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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).
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The commijittee responsible for this document is ISO/TG 39, Machine tools, Subcommittee SC 2,
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for metal cutting machine tools.
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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, G4, G5, G14, P1, P2, P3, and P4 have been changed
from those in ISO 11090-1:1998. The following tests in ISO 11090-1:1998 are deleted due to the limited
availability of the reference T-slot in typical machines in today’s market: G9 (Checking of straightness
of the reference T-slot or reference surface of the table) and G10 (Checking of parallelism between the
reference T-slot or reference surface of the table and the x-axis motion).

© IS0 2014 - All rights reserved v
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Test conditions for die sinking electro-discharge machines
(die sinking EDM) — Testing of the accuracy —

Part 1:
Single-column machines (cross-slide table type and

fi

1

Thi
test
nor
spe

Thi
fixe

Thi
the
ort

red-table type)

Scope

5 part of ISO 11090 specifies, with reference to ISO 230-1 and ISO 230-2, geemetric 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-mentigned tests.

5 part of ISO 11090 is also applicable to single-column machines of cross-slide tabl
d table type.

5 part of ISO 11090 deals only with the verification of.accuracy of the machine. It does 11

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

befgre the testing of the accuracy.

Thi
the

NO1
of 1§
The
(DIN
lang

2

The
and
cite
amgé

ISO

5 part of ISO 11090 provides the terminologyused for the principal components of the m
designation of the axes with reference tp [SO 841:2001.

E In addition to the terms used in-the official ISO languages (English and French), Annex A
0 11090 gives the equivalent terms-inithe Dutch, German, Italian, Swedish, Persian, and Japanes
Ke are published under the respaonsibility of the national member bodies for Netherlands (NEN
(), Italy (UNI), Sweden (SIS), Itan’ (ISIRI), and Japan (JISC). However, only the terms given in
uages can be considered asfSO-terms.

Normative references

following refereficed documents, in whole or in part, are normatively referenced in thig
are indispénsable for the application of this document. For dated references, only
d applies~For undated references, the latest edition of the referenced document (ing
bndments) applies.

machining
hg axes for
DM). It also

e type and

ot apply to

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

be checked

achine and

of this part
b languages.
), Germany
the official

document
he edition
luding any

no-1

230%1:2012, Test code for machine tools — Part 1: Geometric accuracy of machines oper]I

ting under

ISO 230-2:2014, Test code for machine tools — Part 2: Determination of accuracy and repeatability of
positioning of numerically controlled axes

3

For

Terms and definitions

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

© IS0 2014 - All rights reserved
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31
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

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 electjo-discharge machines

machine tdols for the removal of material by electro-discharge machining through the appligation

wire electrjode to produce prismatic and more complex shapes in a workpiece

4 Termijinology and designation of axes

4.1 Crogs-slide table type
See Figure|l and Table 1.

+7Z

+C

+7Z

+Y

+X

of a

NOTE See keys in Table 1.

Figure 1 — Single-column machine with cross-slide table

Table 1 — Keys for Figure 1

Key English

French

1 bed

banc

© ISO 2014 - All rights reserved
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Table 1 (continued)
Key English French
2 column montant
3 table (X-axis) table (axe X)
4 saddle (Y-axis) chariot transversal (axe Y)
5 work tank réservoir de travail
6 head (W-axis) téte de travail (axe W)
7 guill (Z-axis) coulisse (axe 7)
8 electrode platen porte-électrode
9 spindle (C-axis) broche (axe C)
10 electrode electrode
4.2| Fixed table type

See|Figure 2 and Table 2.

+Z
+C
+Z
+Y
+X
NOTE See keys in Table 2.

Figure 2 — Single-column machine with fixed table

Table 2 — Keys for Figure 2

Key English French
1 bed banc
2 column montant

3 saddle (X-axis)

chariot longitudinal (axe X)

© IS0 2014 - All rights reserved
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Table 2 (continued)

5 Prelii

Key English French
4 ram (Y-axis) coulant (axe Y)
5 table table
6 work tank réservoir de travail
7 head (W-axis) téte de travail (axe W)
8 quill (Z-axis) coulisse (axe Z)
9 electrode platen paorte-électrode
10 spindle (C-axis) broche (axe C)
11 electrode electrode

minary remarks

5.1 Measurement units

Inthis part
millimetre
tolerances
used for cl
deviations

0,010

5.2 Refd

For the ap

installatioI

descriptio

In the “Obs|
a referencg
compliancg

5.3 Mac

of IS0 11090, all linear dimensions, deviations, and corresponding tolerances are expresse
5, angular dimensions are expressed in degrees, and angular deviations and the corresponc
are expressed primarily in ratios, but in some cases, micsoradians or arcseconds cafy
hrification purposes. The following expression should beaised for the conversion of ang
or tolerances:

1000=10x10"°% =10prad =2"

rence to ISO 230-1

blication of this part of ISO 11090, reference shall be made to ISO 230-1 especially for
of the machine before testing; ' warming up of the spindle and other moving parts,
of measuring methods, and recommended accuracy of testing equipment.

ervations” block of the tests'described in Clauses 6, 7, and 8, the instructions are precede
to the corresponding claiise/subclause in ISO 230-1 in cases where the test concerned {
with the specifications: Tolerances are given for each geometric test (see G1 to G12).

hine levelling

Prior to copducting teSts'on a machine, the machine should be levelled according to the recommendat

of the man

5.4 Test

ifacturery/supplier (see ISO 230-1:2012, 6.1.2).

ing Sequence

din
ling

1lar

@)

the
the

l by
s in

ons

The sequence in which the geometric tests are given in no way defines the practical order of testing. In
order to make the mounting of instruments or gauging easier, the tests may be performed in 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.

© ISO 2014 - All rights reserved
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Measuring instruments

The measuring instruments indicated in the tests described in Clauses 6 to 8 are examples only.
Other instruments measuring the same quantities and having the same or smaller measurement

unc

5.7

ertainty can be used.

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

maptta

Wh

bn the software compensation is used, this shall be stated in the test reports.

tSe.

It shall be noted that when software compensation is used, axes shall not be locked/for test gqurposes.

5.8
Wh
int
ISO
5.9

Mag

5.1
Tes

To &
wail

Che
Wh

Minimum tolerance

bn the tolerance for a geometric test is established for a measuring length different fromn
his part of ISO 11090, the tolerance can be determined by means efithe law of proportig
230-1:2012,4.1.2). It shall be taken into consideration that the minimum value of tolerance if

Machining test

hining test shall be made under finishing conditions,

0 Positioning tests and reference to ISO 230-2
's P1 to P4 are applied only to numerically controlled electro-discharge machines.

pply these tests, reference shall be made'to ISO 230-2, especially for the environmental
ming up of the machine, measuringmethods, evaluation, and interpretation of the result

cking of the W-axis is not included because the W movement is used for adjusting the hes
en required, it shall be done.inthe same way as the checking of the Z-axis.

that given
nality (see
0,005 mm.

conditions,
S.

d position.
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6 Geometric tests

6.1 Linear axes of motion

Object

Checking of straightness of the x-axis motion:

G1

a) in th¢
b) in thg

horizontal XY plane (Eyx);
vertical ZX plane (Ezx).

Diagram

|
i
|
i |
LI
a) a) b)
Tolerance Measured deviations
for a) and b) a)
0,010 for any measuring length of 500 b)

instruments

Measurin
Straightndss reference artefact and linear displacement sensor or optical measuring instruments

c) Repeat]t

he check in the same way in the ZX plane.

a) Mountlthe linear disptacement sensor on the quill (head).

Observations and referenceto1SO 230-1:2012, 3.4.8,8.2.2.1, and 8.2.3

b) Set thelstraightness reference artefact parallel to the x-axis in the XY plane and set the linear dis-
placement|senseragainst it. Feed the x-axis through the measuring length and note the readings.

© ISO 2014 - All rights reserved
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Object G2

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

Diagram
VA Z VA
‘ L Y L X ‘ L Y
I | | ‘
| i NG J
| |
LT i
] == u
[: ———— |
b) a) b)
Tolerance Measured deviatjons
for a) and b) a)
0,010 for any measuring‘length of 500 b)

Mejasuring instruments

Strhightness reference artefact, linear displacement sensor, and gauge blocks or optical megsuring
insfruments

Obkervations and reference-to ISO 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 y-axis in the XY plane and set the ljnear dis-
plarement sensor against it. Feed the y-axis through the measuring length and note the readings.

c) [Repeatithé check in the same way in the YZ plane.

© ISO 2014 - All rights reserved 7
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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
X Y
| |
! ! b)
| | v
| |
X
a)
a) b)
Tolerance Measured deviations
for a) and b) a)
0,010 for any measuring length of 300 b)
Measuring instruments
StraightneEs reference artefact, surfage\plate, adjustable blocks, and linear displacement sensor
Observations and reference to IS0230-1:2012, 3.4.8,8.2.2.1,and 8.2.3
a) Mountlthe surface platé-on the table.
b) Mount|the linear displacement sensor on the quill.
c) Setthe|straightiess reference artefact parallel to the Z-axis in the ZX plane and set the linear dis-
placement]senspftagainst the straightness reference artefact in the X-direction. Move the quill in the
Z-direction thtough the measuring length and note the readings.
d) Repea t]‘\n checlkintho camao 1';\'7':.‘}7 intho V7 pl')hﬂ

8 © ISO 2014 - All rights reserved
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Object G4
Checking of squareness of y-axis to x-axis motion (E¢(ox)y)-
Diagram
Y
Y l
oL,
L2
HO'TO[O OH T_mj
AL TR
| P |
|
Tolerance Measured deviatjons
0,033 /1000 (0,010 / 300)

Measuring instruments

Strhightness reference artefact, squareness referenceartefact, and linear displacement sengor or
opflical measuring instruments

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

a) [Align the straightness reference artefact'on the table so as to be parallel to the x-axis mdtion and
prdss the squareness reference artefactagainst it.

b) |[Mount the linear displacement sensor on the quill (head) and set it against the squarenefs refer-
ende artefact. Feed the y-axis through the measuring length and note the readings at several posi-

tiofs. The inclination of the peference straight line of the trajectory of the readings is the squiareness
errpr and shall be reported (s€e ISO 230-1:2012, 3.6.7).

c) |Using the squareness.reference artefact only is also possible. In this case
1] setthe squarefess reference artefact so that the long arm is parallel to the x-axis moti¢n, and

2) check the parallelism of the y-axis motion with the short arm.

© ISO 2014 - All rights reserved 9
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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

b)

Tolerance Measured deviations
for a) and b) a)
0,050 /1 000 (0,015 /-300) b)

Measuring instruments

Squarenegs reference artefact, surface:plate, adjustable blocks, and linear displacement sensor or
optical measuring instruments

Observations and reference 6150 230-1:2012, 3.6.7,10.3.2.2, and 10.3.2.5

a) Mountlthe surface plate on the table and adjust it so that the surface is parallel to both the X- and
Y-axes. Pldce the squakéness reference artefact on the surface plate. Mount the linear displacement
sensor on the quills

b) Setthelineardisplacement sensor against the squareness reference artefact in the X-direction
and move the quill in the Z-direction through the measuring length and note the readings at severdl
positions. Feeinehination-of-thereference iehtHne-ofthe-traje he-readingsis-the

ness error and shall be reported (see ISO 230-1:2012, 3.6.7).

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

atioR-6 : e-6 ory-ofthe : ghare-

10 © ISO 2014 - All rights reserved
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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(oxyw);
b) the y-axis motion (Eay)yw)-

Diagram
W W
| |
LX ‘ Y ‘
\ \ b)
il I v
! !
X
a)
a) b)
Tolerance Measured deviatjons
for a) and b) a)
0,050 /1000 (0,015 300) b)
Mejasuring instruments
Squareness reference artefact, surface plate, adjustable blocks, and linear displacement sengor 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 surface plate on the table and adjust it so that the surface is parallel to both the X- and

Y-alkes. Place the squateness reference artefact on the surface plate. Mount the linear displagement
senjsor on the head:

b) |Set the linear. displacement sensor against the squareness reference artefact in the X-dirjection.
Moe the head'in the W-direction through the measuring length and note the readings at seyeral posi-
tions. Thesinclination of the reference straight line of the trajectory of the readings is the sqpiareness
errpr ahd shall be reported (see ISO 230-1:2012, 3.6.7).

c) Rpppnf the checkin the same way in the Y-direction

© ISO 2014 - All rights reserved 11
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Object

G7

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

Diagram
|
/\/‘r\/\
; I
Z | ,
‘ X
T—»X ‘*ﬂ A-A
_ 79
il . %
1R G N LN
RGNS U
Tolerance Measured deviations
0,060/1 000 (0,012 / 200)
Measuring instruments

Straightngss reference artefact, surface plate, adjustable:blocks, and linear displacement sensor

4

a) Mount
approxima3
rection m
mark the ¢

b) Move t
quill (heag
The linear
same heig

c) For ead
minimum

where “d”
error and

Observations and reference to 1SO 230-1:2012, 3.4:16, 8.4.2.1, 8.4.2.2, and 8.4.3

the surface plate on the table. Place théstraightness reference artefact on the surface pl4
unted on a special arm against the-straightness reference artefact. Note the readings an
orresponding heights on the straightness reference artefact.

he table along the x-axis and\move the linear displacement sensor to the other side of the]
displacement sensorshall be zeroed again and the new measurements shall be taken at
1ts as the previous‘enes and noted.

h measurementheight, calculate the difference of the two readings. The maximum and t
pf these différences shall be selected and the value given by:

(Maximum difference — minimum difference) / d

is thé distance between the two positions of the linear displacement sensor, is the angul{
thall'be recorded.

tely parallel to the Z-axis. Set the stylus of a linear displacement sensor to sense the Y-di}

) so that the stylus canouch the straightness reference artefact again along the same lipe.

he

he

I

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

12

© ISO 2014 - All rights reserved
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6.2 Table
Object G8
Checking of flatness of the table surface.
Diagram
=0
4 .4
0 ] Al - x
ot (M omem A
0" A
c M_|[M M B
Y
Y
Tolerance Measured deviatjons
0,0B for a measuring length up to 1 000
add 0,01 for any further 1 000 increase in length
NO[FE Measuring length means the longer length\of O-X and O-Y.
Mejasuring instruments
Prgcision level or straightness reference artefact and linear displacement sensor, or optical pr other

equ

ipment

Ob
a)

ang
Thq

b)
ang
ocC

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

Set the table at the centre of %-axis and y-axis motion. Place the precision level on the tah
| move it in X- and Y-directions in the steps corresponding to its length and record the re
e method of the measurément of angles along each direction is based on ISO 230-1:2012,

Measuring shall startfrom the point O, 0’,..... and C and be implemented on the line OA, 1

in the Y-direction:

| line CB in the direction of x-axis, and then start from the point O and be implemented o1 the line

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

le surface
hdings.
12.1.3.

ne O’A’,...

© IS0 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
y/ Z
% ] I e
— 1 | \ X \ ‘ Y
\ \ i N
atly | el |
Z / .
L X L Y
| e — ] =y L
g =
a) b) a) b)
Tolerance Measured deviations
for a) and b) a)
0,015 for any measuring length of 300 b)
Maximum tolerance: 0,04
Measuring instruments
Linear disElacement sensor and straightness reference artefact
Observatijons and referenceto ISO 230-1:2012, 3.6.5, and 12.3.2.5
a) Mountlthe linear displacement sensor on the quill (head).
b) The stylus of thelinear displacement sensor shall touch the table surface. Feed the x-axis through
the measufring length and note the readings.
c) Repeat|thé'check in the same way in the Y-direction.
d) Them be-done-approximately-alonsthe-centrelinesofthe-tableinX—and-Y-direc-

tions when possible.
e) When the direct measurement of table surface is difficult due to, for example, T-slots, a straight-
ness reference artefact set on the table can be used (see ISO 230-1:2012, 12.3.2.5.2).
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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

i

L]
a) b)
Tolerance Measured deviatjons
for a) and b) a)
0,010 for any measuring length’of 200 b)

Mejasuring instruments
Linfear displacement sensor

Obkervations and reference to 1S0.230-1:2012, 3.6.5, and 12.3.2.5.2

a) |Place the linear displacement sensor on the table.
b) |Set the linear displacement sensor against the electrode platen surface.

c) |Feed the x-axis threugh the measuring length and note the readings at several positions| The max-
imym difference of thereadings is the parallelism error and shall be reported.

d) |Repeat the check in the same way in the Y-direction.
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Object G11
Checking of run-out of the spindle bore:

a) near the spindle nose;

b) ata distance of 100 mm.

Diagram

Tolerance Measured deviations
a) 0,005 a)

b) 0,01 b)

Measuring instruments

Test mandE

Observations and reference to 1SO 230-1:2012,3.9.7, and 12.5.3
a) Attachi|the test mandrel to the spindle.

el and linear displacement sensor

b) Mount|the linear displacement sensor on’the machine table.

c) Setthe|linear displacement sensortagainst the test mandrel near the spindle nose, turn the spinflle,
and note the readings.

d) Repeatthe check in the same'way at a distance of 100 mm apart.
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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) in the YZ plane (Ea(0z)c)-

Diagram
YA 7
a) b)
Tolerance Measured deviatjons
for a) and b) a)
0,1 /1000 (0,01 A300) b)

Measuring instruments
Teqt mandrel and linear displacement sensor
Obkervations and referenceto'ISO 230-1:2012, 3.6.4, and 10.1.4.3

a) |Mount the linear displacement sensor on the machine table.

b) |Set the linear displacement sensor against the test mandrel in the ZX plane and find the jmean

pogition of the spindle-by rotating it. Move the quill in the Z-direction and note the readings|at several
pogitions. The inc¢lination of the reference straight line of the trajectory of the readings is the parallel-
isn) error andshall be reported.

c) |Repeatthe check in the same way in the YZ plane.
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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 ¢f accuracy, repeatability, and reversal value of positioning of the x-axis motion (Exx)
Diagram ‘
1 Z
Key 7 !
1 laser hdad L - ‘ - L»X A | g
2 interfefometer X ‘ =
3 reflectqr
2| == = - =p
[
——
l ~—

[ —7

Tolerance Measuring length Measured
<500 | <1000 | <2000 | deviation

Bidirectiopal accuracy of positioning Exx.a 0,012 0,016 0,020
Unldlr_e_ctl J_nal repeatability Exx rd 0,005 0,008 0,010
of positionjing and\Exx Rl
Bidirectiohal repeatability ExxRr 0,010 0,012 0,016
Reversal vialue of axis Exx,B 0,008 0,010 0,013
Mean reversal value Exxs 0,004 0,005 0,006
B1d1reF‘F10 1_a1 systematic deviation ExxE 0,010 0,012 0,016
of positionfing ’
Mean bi-djrectional positional
deviation ¢f the axis Exx.m 0,006 0,008 0,010
Measuring instriiments
Laser meaEurement equipment or linear scale

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 axis
under test.

Rapid feed is used for positioning in principle, but arbitrary feed speed may be used with agreement
between the manufacturer/supplier and the user.
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Object P2
Checking of accuracy, repeatability, and reversal value of positioning of the y-axis motion (Eyy).
Diagram Z
. L

Key | . | v
1 laser head 7 !
2 interferometer | |

L —vy | |
3 reflector i

N A8 12\ 3
i‘ﬂt \%m #iﬁ\%m
| =] ||
————— q
Tolerance Measuring length Mpasured
<500°¢| <1000 | <2000 | dfviation

Bidirectional accuracy of positioning Eyya 0,012 0,016 0,020
Un (.illrec.tlonal repeatability of EyyRr?t 0,005 0,008 0,010
poditioning and EyyRr¢
Bidirectional repeatability Eyyr 0,010 0,012 0,016
Reversal value of axis EvyB 0,008 0,010 0,013
Mepn reversal value Evws 0,004 0,005 0,006
B1d1_rfect1_onal systematic deviation pf Eyve 0,010 0,012 0,016
pogitioning ’
Mea_n l?l-dlrectlona.l positional Evs 0,006 0,008 0,010
deyiation of the axis
Measuring instruments
Lader measurementeguipment or linear scale
Obkervations andreferences to ISO 230-1:2012, 8.3 and ISO 230-2:2014
Linear scale-ofdength or beam axis of laser measurement equipment shall be set parallel to the axis
undler test;
Rapidfeed is used for positioning in principle, but arbitrary feed speed may be used with agreement
betiween the manufacturer/supplier and the user.
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