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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenange
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention i

patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of|
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The commijittee responsible for this document is ISO/TG 39, Machine tools, Subcommittee SC 2,

conditions |

technically

for metal cutting machine tools.
This second edition cancels and replaces the.fiyst edition (ISO 11090-2:1998), which has b
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consists of the following parts, under the general title Test conditions for die sinking eled
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Part 1:
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Introduction

The purpose of this part of ISO 11090 is to standardize methods of testing normal accuracy and general-
purpose die sinking electro-discharge machines (die sinking EDM).

In this part of ISO 11090, the tolerances for G1, G2, G3, G5, P1, P2, P3, and P4 have been changed from
those in ISO 11090-2:1998.

The machine axis designations are changed from ISO 11090-2:1998 to comply with ISO 841:2001.

Crops-sh ble—ty i a due-to-theirtmited-avqilability in
today’s m d due to the limited aydilability of
the[reference T-slot in typical machines in today’s market: G9 (checking of straightness of the reference
T-slpt or reference surface of the table) and G10 (checking of parallelism between the-reference T-slot or
refdrence surface of the table and the x-axis motion).

© IS0 2014 - All rights reserved v
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INTERNATIONAL STANDARD

ISO 11090-2:2014(E)

Test conditions for die sinking electro-discharge machines
(die sinking EDM) — Testing of the accuracy —

Part 2:
Double-column machines (slide-head type)

1
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Scope

5 part of ISO 11090 specifies, with reference to ISO 230-1 and ISO 230-2, geomettic and
s and tests for checking accuracy and repeatability of numerically controlled positioni
mal accuracy and general-purpose die sinking electro-discharge machines‘\(die sinking E
Cifies the applicable tolerances corresponding to the above-mentioned tests.

5 part of ISO 11090 is applicable to double-column machines of slidechead type.

5 part of ISO 11090 deals only with the verification of accuracy-of the machine. It does 1

p the checking of its characteristics (such as speeds, feeds, etc.), which should generally

5 part of ISO 11090 provides the terminology used4or the principal components of the m
designation of the axes with reference to ISO 841:2001.

E In addition to the terms used in the offieial ISO languages (English and French), Annex A
0 11090 gives the equivalent terms in the Dutch, German, Italian, Swedish, Persian, and Japanes
ke are published under the responsibility ‘of the national member bodies for Netherlands (NEN
(), Italy (UNI), Sweden (SIS), Iran (ISIRT], and Japan (JISC). However, only the terms given in
uages can be considered as ISO terms:

Normative references

following referenced documents in whole or in part, are normatively referenced in this
are indispensablé-for the application of this document. For dated references, only
d applies. For undated references, the latest edition of the referenced document (ing
tndments) applies.

oad or'quasi-static conditions

230-2:2014, Test code for machine tools — Part 2: Determination of accuracy and repée

machining
hg axes for
DM). It also

ot apply to

testing of the machine operation (vibrations, abnormal noises, stick-slip motion of compdnents, etc.)

be checked

achine and

of this part
b lJanguages.
[), Germany
the official

document
he edition
luding any

230-1:2Q712, Test code for machine tools — Part 1: Geometric accuracy of machines operdqiting under

atability of

pos

3
For

3.1

. . Pal . LL LL L
cLorirly oy rdrriericdily COrierored uxes

Terms and definitions

the purposes of this document, the following terms and definitions apply.

electro-discharge machines
machine tools for the removal of material in dielectric fluid by electro-discharges, which are separated
in time and randomly distributed in space, between two electrically conductive electrodes (the tool
electrode and the workpiece electrode), and where the energy in the discharge is controlled

© IS0 2014 - All rights reserved


https://standardsiso.com/api/?name=5f4fccff61073d4fd30a9b0c82164dca

ISO 11090-2:2014(E)

3.2

die sinking electro-discharge machines

machine tools for the removal of material by electro-discharge machining through the application of a
tool electrode whose geometry matches (defines) the desired shape of the workpiece feature

3.3

wire electro-discharge machines
machine tools for the removal of material by electro-discharge machining through the application of a
wire electrode to produce prismatic and more complex shapes in a workpiece

4 Termjinology and designation of axes

4.1 Slid

See Figure

p-head type
1 and Table 1.

NOTE y
designation

+Z

+Y

NOTE N

+C

+Z
j/( +X +X'

ee€keys in Table 1.

'he machine axis designations in Figure 1 comply with ISO 841:2001. However, X- and Y-
5 may be interchanged to suit axes lengths and/or operator position.

4

/

\

AXis

Figure 1 — Double-column machine with sliding head

Table 1 — Keys for Figure 1

Key English French
1 bed banc
2 bridge column montant
3 table (X-axis) table (axe X)
4 saddle (Y-axis) chariot transversal (axe Y)

© ISO 2014 - All rights reserved
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Table 1 (continued)
Key English French

5 work tank réservoir de travail

6 head (W-axis) téte de travail (axe W)

7 quill (Z-axis) coulisse (axe Z)

8 electrode platen porte-électrode

9 spindle (C-axis) broche (axe C)

10 electrode. electrade

11 bridge traverse
5 [Preliminary remarks
5.1 Measurement units
Inthis partofISO 11090, all linear dimensions, deviations, and corresponding tolerances are expressed in
millimetres. Angular dimensions are expressed in degrees and angulardéviations and the corfesponding
tolgrances are expressed primarily in ratios, but in some cases, @hicroradians or arcsecohds can be
usefl for clarification purposes. The following expression should’be used for the conversion| of angular
devijations or tolerances:

0,010/1 000=10x10-6=10 prad=2" ¢}

5.2| Reference to ISO 230-1
For|the application of this part of ISO 11090, reference shall be made to ISO 230-1 especiglly for the
insfallation of the machine before testing; warming up of the spindle and other moving parts, the
desfription of measuring methods, andtecommended accuracy of testing equipment.
In the “Observations” block of the-tests described in Clauses 6, 7, and 8, the instructions arg preceded
with reference to the corresponding clause/subclause in ISO 230-1 in cases where the test c¢ncerned is
in cpmpliance with the specifications. Tolerances are given for each geometric test (see G1 tq G12).
5.3| Machine levelling
Prigr to conducting tests on a machine, the machine should be levelled according to the recomipendations
of the manufacturer/supplier (see ISO 230-1:2012, 6.1.2).
5.4 Testing sequence
The sequence in which the geometric tests are given in no way defines the practical order of testing. In

order to make the mounting oI Instruments or gauging easier, the tests can be performed 1n any order.

5.5

Tests to be performed

When testing a machine tool, it is not always necessary or possible to carry out all the tests given in
this part of ISO 11090. When the tests are required for acceptance purposes, the choice of tests relating
to the components and/or the properties of the machine of interest is at the discretion of the user, in
agreement with the manufacturer/supplier. The tests to be used are to be clearly stated when ordering
a machine tool. A mere reference to this part of ISO 11090 for the acceptance tests, without specifying
the tests to be carried out and without agreement on the relevant expenses, cannot be considered as
binding for any contracting parties.

©IS
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5.6 Measuring instruments

The measuring instruments indicated in the tests described in the following clauses are examples
only. Other instruments measuring the same quantities and having the same or smaller measurement
uncertainty can be used.

5.7 Software compensation

When built-in software facilities are available for compensating geometric, positioning, contouring,
and/or thermal deviations, their use during these tests shall be based on agreement between the
manufactuge R e — -

When the Joftware compensation is used, this shall be stated in the test reports.

It shall be rjoted that when software compensation is used, axes shall not be locked for the test'purposes.

5.8 Minimum tolerance

When the {
in this par
1SO 230-1:2

olerance for a geometric test is established for a measuring length different from that gjven
F of ISO 11090, the tolerance can be determined by means of the law of proportionality [see

012,4.1.2).1tshall be taken into consideration that the minimum yalue of tolerance is 0,005 fnm.

5.9 Machining test

Machining|test shall be made under finishing conditions.

5.10 Positioning tests and reference to ISO 230-2

Tests P1 to

To apply th
warming

Checking
When reqy

ji)the W-axis is not included because the W movement is used for adjusting the head posit

P4 are applied only to numerically controlled electro-discharge machines.

ese tests, reference shall be made to ISO"230-2 especially for the environmental conditi
of the machine, measuring method$; evaluation, and interpretation of the results.

ired, it shall be done in the same way as the checking of the Z-axis.

bns,

ion.

© ISO 2014 - All rights reserved
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6 Geometric tests

6.1 Linear axes of motion

Object G1

Checking of straightness of the X-axis motion:

a] in the horizontal XY plane (Eyx);
b] in the vertical ZX plane (Ezx).
Diggram
| P ]
o) |
‘ b=
a) b)
Tolerance Measured deviatipns
fora) and b) a)
0,010 for any-measuring length of 500 b)
Mejasuring instruments
Strpightness reference artefact and linear displacement sensor or optical measuring instruinents
Obkervations andreference to 1SO 230-1:2012, 3.4.8, 8.2.2.1, and 8.2.3
a) |Mount the\linear displacement sensor on the quill (head).
b) |Set the'straightness reference artefact parallel to the X-axis in the XY plane and set the ljnear dis-
plapemient sensor against it. Feed the x-axis through the measuring length and note the readings.

D dndn ) 1 " 4l - dl s Ava 1
C) NCTPCAU LIIC LHICUK TITUIT S4allIT wdy 11T UIC LA PIdIIT.
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Object

Checking of straightness of the Y-axis motion:
a) inthe horizontal XY plane (Exy);
b) inthe vertical YZ plane (Ezy).

G2

Diagram
Z % i % Z
\ \
L ] v
! ‘ = !
\
a) b)
Tolerance Measured deviations
for a) and b) a)
0,010 for any measuring length 6f500 b)

Measuring instruments

Straightngss reference artefact and linear displacement sensor or optical measuring instruments

a) Mountlthe linear displacement'sénsor on the quill (head).

c) Repeat|the check in{the'same way in the YZ plane.

Observations and reference to 1S0-230-1:2012, 3.4.8, 8.2.2.1, and 8.2.3

b) Set thestraightness referénce artefact parallel to the y-axis in the XY plane, and set the linear djis-
placement]sensor against it-Feed the Y-axis through the measuring length, and note the readings.

© ISO 2014 - All rights reserved
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Object G3

Checking of straightness of the quill (Z-axis) motion:
a) inthe ZX plane (Exz);
b) inthe YZ plane (Eyz).

Diagram
Z | z |
L | J |
X Y )
! !
Y
L X
a) b)
Tolerance Measured deviatipns
for a) and b) a)
0,010 for any measuringlength of 300 b)

Measuring instruments

Strhightness reference artefact, surface plate, adjustable blocks, and linear displacement sensor

Obkervations and reference-to ISO 230-1:2012, 3.4.8, 8.2.2.1, and 8.2.3
a) |Mount the surface plate on the table.
b) |Mount the linear.displacement sensor on the quill.

c) [Setthe straightness reference artefact parallel to the Z-axis in the ZX plane and set the linear dis-
placement serisor against the straightness reference artefact in the X-direction. Move the qyill in the
Z-directionthrough the measuring length and note the readings.

d) [Repedtthe check in the same way in the YZ plane.

© ISO 2014 - All rights reserved 7
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optical m

Object G4
Checking of squareness of X-axis to Y-axis motion (E¢(oy)x)-
Diagram
1T 1 T
N N
L Il
T [ TT1
- -
| 17
@) @) @)
!
Y J
Tolerance Measured deviations
0,040 /1000 (0,020 / 500)
Measuring instruments

Straightndss reference artefact, squareness reference artefact, and linear displacement sensor or

suring instruments

a) Alignt
press the §

b) Mount
ence artef:
tions. The
error and

Using the §
1) setthe
2) check

Observations and reference to IS0 230-1:2012,3.6.7, 10.3.2.2, and 10.3.2.5

he straightness reference artefact.ofithe table so as to be parallel to the y-axis motion arld

quareness reference artefact against it.

the linear displacement sensor on the quill (head) and set it against the squareness refer
hct. Feed the x-axis throughythe measuring length and note the readings at several posi-
inclination of the referenge straight line of the trajectory of the readings is the squarene;

shall be reported (seé€ ISO 230-1:2012, 3.6.7).

quareness reference artefact only is also possible. In this case

squareness reference artefact so that the long arm is parallel to the Y-axis motion, and

he parallelism of the x-axis motion with the short arm.

wn

© ISO 2014 - All rights reserved
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Object G5

Checking of squareness between the vertical movement of the quill (Z-axis) and the following:

a) the X-axis motion (Eg(ox)z);
b) the Y-axis motion (Ea(oy)z)-

Diagram
% A
X Y a)
Y.
L» X
b)
a) b)
Tolerance Measured deviations
for a) and b) a)
0,050 /1000 (0,015 / 300) b)

Measuring instruments

Sqyareness reference artefact,surface plate, adjustable blocks, and linear displacement senfor or
optical measuring instruments

Obkervations and reference to ISO 230-1:2012, 3.6.7, 10.3.2.2, and 10.3.2.5

a) |Mount the surfaceplate on the table and adjust it so that the surface is parallel to both the X- and
Y- gxes. Place the squareness reference artefact on the surface plate. Mount the linear displdcement
serjsor on the quijll-

b) |Set the linear displacement sensor against the squareness reference artefact in the X-direction

and movethe'quill in the Z-direction through the measuring length, and note the readings at several
pogitions The inclination of the reference straight line of the trajectory of the readings is the square-
negséexsror and shall be reported (see ISO 230-1:2012, 3.6.7).

c) Repeat the check in the same way in the Y-direction.

© ISO 2014 - All rights reserved 9
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Object G6

Checking of squareness between the vertical movement of the head (W-axis) and the following:

a) the X-axis motion (E(ox)w);
b) the Y-axis motion (Ea(oy)w)-

Diagram
\'A'I 4 "A'I 4
Lo Al
X Y
| | a)
= - §
/ 7 L X
b)
b) a)
Tolerance Measured deviations
for a) and b) a)
0,040 /1 000 (0,020 / 500) b)

Measuring instruments

Squarenegs reference artefact, surface plate, adjustable blocks, and linear displacement sensor or
optical methods

Observations and reference te.JSO 230-1:2012, 3.6.7, 10.3.2.2, and 10.3.2.5

a) Mountlthe surface plate en‘the table and adjust it so that the surface is parallel to both the X- anid
Y- axes. Place the squarenesSreference artefact on the surface plate. Mount the linear displacement
sensor on the head.

b) Setthellinear displacement sensor against the squareness reference artefact in the X-direction.
Move the head insthe W-direction through the measuring length and note the readings at several p¢si-
tions. Thelinclination of the reference straight line of the trajectory of the readings is the squarenegs
error and slall be reported (see ISO 230-1:2012, 3.6.7).

¢) Repeat the check in the same way in the Y-direction.

10 © ISO 2014 - All rights reserved
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Object

Checking of angular deviation of the Z-axis motion (quill) (the W-axis motion (head)) in the XY plane
(roll, Ecz, or Ecw).

G7

Diagram
|
W
| ¥
|
? B
=X tj \ A-A
M M ( >
A A )
SN AL
| %?—{—PWJ o ‘
Tolerance Measured deviations

0,060/1 000 (0,012/ 200)

Mejasuring instruments

Strhightness reference artefact, surface plate, adjustable blocks, and linear displacement sensor

apy

b)
the

c).

Obkervations and reference to ISO 230-1:2012, 3.4.16, 8.4.2.1, 8.4.2.2, and 8.4.3

a) |Mount the surface plate on the table. Place the straightness reference artefact on the sur
roximately parallel to the Z-axis. Set,the stylus of a linear displacement sensor to sense ghe Y-di-
redtion mounted on a special arm against the straightness reference artefact. Note the read
mafk the corresponding heights on the straightness reference artefact.

ling. The linear displacement sensor shall be zeroed again and the new measurements shall
at ghe same heights as‘the previous ones and noted.

where “d*4s the distance between the two positions of the linear displacement sensor, is thg
errpr-and shall be recorded.

Move the quill (head) alongthe x-axis and move the linear displacement sensor to the ot
quill (head) so that the(stylus can touch the straightness reference artefact again along 1

For each measurement height, calculate the difference of the two readings. The maximuin and the
minimum of thése-differences shall be selected and the value given by:

(Maximum difference — minimum difference) / d

face plate

ngs and

her side of
he same
be taken

angular

d) The possible roll deviation of the X-axis motion shall be measured and taken into account.

© IS0 2014 - All rights reserved
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6.2 Table
Object G8
Checking of flatness of the table surface.
Diagram
=07 Y
d d
0 3 A
o m |(m' |[m" A
0" A"
C M M |M B
|
K
Tolerance Measured deviations
0,03 for a measuring length up to 1 000
add 0,01 for any further 1 000 increase in length
NOTE | Measuring length means the longer length'of 0-X and O-Y

Measuring instruments

Precision Jevel or straightness reference artefact and linear displacement sensor or optical or othet
equipmen

Observations and reference to ISO 230-1:2012, 12.2.4.2,and 12.2.5

a) Setthe|table at the centre of x-axis’and y-axis motion. Place the precision level on the table surface
and move |t in X- and Y-directions in the steps corresponding to its length and record the readings.
The methqd of the measurementof angles along each direction is based on ISO 230-1:2012, 12.1.3.

b) Measuring shall startfrom the point O, O’,..... and C and be implemented on the line OA, line O’A...
and line CB in the direetion of Y-axis, and then start from the point O and be implemented on the line
OC in the X-direction!

c) The flakness error shall be calculated according to ISO 230-1:2012, 12.2.4.2 and reported.

12 © ISO 2014 - All rights reserved
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Object G9

Checking of parallelism between the table surface (Table) and the following:

a) the X-axis motion (EB(0x)Table);
b) the Y-axis motion (Ea(0y)Table)-

Diagram
YA f 1‘ Z f
| |
L. X || Y *J %
s |
L =)
a) b)
Tolerance Measured deviations
for a) and b) a)
0,02 for any measuring léngth of 500 b)
Maximum tolerance: 0,05

Measuring instruments
Linjear displacement sensor
Obkervations and reference to 1SO 230-1:2012, 6.5, and 12.3.2.5

a) [Mount the linear displacement sensor on the quill (head).

b) |The stylus of thelinear displacement sensor shall touch the table surface. Feed the x-axi$ through
the measuring length, and note the readings.

c) |Repeat thecheck in the same way in the Y-direction.

d) [The measurement shall be done approximately along the centrelines of the table in X- anld Y-direc-
tions-when possible.

e) Whemnmthe direct measurement of tabte Surface 15 atfffcuitdue to, forexampie, T-510t3, astraight-
ness reference artefact set on the table can be used (see [SO 230-1:2012, 12.3.2.5.2).

© ISO 2014 - All rights reserved 13
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6.3 Head, quill and spindle

Object G10

Checking of parallelism between the electrode platen (Platen) and the following:
a) the X-axis motion (EB(0X)Platen);
b) the Y-axis motion (Ea(0y)Platen)-

Diagram
T T ]
X ‘ X Y
|| =] 1
a) b)
Tolerance Measured deviations
for a) and b) a)

0,03 for any measuring lengthlef 500 b)
Measuring instruments
Linear displacement sensor
Observations and reference to 1S0.230-1:2012, 3.6.5, and 12.3.2.5.2
a) Place the linear displacementsensor on the table.
b) Setthelinear displacemént’sensor against the electrode platen surface.
c) Feed the x-axis through' the measuring length and note the readings at several positions. The max-
imum diff¢rence of thereadings is the parallelism error and shall be reported.
d) Repeatthe cheekin the same way in the Y-direction.
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Object
Checking of run-out of the spindle bore:

a)
b)

near the spindle nose;

at a distance of 100 mm.

G11

Diagram

Tol

b)

erance
0,005
0,01

Measured deviatigns

a)
b)

Me
Ted

asuring instruments

t mandrel and linear displacement sensox

Ob

b)
‘)

ang
d)

servations and reference to ISO 230-1:2012, 3.9.7, and 12.5.3
Attach the test mandrel to the spindle.

| note the readings.

Repeat the checkimnthe same way at a distance of 100 mm apart.

Mount the linear displacement sensor on a fixed component of the machine.

Set the linear displacement’sensor against the test mandrel near the spindle nose, turn t

he spindle,

©IS

02014 - All rights reserved
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Object G12

Checking of parallelism between the spindle axis and the Z-axis motion:
a) inthe ZX plane (EB(0Z)C);
b) inthe YZ plane (EA(0Z)C).

Diagram
y/ Y/
=X Y <
a) b)
Tolerance Measured deviations
for a) and b) a)
0,1 /1000 (0,01 /100) b)

Measurir;E instruments
Test mandjrel and linear displacement sensor

Observations and reference to ISO 230-1:2012, 3.6.4, and 10.1.4.3

a) Mountlthe linear displacement senser en the machine table.

b) Setthellinear displacement sensoriagainst the test mandrel in the ZX plane and find the mean
position of the spindle by rotating\it. Move the quill in the Z-direction and note the readings at several
positions. [[he inclination of the reference straight line of the trajectory of the readings is the parallel-
ism error and shall be reported.

c) Repeat|the check inthe)same way in the YZ plane.

16 © ISO 2014 - All rights reserved
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7 Positioning tests for numerically controlled axes

To apply these tests, reference shall be made to ISO 230-2 especially for the environmental conditions,
warming up of the machine, description of measuring methods, evaluation, and interpretation of the results.

Checking the W-axis is not included because W movement is used for adjusting the head position. When
required, it shall be done in the same way as the checking of the Z-axis.

Object P1
Checking of accuracy, repeatability, and reversal value of positioning of the X-axis motion (Hxx).
Diggram ‘
Key 7 |
1 laser head

Loy LI
2 Interferometer E3
3 reflector
Tolerance Measuring length Measured

<500 | <1000 | <2000 | qeviation

Bi-flirectional accuracy of positioning ExxX A 0,012 0,016 0,020
Unldirectional repeatability of Exx rt and 0005 0008 0010
pogitioning EXXRL ) ) )
Bi-flirectional repeatability Exx r 0,010 0,012 0,016
Reversal value of axis Exx B 0,008 0,010 0,013
Mehn reversal value Exxs 0,004 0’005 0,006
Bi-flirectional systemiatic deviation of ExxE 0010 0012 0016
pogitioning ’ ’ ’
Mepn bi-directional positional Exxm 0006 0008 0010
deyiation ofthe axis ’ ’ ’
Measuring instruments
Lagermeasurement equipment or linear scale

Observations and references to ISO 230-1:2012, 8.3 and I1SO 230-2:2014

Linear scale of length or beam axis of laser measurement equipment shall be set parallel to the axis
under test.

Rapid feed is used for positioning in principle, but arbitrary feed speed can be used with agreement
between the manufacturer/supplier and the user.

© ISO 2014 - All rights reserved 17
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Object

P2

Checking of accuracy, repeatability, and reversal value of positioning of the Y-axis motion (Eyy).

Diagram

Key

1 laser head

2 interferometer

Z

oy

3 reflectqr
1 3\
[ \‘IILIT—L ‘ﬂ

Tolerance Measuring length Measured

<500 | <1000 }.<22000 | deviatiop
Bi-directiqnal accuracy of positioning Evyya 0,012 0,016 0,020
Unidirectipnal repeatability of position- EyyRrt and 0,005 0,008 0,010
ing EyyRri
Bi-directiqnal repeatability Eyyr 0,010 0,012 0,016
Reversal vialue of axis Eyvyp 0,008 0,010 0,013
Mean reversal value Ews 0,004 0,005 0,006
Bi-directiqnal systematic deviation of E 0,010 0,012 0,016
positioning YYE
Mean bi-djrectional positional i 0,006 0,008 0,010
deviation ¢f the axis XYM

MeasurinE instruments

Laser measurement equipment or\linear scale

under test

Rapid feed
between t

is used foxpositioning in principle, but arbitrary feed speed can be used with agreement

he manufacturer/supplier and the user.

Observations and references-to ISO 230-1:2012, 8.3 and ISO 230-2:2014

Linear scale of length or beam axis of laser measurement equipment shall be set parallel to the axig

18
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