]    

①①①①    For the electrode rotation compensate function and centering method, refer to clause For the electrode rotation compensate function and centering method, refer to clause For the electrode rotation compensate function and centering method, refer to clause For the electrode rotation compensate function and centering method, refer to clause 

11115555.2.2.2.2....    

②②②②Model plan input exampleModel plan input exampleModel plan input exampleModel plan input example    

G55 G90; 

G00 Z5.0;                 Positioning height    

MC ： Bottom stopped - simple (G101) 

Address Attri. Talk items Set value 
Ｎ 
Ｑ 
Ｚ 
Ｒ 
Ｅ 
Ｉ 
Ｊ 
Ｏ 
Ｄ 
Ｈ 
Ｌ 
Ｐ 
Ａ 
Ｓ 
: 

／ 
／ 
＊ 
＊ 
＊ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
: 

 ABS/INC              (90/91) 
 MC AXIS              (1:X,2:Y,3:Z) 
 MC DEPTH                     [u,t] 
 ELECTRODE REDUCTION          [u,t] 
 MODEL DATA No. 
     START OF PROCESS No. 
     END OF PROCESS No. 
     FINISH PROCESS No. 
     SIDE REMAIN AMOUNT COMP    [%] 
     BOTTOM REMAIN AMOUNT COMP   [%] 
 MC METHOD 
     PATTERN 
       ROT.ANGLE              [deg] 
 JUMP AMOUNT            [code, u,t] 
     : 

91 
1 
15.0 
0.2 
123 
6 
13 
13 
 
 
13 
2222 
 

 

 

Centering ball 

Table 

Workpiece 

Pitch circle radius 20 

20 
5 

Workpiece 

40 

MC depth 15 

Inside D φ100 
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POS ： Arc/Circumference (G112) 

Address Attri. Talk items Set value 
Ｈ 
Ｗ 
Ｘ 
Ｙ 
Ｚ 
Ｃ 
Ｒ 
Ｐ 
Ｎ 
Ｂ 
Ｍ 
Ｏ 
Ｄ 
Ｔ 

／ 
／ 
＊ 
＊ 
＊ 
／ 
＊ 
／ 
／ 
／ 
＊ 
／ 
／ 
／ 

 PLANE         (1:X-Y,2:Z-X,3:Y-Z) 
 WORK CORD. SYSTEM 
 CENTER CORD.         X AXIS [u,t] 
       (ABS)          Y AXIS [u,t] 
                      Z AXIS [u,t] 
                 C AXIS [0.001deg] 
 RADIUS                      [u,t] 
   (1)PITCH ANGLE            [deg] 
   (2)DIVIDE EQUALLY NUMBER 
 START POI.ANGLE             [deg] 
 HOLES                      [pcs.] 
 C AXIS SYNC INDEX          (1:ON) 
    ELECT. ROT. OFFSET      (1:ON) 
 OPPOSITE                   (1:ON) 

 
55 
0 
0 
-39.8 
0 
20.0 
 
8 
 
8 
1 
1 

    

    

    

Subtract the electrode 
reduction (R). 
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16.USE OF ATC 

 

The following three kinds of ATC are available.The following three kinds of ATC are available.The following three kinds of ATC are available.The following three kinds of ATC are available.    

Select one according to the workpiece and accuracy required.Select one according to the workpiece and accuracy required.Select one according to the workpiece and accuracy required.Select one according to the workpiece and accuracy required.    

 

Type Contents Application Difficulty 

ATC-1 Work coordinate system Not suitable for plural workpiece Easy 

 

ATC-2 
Centering ball 

Work coordinate system 

Local coordinate system 

High precision 

Plural workpieces 

Not suitable for complex 

electrode 

 

Difficult 

 

ATC-3 
Work coordinate system 

Electrode offset 

Local coordinate system 

 

Plural workpieces 
 

Difficult 

 

CONTENTS  

Page 

16.1 ATC-1･････････････････････････････････････････････････  1 6－ 2  

16.2 ATC-2･････････････････････････････････････････････････  1 6－ 4  

16.3 ATC-3･････････････････････････････････････････････････  1 6－ 7  
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16.1  ATC-1 

 

This method sets the origin of work coThis method sets the origin of work coThis method sets the origin of work coThis method sets the origin of work coordinate system (G54 to G61) individually for ordinate system (G54 to G61) individually for ordinate system (G54 to G61) individually for ordinate system (G54 to G61) individually for 

respective electrode.respective electrode.respective electrode.respective electrode.    

    

[Procedure][Procedure][Procedure][Procedure]    

①①①①    Set the origin by changing and centering the work coordinate system for each electrode.Set the origin by changing and centering the work coordinate system for each electrode.Set the origin by changing and centering the work coordinate system for each electrode.Set the origin by changing and centering the work coordinate system for each electrode.    

Example) Example) Example) Example)     

Electrode No. Work coordinate system No. 

1 G54 

2 G55 

3 G56 

4 G57 

5 G58 

6 G59 

7 G60 

8 G61 

    

②②②②    Model plan input exampleModel plan input exampleModel plan input exampleModel plan input example    

Input example when the electrode 1 is already in the spindle.Input example when the electrode 1 is already in the spindle.Input example when the electrode 1 is already in the spindle.Input example when the electrode 1 is already in the spindle.    

MC ： Single MC (G100) 

Address Attri. Talk items Set value 
Ｎ 
Ｘ 
Ｙ 
Ｚ 
Ｃ 
Ｗ 
Ｌ 
Ｅ 
Ｕ 
: 

／ 
／ 
／ 
／ 
／ 
／ 
／ 
＊ 
／ 
: 

 ABS/INC                   (90/91) 
 MC DEPTH             X AXIS [u,t] 
                      Y AXIS [u,t] 
                      Z AXIS [u,t] 
                    C AXIS [ANGLE] 
 AUTO DEPTH MAX. TRAVEL      [u,t] 
     MC LAST STOP           (1:ON) 
 MC COND No. 
     REMAIN AMOUNT           [u,t] 
         : 

   
  
  
-9.5 
  
  
  
1309 
  
 

 

 

POS ： Line/Grid (G111) 

Address Attri. Talk items Set value 
Ｈ 
Ｗ 
Ｘ 
Ｙ 
Ｚ 
Ｐ 
Ｑ 
Ｕ 
Ｖ 
Ｉ 
Ｊ 
Ｍ 
: 

／ 
／ 
＊ 
＊ 
＊ 
＊ 
＊ 
／ 
／ 
／ 
／ 
／ 
: 

 PLANE         (1:X-Y,2:Z-X,3:Y-Z) 
 WORK CORD. SYSTEM 
 START CORD.          X AXIS [u,t] 
       (ABS)          Y AXIS [u,t] 
                      Z AXIS [u,t] 
 PITCH WIDTH          I AXIS [u,t] 
                     II AXIS [u,t] 
 MC EXTENT      I AXIS START(n-th) 
     PROCESSION        END  (n-th) 
               II AXIS START(n-th) 
                       END  (n-th) 
     HOLE              START(n-th) 
           : 

 
54  
0 
0 
5.0 
20.0 
0 
1 
4 

    

Work coordinate 

system No. associated 

with electrode No.1 
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AUX ： ATC (G131) 

Address Attri. Talk items Set value 
Ｍ 
Ｆ 
Ｔ 
Ｓ 
Ｏ 
Ｗ 
Ｘ 
Ｙ 
Ｚ 
Ｃ 
Ｎ 

  Ｄ 

／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 

 ATC RTN PRO.     (1:Z-X-Y,2:Z-Y-X) 
 ROBOT CHUCK      (1:U,2:D,3:R,4:L) 
      ELECTRODE No. 
         SPINDLE ELEC. No. 
     ELECT.OFFSET No. (LOCAL SET) 
 END WORK CORD. SYS. 
 COORDINATE            X AXIS [u,t] 
     (ABS)             Y AXIS [u,t] 
                       Z AXIS [u,t] 
                  C AXIS [0.001deg] 
 MACHINING PROGRAM O No. 
 WORK TANK DOWN        (ROBOT ONLY) 

3 
  
2 
1 
 
55 
0 
0 
20.0 

 

 

MC ： Bottom stopped - simple (G101) 

Address Attri. Talk items Set value 
Ｎ 
Ｑ 
Ｚ 
Ｒ 
Ｅ 
Ｉ 
Ｊ 
Ｏ 
Ｄ 
Ｈ 
Ｌ 
Ｐ 
Ａ 
: 

／ 
／ 
＊ 
＊ 
＊ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
: 

 ABS/INC              (90/91) 
 MC AXIS              (1:X,2:Y,3:Z) 
 MC DEPTH                     [u,t] 
 ELECTRODE REDUCTION          [u,t] 
 MODEL DATA No. 
     START OF PROCESS No. 
     END OF PROCESS No. 
     FINISH PROCESS No. 
     SIDE REMAIN AMOUNT COMP    [%] 
     BOTTOM REMAIN AMOUNT COMP   [%] 
 MC METHOD 
     PATTERN 
       ROT.ANGLE              [deg] 
          : 

   
 
-10.0 
0.25 
123 
4 
13 
13 
 
 
13 
2222 
 
 

 

 

POS ： Line/Grid (G111) 

Address Attri. Talk items Set value 
Ｈ 
Ｗ 
Ｘ 
Ｙ 
Ｚ 
Ｐ 
Ｑ 
Ｕ 
Ｖ 
Ｉ 
Ｊ 
Ｍ 
: 

／ 
／ 
＊ 
＊ 
＊ 
＊ 
＊ 
／ 
／ 
／ 
／ 
／ 
: 

 PLANE         (1:X-Y,2:Z-X,3:Y-Z) 
 WORK CORD. SYSTEM 
 START CORD.          X AXIS [u,t] 
       (ABS)          Y AXIS [u,t] 
                      Z AXIS [u,t] 
 PITCH WIDTH          I AXIS [u,t] 
                     II AXIS [u,t] 
 MC EXTENT      I AXIS START(n-th) 
     PROCESSION        END  (n-th) 
               II AXIS START(n-th) 
                       END  (n-th) 
     HOLE              START(n-th) 
           : 

 
55  
0 
0 
5.0 
20.0 
0 
1 
4 

 

 

Enter in the same manner for the electrode No.3 and subsequent electrodes.Enter in the same manner for the electrode No.3 and subsequent electrodes.Enter in the same manner for the electrode No.3 and subsequent electrodes.Enter in the same manner for the electrode No.3 and subsequent electrodes.    

    

This may be omitted at 
the next electrode 
change. 

Work coordinate 
system No. associated 
with electrode No.2. 

Work coordinate 
system No. associated 
with electrode No.2. 
 
This number is omissible if 
already entered in ATC 
menu. 
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16.2  ATC-2 

 

This method uses a centering ball to adjust position immediately after electrode change This method uses a centering ball to adjust position immediately after electrode change This method uses a centering ball to adjust position immediately after electrode change This method uses a centering ball to adjust position immediately after electrode change 

during machining, thereby suitable during machining, thereby suitable during machining, thereby suitable during machining, thereby suitable for high precision machining.for high precision machining.for high precision machining.for high precision machining.    

However, the use of a complex electrode makes centering difficult. It is, therefore, However, the use of a complex electrode makes centering difficult. It is, therefore, However, the use of a complex electrode makes centering difficult. It is, therefore, However, the use of a complex electrode makes centering difficult. It is, therefore, 

necessary to standardize holders and to prepare the reference part on the electrode.necessary to standardize holders and to prepare the reference part on the electrode.necessary to standardize holders and to prepare the reference part on the electrode.necessary to standardize holders and to prepare the reference part on the electrode.    

[Procedure][Procedure][Procedure][Procedure]    

①①①①    Attach a centering ball onto the spindle aAttach a centering ball onto the spindle aAttach a centering ball onto the spindle aAttach a centering ball onto the spindle and set the origin of G54 work coordinate nd set the origin of G54 work coordinate nd set the origin of G54 work coordinate nd set the origin of G54 work coordinate 

system to the centering ball, and the origin of G55 to the workpiece.system to the centering ball, and the origin of G55 to the workpiece.system to the centering ball, and the origin of G55 to the workpiece.system to the centering ball, and the origin of G55 to the workpiece.    

    

    

    

    

    

    

    

    

・・・・Setting origin of work coordinate system (G54) to centering ballSetting origin of work coordinate system (G54) to centering ballSetting origin of work coordinate system (G54) to centering ballSetting origin of work coordinate system (G54) to centering ball    

MEA ： Measure/Sphere (G125) 

Address Attri. Talk items Set value 
Ｒ 
Ｐ 
Ｆ 
Ｑ 
Ｋ 
Ｗ 
Ｂ 
Ｍ 
Ｅ 

＊ 
＊ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 

 SPINDLE BALL DIA.            [u,t] 
 TABLE BALL DIA.              [u,t] 
    MEASURE RATE          [m,i/min] 
    ROT.ANGLE                 [deg] 

 RETRACT VALUE             [u,t] 
 SET G54                    (1:YES) 
   ROTATE AXIS CENTER COMP    (1:ON) 
   SAVE MEASURED BALL DIA. TO.NO. 
MEA.ERROR LMT.(CENT. DIA.)   [u,t] 

10.0 
10.0 
 
 
 
1 
 
 
 

・・・・Setting origin of work coordinate system (G55) to workpieceSetting origin of work coordinate system (G55) to workpieceSetting origin of work coordinate system (G55) to workpieceSetting origin of work coordinate system (G55) to workpiece    

MEA ： Plate/Column (G122) 

Address Attri. Talk items Set value 
Ｈ 
Ｘ 
Ｙ 
Ｚ 
Ｒ 
Ｑ 
Ｆ 
Ａ 
Ｋ 
Ｗ 
Ｏ 
Ｎ 

  Ｓ 
Ｍ 
Ｂ 
Ｃ 
Ｕ 
Ｖ 
Ｄ 
Ｌ 
Ｐ 

／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 

 PLANE       (1:X-Y,2:Z-X,3:Y-Z) 
 AXIS TRAVEL           X AXIS [u,t] 
      (INC)            Y AXIS [u,t] 
                       Z AXIS [u,t] 
 SPINDLE BALL DIA.            [u,t] 
ELECT.MEA-PART MEA ⅢAXIS    [u,t] 
MEASURE RATE       [m,i/min] 
       ROT. ANGLE             [deg] 
       RETRACT VALUE          [u,t] 
 WORK CORD. No. TO SET 
 MEASURE CORD. SYSTEM No. 
      ELECTRODE OFFSET 
      ELECTRODE OFFSET 2 
 MEASURE ELECTRODE OFFSET       
 ⅠCENTERING OFS ⅡAXIS (INC) [u,t] 
ⅡCENTERING OFS ⅠAXIS (INC) [u,t] 
SHIFT AT HEIGHT MEA.Ⅰ AXIS  [u,t] 

      (INC)          Ⅱ AXIS  [u,t] 
 C 180deg ROTATE MEASURE   (1:ON) 
ANGLE MEA.DIRECTION     (1:+Y,3:+X) 
      MEASURE                 [u,t] 

 
100.0 
80.0 
-15.0 
 
 
 
 
5.0 
55 

G54 
Measuring ball 

Centering ball 

Workpiece 

G55 

Enter each 
dimension. 
 

Enter each 
dimension. 

Work coordinate 
system No. 
used. 
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②②②②    Model plan input exampleModel plan input exampleModel plan input exampleModel plan input example    

Input example when electrode No.1 is Input example when electrode No.1 is Input example when electrode No.1 is Input example when electrode No.1 is already on the already on the already on the already on the centering ball.centering ball.centering ball.centering ball.    

    

MEA ： Electrode/Sphere (G126) 

Address Attri. Talk items Set value 
Ｐ 
Ｕ 
Ｖ 
Ｃ 
Ｉ 
Ｊ 
Ａ 
Ｂ 
Ｑ 
Ｗ 
Ｆ 
Ｋ 
Ｄ 
Ｎ 
Ｓ 
Ｈ 
Ｔ 
Ｍ 
Ｘ 
Ｏ 
Ｅ 

／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 

 TABLE BALL DIA.            [u,t] 
 ELECT.MEA-PART MEA.   X AXIS [u,t] 
                       Y AXIS [u,t] 
                       Z AXIS [u,t] 
 X CENTERING OFFSET    X AXIS [u,t] 
         (INC)         Y AXIS [u,t] 
 Y CENTERING OFFSET    X AXIS [u,t] 
         (INC)         Y AXIS [u,t] 
 Z CENTERING OFFSET    X AXIS [u,t] 
         (INC)         Y AXIS [u,t] 
       MEASURE RATE       [m,i/min] 
       RETRACT VALUE          [u,t] 
 LOCAL CORD.SYSTEM SET  (1:XYZ,2:Z) 
       ELECTRODE OFFSET 
       ELECTRODE OFFSET 2 
PARALLEL ADJ.(4:+X,5:-X,6:+Y,7:-Y) 

MEASURE PITCH              [u,t] 
MEASURE COUNT 

   MEASURE ERROR LIMIT         [mm] 
 SAVE MEASURED ELECT. DIA.TO NO. 
 MEA. ERROR LMT (ELECT.DIA.)  [u,t] 

10.0 
20.0 
15.0 
10.0 
 
 
 
 
 
 
 
 
1 

    

※※※※    The offset value of local coordinate system are displayed on The offset value of local coordinate system are displayed on The offset value of local coordinate system are displayed on The offset value of local coordinate system are displayed on SET - LOCAL OFFSET    

screenscreenscreenscreen....    

※※※※     ““““LOCAL OFFSETLOCAL OFFSETLOCAL OFFSETLOCAL OFFSET””””    is displayed in the is displayed in the is displayed in the is displayed in the 

status display area on the screen when the status display area on the screen when the status display area on the screen when the status display area on the screen when the 

local coordinate system is used.local coordinate system is used.local coordinate system is used.local coordinate system is used.    

    

    

    

    

 

 

MC ： Single MC (G100) 

Address Attri. Talk items Set value 
Ｎ 
Ｘ 
Ｙ 
Ｚ 
Ｃ 
Ｗ 
Ｌ 
Ｅ 
Ｕ 
Ｒ 
Ｐ 
Ａ 
: 

／ 
／ 
／ 
／ 
／ 
／ 
／ 
＊ 
／ 
／ 
／ 
／ 
: 

 ABS/INC                   (90/91) 
 MC DEPTH             X AXIS [u,t] 
                      Y AXIS [u,t] 
                      Z AXIS [u,t] 
                    C AXIS [ANGLE] 
 AUTO DEPTH MAX. TRAVEL      [u,t] 
     MC LAST STOP           (1:ON) 
 MC COND No. 
     REMAIN AMOUNT           [u,t] 
 PATTERN RADIUS              [u,t] 
     MODE/PATTERN 
     ROT. ANGLE              [deg] 
      : 

   
  
  
-9.5 
  
  
  
1309 
  
 
 
 

 

 

Enter each 
dimension. 

A local coordinates 
system is set. 

 

CRT Screen 
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POS ： Line/Grid (G111) 

Address Attri. Talk items Set value 
Ｈ 
Ｗ 
Ｘ 
Ｙ 
Ｚ 
: 

／ 
／ 
＊ 
＊ 
＊ 
: 

 PLANE         (1:X-Y,2:Z-X,3:Y-Z) 
 WORK CORD. SYSTEM 
 START CORD.          X AXIS [u,t] 
       (ABS)          Y AXIS [u,t] 
                      Z AXIS [u,t] 
           : 

 
55  
0 
0 
5.0 
 

 

 

AUX ： ATC (G131) 

Address Attri. Talk items Set value 
Ｍ 
Ｆ 
Ｔ 
Ｓ 
Ｏ 
Ｗ 
Ｘ 
Ｙ 
Ｚ 
Ｃ 
Ｎ 

 Ｄ 

／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 

 ATC RTN PRO.     (1:Z-X-Y,2:Z-Y-X) 
 ROBOT CHUCK      (1:U,2:D,3:R,4:L) 
      ELECTRODE No. 
         SPINDLE ELEC. No. 
     ELECT.OFFSET No. (LOCAL SET) 
 END WORK CORD. SYS. 
 COORDINATE            X AXIS [u,t] 
     (ABS)             Y AXIS [u,t] 
                       Z AXIS [u,t] 
                       C AXIS [deg] 
 MACHINING PROGRAM O No. 
 WORK TANK DOWN        (ROBOT ONLY) 

3 
  
2 
1 
 
54 
0 
0 
10.0 

 

 

Hereafter, enter data in the same manner as that of electrode No.1.Hereafter, enter data in the same manner as that of electrode No.1.Hereafter, enter data in the same manner as that of electrode No.1.Hereafter, enter data in the same manner as that of electrode No.1.    

 

 

Enter work cord. 
system No. used for 
workpiece. 

This may be 
omitted at the next 
electrode change 

Relocate each axis 
to the position 
where centering can 
be done by a 
centering ball. 
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16.3  ATC-3 

    

The ATCThe ATCThe ATCThe ATC----3 corrects the origin of work coordinate system specified for each workpiece by 3 corrects the origin of work coordinate system specified for each workpiece by 3 corrects the origin of work coordinate system specified for each workpiece by 3 corrects the origin of work coordinate system specified for each workpiece by 

using the electrode offset data that stores the amount of deviation of electrode useusing the electrode offset data that stores the amount of deviation of electrode useusing the electrode offset data that stores the amount of deviation of electrode useusing the electrode offset data that stores the amount of deviation of electrode used.d.d.d.    

It sets the origin of work coordinate system (G54 to G61) individually for each workpiece It sets the origin of work coordinate system (G54 to G61) individually for each workpiece It sets the origin of work coordinate system (G54 to G61) individually for each workpiece It sets the origin of work coordinate system (G54 to G61) individually for each workpiece 

and centering ball using a measuring ball. In addition, it enters the deviation of each and centering ball using a measuring ball. In addition, it enters the deviation of each and centering ball using a measuring ball. In addition, it enters the deviation of each and centering ball using a measuring ball. In addition, it enters the deviation of each 

electrode to the measuring ball into the offset number.electrode to the measuring ball into the offset number.electrode to the measuring ball into the offset number.electrode to the measuring ball into the offset number.    

    

[Machining example[Machining example[Machining example[Machining example]]]]    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

Three workpieces mounted on the magnet base are to be machined, as shown above. Three workpieces mounted on the magnet base are to be machined, as shown above. Three workpieces mounted on the magnet base are to be machined, as shown above. Three workpieces mounted on the magnet base are to be machined, as shown above. 

Assume that the contents and dimensions of machining for three workpieces are same.Assume that the contents and dimensions of machining for three workpieces are same.Assume that the contents and dimensions of machining for three workpieces are same.Assume that the contents and dimensions of machining for three workpieces are same.    

The electrode is provided with reference part so that centering to tThe electrode is provided with reference part so that centering to tThe electrode is provided with reference part so that centering to tThe electrode is provided with reference part so that centering to the centering ball is he centering ball is he centering ball is he centering ball is 

easy.easy.easy.easy.    

    

Electrodes: 

  For rough machining 1 pc ; reduction 0.3 

  For finish machining 2 pcs; reduction 0.15 
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[Procedure][Procedure][Procedure][Procedure]    

①①①①    Measure the centering ball position using a measuring ball, and designate this point as Measure the centering ball position using a measuring ball, and designate this point as Measure the centering ball position using a measuring ball, and designate this point as Measure the centering ball position using a measuring ball, and designate this point as 

origin of G54.origin of G54.origin of G54.origin of G54.    

 

 

 

 

 

 

 

 

 

 

 

MEA ： Measure/Sphere (G125) 

Address Attri. Talk items Set value 
Ｒ 
Ｐ 
Ｆ 
Ｑ 
Ｋ 
Ｗ 
Ｂ 
Ｍ 
Ｅ 

＊ 
＊ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 

 SPINDLE BALL DIA.           [u,t] 
 TABLE BALL DIA.             [u,t] 
    MEASURE RATE         [m,i/min] 
    ROT. VALUE               [deg] 

RETRACT VALUE            [u,t] 
 SET G54                   (1:YES) 
 ROTATE AXIS CENTER COMP    (1:ON) 
   SAVE MEASURED BALL DIA.TO NO. 
MEA.ERROR LMT.(CENT. DIA.)  [u,t] 

10.0 
10.0 
 
 
1 
 
 
 

 

②②②②    Measure each workpiece position using a measuring ball, and set the origin of individual Measure each workpiece position using a measuring ball, and set the origin of individual Measure each workpiece position using a measuring ball, and set the origin of individual Measure each workpiece position using a measuring ball, and set the origin of individual 

work coordinate system to the reference point of each workpiece.work coordinate system to the reference point of each workpiece.work coordinate system to the reference point of each workpiece.work coordinate system to the reference point of each workpiece.    

    

    

    

    

    

    

    

    

    

    

Enter ball diameter 
used. 
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MEA ： Plate/Column (G122) 

Address Attri. Talk items Set value 
Ｈ 
Ｘ 
Ｙ 
Ｚ 
Ｒ 
Ｑ 
Ｆ 
Ａ 
Ｋ 
Ｗ 
Ｏ 
Ｎ 

  Ｓ 
Ｍ 
Ｂ 
Ｃ 
Ｕ 
Ｖ 
Ｄ 
Ｌ 
Ｐ 

／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
 

／ 
／ 
／ 
／ 
／ 

 PLANE       (1:X-Y,2:Z-X,3:Y-Z) 
 AXIS TRAVEL          X AXIS [u,t] 
      (INC)           Y AXIS [u,t] 
                      Z AXIS [u,t] 
 SPINDLE BALL DIA.           [u,t] 
 ELECT.MEA-PART MEA ⅢAXIS   [u,t] 

MEASURE RATE      [m,i/min] 
       ROT. ANGLE            [deg] 
       RETRACT VALUE         [u,t] 
 WORK CORD. No. TO SET 
 MEASURE CORD. SYSTEM No. 
      ELECTRODE OFFSET 
      ELECTRODE OFFSET 2 
 MEASURE ELECTRODE OFFSET 
 ⅠCENTERING OFS ⅡAXIS (INC)[u,t] 
 ⅡCENTERING OFS ⅠAXIS (INC)[u,t] 
 SHIFT AT HEIGHT MEA. ⅠAXIS [u,t] 
      (INC)           ⅡAXIS [u,t] 
 C 180deg ROTATE MEASURE    (1:ON) 
 ANGLE MEA.DIRECTION   (1:+Y,3:+X) 
      MEASURE PITCH          [u,t] 

 
100.0 
80.0 
-15.0 
 
 
5.0 
 
2.0 
55 

        

③③③③    Enter the amount of deviation of each electrode to the measuring ball into the offset Enter the amount of deviation of each electrode to the measuring ball into the offset Enter the amount of deviation of each electrode to the measuring ball into the offset Enter the amount of deviation of each electrode to the measuring ball into the offset 

number associated with each electrode.number associated with each electrode.number associated with each electrode.number associated with each electrode.    

    

    

    

    

    

    

    

 

 

 

 

MEA ： Electrode/Sphere (G126) 

Address Attri. Talk items Set value 
Ｐ 
Ｕ 
Ｖ 
Ｃ 
Ｉ 
Ｊ 
Ａ 
Ｂ 
Ｑ 
Ｗ 
Ｆ 
Ｋ 
Ｄ 
Ｎ 

  Ｓ 
Ｈ 
Ｔ 
Ｍ 
Ｘ 
Ｏ 
Ｅ 

／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 

 TABLE BALL DIA.            [u,t] 
 ELECT.MEA-PART MEA.   X AXIS [u,t] 
                       Y AXIS [u,t] 
                       Z AXIS [u,t] 
 X CENTERING OFFSET    X AXIS [u,t] 
         (INC)         Y AXIS [u,t] 
 Y CENTERING OFFSET    X AXIS [u,t] 
         (INC)         Y AXIS [u,t] 
 Z CENTERING OFFSET    X AXIS [u,t] 
         (INC)         Y AXIS [u,t] 
       MEASURE RATE       [m,i/min] 
       RETRACT VALUE          [u,t] 
 LOCAL CORD.SYSTEM SET  (1:XYZ,2:Z) 
       ELECTRODE OFFSET 
    ELECTRODE OFFSET 2 
 PARALLEL ADJ.(4:+X,5:- X,6:+Y,7:-Y) 
    MEASURE PITCH              [mm] 
    MEASURE COUNT      
    MEASURE ERROR LIMIT        [mm]     
 SAVE MEASURED ELECT.DIA. TO NO. 
 MEA. ERROR LMT (ELECT.DIA.)  [u,t] 

10.0 
20.0 
20.0 
10.0 
 
 
 
 
5.0 
-5.0 
 
2.0 
 
1 

Enter each data by 
referring to the 
above figures. 

 

Enter offset 
number associated 
with each 
electrode. 

Enter each 
dimension. 

Work coordinate 
system No. 
used. 
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④④④④    Model plan input exampleModel plan input exampleModel plan input exampleModel plan input example    

The following program shows when machining is started with a rough electrode in the The following program shows when machining is started with a rough electrode in the The following program shows when machining is started with a rough electrode in the The following program shows when machining is started with a rough electrode in the 

spindle.spindle.spindle.spindle.    

AUX ： Coordinate system set (G130) 

Address Attri. Talk items Set value 
Ｗ 
Ｘ 
Ｙ 
Ｚ 
Ｃ 
Ｌ 
Ｉ 
Ｊ 
Ｋ 
Ｂ 
Ｏ 
Ｔ 

／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 

 WORK CORD. SYSTEM 
   SET CORD.           X AXIS [u,t] 
                       Y AXIS [u,t] 
                       Z AXIS [u,t] 
                       C AXIS [deg] 
 LOCAL CORD. SYSTEM SET      (1:ON) 
   SET CORD.           X AXIS [u,t] 
                       Y AXIS [u,t] 
                       Z AXIS [u,t] 
                       C AXIS [deg] 
   ELECT. OFFSET No. (LOCAL SET) 
 WORK ROTATION         (0:OFF,1:ON)   

 
 
 
 
 
1 
 
 
 
 
1 

 

 

MC ： Bottom stopped - simple (G101) 

Address Attri. Talk items Set value 
Ｎ 
Ｑ 
Ｚ 
Ｒ 
Ｅ 
Ｉ 
Ｊ 
Ｏ 
Ｄ 
Ｈ 
Ｌ 
Ｐ 
Ａ 
Ｓ 
Ｔ 
Ｆ 
Ｋ 
Ｍ 
Ｕ 
Ｖ 
Ｗ 

／ 
／ 
＊ 
＊ 
＊ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 

 ABS/INC              (90/91) 
 MC AXIS              (1:X,2:Y,3:Z) 
 MC DEPTH                     [u,t] 
 ELECTRODE REDUCTION          [u,t] 
 MODEL DATA No. 
     START OF PROCESS No. 
     END OF PROCESS No. 
     FINISH PROCESS No. 
     SIDE REMAIN AMOUNT COMP    [%] 
     BOTTOM REMAIN AMOUNT COMP   [%] 
 MC METHOD 
     PATTERN 
       ROT.ANGLE              [deg] 
 JUMP AMOUNT            [code, u,t] 
      CYCLE        [code,0.001sec] 
      SPEED          [code,m.i/min] 
 CLAMP START PROCESS No. 
 TIME CONTROL MC START PROC.No. 
         1PROCESS             [min] 
         2PROCESS             [min] 
         3PROCESS             [min] 

   
 
-15.0 
0.3 
123 
3 
8 
15 
 
 
13 
2222 
 
7 
4 
6 

 

 

POS ： Plural coordinates (G114) 

Address Attri. Talk items Set value 
Ｈ 
Ｗ 
Ｕ 
Ｖ 
Ｉ 
Ｊ 
Ｋ 
Ｏ 
Ｐ 
Ｑ 
Ｒ 
Ｘ 
Ｙ 
Ｚ 
Ｌ 
Ａ 
Ｄ 
Ｓ 
Ｔ 

／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
＊ 
＊ 
＊ 
／ 
／ 
／ 
／ 
／ 

 PLANE          (1:X-Y,2:Z-X,3:Y-Z) 
 CORD. SYSTEM            G54(1:use) 
                         G55(1:use) 
                         G56(1:use) 
                         G57(1:use) 
                         G58(1:use) 
                         G59(1:use) 
                         G60(1:use) 
                         G61(1:use) 
 START CORD. SYSTEM No. 
 END CORD. SYSTEM No. 
 MACHINING CORD.       X AXIS [u,t] 
     (ABS)             Y AXIS [u,t] 
                       Z AXIS [u,t] 
 INDEX DEVICE (1:C AXIS,2:IDX,3:DH) 
     INDEX ANGLE              [deg] 
     ELECT.ROT.OFFSET        (1:ON) 
     C AXIS SYNC PATTERN     (1:ON) 
 OPPOSITE                    (1:ON) 

 
 
1 
1 
1 
 
 
 
 
 
 
0 
0 
5.0 
 
 
 

    

Assume that the 
offset number of the 
first electrode (for 
rough machining) is 
“1”. 
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AUX ： ATC (G131) 

Address Attri. Talk items Set value 
Ｍ 
Ｆ 
Ｔ 
Ｓ 
Ｏ 
Ｗ 
Ｘ 
Ｙ 
Ｚ 
Ｃ 
Ｎ 
Ｄ 

／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 

 ATC RTN PRO.     (1:Z-X-Y,2:Z-Y-X) 
 ROBOT CHUCK      (1:U,2:D,3:R,4:L) 
      ELECTRODE No. 
         SPINDLE ELEC. No. 
     ELECT.OFFSET No. (LOCAL SET) 
 END WORK CORD. SYS. 
 COORDINATE            X AXIS [u,t] 
     (ABS)             Y AXIS [u,t] 
                       Z AXIS [u,t] 
                       C AXIS [deg] 
 MACHINING PROGRAM O No. 
 WORK TANK DOWN        (ROBOT ONLY) 

3 
  
2 
1 
2 
55 
0 
0 
30.0 

 

 

MC ： Bottom stopped - simple (G101) 

Address Attri. Talk items Set value 
Ｎ 
Ｑ 
Ｚ 
Ｒ 
Ｅ 
Ｉ 
Ｊ 
Ｏ 
Ｄ 
Ｈ 
Ｌ 
Ｐ 
Ａ 
Ｓ 
Ｔ 
Ｆ 
Ｋ 
Ｍ 
Ｕ 
Ｖ 
Ｗ 

／ 
／ 
＊ 
＊ 
＊ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 

 ABS/INC              (90/91) 
 MC AXIS              (1:X,2:Y,3:Z) 
 MC DEPTH                     [u,t] 
 ELECTRODE REDUCTION          [u,t] 
 MODEL DATA No. 
     START OF PROCESS No. 
     END OF PROCESS No. 
     FINISH PROCESS No. 
     SIDE REMAIN AMOUNT COMP    [%] 
     BOTTOM REMAIN AMOUNT COMP   [%] 
 MC METHOD 
     PATTERN 
       ROT.ANGLE              [deg] 
 JUMP AMOUNT            [code, u,t] 
      CYCLE        [code,0.001sec] 
      SPEED          [code,m.i/min] 
 CLAMP START PROCESS No. 
 TIME CONTROL MC START PROC.No. 
         1PROCESS             [min] 
         2PROCESS             [min] 
         3PROCESS             [min] 

   
 
-15.0 
0.15 
123 
7 
13 
13 
 
 
13 
2222 
 
7 
4 
6 

 

 

POS ： Plural coordinates (G114) 

Address Attri. Talk items Set value 
Ｈ 
Ｗ 
Ｕ 
Ｖ 
Ｉ 
Ｊ 
Ｋ 
Ｏ 
Ｐ 
Ｑ 
Ｒ 
Ｘ 
Ｙ 
Ｚ 
Ｌ 
Ａ 
Ｄ 
Ｔ 

／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
＊ 
＊ 
＊ 
／ 
／ 
／ 
／ 

 PLANE          (1:X-Y,2:Z-X,3:Y-Z) 
 CORD. SYSTEM            G54(1:use) 
                         G55(1:use) 
                         G56(1:use) 
                         G57(1:use) 
                         G58(1:use) 
                         G59(1:use) 
                         G60(1:use) 
                         G61(1:use) 
 START CORD. SYSTEM No. 
 END CORD. SYSTEM No. 
 MACHINING CORD.       X AXIS [u,t] 
     (ABS)             Y AXIS [u,t] 
                       Z AXIS [u,t] 
 INDEX DEVICE (1:C AXIS,2:IDX,3:DH) 
     INDEX ANGLE              [deg] 
     ELECT.ROT.OFFSET        (1:ON) 
 OPPOSITE                    (1:ON) 

 
 
1 
1 
1 
 
 
 
 
 
 
0 
0 
5.0 
 
 
 

 

 

Hereafter, Hereafter, Hereafter, Hereafter, enter data in the same manner as that of electrode No.2.enter data in the same manner as that of electrode No.2.enter data in the same manner as that of electrode No.2.enter data in the same manner as that of electrode No.2.    
    

This may be omitted 
at the next 
electrode change 

Assume that the 
offset number of the 
second electrode 
(for finish machining) 
is “2”. 
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17.IRREGULAR SHAPES MACHINING (BOTTOM STOPPED-COMPLEX MENU) 

17.1 Drill-shape machining･････ 1 7－ 2  17.5 Bottom inclined machining･･1 7－ 1 3  

 

 

 

 

 

 

 

 

17.2 Wedge-shape machining･････1 7－ 3  17.6 Servo axis orbiting machining･･････  

1 7－ 1 8  

 

 

 

 

 

 

17.3 Sphere-shape machining･･･1 7－ 6  17.7 Taper machining････････ 1 7－ 2 2  

 

 

 

 

 

 

 

17.4 Column-shape machining･･ ･1 7－ 8  17.8 3-D machining･･････････ 1 7－ 2 3  

 

 

 

 

 

 

17.9 Half-shape machining 

･･･････ 1 7－ 2 6  

 

Ｐ２ 

Ｐ４ 

Ｐ２ 

Ｐ４ 

Ｐ２ 

Ｐ４ 

Ｚ 

Ｙ 

Ｘ 

Ｐ２ 

Ｐ４ 

Servo axis 

Ｐ４ 

Servo axis 
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17.1  Drill-shape machining 

    

    

Items Setting values 

Machining method (L) 3,13,23,93 

Pattern (P) Excluding 0505,5050 

Rotation angle (A) ±360.0 

Side taper angle (K) Not used 

Bottom shape pattern (M) 0 

Corner angle (B) 0.1～89.0 

    

    

    

Fig. 17.1  Drill-shape machining    

    

[Description][Description][Description][Description]    

(a) The (a) The (a) The (a) The figurefigurefigurefigure    17171717.1.1.1.1    shows an example shows an example shows an example shows an example when the pattern (P) is 1111. when the pattern (P) is 1111. when the pattern (P) is 1111. when the pattern (P) is 1111.     

The pattern (P) specifies the above shape.The pattern (P) specifies the above shape.The pattern (P) specifies the above shape.The pattern (P) specifies the above shape.    

(b) The orbiting function is turned off if the electrode reduction (R) is 0.(b) The orbiting function is turned off if the electrode reduction (R) is 0.(b) The orbiting function is turned off if the electrode reduction (R) is 0.(b) The orbiting function is turned off if the electrode reduction (R) is 0.    

(c) The bottom remaining amount is compensated by the corner angle (B).(c) The bottom remaining amount is compensated by the corner angle (B).(c) The bottom remaining amount is compensated by the corner angle (B).(c) The bottom remaining amount is compensated by the corner angle (B).    

(d) (d) (d) (d) Use only 3, 13Use only 3, 13Use only 3, 13Use only 3, 13, 23 or 9, 23 or 9, 23 or 9, 23 or 93 for 3 for 3 for 3 for the machining method (L).the machining method (L).the machining method (L).the machining method (L). It changes into the operation It changes into the operation It changes into the operation It changes into the operation 

of the table below in the input value of of the table below in the input value of of the table below in the input value of of the table below in the input value of the machining method (L)the machining method (L)the machining method (L)the machining method (L)....    

    

Machining methodMachining methodMachining methodMachining method                LLLL23232323                ⇔⇔⇔⇔                LLLL13131313                    ⇔⇔⇔⇔        LLLL99993333    

IIIImportant pointmportant pointmportant pointmportant point            Removal rateRemoval rateRemoval rateRemoval rate                        ⇔⇔⇔⇔        machining accuracymachining accuracymachining accuracymachining accuracy    

    

(e) The pattern offset can be used.(e) The pattern offset can be used.(e) The pattern offset can be used.(e) The pattern offset can be used.    

(f(f(f(f) The side taper angle (K) cannot be used.) The side taper angle (K) cannot be used.) The side taper angle (K) cannot be used.) The side taper angle (K) cannot be used.    

    

    

    

Servo axis  

direction 
Bottom shape 

pattern (M) 

I axis 

II axis 

Pattern rotation 

angle (A) 

Ｐ２ 

Ｐ４ Corner angle 

(B) 
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17.2  Wedge-shape machining 

    

    

Items Setting values 

Machining method (L) 3,13,23,93 

Pattern (P) Excluding 0505,5050 

Rotation angle (A) ±360.0 

Side taper angle (K) Not used 

Bottom shape pattern (M) 5050 

Corner angle (B) 0.1～89.0 

    

    

    

Fig. 17.2  Drill-shape machining    

    

    

[Description][Description][Description][Description]    

(a) The (a) The (a) The (a) The figurefigurefigurefigure    17171717.2.2.2.2    shows an example when the pattern (Pshows an example when the pattern (Pshows an example when the pattern (Pshows an example when the pattern (P) is 2222.) is 2222.) is 2222.) is 2222.    

The pattern (P) specifies the above shape.The pattern (P) specifies the above shape.The pattern (P) specifies the above shape.The pattern (P) specifies the above shape.    

(b) The pattern function is turned off if the electrode reduction (R) is 0.(b) The pattern function is turned off if the electrode reduction (R) is 0.(b) The pattern function is turned off if the electrode reduction (R) is 0.(b) The pattern function is turned off if the electrode reduction (R) is 0.    

(c) The bottom remaining amount is compensated by the corner angle (B).(c) The bottom remaining amount is compensated by the corner angle (B).(c) The bottom remaining amount is compensated by the corner angle (B).(c) The bottom remaining amount is compensated by the corner angle (B).    

(d) Use only 3, 13 or 23 for the machining method (L).(d) Use only 3, 13 or 23 for the machining method (L).(d) Use only 3, 13 or 23 for the machining method (L).(d) Use only 3, 13 or 23 for the machining method (L).    It changes into the It changes into the It changes into the It changes into the     

operation of the table below in the input value of operation of the table below in the input value of operation of the table below in the input value of operation of the table below in the input value of the machining method (L)the machining method (L)the machining method (L)the machining method (L)....    

    

Machining methodMachining methodMachining methodMachining method                LLLL23232323                ⇔⇔⇔⇔                LLLL13131313                    ⇔⇔⇔⇔        LLLL99993333    

IIIImportant pointmportant pointmportant pointmportant point            Removal rateRemoval rateRemoval rateRemoval rate                        ⇔⇔⇔⇔            machining accuracymachining accuracymachining accuracymachining accuracy    

    

(e) The pattern radius at the leading end is 5(e) The pattern radius at the leading end is 5(e) The pattern radius at the leading end is 5(e) The pattern radius at the leading end is 5μμμμm.m.m.m.    

(f(f(f(f) The pattern offset can be used.) The pattern offset can be used.) The pattern offset can be used.) The pattern offset can be used.    

(g) The side taper angle (K) cannot be used.(g) The side taper angle (K) cannot be used.(g) The side taper angle (K) cannot be used.(g) The side taper angle (K) cannot be used.    

    

    

    

Pattern rotation 

angle (A) 

I axis 

II axis 

Ｐ２ 

Ｐ４ 
Corner 

 angle (B) 

Servo axis  

direction 
Bottom shape 

pattern (M) 
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Setting example of wedgeSetting example of wedgeSetting example of wedgeSetting example of wedge----shape shape shape shape machiningmachiningmachiningmachining    

    

    

①①①①    

    

3 

Ｚ(-) 2222 0 － 5050 60.0 13 Yes 

23 

93 

    

②②②②    

    

3 

Ｚ(-) 2222 90.0 － 5050 60.0 13 Yes 

23 

93 

Rotate Rotate Rotate Rotate ①①①①    by 90by 90by 90by 90 ﾟ゚゚゚    

③③③③    

    

3 

Ｘ(+) 2222 0 － 5050 60.0 13 Yes 

23 

93 

    

④④④④    

    

3 

Ｘ(+) 2222 90.0 － 5050 60.0 13 Yes 

23 

93 

Rotate Rotate Rotate Rotate ③③③③    by 90by 90by 90by 90 ﾟ゚゚゚    

⑤⑤⑤⑤    

    

3 

Ｘ(-) 2222 0 － 5050 60.0 13 Yes 

23 

93 

    

    

ＸＹ(+) 

60.0(B) 

Ｚ(+) 

Ｘ(+) 

Ｙ(+) 
Ｚ(+) 

Ｘ(+) Ｙ(+) 

Ｚ(+) 

Ｘ(+) Ｙ(+) 

Ｚ(+) 

Ｘ(+) 

Ｙ(+) 
Ｚ(+) 

Pattern 

P 

MC 
direction 
X,Y,Z 

Side taper 
angle 

K 

Rotation 
angle 

A 

Bottom 
shape pat. 

M 

Corner 
angle  

B 

MC 
method 
(valid) 

Pattern 
offset 
(Y/N) 

MINPULS



 

17 - 5 

    

 

    

⑥⑥⑥⑥    

    

3 

Ｘ(-) 2222 90.0 － 5050 60.0 13 Yes 

23 

93 

Rotate Rotate Rotate Rotate ⑤⑤⑤⑤    by 90by 90by 90by 90 ﾟ゚゚゚    

⑦⑦⑦⑦    

    

3 

Ｙ(+) 2222 0 － 5050 60.0 13 Yes 

23 

93 

    

⑧⑧⑧⑧    

    

3 

Ｙ(+) 2222 90.0 － 5050 60.0 13 Yes 

23 

93 

Rotate Rotate Rotate Rotate ⑦⑦⑦⑦    by 90by 90by 90by 90 ﾟ゚゚゚    

⑨⑨⑨⑨    

    

3 

Ｙ(-) 2222 0 － 5050 60.0 13 Yes 

23 

93 

    

⑩⑩⑩⑩    

    

3 

Ｙ(-) 2222 90.0 － 5050 60.0 13 Yes 

23 

93 

            Rotate Rotate Rotate Rotate ⑨⑨⑨⑨    by 90by 90by 90by 90 ﾟ゚゚゚    

    

Ｘ(+) 

Ｙ(+) 

Ｚ(+) 

Ｘ(+) 

Ｙ(+) 
Ｚ(+) 

Ｘ(+) Ｙ(+) 

Ｚ(+) 

Ｘ(+) 

Ｙ(+) 
Ｚ(+) 

Ｘ(+) Ｙ(+) 

Ｚ(+) 

Pattern 

P 

MC 
direction 
X,Y,Z 

Side taper 
angle 

K 

Rotation 
angle 

A 

Bottom 
shape pat. 

M 

Corner 
angle  

B 

MC 
method 
(valid) 

Pattern 
offset 
(Y/N) 
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17.3  Sphere-shape machining 

    

    

Items Setting values 

Machining method (L) 3,13,23,73,93 

Pattern (P) Excluding 0505,5050 

Rotation angle (A) ±360.0 

Side taper angle (K) Not used 

Bottom shape pattern (M) 0 

Corner angle (B) 0 

    

    

    

    

Fig. 17.3  Sphere-shape machining    

    

[Description][Description][Description][Description]    

(a) (a) (a) (a) The figure The figure The figure The figure 17171717.3.3.3.3    shows an example when the pattern (P) is 1111.shows an example when the pattern (P) is 1111.shows an example when the pattern (P) is 1111.shows an example when the pattern (P) is 1111.    

The pattern (P) specifies the above shape.The pattern (P) specifies the above shape.The pattern (P) specifies the above shape.The pattern (P) specifies the above shape.    

(b) The pattern function is turned off if the electrode (R) is 0.(b) The pattern function is turned off if the electrode (R) is 0.(b) The pattern function is turned off if the electrode (R) is 0.(b) The pattern function is turned off if the electrode (R) is 0.    

(c) Use (c) Use (c) Use (c) Use only 3, 1only 3, 1only 3, 1only 3, 13 , 23 3 , 23 3 , 23 3 , 23 , 73 , 73 , 73 , 73 or 93or 93or 93or 93    for the machining method (L).for the machining method (L).for the machining method (L).for the machining method (L).    

(d) The pattern offset can be used.(d) The pattern offset can be used.(d) The pattern offset can be used.(d) The pattern offset can be used.    

(e) (e) (e) (e) TTTThe leading end ishe leading end ishe leading end ishe leading end is    notnotnotnot    tttthe pattern radiushe pattern radiushe pattern radiushe pattern radius....    

(f) The side taper angle (K) cannot be used.(f) The side taper angle (K) cannot be used.(f) The side taper angle (K) cannot be used.(f) The side taper angle (K) cannot be used.    

(g)(g)(g)(g)    Minimum diMinimum diMinimum diMinimum divisionvisionvisionvisions are 3s are 3s are 3s are 3. (0 degrees, 45 degrees, 90 degrees). (0 degrees, 45 degrees, 90 degrees). (0 degrees, 45 degrees, 90 degrees). (0 degrees, 45 degrees, 90 degrees)  

(h)(h)(h)(h) It is diviIt is diviIt is diviIt is divided by the ded by the ded by the ded by the regularregularregularregular    number for the start process with Orbiting, too.number for the start process with Orbiting, too.number for the start process with Orbiting, too.number for the start process with Orbiting, too. 

II axis 
I axis 

Pattern rotation 

angle (A) 

Servo axis  

direction 

Bottom shape 

pattern (M) 

Ｐ２ 

Ｐ４ 
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SphereSphereSphereSphere----shape machining exampleshape machining exampleshape machining exampleshape machining example    

A defective undercut by rough electrode occurs if usual orbiting method is used when the A defective undercut by rough electrode occurs if usual orbiting method is used when the A defective undercut by rough electrode occurs if usual orbiting method is used when the A defective undercut by rough electrode occurs if usual orbiting method is used when the 

bottom of electrode is reduced by the radius compensation (offset).bottom of electrode is reduced by the radius compensation (offset).bottom of electrode is reduced by the radius compensation (offset).bottom of electrode is reduced by the radius compensation (offset).    As a result, those As a result, those As a result, those As a result, those 

portions that cannot be finished by finish electrode will appear.portions that cannot be finished by finish electrode will appear.portions that cannot be finished by finish electrode will appear.portions that cannot be finished by finish electrode will appear.    

    

    

    

    

    

    

    

In this case, use of sphereIn this case, use of sphereIn this case, use of sphereIn this case, use of sphere----shape machining can prevent undercut by rough electrode. shape machining can prevent undercut by rough electrode. shape machining can prevent undercut by rough electrode. shape machining can prevent undercut by rough electrode.     

    

[Program example][Program example][Program example][Program example]    

MC ： Bottom stopped - complex (G102) 

Address Attri. Talk items Set value 
Ｎ 
Ｘ 
Ｙ 
Ｚ 
Ｃ 
Ｒ 
Ｅ 
Ｉ 
Ｊ 
Ｏ 
Ｄ 
Ｈ 
Ｌ 
Ｐ 
Ａ 
Ｋ 
Ｍ 
Ｂ 
Ｓ 
Ｔ 
Ｆ 
Ｕ 
Ｖ 

／ 
／ 
／ 
／ 
／ 
＊ 
＊ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 

 ABS/INC             (90/91) 
 MC DEPTH             X AXIS [u,t] 
                      Y AXIS [u,t] 
                      Z AXIS [u,t] 

C AXIS [ANGLE] 
 ELECTRODE REDUCTION         [u,t] 
 MODEL DATA No. 
     START OF PROCESS No. 
     END OF PROCESS No. 
     FINISH PROCESS No. 
     SIDE REMAIN AMOUNT COMP   [%] 
     BOTTOM REMAIN AMOUNT COMP [%] 
 MC METHOD 
    PATTERN 
        ROT. ANGLE           [deg] 
    SIDE TAPER ANGLE         [deg] 
    BOTTOM SHAPE PATTERN 
        CORNER ANGLE         [deg] 
 JUMP AMOUNT            [code:u,t] 
      CYCLE        [code:0.001sec] 
      SPEED         [code:m,i/min] 
 TIME CONTROL MC START PROC.No. 
PROCESS CONTROL TIME        [min] 

   
  
  
-30.0 
  
0.3 
123 
5 
12 
12 
  
 
93 
1111 
 
 
0 
0 

    

When threeWhen threeWhen threeWhen three----dimensional (3D) electrode reduction is taken, use the machining method dimensional (3D) electrode reduction is taken, use the machining method dimensional (3D) electrode reduction is taken, use the machining method dimensional (3D) electrode reduction is taken, use the machining method 

properly referring to the table below.properly referring to the table below.properly referring to the table below.properly referring to the table below.    

    

Machining methodMachining methodMachining methodMachining method                            L13M0B0   L13M0B0   L13M0B0   L13M0B0   ⇔⇔⇔⇔        L93M0B0   L93M0B0   L93M0B0   L93M0B0   ⇔⇔⇔⇔                L73M0B0L73M0B0L73M0B0L73M0B0    

Electrode Electrode Electrode Electrode reductionreductionreductionreduction    MMMMore than ore than ore than ore than 0.15mm  0.15mm  0.15mm  0.15mm  ⇔⇔⇔⇔        0.150.150.150.15～～～～0.1mm  0.1mm  0.1mm  0.1mm  ⇔⇔⇔⇔    under under under under 0.1mm0.1mm0.1mm0.1mm    

IIIImportantmportantmportantmportant    pointpointpointpoint                Removal rateRemoval rateRemoval rateRemoval rate                                        ⇔⇔⇔⇔                        machining accuracymachining accuracymachining accuracymachining accuracy    

    

MachMachMachMachining method L*8M0B0 (section 1ining method L*8M0B0 (section 1ining method L*8M0B0 (section 1ining method L*8M0B0 (section 17777.8, 3D finish) is recommended, .8, 3D finish) is recommended, .8, 3D finish) is recommended, .8, 3D finish) is recommended,     

in case electrical din case electrical din case electrical din case electrical discharge area is 150mm or more.ischarge area is 150mm or more.ischarge area is 150mm or more.ischarge area is 150mm or more.    

 

    

Electrode 

Workpiece 

Defective undercut Defective undercut 

Electrode 

Workpiece 

Sphere-shape 
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17.4  Column-shape machining 

    

    

Items Setting values 

Machining method (L) 3,13,23,73,93 

Pattern (P)               Excluding 0505,5050 

Rotation angle (A) ±360.0 

Side taper angle (K) Not used 

Bottom shape pattern (M) 5050 

Corner angle (B) 0 

    

    

    

    

Fig. 17.4 Column-shape machining    

    

[Description][Description][Description][Description]    

(a) The figure (a) The figure (a) The figure (a) The figure 17171717.4.4.4.4    shows an example when the pattern (P) is 2222.shows an example when the pattern (P) is 2222.shows an example when the pattern (P) is 2222.shows an example when the pattern (P) is 2222.    

The pattern (P) specifies the above shape.The pattern (P) specifies the above shape.The pattern (P) specifies the above shape.The pattern (P) specifies the above shape.    

(b) The pattern function is turned off if the electrode reduction (R) is 0.(b) The pattern function is turned off if the electrode reduction (R) is 0.(b) The pattern function is turned off if the electrode reduction (R) is 0.(b) The pattern function is turned off if the electrode reduction (R) is 0.    

(c) Use only 3, 13, 23, 73 or 23 for th(c) Use only 3, 13, 23, 73 or 23 for th(c) Use only 3, 13, 23, 73 or 23 for th(c) Use only 3, 13, 23, 73 or 23 for the machining method (L).e machining method (L).e machining method (L).e machining method (L).    With reference from the With reference from the With reference from the With reference from the 

table below, its table below, its table below, its table below, its operation operation operation operation changes with respect tochanges with respect tochanges with respect tochanges with respect to    the input value of the input value of the input value of the input value of the machining the machining the machining the machining 

method (L)method (L)method (L)method (L)....    

    

Machining methodMachining methodMachining methodMachining method                LLLL23232323                ⇔⇔⇔⇔                LLLL13131313        ⇔⇔⇔⇔                LLLL99993333    

IIIImportant pointmportant pointmportant pointmportant point    Removal rateRemoval rateRemoval rateRemoval rate                        ⇔⇔⇔⇔                machining accuracymachining accuracymachining accuracymachining accuracy    

    

(d) (d) (d) (d) The pattern offset can be used.The pattern offset can be used.The pattern offset can be used.The pattern offset can be used.    

(e) The pattern radius at the leading end is 5(e) The pattern radius at the leading end is 5(e) The pattern radius at the leading end is 5(e) The pattern radius at the leading end is 5μμμμm.m.m.m.    

(f) The side taper angle (K) cannot be used.(f) The side taper angle (K) cannot be used.(f) The side taper angle (K) cannot be used.(f) The side taper angle (K) cannot be used.    

    

I axis 

II axis 

Pattern rotation 

angle (A) 

Ｐ４ 

Ｐ２ 

Servo axis  

direction 

Bottom shape 

pattern (M) 

MINPULS



 

17 - 9 

Setting example of columnSetting example of columnSetting example of columnSetting example of column----shape machiningshape machiningshape machiningshape machining    

    

    

①①①①    

3 

13 

Ｚ(-) 2222 0 － 5050 0 23 Yes 

73 

93 

    

②②②②    

3 

13 

Ｚ(-) 2222 90.0 － 5050 0 23 Yes 

73 

93 

Rotate Rotate Rotate Rotate ①①①①    by 90by 90by 90by 90 ﾟ゚゚゚    

③③③③    

3 

13 

Ｘ(+) 2222 0 － 5050 0 23 Yes 

73 

93 

    

④④④④    

3 

13 

Ｘ(+) 2222 90.0 － 5050 0 23 Yes 

73 

93 

Rotate Rotate Rotate Rotate ③③③③    by 90by 90by 90by 90 ﾟ゚゚゚    

⑤⑤⑤⑤    

3 

13 

Ｘ(-) 2222 0 － 5050 0 23 Yes 

73 

93 

    

    

Ｘ

Ｙ(+) 
Ｚ(+) 

Ｘ(+) 

Ｙ(+) 
Ｚ(+) 

Ｘ(+) Ｙ(+) 

Ｚ(+) 

Ｘ(+) Ｙ(+) 

Ｚ(+) 

Ｘ(+) 

Ｙ(+) 
Ｚ(+) 

Pattern 

P 

MC 
direction 
X,Y,Z 

Side taper 
angle 

K 

Rotation 
angle 

A 

Bottom 
shape pat. 

M 

Corner 
angle  

B 

MC 
method 
(valid) 

Pattern 
offset 
(Y/N) 

MINPULS



 

17 - 10 

    

    

    

⑥⑥⑥⑥    

3 

13 

Ｘ(-) 2222 90.0 － 5050 0 23 Yes 

73 

93 

Rotate Rotate Rotate Rotate ⑤⑤⑤⑤    by 90by 90by 90by 90 ﾟ゚゚゚    

⑦⑦⑦⑦    

3 

13 

Ｙ(+) 2222 0 － 5050 0 23 Yes 

73 

93 

    

⑧⑧⑧⑧    

3 

13 

Ｙ(+) 2222 90.0 － 5050 0 23 Yes 

73 

93 

Rotate Rotate Rotate Rotate ⑦⑦⑦⑦    by 90by 90by 90by 90 ﾟ゚゚゚    

⑨⑨⑨⑨    

3 

13 

Ｙ(-) 2222 0 － 5050 0 23 Yes 

73 

93 

    

⑩⑩⑩⑩    

3 

13 

Ｙ(-) 2222 90.0 － 5050 0 23 Yes 

73 

93 

Rotate Rotate Rotate Rotate ⑨⑨⑨⑨    by 90by 90by 90by 90 ﾟ゚゚゚    

    

Ｘ(+) 

Ｙ(+) 
Ｚ(+) 

Ｘ(+) 

Ｙ(+) Ｚ(+) 

Ｘ(+) 

Ｙ(+) Ｚ(+) 

Ｘ(+) 
Ｙ(+) 

Ｚ(+) 

Ｘ(+) Ｙ(+) 

Ｚ(+) 

Pattern 

P 

MC 
direction 
X,Y,Z 

Side taper 
angle 

K 

Rotation 
angle 

A 

Bottom 
shape pat. 

M 

Corner 
angle  

B 

MC 
method 
(valid) 

Pattern 
offset 
(Y/N) 
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ColumnColumnColumnColumn----shape machining exampleshape machining exampleshape machining exampleshape machining example    

Horizontal servo machining by a colHorizontal servo machining by a colHorizontal servo machining by a colHorizontal servo machining by a column electrodeumn electrodeumn electrodeumn electrode    

    

    

    

    

    

    

    

    

    

    

    

    

In a horizontal servo machining as shown above, usual finishing method causes arc In a horizontal servo machining as shown above, usual finishing method causes arc In a horizontal servo machining as shown above, usual finishing method causes arc In a horizontal servo machining as shown above, usual finishing method causes arc 

portion to be varied.portion to be varied.portion to be varied.portion to be varied.    

    

    

    

    

    

    

    

In this case, the use of columnIn this case, the use of columnIn this case, the use of columnIn this case, the use of column----shape machining does not allow variation of arc portion.shape machining does not allow variation of arc portion.shape machining does not allow variation of arc portion.shape machining does not allow variation of arc portion.    

    

    

    

    

    

In additiIn additiIn additiIn addition, the bottom in Z direction is also finished.on, the bottom in Z direction is also finished.on, the bottom in Z direction is also finished.on, the bottom in Z direction is also finished.    

    

    

    

10.0 

20.0 

15.0 

Ｘ 

Ｙ Ｚ 
Electrode 

Workpiece 

Straight portion by orbiting 
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[Program example][Program example][Program example][Program example]    

MC ： Bottom stopped - complex (G102) 

Address Attri. Talk items Set value 
Ｎ 
Ｘ 
Ｙ 
Ｚ 
Ｃ 
Ｒ 
Ｅ 
Ｉ 
Ｊ 
Ｏ 
Ｄ 
Ｈ 
Ｌ 
Ｐ 
Ａ 
Ｋ 
Ｍ 
Ｂ 
Ｓ 
Ｔ 
Ｆ 
Ｕ 
Ｖ 

／ 
／ 
／ 
／ 
／ 
＊ 
＊ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 

 ABS/INC              (90/91) 
 MC DEPTH             X AXIS [u,t] 
                      Y AXIS [u,t] 
                      Z AXIS [u,t] 

C AXIS [ANGLE] 
 ELECTRODE REDUCTION         [u,t] 
 MODEL DATA No. 
     START OF PROCESS No. 
     END OF PROCESS No. 
     FINISH PROCESS No. 
     SIDE REMAIN AMOUNT COMP   [%] 
     BOTTOM REMAIN AMOUNT COMP [%] 
 MC METHOD 
    PATTERN 
        ROT. ANGLE           [deg] 
    SIDE TAPER ANGLE         [deg] 
    BOTTOM SHAPE PATTERN 
        CORNER ANGLE         [deg] 
 JUMP AMOUNT            [code:u,t] 
      CYCLE        [code:0.001sec] 
      SPEED         [code:m,i/min] 
 TIME CONTROL MC START PROC.No. 
 PROCESS CONTROL TIME        [min] 

   
-10.0  
  
 
  
0.2 
123 
7 
12 
12 
  
 
23 
2222 
90.0 
 
5050 
0 

 

 

POS : Dispersed (G113) 

Address Attri. Talk items Set value 
Ｈ 
Ｗ 
Ｘ 
Ｙ 
Ｚ 
Ｕ 
Ｖ 
Ｉ 
Ｊ 
Ｋ 
Ｂ 
Ｃ 
Ｐ 
Ｑ 
Ｒ 
Ｌ 
Ａ 
Ｄ 
Ｓ 
Ｔ 

／ 
／ 
＊ 
＊ 
＊ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 

 PLANE         (1:X-Y,2:Z-X,3:Y-Z) 
 WORK CORD. SYSTEM 
 START CORD.          X AXIS [u,t] 
       (ABS)          Y AXIS [u,t] 
                      Z AXIS [u,t] 
     No.2 HOLE (ABS)  I AXIS [u,t] 
                     II AXIS [u,t] 
     No.3 HOLE (ABS)  I AXIS [u,t] 
                     II AXIS [u,t] 
     No.4 HOLE (ABS)  I AXIS [u,t] 
                     II AXIS [u,t] 
     No.5 HOLE (ABS)  I AXIS [u,t] 
                     II AXIS [u,t] 
     No.6 HOLE (ABS)  I AXIS [u,t] 
                     II AXIS [u,t] 
 INDEX DEVICE(1:C AXIS,2:IDX,3:DH) 
     INDEX ANGLE             [deg] 
     ELECT.ROT.OFFSET       (1:ON) 
     C AXIS SYNC PATTERN    (1:ON) 
 OPPOSITE                   (1:ON) 

   
  
 20.0 
 0 
-14.8 
 20.0 
-20.0 
 

    

    

    

Column-shape 

Set 13 when shape  

accuracy is important. 

Set a small value  

Because of 

consider-ation  

of electrode  

reduction. 
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17.5  Bottom inclined machining 

    

    

Items Setting values 

Machining method (L) *1,*2,*3,*4,*5 

Pattern (P) Excluding 0505,5050 

Rotation angle (A) ±360.0 

Side taper angle (K) Settable 

Bottom shape pattern (M) Same as Pattern 

Corner angle (B) 0.1～60.0 

 

    

    

    

Fig. 17.5 Bottom inclined machining    

    

[Description][Description][Description][Description]    

(a) The (a) The (a) The (a) The figure figure figure figure 17171717.5 .5 .5 .5 shows an example when the pattern (P) is 2222.shows an example when the pattern (P) is 2222.shows an example when the pattern (P) is 2222.shows an example when the pattern (P) is 2222.    

The pattern (P) specifies the above shape. In bottom inclined machining, the same The pattern (P) specifies the above shape. In bottom inclined machining, the same The pattern (P) specifies the above shape. In bottom inclined machining, the same The pattern (P) specifies the above shape. In bottom inclined machining, the same 

pattern must be set to the pattern (P) and the bottom shape pattern (M).pattern must be set to the pattern (P) and the bottom shape pattern (M).pattern must be set to the pattern (P) and the bottom shape pattern (M).pattern must be set to the pattern (P) and the bottom shape pattern (M).    

(b) The pattern f(b) The pattern f(b) The pattern f(b) The pattern function is turned off if the electrode reduction (R) is 0.unction is turned off if the electrode reduction (R) is 0.unction is turned off if the electrode reduction (R) is 0.unction is turned off if the electrode reduction (R) is 0.    

(c) The bottom remaining amount is compensated by the corner angle (B).(c) The bottom remaining amount is compensated by the corner angle (B).(c) The bottom remaining amount is compensated by the corner angle (B).(c) The bottom remaining amount is compensated by the corner angle (B).    

(d) Use *1, *2, *3, *4, or *5 for the machining method (L). 2nd digit (d) Use *1, *2, *3, *4, or *5 for the machining method (L). 2nd digit (d) Use *1, *2, *3, *4, or *5 for the machining method (L). 2nd digit (d) Use *1, *2, *3, *4, or *5 for the machining method (L). 2nd digit ““““****””””    means means means means 

accuracy level. Refer to manual accuracy level. Refer to manual accuracy level. Refer to manual accuracy level. Refer to manual ““““MODEL PLANMODEL PLANMODEL PLANMODEL PLAN””””    for details.for details.for details.for details.    

(e) The pattern offset can be used.(e) The pattern offset can be used.(e) The pattern offset can be used.(e) The pattern offset can be used.    

    

Corner 

 angle (B) 

II axis 

Pattern rotation 

angle (A) 

Ｐ４ 

I axis 

Servo axis  

direction 

Bottom shape 

pattern (M) 
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Setting example of bottom inclined machiningSetting example of bottom inclined machiningSetting example of bottom inclined machiningSetting example of bottom inclined machining    

    

    

①①①①    

    

3 

Ｚ(-) 2222 0 － 2222 45.0 13 Yes 

23 

    

    

②②②②    

    

3 

Ｚ(-) 2222 90.0 － 2222 45.0 13 Yes 

23 

    

Rotate Rotate Rotate Rotate ①①①①    by 90by 90by 90by 90 ﾟ゚゚゚    

③③③③    

    

3 

Ｘ(+) 2222 0 － 2222 45.0 13 Yes 

23 

    

    

④④④④    

    

3 

Ｘ(+) 2222 90.0 － 2222 45.0 13 Yes 

23 

    

Rotate Rotate Rotate Rotate ③③③③    by 90by 90by 90by 90 ﾟ゚゚゚    

⑤⑤⑤⑤    

    

3 

Ｘ(-) 2222 0 － 2222 45.0 13 Yes 

23 

    

    

    

Ｘ

Ｙ(+) 

45.0(B) 

Ｚ(+) 

Ｘ(+) Ｙ(+) 

Ｚ(+) 

Ｘ(+) 

Ｙ(+) 
Ｚ(+) 

Ｘ(+) Ｙ(+) 

Ｚ(+) 

Ｘ(+) 

Ｙ(+) 
Ｚ(+) 

*1 

*2 

*4 

*5 

*1 

*2 

*4 

*5 

*1 

*2 

*4 

*5 

*1 

*2 

*4 

*5 

*1 

*2 

*4 

*5 

Pattern 

P 

MC 
direction 
X,Y,Z 

Side taper 
angle 

K 

Rotation 
angle 

A 

Bottom 
shape pat. 

M 

Corner 
angle  

B 

MC 
method 
(valid) 

Pattern 
offset 
(Y/N) 
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⑥⑥⑥⑥    

    

3 

Ｘ(-) 2222 90.0 － 2222 45.0 13 Yes 

23 

    

Rotate Rotate Rotate Rotate ⑤⑤⑤⑤    by 90by 90by 90by 90 ﾟ゚゚゚    

⑦⑦⑦⑦    

    

3 

Ｙ(+) 2222 0 － 2222 45.0 13 Yes 

23 

    

    

⑧⑧⑧⑧    

    

3 

Ｙ(+) 2222 90.0 － 2222 45.0 13 Yes 

23 

    

Rotate Rotate Rotate Rotate ⑦⑦⑦⑦    by 90by 90by 90by 90 ﾟ゚゚゚    

⑨⑨⑨⑨    

    

3 

Ｙ(-) 2222 0 － 2222 45.0 13 Yes 

23 

    

    

⑩⑩⑩⑩    

    

3 

Ｙ(-) 2222 90.0 － 2222 45.0 13 Yes 

23 

    

Rotate Rotate Rotate Rotate ⑨⑨⑨⑨    by 90by 90by 90by 90 ﾟ゚゚゚    

    

Ｘ(+) 

Ｙ(+) Ｚ(+) 

Ｘ(+) Ｙ(+) 

Ｚ(+) 

Ｘ(+) 

Ｙ(+) 
Ｚ(+) 

Ｘ(+) 

Ｙ(+) Ｚ(+) 

Ｘ(+) 
Ｙ(+) 

Ｚ(+) 

*1 

*2 

*4 

*5 

*1 

*2 

*4 

*5 

*1 

*2 

*4 

*5 

*1 

*2 

*4 

*5 

*1 

*2 

*4 

*5 

Pattern 

P 

MC 
direction 
X,Y,Z 

Side taper 
angle 

K 

Rotation 
angle 

A 

Bottom 
shape pat. 

M 

Corner 
angle  

B 

MC 
method 
(valid) 

Pattern 
offset 
(Y/N) 
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Bottom stopped machining with the bottom inclinedBottom stopped machining with the bottom inclinedBottom stopped machining with the bottom inclinedBottom stopped machining with the bottom inclined    

    

    

    

    

AAAA    usual orbiting machining usual orbiting machining usual orbiting machining usual orbiting machining with anwith anwith anwith an    inclined bottom inclined bottom inclined bottom inclined bottom isisisis    shown aboveshown aboveshown aboveshown above....    TheTheTheThe    electrode electrode electrode electrode orborborborbits its its its 

on on on on an an an an orbiting plane perpendicular to the servo axis, resulting in poor machining orbiting plane perpendicular to the servo axis, resulting in poor machining orbiting plane perpendicular to the servo axis, resulting in poor machining orbiting plane perpendicular to the servo axis, resulting in poor machining 

efficiencyefficiencyefficiencyefficiency,,,,    variations of depth variations of depth variations of depth variations of depth dimendimendimendimenssssionionionion    and bottom shape. In this case, use bottom and bottom shape. In this case, use bottom and bottom shape. In this case, use bottom and bottom shape. In this case, use bottom 

inclined machining.inclined machining.inclined machining.inclined machining.    

    

    

    

    

    

    

    

    

Usual orbiting machining Bottom inclined machining 

････FlFlFlFlat portion appears at portion appears at portion appears at portion appears onononon    thethethethe    bottom.bottom.bottom.bottom.    ････Note the value of MC depth.Note the value of MC depth.Note the value of MC depth.Note the value of MC depth.    

････Machining efficiency is low sinceMachining efficiency is low sinceMachining efficiency is low sinceMachining efficiency is low since    ････DDDDepthepthepthepth    input is specifiedinput is specifiedinput is specifiedinput is specified        

the inclined bottom is machinedthe inclined bottom is machinedthe inclined bottom is machinedthe inclined bottom is machined    orbiting center position.orbiting center position.orbiting center position.orbiting center position.    

only when electrode moves to only when electrode moves to only when electrode moves to only when electrode moves to     ････Note that the leading edge is Note that the leading edge is Note that the leading edge is Note that the leading edge is     

the right (the right (the right (the right (above figure) in above figure) in above figure) in above figure) in thethethethe    deeper and deeper and deeper and deeper and the the the the inclined face is inclined face is inclined face is inclined face is     

orbiting motion.orbiting motion.orbiting motion.orbiting motion.    shallower than those in usual shallower than those in usual shallower than those in usual shallower than those in usual     

orbiting machining.orbiting machining.orbiting machining.orbiting machining.    

    

The value of MC depth in The value of MC depth in The value of MC depth in The value of MC depth in bottom bottom bottom bottom inclined machining specifies MCinclined machining specifies MCinclined machining specifies MCinclined machining specifies MC    depth at the orbiting depth at the orbiting depth at the orbiting depth at the orbiting 

center. The value, therefore, should be changedcenter. The value, therefore, should be changedcenter. The value, therefore, should be changedcenter. The value, therefore, should be changed    according to the contents of machining according to the contents of machining according to the contents of machining according to the contents of machining 

as shown below.as shown below.as shown below.as shown below.    

(a)Open(a)Open(a)Open(a)Open----sided machiningsided machiningsided machiningsided machining    

    

    

    

    

    

    

    
    

MC depth (Z) MC depth (Z) MC depth (Z) MC depth (Z) ＝＝＝＝    ----2.0 2.0 2.0 2.0 ----    [(7.0 + 0.1) [(7.0 + 0.1) [(7.0 + 0.1) [(7.0 + 0.1) ----    5.0] 5.0] 5.0] 5.0] ××××    tan3.0tan3.0tan3.0tan3.0 ﾟ゚゚゚    

≒≒≒≒----2.1102.1102.1102.110    

2.0 

Workpiece 

Table 

3.0 ﾟ 

5.0 

7.0 

Electrode 

Reduction (R) 

(Z origin) 

MC depth (Z) 

Electrode 
V

al
u
e
 o

f 
 

M
C

 d
e
p
th

 

Orbiting plane 

Electrode 
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(b)Bottom stopped machining(b)Bottom stopped machining(b)Bottom stopped machining(b)Bottom stopped machining    

    

    

    

    

    

    

    

MC depth (Z) MC depth (Z) MC depth (Z) MC depth (Z) ＝＝＝＝    ----10.0 + 0.2 10.0 + 0.2 10.0 + 0.2 10.0 + 0.2 ××××    tan10.0tan10.0tan10.0tan10.0 ﾟ゚゚゚    

≒≒≒≒----9.9659.9659.9659.965    

    

[Machining example][Machining example][Machining example][Machining example]    

    

    

    

    

    

    

    

    

The bottom is inclined in Y direction and electrode reduction is 0.5mm.The bottom is inclined in Y direction and electrode reduction is 0.5mm.The bottom is inclined in Y direction and electrode reduction is 0.5mm.The bottom is inclined in Y direction and electrode reduction is 0.5mm.    

[Program example][Program example][Program example][Program example]    

MC ： Bottom stopped - complex (G102) 

Address Attri. Talk items Set value 
Ｎ 
Ｘ 
Ｙ 
Ｚ 
Ｃ 
Ｒ 
Ｅ 
Ｉ 
Ｊ 
Ｏ 
Ｄ 
Ｈ 
Ｌ 
Ｐ 
Ａ 
Ｋ 
Ｍ 
Ｂ 
Ｓ 
Ｔ 
Ｆ 
Ｕ 
Ｖ 

／ 
／ 
／ 
／ 
／ 
＊ 
＊ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 

 ABS/INC             (90/91) 
 MC DEPTH             X AXIS [u,t] 
                      Y AXIS [u,t] 
                      Z AXIS [u,t] 
                    C AXIS [ANGLE] 
 ELECTRODE REDUCTION         [u,t] 
 MODEL DATA No. 
     START OF PROCESS No. 
     END OF PROCESS No. 
     FINISH PROCESS No. 
     SIDE REMAIN AMOUNT COMP   [%] 
     BOTTOM REMAIN AMOUNT COMP [%] 
 MC METHOD 
    PATTERN 
        ROT. ANGLE           [deg] 
    SIDE TAPER ANGLE         [deg] 
    BOTTOM SHAPE PATTERN 
        CORNER ANGLE         [deg] 
 JUMP AMOUNT            [code:u,t] 
      CYCLE        [code:0.001sec] 
      SPEED         [code:m,i/min] 
 TIME CONTROL MC START PROC.No. 
PROCESS CONTROL TIME        [min] 

   
  
  
-9.912 
  
0.5 
123 
1 
12 
12 
  
 
13 
2222 
90.0 
 
2222 
10.0 

    

(Description of a position model block is omitted.) 
    

When the bottom incline direction is other than +X directiWhen the bottom incline direction is other than +X directiWhen the bottom incline direction is other than +X directiWhen the bottom incline direction is other than +X direction, use the rotation angle (A).on, use the rotation angle (A).on, use the rotation angle (A).on, use the rotation angle (A).    

10.0 

Workpiece 

10.0 ﾟ 

Electrode 

Reduction (R) 0.2 

(Z origin) 

MC depth (Z) 

Ｚ(+) 

Ｘ(+) 

Ｚ(+) 

Ｙ(+) 

20.0 

10.0ﾟ 

Electrode 

Workpiece 

30.0 

Workpiece 

Electrode 

10.0 
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17.6  Servo axis orbiting machining 

    

    

Items Setting values 

Machining method (L) 3,13,23 

Pattern (P) 5050 

Rotation angle (A) ±360.0 

Side taper angle (K) Not used 

Bottom shape pattern (M) Standard pattern 

Corner angle (B) 0～89.0 

    

    

    

    

Fig. 17.6 Servo axis orbiting machining    

    

[Description][Description][Description][Description]    

(a) The (a) The (a) The (a) The figure figure figure figure 17171717.6 .6 .6 .6 shows an example when the bottom shape pattern (M) is 1111. shows an example when the bottom shape pattern (M) is 1111. shows an example when the bottom shape pattern (M) is 1111. shows an example when the bottom shape pattern (M) is 1111.     

The pattern (P) 5050 specifies a motion pattern as viewed toward the servo axis The pattern (P) 5050 specifies a motion pattern as viewed toward the servo axis The pattern (P) 5050 specifies a motion pattern as viewed toward the servo axis The pattern (P) 5050 specifies a motion pattern as viewed toward the servo axis 

direction.direction.direction.direction.    

(b) The orbiting m(b) The orbiting m(b) The orbiting m(b) The orbiting motion on the plane including the servo axis does not start if the otion on the plane including the servo axis does not start if the otion on the plane including the servo axis does not start if the otion on the plane including the servo axis does not start if the 

bottom remaining amount of model data is smaller than the electrode reduction (R).bottom remaining amount of model data is smaller than the electrode reduction (R).bottom remaining amount of model data is smaller than the electrode reduction (R).bottom remaining amount of model data is smaller than the electrode reduction (R).    

(c) The pattern function is turned off if the electrode reduction (R) is 0.(c) The pattern function is turned off if the electrode reduction (R) is 0.(c) The pattern function is turned off if the electrode reduction (R) is 0.(c) The pattern function is turned off if the electrode reduction (R) is 0.    

(d) The bottom remaining amount(d) The bottom remaining amount(d) The bottom remaining amount(d) The bottom remaining amount    is compensated by the corner angle (B). The servo is compensated by the corner angle (B). The servo is compensated by the corner angle (B). The servo is compensated by the corner angle (B). The servo 

axis orbiting machining finishes the workpiece by feeding the electrode in the servo axis orbiting machining finishes the workpiece by feeding the electrode in the servo axis orbiting machining finishes the workpiece by feeding the electrode in the servo axis orbiting machining finishes the workpiece by feeding the electrode in the servo 

axis direction only. Accordingly, set the corner angle (B) according to the electrode axis direction only. Accordingly, set the corner angle (B) according to the electrode axis direction only. Accordingly, set the corner angle (B) according to the electrode axis direction only. Accordingly, set the corner angle (B) according to the electrode 

side taper angle.side taper angle.side taper angle.side taper angle.    

(e) Use only 3, (e) Use only 3, (e) Use only 3, (e) Use only 3, 13 or 23 for the machining method (L).13 or 23 for the machining method (L).13 or 23 for the machining method (L).13 or 23 for the machining method (L).    

(f) The pattern offset and the side taper angle (K) cannot be used.(f) The pattern offset and the side taper angle (K) cannot be used.(f) The pattern offset and the side taper angle (K) cannot be used.(f) The pattern offset and the side taper angle (K) cannot be used.    

    

II axis 

I axis 

Pattern rotation 

angle (A) 

Ｐ２ 

Pattern 

radius 

Servo axis  

direction 

Bottom shape 

pattern (M) 
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Setting example of servo axis orbiting machiningSetting example of servo axis orbiting machiningSetting example of servo axis orbiting machiningSetting example of servo axis orbiting machining    

    

    

①①①①    
    

3 

Ｚ(-) 5050 0 － 1111 60.0 13 No 

23 
    

    

②②②②    
    

3 

Ｚ(-) 5050 90.0 － 1111 60.0 13 No 

23 
    

Rotate Rotate Rotate Rotate ①①①①    by 90by 90by 90by 90 ﾟ゚゚゚    

③③③③    
    

3 

Ｘ(+) 5050 0 － 1111 60.0 13 No 

23 
    

    

④④④④    
    

3 

Ｘ(-) 5050 0 － 1111 60.0 13 No 

23 
    

    

⑤⑤⑤⑤    
    

3 

Ｙ(+) 5050 0 － 1111 60.0 13 No 

23 
    

    

⑥⑥⑥⑥    
    

3 

Ｙ(-) 5050 0 － 1111 60.0 13 No 

23 
    

    

    

Pattern 

P 

MC 
direction 
X,Y,Z 

Side taper 
angle 

K 

Rotation 
angle 

A 

Bottom 
shape pat. 

M 

Corner 
angle  

B 

MC 
method 
(valid) 

Pattern 
offset 
(Y/N) 

Ｘ(+) 

Ｙ(+) 

Ｚ(+) 

Ｘ(+) 

Ｙ(+) 
Ｚ(+) 

Ｘ(+) 

Ｙ(+) 

Ｚ(+) 

Ｘ(+) 

Ｙ(+) Ｚ(+) 

Ｘ(+) 

Ｙ(+) 

Ｚ(+) 

Ｘ(+) 

Ｙ(+) 

Ｚ(+) 
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Servo axis orbiting machining exampleServo axis orbiting machining exampleServo axis orbiting machining exampleServo axis orbiting machining example    

Thread cutting by horizontal servo operationThread cutting by horizontal servo operationThread cutting by horizontal servo operationThread cutting by horizontal servo operation    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

Workpiece Electrode 

    

In In In In such such such such a machining as shown above, an orbiting motion even in Z axis direction causes a machining as shown above, an orbiting motion even in Z axis direction causes a machining as shown above, an orbiting motion even in Z axis direction causes a machining as shown above, an orbiting motion even in Z axis direction causes 

the leading edge of the leading edge of the leading edge of the leading edge of the the the the thread to be flat. In this case, thread to be flat. In this case, thread to be flat. In this case, thread to be flat. In this case, a a a a designation of servo axis designation of servo axis designation of servo axis designation of servo axis 

orbiting generates an orbiting motion as shown belorbiting generates an orbiting motion as shown belorbiting generates an orbiting motion as shown belorbiting generates an orbiting motion as shown below, which does not change the edge ow, which does not change the edge ow, which does not change the edge ow, which does not change the edge 

shape of thread.shape of thread.shape of thread.shape of thread.    

    

    

    

    

    

    

    

    

    

    

    

    

Ｙ 

Ｘ 40.0 

10.0 

Ｚ 

Ｘ 

60 ﾟ 

15.0 
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[Program example][Program example][Program example][Program example]    

MC ： Bottom stopped - complex (G102) 

Address Attri. Talk items Set value 
Ｎ 
Ｘ 
Ｙ 
Ｚ 
Ｃ 
Ｒ 
Ｅ 
Ｉ 
Ｊ 
Ｏ 
Ｄ 
Ｈ 
Ｌ 
Ｐ 
Ａ 
Ｋ 
Ｍ 
Ｂ 
Ｓ 
Ｔ 
Ｆ 
Ｕ 
Ｖ 

／ 
／ 
／ 
／ 
／ 
＊ 
＊ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 

 ABS/INC              (90/91) 
 MC DEPTH             X AXIS [u,t] 
                      Y AXIS [u,t] 
                      Z AXIS [u,t] 
                    C AXIS [ANGLE] 
 ELECTRODE REDUCTION         [u,t] 
 MODEL DATA No. 
     START OF PROCESS No. 
     END OF PROCESS No. 
     FINISH PROCESS No. 
     SIDE REMAIN AMOUNT COMP   [%] 
     BOTTOM REMAIN AMOUNT COMP [%] 
 MC METHOD 
    PATTERN 
        ROT. ANGLE           [deg] 
    SIDE TAPER ANGLE         [deg] 
    BOTTOM SHAPE PATTERN 
        CORNER ANGLE         [deg] 
 JUMP AMOUNT            [code:u,t] 
      CYCLE        [code:0.001sec] 
      SPEED         [code:m,i/min] 
 TIME CONTROL MC START PROC.No. 
PROCESS CONTROL TIME        [min] 

   
-10.0  
  
 
  
0.2 
123 
106 
12 
12 
  
 
13 
5050 
 
 
1111 
60.0 

 

 

POS : Dispersed (G113) 

Address Attri. Talk items Set value 
Ｈ 
Ｗ 
Ｘ 
Ｙ 
Ｚ 
Ｕ 
Ｖ 
Ｉ 
Ｊ 
Ｋ 
Ｂ 
Ｃ 
Ｐ 
Ｑ 
Ｒ 
Ｌ 
Ａ 
Ｄ 
Ｓ 
Ｔ 

／ 
／ 
＊ 
＊ 
＊ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 

 PLANE         (1:X-Y,2:Z-X,3:Y-Z) 
 WORK CORD. SYSTEM 
 START CORD.          X AXIS [u,t] 
       (ABS)          Y AXIS [u,t] 
                      Z AXIS [u,t] 
     No.2 HOLE (ABS)  I AXIS [u,t] 
                     II AXIS [u,t] 
     No.3 HOLE (ABS)  I AXIS [u,t] 
                     II AXIS [u,t] 
     No.4 HOLE (ABS)  I AXIS [u,t] 
                     II AXIS [u,t] 
     No.5 HOLE (ABS)  I AXIS [u,t] 
                     II AXIS [u,t] 
     No.6 HOLE (ABS)  I AXIS [u,t] 
                     II AXIS [u,t] 
 INDEX DEVICE(1:C AXIS,2:IDX,3:DH) 
     INDEX ANGLE             [deg] 
     ELECT.ROT.OFFSET       (1:ON) 
 C AXIS SYNC PATTERN        (1:ON) 
 OPPOSITE                   (1:ON) 

   
  
 20.0 
 0 
-15.0 
 20.0 
-20.0 
 

    

    

    

    

    

    

    

    

    

    

    

Edge angle of thread 

Servo axis orbiting  
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17.7  Taper machining 

    

Items Setting value 

Machining method (L)  Refer to Description (e). 

Pattern (P) Any 

Rotation angle (A) ±360.0 

Side taper angle (K) 0～89.0 

    

    

    

    

    

    

 

Fig. 17.7 Taper machining    

    

[Description][Description][Description][Description]    

(a) The figure(a) The figure(a) The figure(a) The figure    11117777.7 is an example toward after it .7 is an example toward after it .7 is an example toward after it .7 is an example toward after it machining it to an example when the machining it to an example when the machining it to an example when the machining it to an example when the 

pattern (P) is 1111,and the specified position the bottom from the top.pattern (P) is 1111,and the specified position the bottom from the top.pattern (P) is 1111,and the specified position the bottom from the top.pattern (P) is 1111,and the specified position the bottom from the top.    

(b) The side taper angle parameter (K) is (b) The side taper angle parameter (K) is (b) The side taper angle parameter (K) is (b) The side taper angle parameter (K) is ““““BBBB””””    in the through machining menu. The in the through machining menu. The in the through machining menu. The in the through machining menu. The 

setting value range is setting value range is setting value range is setting value range is ±±±±89.0.89.0.89.0.89.0.    

(c)(c)(c)(c)    The radius at the end point is deThe radius at the end point is deThe radius at the end point is deThe radius at the end point is determined by the electrode reduction (R). The radius termined by the electrode reduction (R). The radius termined by the electrode reduction (R). The radius termined by the electrode reduction (R). The radius 

at the start point varies with the side taper angle (K).at the start point varies with the side taper angle (K).at the start point varies with the side taper angle (K).at the start point varies with the side taper angle (K).    

(d) The alarm occurs(d) The alarm occurs(d) The alarm occurs(d) The alarm occurs, if the pattern radius exceed 16, if the pattern radius exceed 16, if the pattern radius exceed 16, if the pattern radius exceed 16mm by setting the side mm by setting the side mm by setting the side mm by setting the side     

taper angle (K).taper angle (K).taper angle (K).taper angle (K).    

(e) The(e) The(e) The(e) The    machining method (L) machining method (L) machining method (L) machining method (L) doesdoesdoesdoesnnnn’’’’t usually operatet usually operatet usually operatet usually operate.... There is movement by two kinds There is movement by two kinds There is movement by two kinds There is movement by two kinds 

of toward the bottom movement anof toward the bottom movement anof toward the bottom movement anof toward the bottom movement and upper toward after it d upper toward after it d upper toward after it d upper toward after it machinemachinemachinemachines it to the bottom s it to the bottom s it to the bottom s it to the bottom 

once the upper surface of work from the bottom of work.once the upper surface of work from the bottom of work.once the upper surface of work from the bottom of work.once the upper surface of work from the bottom of work.    

(f) The pattern offset can be used.(f) The pattern offset can be used.(f) The pattern offset can be used.(f) The pattern offset can be used.    

    

 

 

 

 

 

 

 

 

II axis 

I axis 
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Side taper angle 

(K) 
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17.8  3-D machining  

    

    

Items Setting values 

Machining method (L) 8,18,28 

Pattern (P) 1111 

Rotation angle (A) Not used 

Side taper angle (K) Not used 

Bottom shape pattern (M) 0 

Corner angle (B) 0 

 

Fig. 17.8  3-D machining    

[[[[DescriptionDescriptionDescriptionDescription]]]]    

(a)(a)(a)(a)    It is effective only in Z axis machining.It is effective only in Z axis machining.It is effective only in Z axis machining.It is effective only in Z axis machining.    

(b)(b)(b)(b)    Use only 8, 18 or 28 for the machining method (L).Use only 8, 18 or 28 for the machining method (L).Use only 8, 18 or 28 for the machining method (L).Use only 8, 18 or 28 for the machining method (L).    

(c)(c)(c)(c)    Use only 1111 for the orbiting pattern (P).Use only 1111 for the orbiting pattern (P).Use only 1111 for the orbiting pattern (P).Use only 1111 for the orbiting pattern (P).    

(d)(d)(d)(d)    The pattern function is turned off if the electrode reduction (R) is 0.The pattern function is turned off if the electrode reduction (R) is 0.The pattern function is turned off if the electrode reduction (R) is 0.The pattern function is turned off if the electrode reduction (R) is 0.    

(e)(e)(e)(e)    The rotation angle (A) and the side taper angle (K) cannot be used.The rotation angle (A) and the side taper angle (K) cannot be used.The rotation angle (A) and the side taper angle (K) cannot be used.The rotation angle (A) and the side taper angle (K) cannot be used.    

(f)(f)(f)(f)    The pThe pThe pThe pattern offset cannot be used.attern offset cannot be used.attern offset cannot be used.attern offset cannot be used.    

(g)(g)(g)(g)    Set time control machining.Set time control machining.Set time control machining.Set time control machining.    

    

Ｚ 

Ｘ 

Ｙ 

Bottom 

Side horizontal 

Side vertical 
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3333----D machining is used for the machining by the electrode of three dimension shape of total D machining is used for the machining by the electrode of three dimension shape of total D machining is used for the machining by the electrode of three dimension shape of total D machining is used for the machining by the electrode of three dimension shape of total 

shape.shape.shape.shape.    

There are the following problems in usual orbiting because three dimension electrode made There are the following problems in usual orbiting because three dimension electrode made There are the following problems in usual orbiting because three dimension electrode made There are the following problems in usual orbiting because three dimension electrode made 

by tby tby tby three dimensions CADhree dimensions CADhree dimensions CADhree dimensions CAD････CAM is reduced in all directions and, the shape is not accurately CAM is reduced in all directions and, the shape is not accurately CAM is reduced in all directions and, the shape is not accurately CAM is reduced in all directions and, the shape is not accurately 

transcribed.transcribed.transcribed.transcribed.    

①①①①The roughness electrode processes too much in the corner part of the bottom.The roughness electrode processes too much in the corner part of the bottom.The roughness electrode processes too much in the corner part of the bottom.The roughness electrode processes too much in the corner part of the bottom.    

And the finish electrode cannot finish up.And the finish electrode cannot finish up.And the finish electrode cannot finish up.And the finish electrode cannot finish up.    

②②②②Slight shape is artificial in the cSlight shape is artificial in the cSlight shape is artificial in the cSlight shape is artificial in the corner part of the bottom (R:orner part of the bottom (R:orner part of the bottom (R:orner part of the bottom (R:    0.1 0.1 0.1 0.1 ----    0.3).0.3).0.3).0.3).    

The problem of The problem of The problem of The problem of ②②②②    cannot be solved though cannot be solved though cannot be solved though cannot be solved though sssspherepherepherephere----shapeshapeshapeshape    machining in clause 1machining in clause 1machining in clause 1machining in clause 18888.3 .3 .3 .3 

can solve the problem of can solve the problem of can solve the problem of can solve the problem of ①①①①....    

3333----D machining is the machining method which can solve the problemsD machining is the machining method which can solve the problemsD machining is the machining method which can solve the problemsD machining is the machining method which can solve the problems    ①②①②①②①②    on account of on account of on account of on account of 

repeating orbit in all drepeating orbit in all drepeating orbit in all drepeating orbit in all directions (bottom, side horizontal and side vertical).irections (bottom, side horizontal and side vertical).irections (bottom, side horizontal and side vertical).irections (bottom, side horizontal and side vertical).    

    

The number of orbiting directions is different depending on the machining method.The number of orbiting directions is different depending on the machining method.The number of orbiting directions is different depending on the machining method.The number of orbiting directions is different depending on the machining method.    

Machining method Application Number of directions 

8 Rough machining 8 

18 High accuracy machining 24 

28 Standard accuracy machining 16 

    

Set the time control machining. The standard of setting is shown.Set the time control machining. The standard of setting is shown.Set the time control machining. The standard of setting is shown.Set the time control machining. The standard of setting is shown.    

Machining method Time control 

8 20 minutes or more 

18 45 minutes or more 

28 30 minutes or more 

Set the time control longer when the discharge area is larger.Set the time control longer when the discharge area is larger.Set the time control longer when the discharge area is larger.Set the time control longer when the discharge area is larger.    

““““REMAINREMAINREMAINREMAIN    TIMETIMETIMETIME””””    on on on on COND - MDL MONITOR    screen is remainder time in the divided screen is remainder time in the divided screen is remainder time in the divided screen is remainder time in the divided 

direction of each orbit (bottom, side horizontal, and side vertical) and no remainder time of direction of each orbit (bottom, side horizontal, and side vertical) and no remainder time of direction of each orbit (bottom, side horizontal, and side vertical) and no remainder time of direction of each orbit (bottom, side horizontal, and side vertical) and no remainder time of 

the process of the machining.the process of the machining.the process of the machining.the process of the machining.    

    

An imitative chart of the direction of each orbit is shown.An imitative chart of the direction of each orbit is shown.An imitative chart of the direction of each orbit is shown.An imitative chart of the direction of each orbit is shown.    

    

    

    

    

    

    

    

    

    

Bottom Side horizontal Side vertical 
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The orbiting direction in machining is displayed in the electrode reduction The orbiting direction in machining is displayed in the electrode reduction The orbiting direction in machining is displayed in the electrode reduction The orbiting direction in machining is displayed in the electrode reduction ⅠⅠⅠⅠ    and and and and ⅡⅡⅡⅡ    on on on on 

COND - MDL MONITOR    screen as follows.screen as follows.screen as follows.screen as follows.    

Ⅰ：Ⅰ：Ⅰ：Ⅰ：OOOOrbiting direction (It is changed in order.)rbiting direction (It is changed in order.)rbiting direction (It is changed in order.)rbiting direction (It is changed in order.)    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

ⅡⅡⅡⅡ    : : : : Machining completion situationMachining completion situationMachining completion situationMachining completion situation    

*.###*.###*.###*.###    

#### # ## ## ## #     : : : : Number of the remainder of machining points    

* : * : * : * : Frequency of machining    When this number becomes 0,When this number becomes 0,When this number becomes 0,When this number becomes 0,    

the machining is the end.the machining is the end.the machining is the end.the machining is the end.    

    

    

    

Ｚ 

Ｘ,Ｙ 

1.4** 

1.3** 

1.2** 

1.1** 

1.101 

1.401 

1.301 

1.201 

1.113 

1.413 

1.313 

1.213 

1.105 

1.405 

1.305 

1.205 

1.109 

1.409 

1.309 

1.209 

Ｙ 

Ｘ 

Side horizontal 

3.005 

3.008 

3.001 

3.004 

3.003 

3.002 

3.007 

3.006 

Ｙ 

Ｘ 
Ｘ,Ｙ 

Ｚ 
Bottom 

2.013 

2.015 

2.016 

2.014 

2.009 

2.011 

2.012 

2.010 

2.005 

2.007 

2.008 

2.006 

2.001 

2.003 

2.004 

2.002 

Ｘ,Ｙ 
Ｚ 

Ｙ 

Ｘ 

Side vertical 

Ｘ 

2.001 

－Ｙ 

2.013 

Ｙ 

2.005 

－Ｘ 

2.009 
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17.9  Half-shape machining 

    

    

    

    

    

    

    

    

    

    

    

              (Fig a)                                  (Fig b) 

Fig. 17.9  Half-shape machining    

Items                 Setting values 

Machining method (L)              3,13,23 

Pattern (P)                    2222,2002, 0220 

Rotation angle (A)                ±360.0 

Side taper angle (K)               Not used 

Bottom shape pattern (M)       Standard pattern 

Corner angle (B)                  Not used 

[[[[DescriptionDescriptionDescriptionDescription]]]]    

(a)(a)(a)(a)    Use only Use only Use only Use only 2222222222222222    for the pattern (P).for the pattern (P).for the pattern (P).for the pattern (P).    

(b)(b)(b)(b)    The figure 17The figure 17The figure 17The figure 17.9 .9 .9 .9 (Fig(Fig(Fig(Fig    a) a) a) a) shows an example when the bottom shape pattern shows an example when the bottom shape pattern shows an example when the bottom shape pattern shows an example when the bottom shape pattern     

(P) is 1111(P) is 1111(P) is 1111(P) is 1111,,,,    and the figure 17and the figure 17and the figure 17and the figure 17.9 .9 .9 .9 (Fig(Fig(Fig(Fig    bbbb) ) ) ) shows an example when the shows an example when the shows an example when the shows an example when the bottom bottom bottom bottom     

shape pattern is 2222shape pattern is 2222shape pattern is 2222shape pattern is 2222. t. t. t. the bottom shape pattern (P) specifies the bottom shape. The he bottom shape pattern (P) specifies the bottom shape. The he bottom shape pattern (P) specifies the bottom shape. The he bottom shape pattern (P) specifies the bottom shape. The 

bottbottbottbottom machining is executed om machining is executed om machining is executed om machining is executed ±±±±    directions on directions on directions on directions on ⅠⅠⅠⅠ    axis.axis.axis.axis.    

((((cccc))))    Use only Use only Use only Use only 3333, 1, 1, 1, 13333    or 2or 2or 2or 23333    for the machining method (L).for the machining method (L).for the machining method (L).for the machining method (L).    

((((dddd))))    In horizontal machining, use only 0, 90.0, or In horizontal machining, use only 0, 90.0, or In horizontal machining, use only 0, 90.0, or In horizontal machining, use only 0, 90.0, or ----90.0 90.0 90.0 90.0 for the for the for the for the rotation angle (A)rotation angle (A)rotation angle (A)rotation angle (A)....    

((((eeee))))    The pattern function is turned off if the electrode reduction (R) is 0.The pattern function is turned off if the electrode reduction (R) is 0.The pattern function is turned off if the electrode reduction (R) is 0.The pattern function is turned off if the electrode reduction (R) is 0.    

((((ffff))))    The The The The side taperside taperside taperside taper    angle (angle (angle (angle (KKKK) and the ) and the ) and the ) and the cornercornercornercorner    angle (angle (angle (angle (BBBB) cannot be used.) cannot be used.) cannot be used.) cannot be used.    

((((gggg))))    The pattern offset can be used.The pattern offset can be used.The pattern offset can be used.The pattern offset can be used.    

    

II axis 

I axis 

Pattern rotation 

angle (A) 

Ｐ４ 

Servo axis  

direction 

Bottom shape 

pattern (M) 

Ⅰaxis 

Ⅱaxis 

Ｐ４ 
Ｐ４ 

Pattern rotation 

angle (A) 

Servo axis  

direction 
Bottom shape 

pattern (M) 
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HalfHalfHalfHalf----shape machining of G102 (BOTTOM STOPPEDshape machining of G102 (BOTTOM STOPPEDshape machining of G102 (BOTTOM STOPPEDshape machining of G102 (BOTTOM STOPPED----COMPLEX) is useful function when COMPLEX) is useful function when COMPLEX) is useful function when COMPLEX) is useful function when 

uniform surface finish or high profile accuracy uniform surface finish or high profile accuracy uniform surface finish or high profile accuracy uniform surface finish or high profile accuracy isisisis    required.required.required.required.    

 

 

 

 

 

 

 

 

 

One One One One sidesidesideside    halfhalfhalfhalf----shape machining can be specified by G102 item P : Orbiting pattern = "2002" shape machining can be specified by G102 item P : Orbiting pattern = "2002" shape machining can be specified by G102 item P : Orbiting pattern = "2002" shape machining can be specified by G102 item P : Orbiting pattern = "2002" or or or or 

"0220" "0220" "0220" "0220" , because both , because both , because both , because both sidesidesideside    machining is nomachining is nomachining is nomachining is notttt    necessarynecessarynecessarynecessary    in oin oin oin open side machiningpen side machiningpen side machiningpen side machining    like abovelike abovelike abovelike above....    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Orbiting pattern P=2222 

Bottom shape pattern M=1111 

Orbiting pattern P=2222 

Bottom shape pattern M=2222 

Ⅰaxis 
Ⅱaxis 

Ｐ４ 
Ｐ４ 

Ⅰaxis 
Ⅱaxis 

Ｐ４ Ｐ４ 

Example of M/C Example of M/C 
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Setting example of halfSetting example of halfSetting example of halfSetting example of half----shape machiningshape machiningshape machiningshape machining        

(when the bottom shape pattern (P) is 1111 it is the (when the bottom shape pattern (P) is 1111 it is the (when the bottom shape pattern (P) is 1111 it is the (when the bottom shape pattern (P) is 1111 it is the same.)same.)same.)same.)    

    

    

①①①①    

    

3 

Ｚ(-) 2222 0 － 1111 － 13 Yes 

23 

    

    

②②②②    

    

3 

Ｚ(-) 2222 90.0 － 1111 － 13 Yes 

23 

    

Rotate Rotate Rotate Rotate ①①①①    by 90by 90by 90by 90 ﾟ゚゚゚    

③③③③    

    

3 

Ｘ(+) 2222 0 － 1111 － 13 Yes 

23 

    

    

④④④④    

    

3 

Ｘ(+) 2222 90.0 － 1111 － 13 Yes 

23 

    

Rotate Rotate Rotate Rotate ③③③③    by 90by 90by 90by 90 ﾟ゚゚゚    

⑤⑤⑤⑤    

    

3 

Ｘ(-) 2222 0 － 1111 － 13 Yes 

23 

    

    

    

Ｘ

Ｙ(+) 
Ｚ(+) 

Ｘ(+) 

Ｙ(+) 
Ｚ(+) 

Ｘ(+) Ｙ(+) 

Ｚ(+) 

Ｘ(+) 

Ｙ(+) 
Ｚ(+) 

Ｘ(+) Ｙ(+) 

Ｚ(+) 

Pattern 

P 

MC 
direction 
X,Y,Z 

Side taper 
angle 

K 

Rotation 
angle 

A 

Bottom 
shape pat. 

M 

Corner 
angle  

B 

MC 
method 
(valid) 

Pattern 
offset 
(Y/N) 
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⑥⑥⑥⑥    

    

3 

Ｘ(-) 2222 90.0 － 1111 － 13 Yes 

23 

    

Rotate Rotate Rotate Rotate ⑤⑤⑤⑤    by 90by 90by 90by 90 ﾟ゚゚゚    

⑦⑦⑦⑦    

    

3 

Ｙ(+) 2222 0 － 1111 － 13 Yes 

23 

    

    

⑧⑧⑧⑧    

    

3 

Ｙ(+) 2222 90.0 － 1111 － 13 Yes 

23 

    

Rotate Rotate Rotate Rotate ⑦⑦⑦⑦    by 90by 90by 90by 90 ﾟ゚゚゚    

⑨⑨⑨⑨    

    

3 

Ｙ(-) 2222 0 － 1111 － 13 Yes 

23 

    

    

⑩⑩⑩⑩    

    

3 

Ｙ(-) 2222 90.0 － 1111 － 13 Yes 

23 

    

Rotate Rotate Rotate Rotate ⑨⑨⑨⑨    by 90by 90by 90by 90 ﾟ゚゚゚    

    

Ｘ(+) Ｙ(+) 

Ｚ(+) 

Ｘ(+) 

Ｙ(+) 
Ｚ(+) 

Ｘ(+) 

Ｙ(+) Ｚ(+) 

Ｘ(+) 

Ｙ(+) Ｚ(+) 

Ｘ(+) 
Ｙ(+) 

Ｚ(+) 

Pattern 

P 

MC 
direction 
X,Y,Z 

Side taper 
angle 

K 

Rotation 
angle 

A 

Bottom 
shape pat. 

M 

Corner 
angle  

B 

MC 
method 
(valid) 

Pattern 
offset 
(Y/N) 
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⑪⑪⑪⑪    

    

3 

Ｚ(-) 2002 0 － 1111 － 13 Yes 

23 

    

    

⑫⑫⑫⑫    

    

3 

Ｚ(-) 0220 0 － 1111 － 13 Yes 

23 

    

    

⑬⑬⑬⑬    

    

3 

Ｚ(-) 2222 0 － 2222 － 13 Yes 

23 

    

    

⑭⑭⑭⑭    

    

3 

Ｚ(-) 2002 0 － 2222 － 13 Yes 

23 

    

    

⑮⑮⑮⑮    

    

3 

Ｚ(-) 0220 0 － 2222 － 13 Yes 

23 

    

    

    

Pattern 

P 

MC 
direction 
X,Y,Z 

Side taper 
angle 

K 

Rotation 
angle 

A 

Bottom 
shape pat. 

M 

Corner 
angle  

B 

MC 
method 
(valid) 

Pattern 
offset 
(Y/N) 

Ｘ(+) 

Ｙ(+) 
Ｚ(+) 

 

Ｘ(+) 

Ｙ(+) Ｚ(+) 

Ｚ(+) 

Ｘ(+) 
Ｙ(+) 

Ｘ(+) 

Ｚ(+) 

Ｙ(+) 

Ｚ(+) 
Ｙ(+) 

Ｘ(+) 
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18.APPLICATIONS OF THE POSITIONING MODEL 
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18.1  Similar multi-piece machining on plural workpieces 

 

 

 

 

 

 

 

 

 

 

 

 

 

[Procedure][Procedure][Procedure][Procedure]    

    

(a) Change over the coordinate system in the MDI mode.(a) Change over the coordinate system in the MDI mode.(a) Change over the coordinate system in the MDI mode.(a) Change over the coordinate system in the MDI mode.    

    

    

    

    

(Each coordinate system G54(Each coordinate system G54(Each coordinate system G54(Each coordinate system G54----G61 can be used.)G61 can be used.)G61 can be used.)G61 can be used.)    

    

(b) Using the touch sensing func(b) Using the touch sensing func(b) Using the touch sensing func(b) Using the touch sensing function in the manual mode, determine the origin.tion in the manual mode, determine the origin.tion in the manual mode, determine the origin.tion in the manual mode, determine the origin.    

    

(c) For workpiece 2, determine the origin by changing over the coordinate system to (c) For workpiece 2, determine the origin by changing over the coordinate system to (c) For workpiece 2, determine the origin by changing over the coordinate system to (c) For workpiece 2, determine the origin by changing over the coordinate system to 

another G code in the same manner as in another G code in the same manner as in another G code in the same manner as in another G code in the same manner as in workpiece 1workpiece 1workpiece 1workpiece 1....    

    

    

Table 

Work coordinate 

system G55 

Electrode 

Work coordinate 

system G56 10 20 20 20 

Workpiece 1 Workpiece 2 

  

  

  
  

  

  

５ Ｇ ４ 
START   
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[Program][Program][Program][Program]    

    

MC ： Bottom stopped - simple (G101) etc.    

 

 

POS ： Line/Grid (G111) 

Address Attri. Talk items Set value 
Ｈ 
Ｗ 
Ｘ 
Ｙ 
Ｚ 
Ｐ 
Ｑ 
Ｕ 
Ｖ 
Ｉ 
Ｊ 
Ｍ 
: 

／ 
／ 
＊ 
＊ 
＊ 
＊ 
＊ 
／ 
／ 
／ 
／ 
／ 
: 

 PLANE          (1:X-Y,2:Z-X,3:Y-Z) 
 WORK CORD. SYSTEM 
 START CORD.           X AXIS [u,t] 
       (ABS)           Y AXIS [u,t] 
                       Z AXIS [u,t] 
 PITCH WIDTH           I AXIS [u,t] 
                      II AXIS [u,t] 
 MC EXTENT       I AXIS START(n-th) 
     PROCESSION         END  (n-th) 
                II AXIS START(n-th) 
                        END  (n-th) 
     HOLE               START(n-th) 
           : 

 
55  
10.0 
0 
5.0 
20.0 
0 
1 
4 

 

 

POS ： Line/Grid (G111) 

Address Attri. Talk items Set value 
Ｈ 
Ｗ 
Ｘ 
Ｙ 
Ｚ 
Ｐ 
Ｑ 
Ｕ 
Ｖ 
Ｉ 
Ｊ 
Ｍ 
: 

／ 
／ 
＊ 
＊ 
＊ 
＊ 
＊ 
／ 
／ 
／ 
／ 
／ 
: 

 PLANE          (1:X-Y,2:Z-X,3:Y-Z) 
 WORK CORD. SYSTEM 
 START CORD.           X AXIS [u,t] 
       (ABS)           Y AXIS [u,t] 
                       Z AXIS [u,t] 
 PITCH WIDTH           I AXIS [u,t] 
                      II AXIS [u,t] 
 MC EXTENT       I AXIS START(n-th) 
     PROCESSION         END  (n-th) 
                II AXIS START(n-th) 
                        END  (n-th) 
     HOLE               START(n-th) 
            : 

 
56  
10.0 
0 
5.0 
20.0 
0 
1 
4 

 

 

M30 ; 

 

[Note][Note][Note][Note]    

The electrode position at the time of program start is automatically stored, and this The electrode position at the time of program start is automatically stored, and this The electrode position at the time of program start is automatically stored, and this The electrode position at the time of program start is automatically stored, and this 

position is used as travel height for a multiposition is used as travel height for a multiposition is used as travel height for a multiposition is used as travel height for a multi----piece machining.piece machining.piece machining.piece machining.    

As suchAs suchAs suchAs such, raise the electrode , raise the electrode , raise the electrode , raise the electrode to a sato a sato a sato a safe heightfe heightfe heightfe height    for travel for travel for travel for travel either either either either by manual or by manual or by manual or by manual or program program program program 

operationoperationoperationoperation    before program startbefore program startbefore program startbefore program start    to prevent collision.to prevent collision.to prevent collision.to prevent collision.    

    

    

    

    

    

    

    

Workpiece 1 

Workpiece 2 

Electrode 

Workpiece 1 Workpiece 2 
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18.2  Horizontal side face machining on plural workpieces 

    

    

    

    

    

    

    

    

    

    

    

    

[Procedure][Procedure][Procedure][Procedure]    

    

(a) Set the coordinate system G55(a) Set the coordinate system G55(a) Set the coordinate system G55(a) Set the coordinate system G55----G56 for each workpiece, andG56 for each workpiece, andG56 for each workpiece, andG56 for each workpiece, and    determine the origin. determine the origin. determine the origin. determine the origin. 

(Same ma(Same ma(Same ma(Same manner as in clause 18nner as in clause 18nner as in clause 18nner as in clause 18.1)..1)..1)..1).    

    

(b) The origin must be determined again, if the electrode is changed.(b) The origin must be determined again, if the electrode is changed.(b) The origin must be determined again, if the electrode is changed.(b) The origin must be determined again, if the electrode is changed.    

In this case, determine the origin of all coordinate systems that use G55 or G56.In this case, determine the origin of all coordinate systems that use G55 or G56.In this case, determine the origin of all coordinate systems that use G55 or G56.In this case, determine the origin of all coordinate systems that use G55 or G56.    

However, the use of following function requiresHowever, the use of following function requiresHowever, the use of following function requiresHowever, the use of following function requires    the origin of only the workpiece 1 the origin of only the workpiece 1 the origin of only the workpiece 1 the origin of only the workpiece 1 

(G55) to be re(G55) to be re(G55) to be re(G55) to be re----set; origin resetting for the other systems may be omitted.set; origin resetting for the other systems may be omitted.set; origin resetting for the other systems may be omitted.set; origin resetting for the other systems may be omitted.    

①①①①    Local coordinate systemLocal coordinate systemLocal coordinate systemLocal coordinate system    

②②②②    G92XG92XG92XG92X            YYYY            ZZZZ            L1;L1;L1;L1;    

    

[Program][Program][Program][Program]    

 

G55G00Z10.0; 

 

 

MC ： Bottom stopped - simple (G101) 

Address Attri. Talk items Set value 
Ｎ 
Ｑ 
Ｚ 
Ｒ 
Ｅ 
Ｉ 
Ｊ 
Ｏ 
Ｄ 
Ｈ 
Ｌ 
Ｐ 
Ａ 
: 

／ 
／ 
＊ 
＊ 
＊ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
: 

 ABS/INC              (90/91) 
 MC AXIS              (1:X,2:Y,3:Z) 
 MC DEPTH                     [u,t] 
 ELECTRODE REDUCTION          [u,t] 
 MODEL DATA No. 
     START OF PROCESS No. 
     END OF PROCESS No. 
     FINISH PROCESS No. 
     SIDE REMAIN AMOUNT COMP    [%] 
     BOTTOM REMAIN AMOUNT COMP   [%] 
 MC METHOD 
     PATTERN 
       ROT.ANGLE       [deg] 
          : 

   
1 
-15.0 
0.2 
123 
6 
13 
13 
 
 
13 
2222 
 
 

 

 

Table 

Work coordinate 

system G55 

Electrode 

Work coordinate 

system G56 

30 

Workpiece 1 Workpiece 2 

Position the head at travel 

height. 

(Manual operation allowed.) 
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POS ： Dispersed (G113) 

Address Attri. Talk items Set value 
Ｈ 
Ｗ 
Ｘ 
Ｙ 
Ｚ 
Ｕ 
Ｖ 
Ｉ 
Ｊ 
: 

／ 
／ 
＊ 
＊ 
＊ 
／ 
／ 
／ 
／ 
: 

 PLANE          (1:X-Y,2:Z-X,3:Y-Z) 
 WORK CORD. SYSTEM 
 START CORD.           X AXIS [u,t] 
       (ABS)           Y AXIS [u,t] 
                       Z AXIS [u,t] 
     No.2 HOLE (ABS)   I AXIS [u,t] 
                      II AXIS [u,t] 
     No.3 HOLE (ABS)   I AXIS [u,t] 
                      II AXIS [u,t] 
            : 

 
55  
5.0 
0 
-29.8 
 

 

 

POS ： Dispersed (G113) 

Address Attri. Talk items Set value 
Ｈ 
Ｗ 
Ｘ 
Ｙ 
Ｚ 
Ｕ 
Ｖ 
Ｉ 
Ｊ 
: 

／ 
／ 
＊ 
＊ 
＊ 
／ 
／ 
／ 
／ 
: 

 PLANE          (1:X-Y,2:Z-X,3:Y-Z) 
 WORK CORD. SYSTEM 
 START CORD.           X AXIS [u,t] 
       (ABS)           Y AXIS [u,t] 
                       Z AXIS [u,t] 
     No.2 HOLE (ABS)   I AXIS [u,t] 
                      II AXIS [u,t] 
     No.3 HOLE (ABS)   I AXIS [u,t] 
                      II AXIS [u,t] 
            : 

 
56  
5.0 
0 
-29.8 
 

 

 

M30 ; 

    

    

18.3  Multi-piece horizontal machining 

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

Positioning to right 
side of workpiece. 

Short depth by  
electrode reduction. 

Table 

Origin 

Electrode 

30 

Workpiece  

100 

Machining part 1 Machining part 2 
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[Procedure][Procedure][Procedure][Procedure]    

    

(a) Set the origin (do not change the work coordinate system).(a) Set the origin (do not change the work coordinate system).(a) Set the origin (do not change the work coordinate system).(a) Set the origin (do not change the work coordinate system).    

    

[Program][Program][Program][Program]    

 

G00Z10.0; 

 

 

MC ： Bottom stopped - simple (G101) 

Address Attri. Talk items Set value 
Ｎ 
Ｑ 
Ｚ 
Ｒ 
Ｅ 
Ｉ 
Ｊ 
Ｏ 
Ｄ 
Ｈ 
Ｌ 
Ｐ 
Ａ 
: 

／ 
／ 
＊ 
＊ 
＊ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
: 

 ABS/INC              (90/91) 
 MC AXIS              (1:X,2:Y,3:Z) 
 MC DEPTH                     [u,t] 
 ELECTRODE REDUCTION          [u,t] 
 MODEL DATA No. 
     START OF PROCESS No. 
     END OF PROCESS No. 
     FINISH PROCESS No. 
     SIDE REMAIN AMOUNT COMP    [%] 
     BOTTOM REMAIN AMOUNT COMP   [%] 
 MC METHOD 
     PATTERN 
       ROT.ANGLE       [deg] 
          : 

91 
1 
-20.0 
0.2 
123 
6 
13 
13 
 
 
13 
2222 
 
 

 

 

POS ： Dispersed (G113) 

Address Attri. Talk items Set value 
Ｈ 
Ｗ 
Ｘ 
Ｙ 
Ｚ 
Ｕ 
Ｖ 
Ｉ 
Ｊ 
: 

／ 
／ 
＊ 
＊ 
＊ 
／ 
／ 
／ 
／ 
: 

 PLANE          (1:X-Y,2:Z-X,3:Y-Z) 
 WORK CORD. SYSTEM 
 START CORD.           X AXIS [u,t] 
       (ABS)           Y AXIS [u,t] 
                       Z AXIS [u,t] 
     No.2 HOLE (ABS)   I AXIS [u,t] 
                      II AXIS [u,t] 
     No.3 HOLE (ABS)   I AXIS [u,t] 
                      II AXIS [u,t] 
            : 

 
55  
5.0 
0 
-29.8 
105.0 
0 

 

 

M30 ; 

    

    

    

    

    

Position the head at travel 

height. 

(Manual operation allowed.) 

Positioning to right 
side of workpiece. 

Short depth by  
electrode reduction. 
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19. PROGRAMMING EXAMPLES IN NC LANGUAGE 

 

This section describes a major part of programming by the use of NC language.This section describes a major part of programming by the use of NC language.This section describes a major part of programming by the use of NC language.This section describes a major part of programming by the use of NC language.    

For details, refer to the instruction manual Programming.For details, refer to the instruction manual Programming.For details, refer to the instruction manual Programming.For details, refer to the instruction manual Programming.    
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19.1  Machining program 

 

G76; (Jump on) 

G74R30P01111; (Orbiting) 

G83E1205Z-10.0; (Machining) 

M30; (Program end) 

 

19.2  Subprogram 

 

①①①①    Simple callingSimple callingSimple callingSimple calling    

O10  → G76; 

G74R30P01111; 

G83E1205Z-10.0; 

M99;    (Subprogram end) 

O15  → M98 O10 R(  ) P(  ) 

M30; 

    

    

    

    

    

※ R and P areR and P areR and P areR and P are    omittable.omittable.omittable.omittable.    

※ M98 PM98 PM98 PM98 P            LLLL            NNNN                can be used as well ascan be used as well ascan be used as well ascan be used as well as    

M98 OM98 OM98 OM98 O            RRRR            PPPP            ....    

    

②②②②    Modal callingModal callingModal callingModal calling    

O10  → G76; 

G74R30P01111; 

G83E1205Z-10.0; 

M99;    (Subprogram end) 

O15  → G66 P10 L(  ); 

 

 

X  Y  ; 

X  Y  ; 

X  Y  ; 

: 

G67;    (Modal cancel) 

M30; 

 

The O10 subprogram The O10 subprogram The O10 subprogram The O10 subprogram is executed every time when the Xis executed every time when the Xis executed every time when the Xis executed every time when the X        YYYY            traverse is made.traverse is made.traverse is made.traverse is made.    

    

Subprogram No. 

Repetitions 

Start block No. 

Subprogram No. 

Repetitions 
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19.3  Combination of model plan (machining) and NC program 

    

O10 → MC ： Single MC (G100) 

Address Attri. Talk items Set value 
Ｎ 
Ｘ 
Ｙ 
Ｚ 
Ｃ 
Ｗ 
Ｌ 
Ｅ 
Ｕ 
Ｒ 
Ｐ 
Ａ 
Ｂ 
Ｓ 
Ｔ 
Ｆ 
Ｉ 
Ｈ 
Ｍ 
Ｄ 
Ｖ 

／ 
／ 
／ 
／ 
／ 
／ 
／ 
＊ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 

 ABS/INC              (90/91) 
 MC DEPTH             X AXIS [u,t] 
                      Y AXIS [u,t] 
                      Z AXIS [u,t] 
                C AXIS[rot./ANGLE] 
 AUTO DEPTH MAX. TRAVEL      [u,t] 
     MC LAST STOP           (1:ON) 
 MC COND. No.  
     REMAIN AMOUNT           [u,t] 
 PATTERN RADIUS              [u,t] 
     MODE/PATTERN 
     ROT. ANGLE              [deg] 
     CIRCUIT SPEED      [m.i/min] 
 JUMP AMOUNT            [code,u,t] 
       CYCLE     [code,0.001sec] 
       SPEED        [code,m,i/min] 
 CLAMP AMOUNT                [u,t] 
 TIME CONTROL TIME           [min] 
 START MC COND. No.        (DF[%]) 
 START J. CYCLE   [code,0.001sec] 
 START MC REMAIN AMOUNT      [u,t] 

90 
  
  
-10.0 
  
  
  
1205 
  
 
 
 
 
7 
4 
8 
 

 

 

POS ： Point (G110) 

Address Attri. Talk items Set value 
Ｎ 
Ｗ 
Ｘ 
Ｙ 
Ｚ 
Ｌ 
Ａ 
Ｄ 
Ｓ 
Ｅ 

＊ 
／ 
＊ 
＊ 
＊ 
／ 
／ 
／ 
／ 
／ 

 ABS/INC              (90/91) 
 WORK CORD.SYSTEM 
 COORDINATES          X AXIS [u,t] 
                      Y AXIS [u,t] 
                      Z AXIS [u,t] 
 INDEX DEVICE(1:C AXIS,2:IDX,3:DH) 
     INDEX ANGLE             [deg] 
     ELECT.ROT.OFFSET       (1:ON) 
     C AXIS SYNC PATTERN    (1:ON) 
 MACHINING          (MC COND. No.) 

91 
  
0 
0 
0 
 

    

    

    

G90; 

M99; 

 

O15 → G66P10L(  ); 

X  Y  ; 

X  Y  ; 

X  Y  ; 

X  Y  ; 

: 

: 

G67; 

M30; 

 

 

Always use the Point menu and specify the amount of 

traverse to “0” in incremental mode. 
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19.4  Combination of model plan (position) and NC program 

 

O10 → G90; 

G76; 

G74R3０P01111; 

G83E1205Z-10.0; 

M99; 

 

O15 → MC ： Package (G105) 

Address Attri. Talk items Set value 
Ｏ 
Ｎ 
Ｘ 
Ｙ 
Ｚ 
Ｃ 
Ｅ 
: 

／ 
／ 
／ 
／ 
／ 
／ 
／ 
: 

 CALL PROGRAM No. 
 P.MODEL COMBINATION       (1:OFF) 
 PARAMETER 1    (VARIABLE No. #24) 
           2                 (#25) 
           3                 (#26) 
           4                  (#3) 
           5                  (#8) 
           : 

10 
  
  
  
  
  
 
 

 

 

POS ： Line/Grid (G111) 

Address Attri. Talk items Set value 
Ｈ 
Ｗ 
Ｘ 
Ｙ 
Ｚ 
Ｐ 
Ｑ 
Ｕ 
Ｖ 
Ｉ 
Ｊ 
Ｍ 
Ｎ 
Ｂ 
Ｋ 
Ｌ 
Ａ 
Ｄ 
Ｓ 
Ｔ 

／ 
／ 
＊ 
＊ 
＊ 
＊ 
＊ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 

 PLANE         (1:X-Y,2:Z-X,3:Y-Z) 
 WORK CORD. SYSTEM 
 START CORD.          X AXIS [u,t] 
       (ABS)          Y AXIS [u,t] 
                      Z AXIS [u,t] 
 PITCH WIDTH          I AXIS [u,t] 
                     II AXIS [u,t] 
 MC EXTENT      I AXIS START(n-th) 
     PROCESSION        END  (n-th) 
               II AXIS START(n-th) 
                       END  (n-th) 
     HOLE              START(n-th) 
                       END  (n-th) 
 ROTATE ANGLE                [deg] 
 SQUARE                     (1:ON) 
 INDEX DEVICE(1:C AXIS,2:IDX,3:DH) 
     INDEX ANGLE             [deg] 
     ELECT.ROT.OFFSET       (1:ON) 
     C AXIS SYNC PATTERN    (1:ON) 
 OPPOSITE                   (1:ON) 

 
54  
-20.0 
-10.0 
5.0 
20.0 
0 
1 
3 
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20.WHEN YOU ARE IN A DIFFICULTY 
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20.1  Poor initial discharge during finish machining after rough machining 

    

 

 

 

 

 

 

In a machining of small allowance with copper electrode as shown above, initial discharge In a machining of small allowance with copper electrode as shown above, initial discharge In a machining of small allowance with copper electrode as shown above, initial discharge In a machining of small allowance with copper electrode as shown above, initial discharge 

may be may be may be may be unfavorableunfavorableunfavorableunfavorable. The causes will be. The causes will be. The causes will be. The causes will be    due tdue tdue tdue toooo::::    

    

・・・・Machining conditionMachining conditionMachining conditionMachining condition    

・・・・Dielectric fluidDielectric fluidDielectric fluidDielectric fluid    

    

(a) Machining condition(a) Machining condition(a) Machining condition(a) Machining condition    

The advanced NC EDM enables very low wear machining. However, The advanced NC EDM enables very low wear machining. However, The advanced NC EDM enables very low wear machining. However, The advanced NC EDM enables very low wear machining. However, thethethethe    conditionconditionconditioncondition    for for for for 

very low wear machiningvery low wear machiningvery low wear machiningvery low wear machining    will provide poor initial discharge. As a result, unstable will provide poor initial discharge. As a result, unstable will provide poor initial discharge. As a result, unstable will provide poor initial discharge. As a result, unstable 

machining machining machining machining occurs, causingoccurs, causingoccurs, causingoccurs, causing    abnormal wear of abnormal wear of abnormal wear of abnormal wear of the the the the electrodeelectrodeelectrodeelectrode. Thus, . Thus, . Thus, . Thus, the electrode wear the electrode wear the electrode wear the electrode wear 

becomes highbecomes highbecomes highbecomes high    eveneveneveneven    thoughthoughthoughthough    aaaa    low wear condition is used.low wear condition is used.low wear condition is used.low wear condition is used.    

In this case, the wear condition should positively be used.In this case, the wear condition should positively be used.In this case, the wear condition should positively be used.In this case, the wear condition should positively be used.    

    

CounterCounterCounterCounter    measuresmeasuresmeasuresmeasures: Referring to Section 2, change initial machining condition to hi: Referring to Section 2, change initial machining condition to hi: Referring to Section 2, change initial machining condition to hi: Referring to Section 2, change initial machining condition to high gh gh gh 

speed condition.speed condition.speed condition.speed condition.    

    

(b) Dielectric fluid (b) Dielectric fluid (b) Dielectric fluid (b) Dielectric fluid     

The dielectric fluid is important to maintain a The dielectric fluid is important to maintain a The dielectric fluid is important to maintain a The dielectric fluid is important to maintain a proper proper proper proper gap betweengap betweengap betweengap between    thethethethe    electrode and electrode and electrode and electrode and the the the the 

workpiece. workpiece. workpiece. workpiece. ThisThisThisThis    is true particularly in the above machining conditions.is true particularly in the above machining conditions.is true particularly in the above machining conditions.is true particularly in the above machining conditions.    

Here, Here, Here, Here, the different typethe different typethe different typethe different type    and features of and features of and features of and features of the the the the fluid fluid fluid fluid wwwwill be reviewed ill be reviewed ill be reviewed ill be reviewed briefly. The fluid may briefly. The fluid may briefly. The fluid may briefly. The fluid may 

be grouped into 3 kinds:be grouped into 3 kinds:be grouped into 3 kinds:be grouped into 3 kinds:    

    

・・・・Mineral oilMineral oilMineral oilMineral oil    

・・・・Synthetic oilSynthetic oilSynthetic oilSynthetic oil    

・・・・Synthetic oil + additivesSynthetic oil + additivesSynthetic oil + additivesSynthetic oil + additives    

    

The features of them are:The features of them are:The features of them are:The features of them are:    

Electrode (Cu) 

Workpiece 

Small allowance 
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Mineral oil:Mineral oil:Mineral oil:Mineral oil:    

・・・・    Used since ancient timesUsed since ancient timesUsed since ancient timesUsed since ancient times    

・・・・    Strong smell like keroseneStrong smell like keroseneStrong smell like keroseneStrong smell like kerosene    

・・・・    Filter life is short.Filter life is short.Filter life is short.Filter life is short.    

・・・・    Machining perMachining perMachining perMachining performanceformanceformanceformance    

Best performance under the above machining conditionBest performance under the above machining conditionBest performance under the above machining conditionBest performance under the above machining condition. . . .     

The electrode wears rather largely, but it is not a critical problem.The electrode wears rather largely, but it is not a critical problem.The electrode wears rather largely, but it is not a critical problem.The electrode wears rather largely, but it is not a critical problem.    

・・・・    CostCostCostCost    

Lowest. Lowest. Lowest. Lowest. \\\\150150150150～～～～200/liter200/liter200/liter200/liter    

    

Synthetic oil:Synthetic oil:Synthetic oil:Synthetic oil:    

・・・・    Used since 1980Used since 1980Used since 1980Used since 1980’’’’s.s.s.s.    

・・・・    Little smell and less attack to skinLittle smell and less attack to skinLittle smell and less attack to skinLittle smell and less attack to skin....    

・・・・    Machining perMachining perMachining perMachining performance formance formance formance     

There is a little difference between makers.There is a little difference between makers.There is a little difference between makers.There is a little difference between makers.    

Poor performance under the above machining conditionsPoor performance under the above machining conditionsPoor performance under the above machining conditionsPoor performance under the above machining conditions. . . .     

Electrode wear is small.Electrode wear is small.Electrode wear is small.Electrode wear is small.    

・・・・    CostCostCostCost    

1.2 to 1.5 times the mineral oil.1.2 to 1.5 times the mineral oil.1.2 to 1.5 times the mineral oil.1.2 to 1.5 times the mineral oil.    

    

Synthetic oil + additives:Synthetic oil + additives:Synthetic oil + additives:Synthetic oil + additives:    

・・・・    Used since 1985.Used since 1985.Used since 1985.Used since 1985.    

・・・・    Less smellLess smellLess smellLess smell    

・・・・    Machining performMachining performMachining performMachining performanceanceanceance    

Improves weak points of synthetic oil Improves weak points of synthetic oil Improves weak points of synthetic oil Improves weak points of synthetic oil to raise performance to mineral oil levelto raise performance to mineral oil levelto raise performance to mineral oil levelto raise performance to mineral oil level....    

DifferenDifferenDifferenDifferent characteristicst characteristicst characteristicst characteristics    between makers.between makers.between makers.between makers.    

・・・・    CostCostCostCost    

2.5 to 5 times the mineral oil.2.5 to 5 times the mineral oil.2.5 to 5 times the mineral oil.2.5 to 5 times the mineral oil.    

    

Amongst Amongst Amongst Amongst the three kinds of fluidsthe three kinds of fluidsthe three kinds of fluidsthe three kinds of fluids    discussed abovediscussed abovediscussed abovediscussed above, mineral oil is the best under the sai, mineral oil is the best under the sai, mineral oil is the best under the sai, mineral oil is the best under the said d d d 

machining conditions. However, for those operators who cannot stand up to the smell machining conditions. However, for those operators who cannot stand up to the smell machining conditions. However, for those operators who cannot stand up to the smell machining conditions. However, for those operators who cannot stand up to the smell 

like kerosene, synthetic oil should be used. In ordering the oil, designate mineral oil or like kerosene, synthetic oil should be used. In ordering the oil, designate mineral oil or like kerosene, synthetic oil should be used. In ordering the oil, designate mineral oil or like kerosene, synthetic oil should be used. In ordering the oil, designate mineral oil or 

synthetic oil. For the synthetic oil + additives, contact us upon introduction synthetic oil. For the synthetic oil + additives, contact us upon introduction synthetic oil. For the synthetic oil + additives, contact us upon introduction synthetic oil. For the synthetic oil + additives, contact us upon introduction because of because of because of because of 

its its its its high costhigh costhigh costhigh cost....    The costThe costThe costThe cost    will be further improved in the futurewill be further improved in the futurewill be further improved in the futurewill be further improved in the future    

    

Besides the dielectric fluid, the debris and carbon particles floating in the fluid are Besides the dielectric fluid, the debris and carbon particles floating in the fluid are Besides the dielectric fluid, the debris and carbon particles floating in the fluid are Besides the dielectric fluid, the debris and carbon particles floating in the fluid are 

important factors under the said machining conditions. important factors under the said machining conditions. important factors under the said machining conditions. important factors under the said machining conditions.     

SeasonedSeasonedSeasonedSeasoned    dielectric dielectric dielectric dielectric fluid fluid fluid fluid enables enables enables enables stastastastable machining.ble machining.ble machining.ble machining.    
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20.2  The depth of machining varies 

    

Check the following items sequentially, though there will be various causes in this problem.Check the following items sequentially, though there will be various causes in this problem.Check the following items sequentially, though there will be various causes in this problem.Check the following items sequentially, though there will be various causes in this problem.    

    

(a) Is centering in the machining depth direction OK?(a) Is centering in the machining depth direction OK?(a) Is centering in the machining depth direction OK?(a) Is centering in the machining depth direction OK?    

    

Unlike Unlike Unlike Unlike thethethethe    centering method of the milling machine, thcentering method of the milling machine, thcentering method of the milling machine, thcentering method of the milling machine, the NC EDM uses electrical touch e NC EDM uses electrical touch e NC EDM uses electrical touch e NC EDM uses electrical touch 

sensing function for the centering. For this reason, even sensing function for the centering. For this reason, even sensing function for the centering. For this reason, even sensing function for the centering. For this reason, even the slightestthe slightestthe slightestthe slightest    burr or debrisburr or debrisburr or debrisburr or debris    

presentpresentpresentpresent    is detected during centering.is detected during centering.is detected during centering.is detected during centering.    

To reconfirm the centering, at first clean the electrode and workpiece surfaceTo reconfirm the centering, at first clean the electrode and workpiece surfaceTo reconfirm the centering, at first clean the electrode and workpiece surfaceTo reconfirm the centering, at first clean the electrode and workpiece surface    

thoroughlythoroughlythoroughlythoroughly, then perf, then perf, then perf, then perform centering to set the origin of Z axis.orm centering to set the origin of Z axis.orm centering to set the origin of Z axis.orm centering to set the origin of Z axis.    

    

    

    

    

    

    

Next, prepare the standard centering ball supplied. Remove the head of centering ball, Next, prepare the standard centering ball supplied. Remove the head of centering ball, Next, prepare the standard centering ball supplied. Remove the head of centering ball, Next, prepare the standard centering ball supplied. Remove the head of centering ball, 

and and and and insert it between insert it between insert it between insert it between the the the the electrode andelectrode andelectrode andelectrode and    thethethethe    workpiece. workpiece. workpiece. workpiece. AAAAgaingaingaingain,,,,    perform centering by the perform centering by the perform centering by the perform centering by the 

touch sensing.touch sensing.touch sensing.touch sensing.    

    

    

    

    

    

    

Here, reaHere, reaHere, reaHere, read d d d the the the the Z value ofZ value ofZ value ofZ value of    thethethethe    work coordinate. Is it verywork coordinate. Is it verywork coordinate. Is it verywork coordinate. Is it very    muchmuchmuchmuch    smaller than 10.0? If smaller than 10.0? If smaller than 10.0? If smaller than 10.0? If the the the the 

valuevaluevaluevalue    is aboveis aboveis aboveis above    9.990, 9.990, 9.990, 9.990, the the the the centering techniquecentering techniquecentering techniquecentering technique    isisisis    done welldone welldone welldone well....    

Since a centering method using the centering ball provides high centeriSince a centering method using the centering ball provides high centeriSince a centering method using the centering ball provides high centeriSince a centering method using the centering ball provides high centering accuracy, ng accuracy, ng accuracy, ng accuracy, 

refer to Section 15refer to Section 15refer to Section 15refer to Section 15    ““““How to use How to use How to use How to use a centering balla centering balla centering balla centering ball””””....    

    

    

    

Head of centering ball φ10.0 

Workpiece 

Electrode 

Ｚ 

ＯＲＧ 

Work coordinate 

Ｘ 

Ｙ 

Ｚ ０．０００ 
Workpiece 

Electrode 
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(b) Isn(b) Isn(b) Isn(b) Isn’’’’t t t t finish machining started immediately after rough machining?finish machining started immediately after rough machining?finish machining started immediately after rough machining?finish machining started immediately after rough machining?    

    

During During During During rough machining, rough machining, rough machining, rough machining, the the the the discharge generates heat that elongates the discharge generates heat that elongates the discharge generates heat that elongates the discharge generates heat that elongates the electrode.electrode.electrode.electrode.    

    

    

    

    

    

    

    

    

    

When the above machining is continued for 15 minutes, the electrode When the above machining is continued for 15 minutes, the electrode When the above machining is continued for 15 minutes, the electrode When the above machining is continued for 15 minutes, the electrode elongates 50 to elongates 50 to elongates 50 to elongates 50 to 

100100100100μμμμm. It will return to original length in 20 minutes if the machining is stopped. This m. It will return to original length in 20 minutes if the machining is stopped. This m. It will return to original length in 20 minutes if the machining is stopped. This m. It will return to original length in 20 minutes if the machining is stopped. This 

data varies with the electrode size; the smaller electrode allows the more heat data varies with the electrode size; the smaller electrode allows the more heat data varies with the electrode size; the smaller electrode allows the more heat data varies with the electrode size; the smaller electrode allows the more heat 

accumulation, causing the electrode to be elongated. Also, the data varaccumulation, causing the electrode to be elongated. Also, the data varaccumulation, causing the electrode to be elongated. Also, the data varaccumulation, causing the electrode to be elongated. Also, the data varies with the ies with the ies with the ies with the 

electrode material; a copper electrode elongates most.electrode material; a copper electrode elongates most.electrode material; a copper electrode elongates most.electrode material; a copper electrode elongates most.    

The following lists the linear expansion of each material at a temperature rise of 1The following lists the linear expansion of each material at a temperature rise of 1The following lists the linear expansion of each material at a temperature rise of 1The following lists the linear expansion of each material at a temperature rise of 1°°°°C C C C 

per 1000mm.per 1000mm.per 1000mm.per 1000mm.    

    

Copper :  17μm 

Copper tungsten :   9μm 

Graphite :   8μm 

Steel :  11μm 

Aluminum :  23μm 

    

Therefore, finish machining should not be executed immediately after rough machining. Therefore, finish machining should not be executed immediately after rough machining. Therefore, finish machining should not be executed immediately after rough machining. Therefore, finish machining should not be executed immediately after rough machining. 

In particularIn particularIn particularIn particular, , , , forforforfor    a machining a machining a machining a machining ofofofof    short machining time, short machining time, short machining time, short machining time, the the the the machiningmachiningmachiningmachining    operationoperationoperationoperation    finishes finishes finishes finishes 

beforebeforebeforebefore    thethethethe    heat accumulated during rough machining heat accumulated during rough machining heat accumulated during rough machining heat accumulated during rough machining can becan becan becan be    radiated completely. radiated completely. radiated completely. radiated completely.     

CCCConsequently, machining ends with the electrode elongated. As a result, the depth of onsequently, machining ends with the electrode elongated. As a result, the depth of onsequently, machining ends with the electrode elongated. As a result, the depth of onsequently, machining ends with the electrode elongated. As a result, the depth of 

the the the the machining is deeper or it becomes deeper gradually in a multimachining is deeper or it becomes deeper gradually in a multimachining is deeper or it becomes deeper gradually in a multimachining is deeper or it becomes deeper gradually in a multi----piece machining.piece machining.piece machining.piece machining.    

    

[Counter[Counter[Counter[Counter    measures]measures]measures]measures]    

    

Avoid continuous machining from rough to finish.Avoid continuous machining from rough to finish.Avoid continuous machining from rough to finish.Avoid continuous machining from rough to finish.    

    

××××    Rough machiningRough machiningRough machiningRough machining                                                                                            Finish machiningFinish machiningFinish machiningFinish machining    

    

○○○○    RoughRoughRoughRough    SemiSemiSemiSemi----finish,finish,finish,finish,    SemiSemiSemiSemi----finishfinishfinishfinish    Finish machiningFinish machiningFinish machiningFinish machining    

                                                                                    (Semi(Semi(Semi(Semi----finish starts with about 20finish starts with about 20finish starts with about 20finish starts with about 20μμμμmRmax)mRmax)mRmax)mRmax)    

Machining condition E1308 

(Roughness 45μRmax) 

Holder

Electrode 

(Cu □10) 

Workpiece 

100 
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・・・・In a multiIn a multiIn a multiIn a multi----piece machining,piece machining,piece machining,piece machining,    

Split machining into 2 processes as shown below.Split machining into 2 processes as shown below.Split machining into 2 processes as shown below.Split machining into 2 processes as shown below.    

    

Rough  Rough  Rough  Rough  →→→→    SemiSemiSemiSemi----finishfinishfinishfinish    

SemiSemiSemiSemi----finish finish finish finish →→→→    FinishFinishFinishFinish    

    

・・・・In a oneIn a oneIn a oneIn a one----piece machining,piece machining,piece machining,piece machining,    

    

Rough  Rough  Rough  Rough  →→→→    SemiSemiSemiSemi----finishfinishfinishfinish    

Wait for 20 minutes (dwell function)Wait for 20 minutes (dwell function)Wait for 20 minutes (dwell function)Wait for 20 minutes (dwell function)    

SemiSemiSemiSemi----finish finish finish finish →→→→    FinishFinishFinishFinish    

    

FurtherFurtherFurtherFurthermoremoremoremore, rough surface may be left depending on the heat generated during rough , rough surface may be left depending on the heat generated during rough , rough surface may be left depending on the heat generated during rough , rough surface may be left depending on the heat generated during rough 

→→→→     semisemisemisemi----finish machining. To avoid this, tfinish machining. To avoid this, tfinish machining. To avoid this, tfinish machining. To avoid this, the machining depth (Z) of rough he machining depth (Z) of rough he machining depth (Z) of rough he machining depth (Z) of rough →→→→    

semisemisemisemi----finish machining should be shallow by 50finish machining should be shallow by 50finish machining should be shallow by 50finish machining should be shallow by 50μμμμm.m.m.m.    

    

[Machining that requires a care][Machining that requires a care][Machining that requires a care][Machining that requires a care]    

Electrode material : Copper 

Electrode size : Below □15 

Initial condition : Above 40μmRmax 

    

[Machining example][Machining example][Machining example][Machining example]    

Electrode : Cu, □10, 1pc 

Reduction per side : 0.25 

Machining depth : 10.0mm 

    

    

MC ： Bottom stopped - simple (G101) 

Address Attri. Talk items Set value 
Ｎ 
Ｑ 
Ｚ 
Ｒ 
Ｅ 
Ｉ 
Ｊ 
Ｏ 
Ｄ 
Ｈ 
Ｌ 
Ｐ 
Ａ 
Ｓ 
Ｔ 
Ｆ 
Ｋ 
Ｍ 
Ｕ 
Ｖ 
Ｗ 

／ 
／ 
＊ 
＊ 
＊ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 

 ABS/INC              (90/91) 
 MC AXIS              (1:X,2:Y,3:Z) 
 MC DEPTH                     [u,t] 
 ELECTRODE REDUCTION          [u,t] 
 MODEL DATA No. 
     START OF PROCESS No. 
     END OF PROCESS No. 
     FINISH PROCESS No. 
     SIDE REMAIN AMOUNT COMP    [%] 
     BOTTOM REMAIN AMOUNT COMP   [%] 
 MC METHOD 
     PATTERN 
       ROT.ANGLE              [deg] 
 JUMP AMOUNT            [code, u,t] 
      CYCLE        [code,0.001sec] 
      SPEED          [code,m.i/min] 
 CLAMP START PROCESS No. 
 TIME CONTROL START PROCESS No. 
         1ST PROCESS          [min] 
         2ND PROCESS          [min] 
         3RD PROCESS          [min] 

   
  
-9.95 
0.23 
121 
2 
9 
13 
 
 
13 
2222 
 
7 
3 
8 
 
 

 

 

+0.05 because of 
thermal expansion 

-0.02 because of 
thermal expansion 

Workpiece 

Electrode 
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POS ： Dispersed (G113) etc.    

 

 

AUX ： G function (G133) 

Address Attri. Talk items Set value 
Ｌ 
Ｐ 
Ｕ 
Ａ 
Ｖ 
Ｂ 
Ｗ 
Ｃ 
Ｒ 
Ｄ 

／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 

 ABS/INC                    (90/91) 
 WORK LIMIT            (0:OFF,1:ON) 
         CORD.   X AXIS START [u,t] 
                        END   [u,t] 
                 Y AXIS START [u,t] 
                        END   [u,t] 
                 Z AXIS START [u,t] 
                        END   [u,t] 
 DWELL TIME              [0.001sec] 
 G CODE (DIRECT VALUE) 

 
 
 
 
 
 
 
 
1200 

 

 

MC ： Bottom stopped - simple (G101) 

Address Attri. Talk items Set value 
Ｎ 
Ｑ 
Ｚ 
Ｒ 
Ｅ 
Ｉ 
Ｊ 
Ｏ 
Ｄ 
Ｈ 
Ｌ 
Ｐ 
Ａ 
Ｓ 
Ｔ 
Ｆ 
Ｋ 
Ｍ 
Ｕ 
Ｖ 
Ｗ 

／ 
／ 
＊ 
＊ 
＊ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 

 ABS/INC              (90/91) 
 MC AXIS              (1:X,2:Y,3:Z) 
 MC DEPTH                     [u,t] 
 ELECTRODE REDUCTION          [u,t] 
 MODEL DATA No. 
     START OF PROCESS No. 
     END OF PROCESS No. 
     FINISH PROCESS No. 
     SIDE REMAIN AMOUNT COMP    [%] 
     BOTTOM REMAIN AMOUNT COMP   [%] 
 MC METHOD 
     PATTERN 
       ROT.ANGLE              [deg] 
 JUMP AMOUNT            [code, u,t] 
      CYCLE        [code,0.001sec] 
      SPEED          [code,m.i/min] 
 CLAMP START PROCESS No. 
 TIME CONTROL MC START PROC.No. 
         1PROCESS             [min] 
         2PROCESS             [min] 
         3PROCESS             [min] 

   
  
-10.0 
0.25 
121 
8 
13 
13 
 
 
13 
2222 
 
7 
3 
8 
 
 

 

 

POS ： Dispersed (G113) etc. 

 

 

M30 ; 
    

    

(c) (c) (c) (c) DoesDoesDoesDoes    ambient temperature ambient temperature ambient temperature ambient temperature fluctuation affect machiningfluctuation affect machiningfluctuation affect machiningfluctuation affect machining????    

    Some may think that the machine is very Some may think that the machine is very Some may think that the machine is very Some may think that the machine is very resistantresistantresistantresistant. . . . HoweverHoweverHoweverHowever, , , , the machine is the machine is the machine is the machine is 

susceptiblesusceptiblesusceptiblesusceptible    to the temperature to the temperature to the temperature to the temperature changeschangeschangeschanges. Temperature gap between. Temperature gap between. Temperature gap between. Temperature gap between    machine portions machine portions machine portions machine portions 

causes positional error (thermal deformation). In spite of ongoing commitment to causes positional error (thermal deformation). In spite of ongoing commitment to causes positional error (thermal deformation). In spite of ongoing commitment to causes positional error (thermal deformation). In spite of ongoing commitment to 

research and development against the thermal deformation, research and development against the thermal deformation, research and development against the thermal deformation, research and development against the thermal deformation, it it it it cannotcannotcannotcannot    bebebebe    overcome overcome overcome overcome 

completely because of the completely because of the completely because of the completely because of the fundamentalfundamentalfundamentalfundamental    that metal that metal that metal that metal expandsexpandsexpandsexpands    or or or or contractscontractscontractscontracts    withwithwithwith    

tetetetemperature changes.mperature changes.mperature changes.mperature changes.    

Below areBelow areBelow areBelow are    some points to some points to some points to some points to consider in reducing the effects of temperature change.consider in reducing the effects of temperature change.consider in reducing the effects of temperature change.consider in reducing the effects of temperature change.    

20 minutes 
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ⅰⅰⅰⅰ) ) ) ) Is the machine exposed to direct sun light?Is the machine exposed to direct sun light?Is the machine exposed to direct sun light?Is the machine exposed to direct sun light?    

    

    

    

    

    

    

    

ⅱⅱⅱⅱ) ) ) ) Is the machine installed near Is the machine installed near Is the machine installed near Is the machine installed near a a a a heating apparatus or air conditioner?heating apparatus or air conditioner?heating apparatus or air conditioner?heating apparatus or air conditioner?    

 

 

 

 

 

 

 

 

 

 

 

 

    

    

    

ⅲⅲⅲⅲ) ) ) ) Is the machine installed nearIs the machine installed nearIs the machine installed nearIs the machine installed near    aaaa    door?door?door?door?    

Double doors should be provided in a cold district in the winter.Double doors should be provided in a cold district in the winter.Double doors should be provided in a cold district in the winter.Double doors should be provided in a cold district in the winter.    
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ⅳⅳⅳⅳ) ) ) ) Does the room temperature change suddenly?Does the room temperature change suddenly?Does the room temperature change suddenly?Does the room temperature change suddenly?    

The machine can operate normally in the temperature range 0 to 30 The machine can operate normally in the temperature range 0 to 30 The machine can operate normally in the temperature range 0 to 30 The machine can operate normally in the temperature range 0 to 30 °°°°C so long as C so long as C so long as C so long as 

it is constant. it is constant. it is constant. it is constant. HoweverHoweverHoweverHowever, the machine will , the machine will , the machine will , the machine will underperformunderperformunderperformunderperform    by temperature by temperature by temperature by temperature fluctuationsfluctuationsfluctuationsfluctuations, , , , 

unlike mankind who is resistive to:unlike mankind who is resistive to:unlike mankind who is resistive to:unlike mankind who is resistive to:    

                        

・・・・    A heating apparatus used suddenly in the morning.A heating apparatus used suddenly in the morning.A heating apparatus used suddenly in the morning.A heating apparatus used suddenly in the morning.    

・・・・    A cooling unit used suddenly when it is hot.A cooling unit used suddenly when it is hot.A cooling unit used suddenly when it is hot.A cooling unit used suddenly when it is hot.    

    

ⅴⅴⅴⅴ) ) ) ) The time The time The time The time durationdurationdurationduration    in which the room temperature changes the most in ain which the room temperature changes the most in ain which the room temperature changes the most in ain which the room temperature changes the most in a    typicaltypicaltypicaltypical    day day day day 

will be will be will be will be between between between between 6 to 10 in the morning. A centering work 6 to 10 in the morning. A centering work 6 to 10 in the morning. A centering work 6 to 10 in the morning. A centering work conducted durconducted durconducted durconducted duringinginging    this this this this 

time requires extreme care. The depth of machining will be deeper in this time time requires extreme care. The depth of machining will be deeper in this time time requires extreme care. The depth of machining will be deeper in this time time requires extreme care. The depth of machining will be deeper in this time 

zone.zone.zone.zone.    

    

ⅵⅵⅵⅵ) When the machine has been stopped for a while since the previous machining, ) When the machine has been stopped for a while since the previous machining, ) When the machine has been stopped for a while since the previous machining, ) When the machine has been stopped for a while since the previous machining, 

circulate the dielectric fluid for at least one hour before a centering work.circulate the dielectric fluid for at least one hour before a centering work.circulate the dielectric fluid for at least one hour before a centering work.circulate the dielectric fluid for at least one hour before a centering work.    

(Bec(Bec(Bec(Because there is possibility of a large temperature gap between dielectric fluid and ause there is possibility of a large temperature gap between dielectric fluid and ause there is possibility of a large temperature gap between dielectric fluid and ause there is possibility of a large temperature gap between dielectric fluid and 

machine body.)machine body.)machine body.)machine body.)    

    

    

    

    

    

    

    

    

    

(d) (d) (d) (d) Is theIs theIs theIs the    roughness roughness roughness roughness properly properly properly properly set according to the discharge area?set according to the discharge area?set according to the discharge area?set according to the discharge area?    

    

““““The discharge area The discharge area The discharge area The discharge area □□□□100 is finished to 15100 is finished to 15100 is finished to 15100 is finished to 15μμμμmRmaxmRmaxmRmaxmRmax””””    presents the same difficulty aspresents the same difficulty aspresents the same difficulty aspresents the same difficulty as    

the machining that the machining that the machining that the machining that ““““the discharge area the discharge area the discharge area the discharge area □□□□10 is finished to 510 is finished to 510 is finished to 510 is finished to 5μμμμmRmaxmRmaxmRmaxmRmax””””....    

This fact is very important in a multiThis fact is very important in a multiThis fact is very important in a multiThis fact is very important in a multi----piece machining where the discharge area is very piece machining where the discharge area is very piece machining where the discharge area is very piece machining where the discharge area is very 

large. large. large. large.     

It is recommended that It is recommended that It is recommended that It is recommended that to control the dimension by the machining depth (Z), the to control the dimension by the machining depth (Z), the to control the dimension by the machining depth (Z), the to control the dimension by the machining depth (Z), the 

machining smachining smachining smachining should end with proper roughness according to the discharge areahould end with proper roughness according to the discharge areahould end with proper roughness according to the discharge areahould end with proper roughness according to the discharge area. Then, the . Then, the . Then, the . Then, the 

surface should be finished by the time control machining, so that the variation in the surface should be finished by the time control machining, so that the variation in the surface should be finished by the time control machining, so that the variation in the surface should be finished by the time control machining, so that the variation in the 

machining depth can be reduced as well as generation of better surface roughness.machining depth can be reduced as well as generation of better surface roughness.machining depth can be reduced as well as generation of better surface roughness.machining depth can be reduced as well as generation of better surface roughness.    
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(Discharge area) (Finish machining) 

                

□100 15μmRmax 

    

□ 50 12μmRmax 

    

□ 20 10μmRmax 

    

□ 10 8μmRmax 

    

□  5 6μmRmax 

    

    

    

    

    

    

[Machining example][Machining example][Machining example][Machining example]    

    

    

    

    

    

[Rough machining program][Rough machining program][Rough machining program][Rough machining program]    

    

MC ： Bottom stopped - simple (G101) 

Address Attri. Talk items Set value 
Ｎ 
Ｑ 
Ｚ 
Ｒ 
Ｅ 
Ｉ 
Ｊ 
Ｏ 
Ｄ 
Ｈ 
Ｌ 
Ｐ 
Ａ 
Ｓ 
Ｔ 
Ｆ 
Ｋ 
Ｍ 
Ｕ 
Ｖ 
Ｗ 

／ 
／ 
＊ 
＊ 
＊ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 

 ABS/INC              (90/91) 
 MC AXIS              (1:X,2:Y,3:Z) 
 MC DEPTH                     [u,t] 
 ELECTRODE REDUCTION          [u,t] 
 MODEL DATA No. 
     START OF PROCESS No. 
     END OF PROCESS No. 
     FINISH PROCESS No. 
     SIDE REMAIN AMOUNT COMP    [%] 
     BOTTOM REMAIN AMOUNT COMP   [%] 
 MC METHOD 
     PATTERN 
       ROT.ANGLE              [deg] 
 JUMP AMOUNT            [code, u,t] 
      CYCLE        [code,0.001sec] 
      SPEED          [code,m.i/min] 
 CLAMP START PROCESS No. 
 TIME CONTROL MC START PROC.No. 
         1PROCESS             [min] 
         2PROCESS             [min] 
         3PROCESS             [min] 

   
  
-9.95 
0.28 
25 
7 
12 
15 
 
 
13 
2222 
 
8 
8 
4 
 
 

 

 

POS ： Dispersed (G113) etc. 

     

Dimension 
control by the 
machining depth 
(Z) is easy. 

Time control 
machining 
should be used. 

Standard roughness when 
the dimension control 
is finished. 

Electrode: Cu □100 2pcs 
Reduction : Rough  0.3 

Finish  0.2 
Workplace: Prepared by a milling. 

+0.05 because of 
thermal expansion 

-0.02 because of 
thermal expansion 

Electrode 

Workpiece 

10mm 
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[Finish machining program 1]  finishing by dimension control[Finish machining program 1]  finishing by dimension control[Finish machining program 1]  finishing by dimension control[Finish machining program 1]  finishing by dimension control    

    

MC ： Bottom stopped - simple (G101) 

Address Attri. Talk items Set value 
Ｎ 
Ｑ 
Ｚ 
Ｒ 
Ｅ 
Ｉ 
Ｊ 
Ｏ 
Ｄ 
Ｈ 
Ｌ 
Ｐ 
Ａ 
Ｓ 
Ｔ 
Ｆ 
Ｋ 
Ｍ 
Ｕ 
Ｖ 
Ｗ 

／ 
／ 
＊ 
＊ 
＊ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 

 ABS/INC              (90/91) 
 MC AXIS              (1:X,2:Y,3:Z) 
 MC DEPTH                     [u,t] 
 ELECTRODE REDUCTION          [u,t] 
 MODEL DATA No. 
     START OF PROCESS No. 
     END OF PROCESS No. 
     FINISH PROCESS No. 
     SIDE REMAIN AMOUNT COMP    [%] 
     BOTTOM REMAIN AMOUNT COMP   [%] 
 MC METHOD 
     PATTERN 
       ROT.ANGLE         [0.001deg] 
 JUMP AMOUNT            [code, u,t] 
      CYCLE        [code,0.001sec] 
      SPEED          [code,m.i/min] 
 CLAMP START PROCESS No. 
 TIME CONTROL MC START PROC.No. 
         1PROCESS             [min] 
         2PROCESS             [min] 
         3PROCESS             [min] 

   
  
-10.0 
0.2 
25 
10 
13 
15 
 
 
13 
2222 
 
8 
8 
4 
 
 

 

 

POS ： Dispersed (G113) etc. 

    

    

[Finish machining program 2]  Finish[Finish machining program 2]  Finish[Finish machining program 2]  Finish[Finish machining program 2]  Finishing by time controling by time controling by time controling by time control    

    

MC ： Bottom stopped - simple (G101) 

Address Attri. Talk items Set value 
Ｎ 
Ｑ 
Ｚ 
Ｒ 
Ｅ 
Ｉ 
Ｊ 
Ｏ 
Ｄ 
Ｈ 
Ｌ 
Ｐ 
Ａ 
Ｓ 
Ｔ 
Ｆ 
Ｋ 
Ｍ 
Ｕ 
Ｖ 
Ｗ 

／ 
／ 
＊ 
＊ 
＊ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 

 ABS/INC              (90/91) 
 MC AXIS              (1:X,2:Y,3:Z) 
 MC DEPTH                     [u,t] 
 ELECTRODE REDUCTION          [u,t] 
 MODEL DATA No. 
     START OF PROCESS No. 
     END OF PROCESS No. 
     FINISH PROCESS No. 
     SIDE REMAIN AMOUNT COMP    [%] 
     BOTTOM REMAIN AMOUNT COMP   [%] 
 MC METHOD 
     PATTERN 
       ROT.ANGLE         [0.001deg] 
 JUMP AMOUNT            [code, u,t] 
      CYCLE        [code,0.001sec] 
      SPEED          [code,m.i/min] 
 CLAMP START PROCESS No. 
 TIME CONTROL MC START PROC.No. 
         1PROCESS             [min] 
         2PROCESS             [min] 
         3PROCESS             [min] 

   
  
-10.02 
0.22 
25 
12 
15 
15 
 
 
13 
2222 
 
8 
8 
4 
 
13 
30 
60 
60 

 

 

POS ： Dispersed (G113) etc. 

    

(At this time, if the machining depth varies, 
 change the machining depth setting (Z).) 

Set within 50μm in case 
of time control. 
 

Do not exceed 50μm 
because initial 
machining in the 1st 
process executes time 
control up to 0.1mm 
allowance. 
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20.3  Rough surface remains 

    

Refer to Refer to Refer to Refer to 20202020.2 (b) above. During .2 (b) above. During .2 (b) above. During .2 (b) above. During rough machining, the electrode will elongate due to hearough machining, the electrode will elongate due to hearough machining, the electrode will elongate due to hearough machining, the electrode will elongate due to heat. t. t. t. 

Therefore, in the process of rough Therefore, in the process of rough Therefore, in the process of rough Therefore, in the process of rough →→→→    semisemisemisemi----finish, reduce each setting of the machining finish, reduce each setting of the machining finish, reduce each setting of the machining finish, reduce each setting of the machining 

depth (Z) and the electrode reduction (R).depth (Z) and the electrode reduction (R).depth (Z) and the electrode reduction (R).depth (Z) and the electrode reduction (R).    

 

[Standard] Electrode reduction (R) : -0.02mm 

Machining depth (Z) : +0.05mm 

    

    

20.4  Initial discharge is bad, generating pin holes in a machining 

with small depth and large electrode 

    

In reIn reIn reIn re----machining, the machining area is cleaned, and the debris between electrode and machining, the machining area is cleaned, and the debris between electrode and machining, the machining area is cleaned, and the debris between electrode and machining, the machining area is cleaned, and the debris between electrode and 

workpiece is workpiece is workpiece is workpiece is cleaned cleaned cleaned cleaned off. off. off. off. As a result, the discharge gap becomes small temporarily. Under As a result, the discharge gap becomes small temporarily. Under As a result, the discharge gap becomes small temporarily. Under As a result, the discharge gap becomes small temporarily. Under 

this condition, the this condition, the this condition, the this condition, the debris in the fluid is easily caught, causing the initial discharge to be debris in the fluid is easily caught, causing the initial discharge to be debris in the fluid is easily caught, causing the initial discharge to be debris in the fluid is easily caught, causing the initial discharge to be 

worsened or pin holes to be made.worsened or pin holes to be made.worsened or pin holes to be made.worsened or pin holes to be made.    

    

    

    

    

    

    

    

In such case, set the servo jump function. For this purpose, insert the servo jump function In such case, set the servo jump function. For this purpose, insert the servo jump function In such case, set the servo jump function. For this purpose, insert the servo jump function In such case, set the servo jump function. For this purpose, insert the servo jump function 

before all machining model block, as shown belowbefore all machining model block, as shown belowbefore all machining model block, as shown belowbefore all machining model block, as shown below....    

AUX ：.Special setting (G132)    

Address Attri. Talk items Set value 
Ｄ 
Ｃ 
Ｑ 
Ａ 
Ｅ 
Ｋ 
Ｓ 
Ｍ 
Ｒ 
Ｕ 
Ｖ 
Ｗ 
Ｏ 
Ｐ 
Ｌ 
Ｘ 
Ｙ 
Ｚ 
Ｂ 
: 

／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
／ 
: 

 STARTING COND. No. 
 HQSF μSC DENSITY           [g/l] 
 EXP P-PULSE 
     A-JUMP 
     F-JUMP 
     STEP ANGEL          [0.001deg] 
 SUPER SPARK 
 CYCLE JUMP MODE 
       NO.OF JUMP 
       JUMP AMOUNT       [code,u,t] 
       CYCLE        [code,0.001sec] 
       NUMBER OF TIMES 
 DISCHARGING JUMP            (1:ON) 
 SERVO JUMP AMOUNT            [u,t] 
 JUMP METHOD 
 ARBITRARY JUMP        X AXIS [u,t] 
                       Y AXIS [u,t] 
                       Z AXIS [u,t] 
 POLARITY REVERSE CYCLE       [min] 
           : 

 
 
 
 
 
 
 
 
 
 
 
10 

 

 

10～20μm will be proper. 

Normal machining Machining just after cleaning 

Presence of even 
amount of debris 
keep discharge gap 
properly. 

Few debris makes 
discharge gap smaller. 
A large debris is easily 
caught by the gap. 

Electrode Electrode 
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MC ： Bottom stopped - simple (G101) etc. 

 

 

POS ： Dispersed (G113) etc. 

 

 

M30 ; 

 

20.5  A corner is not properly machined in a machining of 

small workpiece such as a connector 

    

In such a case, use the machining method In such a case, use the machining method In such a case, use the machining method In such a case, use the machining method ７７７７. . . .     

However, only a square shape can be used. The machining method 7 does not use the However, only a square shape can be used. The machining method 7 does not use the However, only a square shape can be used. The machining method 7 does not use the However, only a square shape can be used. The machining method 7 does not use the 

orbiting function.orbiting function.orbiting function.orbiting function.    
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