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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national [standards
bodies (I$O member bodies). The work of preparing International Standards is normally:carfied out

through 1$0 technical committees. Each member body interested in a subject for which.a teg

hnical

committe¢ has been established has the right to be represented on that commitee. ‘ Internatipnal
organizatfjons, governmental and non-governmental, in liaison with 1ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of

electroteghnical standardization.

Draft Intefnational Standards adopted by the technical committees are-circulated to the menber bodies

for voting} Publication as an International Standard requires approval by at least 75 % of
bodies casting a vote.

he member

Internatiohal Standard 1SO 230-2 was prepared by Technical.Committee ISO/TC 39, Machine tools,

Subcomnjittee SC2, Test conditions for metal cutting machine tools.

ISO 230 gonsists of the following parts, under the general title Test code for machine tools:

— Part 1: Geometric accuracy of machines operating under no-load or finishing conditions
— Part 2: Determination of accuracy and repeatability of positioning of numerically controllg
— Part 3: Evaluation of thermal effects

— Part 4: Circular tests for numerically controlled machine tools
— Part %: Noise emissions

Annexes A and B to this part of ISO 230 are for information only.

This second editiomcancels and replaces the first edition (ISO 230-2:1988), which has been
revised.

d axes

technically
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Since this p
related to m
provided by

The first mo
The modifie
referring to
uncertainty
Guide.

Secondly, in
added new
and M (corr

the Guide to the expression of uncertainty of measurements [11,

dification is related to the assumption of the type of distribution of the pgsitional de
d definitions in this document use no assumptions for the shape of the distribution
standard uncertainties" rather than "standard deviations". The new definition of exf
vith a coverage factor of 2 instead of 3 is also used following the-rfecommendation

order to highlight the systematic behaviour of machineteols, Subcommittee SC 2
Hefinitions to this document, namely E (corresponding.to term “Accuracy” in ANSI B
bsponding to the term “Positional Deviation, P;" in /DI 3441).

art of ISO 230 uses statistical treatment of measured values to define various para;lneters
achine tool behaviour, Subcommittee SC 2 has decided to follow the recommendations

iations.
Dy

panded
5 of the

nas
5.54)

Subcommittee SC 2 believes that with these additions this*part of ISO 230 will become more upiformly

accepted ag

ross all member countries.
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Test code for machine tools —

Part 2:
Detern
contro

1 Scoj

This part
positionin
machine.
NOTE - V)

This part
verificatio

The meth

and calcyllated as described in the Guidetothe expression of uncertainty in measurems

annex B).

Annex A

should n&
purposes
reference

2 Def

nination of accuracy and repeatability of positioning ofdur
led axes

De

pf 1ISO 230 specifies methods of testing and evaluating the.accuracy and repeatabi
p of numerically controlled machine tool axes by direct measurement of individual g
The methods described apply equally to linear and rotary-axes.

hen several axes are simultaneously under test, this' method does not apply.

pf 1ISO 230 may be used for type testing, acceptance tests, comparison testing, per
N, machine compensation, etc.

pds used involve repeat measurements‘at each position. The related parameters a

lescribes the application ofian optional test cycle — the step cycle. The results fron
ither be used in the technical literature with reference to this standard, nor for acce
except under special written agreements between supplier/manufacturer and us
to this part of ISO;230 for machine acceptance always refers to the standard te

nitions and symbols

For the p\[rposes of this part of ISO 230, the following definitions and symbols apply.

2.1 axis

nerically

ity of
xes on the

jodic

e defined
ent[1] (see

N this cycle
ptance

er. Pure
St cycle.

ravel: Maximum travel, linear or rotary, over which the moving component can md

ve under

numerical

2.2 measurement travel:

control.

first and the last target positions may be approached bidirectionally (see figure 1).

2.3 target position,

Part of the axis travel which is used for data capture, selected so that the

P; (i= 1 to m): Position to which the moving part is programmed to move. The

subscript /i identifies the particular position among other selected target positions along or around the

axis.

2.4 actual position,

Jth approach to the ith target position.

P (i=1to m; j=1to n): Measured position reached by the moving part on the
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2.5 deviation of position; positional deviation, Xj. Actual position reached by the moving part minus
the target position.

X,'/':P,'j-P,'

2.6 unidirectional: Refers to a series of measurements in which the approach to a target position is
always made in the same direction along or around the axis. The symbol 1 signifies a parameter derived
from a measurement made after an approach in the positive direction, and | one in the negative
direction, e.g. x;t or X;i.

2.7 bidirectional: _Refers to a parameter derived from a series of measurements in which the approach
to a target position is made in either direction along or around the axis.

2.8 expanded uncertainty: Quantity defining an interval about the result of a measurement that may
be expected to encompass a large fraction of the distribution of values.

2.9 coverape factor: Numerical factor used as a multiplier of the combined stangdard uncertainty in
order to obtain an expanded uncertainty.

2.10 mean unidirectional positional deviation at a position, X; v or X;°l : Arithmetic mean|of the
positional d¢viations obtained by a series of n unidirectional approaches to a position P..

1 n
Xt =—ZX,']'T
n

J=1
and
|
Xil =) Xxj!
i n Z if
J=1
2.11 mean pidirectional positional deviation at a position, X;: Arithmetic mean of the mear

unidirectiongl positional deviations, xjf*and Xx;!, obtained from the two directions of approach|at a
position P;.

2.12 reversal value at a position, B; Value of the difference between the mean unidifectional
positional dgviations obtained from the two directions of approach at a position P..

B =Xxjt-X;l

2.13 reversal value of an axis, B: Maximum of the absolute reversal values (B[] at all target positions
along or around the axis.

B =max 5]
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2.14 mean reversal value of an axis, B: Arithmetic mean of the reversal values B; at all target
positions along or around the axis.

E: B.

1

3|
MM

1l
iy

2.15 estimator of the unidirectional standard uncertainty of positioning at a position, St or Si:
Estimator of the standard uncertainty of the positional deviations obtained by a series of n unidirectional
approaches at a position P;.

e
=

2.16 unidirectional repeatability of positioning at a position, R; 1 or R; | : Range derivied from the

expanded uncertainty of unidirectional positional deviations at a position P, using [a coverage
factor of 2.

_ 2
(X,'j T =X; T)

M=

Si1

S

1

—
1l

and

(X,‘j L =X; 1)2

»
1l
>
M

1

—
11

R;it 34s;1
and
Rijl 54s; |
2.17 bidifectional repeatability of pasitioning at a position, Ry

R; =fnax. [2s; 1 +25; L #{B{;R; 1:R; 1]

2.18 unjdirectional <epeatability of positioning Rt or Rl and bidirectional repeatability of
positioning R of anvaxis : Maximum value of the repeatability of positioning at any position P; along or
around the axis:

Rt =max. [R,- T]

R1 =max. [R,- l]
R =max.[R;]
2.19 unidirectional systematic positional deviation of an axis, Etr or El: The difference between

the algebraic maximum and minimum of the mean unidirectional positional deviations for one approach
direction X; 1 or X; | at any position P; along or around the axis.
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Et =max. [)_(,- T]—min. [)_(,- T]

and

El =max. [)?,- 1]—min. [)_(,- l]

2.20 bidirectional systematic positional deviation of an axis,

©1SO

E: The difference between the

algebraic maximum and minimum of the mean unidirectional positional deviations for both approach
directions x; 1 _and X; | at any position P; along or around the axis.

E =may

2.21 mean
maximum
around the

M =ma
2.22

combination
unidirection

2.23 bidirec
bidirectiona
positioning

A=ma

5
XIS.

unidirectional accuracy of positioning of an axis,

. [)_(, T;)_(I' l]—min. [)_(I'T;)_(,' l]

bidirectional positional deviation of an axis, M. The difference between the
d minimum of the mean bidirectional positional deviations X;-at_any position P

X. [)_(,-]—min. [)_(,-]

At or Al: Range derived
of the unidirectional systematic deviations and-the estimator of the standard unc§
h| positioning using a coverage factor of 2.

X [)?,- 1 +25; T]—min. [)?,- 1 +2s; 1]
X [)_(,- 1 +25; 1]—min. [)_(,- 1.425; 1]

tional accuracy of-pesitioning of an axis, A: Range derived from the combina
systematic dewiations and the estimator of the standard uncertainty of bi
Ising a coverage factor of 2.

X1 €281 X L +2s; 1]—min. [)_(,- 1-25;1;X; L —25; |

algebraic
; along or

from the
ertainty of

ion of the
lirectional

3

Test conditions

3.1 Environment

It is recommended that the supplier/manufacturer offer guidelines regarding what kind of thermal
environment should be acceptable for the machine to perform with the specified accuracy.

Such general guidelines could contain, for example, a specification on the mean room temperature,
maximum amplitude and frequency range of deviations from this mean temperature, and environmental
thermal gradients. It shall be the responsibility of the user to provide an acceptable thermal environment
for the operation and the performance testing of the machine tool at the installation site. However, if the
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user follows the guidelines provided by the machine supplier/manufacturer, the responsibility for
machine performance according to the specifications reverts to the machine supplier/manufacturer.

Ideally, all dimensional measurements are made when both the measuring instrument and the
measured object are soaked in an environment at a temperature of 20 °C. If the measurements are
taken at temperatures other than 20 °C, then correction for nominal differential expansion (NDE)
between the axis positioning system and the test equipment must be applied to yield results corrected to
20 °C. This condition requires temperature measurement of the representative part of the machine
positioning system as well as the test equipment.

It should be noted, however that any temperature departure from 20 °C can cause an additional
uncertainty : pensation. A
typical value for the resultlng uncertalnty is + 2 pm/(m C) (see annex B) Thereforg the actual
temperatuires shall be recorded in the test report. The machine tool supplier/manufacturer sihould supply
the effect{ve expansion coefficient(s) of the axis positioning systems.

The maclhine and, if relevant, the measuring instruments shall have been in thetest envirpnment long
enough (preferably overnight) to have reached a thermally stable condition befere testing. They shall be
protected|from draughts and external radiation such as sunlight, overhead-heaters, etc.

For 12 h pefore and during the measurements, the environmental temperature gradient in fdegrees per
hour shall| be within limits agreed between the supplier/manufacturer‘and the user.

3.2 Maghine to be tested

The maclhine shall be completely assembled and fully eperational. All necessary levelling operations
and geometric alignment tests shall be completed- satisfactorily before starting the agcuracy and
repeatability tests.

If built-in ompensation routines are used during the test cycle, this should be stated in the tgst report.
All tests shall be carried out with the machine in the unloaded condition, i.e. without a workpigce.
The positjons of the axis slides ot moving components on the axes which are not under fest shall be

stated in fhe test sheet.

3.3 Warin-up

To test tHe machineinder normal operating conditions, the tests shall be preceded by an|appropriate
warm-up |operation/ specified by the supplier/manufacturer of the machine, or agreed RQetween the
supplier/manufacturer and the user.

If no eorditinr\.c are cr,v_m‘iﬁ_ed, the preliminary movements shall be restricted tothose necessary
for setting up the measuring instruments.

Non-stable thermal conditions are recognized as an ordered progression of deviations between
successive approaches to any particular target position. These trends should be minimized through the
warm-up operation.
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4  Test programme

4.1 Mode of operation

©1SO

The machine shall be programmed to move the moving part along or around the axis under tests, and to
position it at a series of target positions where it will remain at rest long enough for the actual position
reached to be measured and recorded.
The machine shall be programmed to move between the target positions at an agreed feed rate.

4.2 Selection of target position

Where the

P =i
where

i isth

p isa

r  takg

pos

by t

4.3 Measl

4.3.1 Setu

alue of each target position can be freely chosen, it shall take the general form

Dp+r

e number of the current target position;

N interval based on a uniform spacing of target points over the’measurement travel
s a different value at each target position, yielding <@ non uniform spacing of
tions over the measurement travel to ensure that periodic errors (such as the erro
he pitch of the ball screw, and pitch of linear or rotary scales) are adequately samp

rements

b and instrumentation

The measutlement setup is designed to measure the relative displacements between the comp

holds the to
test.

The positior

ol and the component that holds the workpiece in the direction of motion of the ¢

of the measuring instriment shall be recorded on the test sheet.

The position of the temperature sensor(s) on the machine components and the type of com

routine shal

4.3.2 Tests

On maching

be stated onthe test sheet.

for linear axes up to 2 000 mm

axes of travel up to 2 000 mm, a minimum of five target positions per metre ar

he target
Is caused
ed.

bnent that
IXis under

pensation

d with an

overall minimum of five target positions shall be selected in accordance with 4.2.

Measurements shall be made at all the target positions according to the standard test cycle (see
figure 1). Each target position shall be attained five times in each direction.

NOTE —
machine (to

achieve the agreed feed rate).

The position of changing direction should be chosen to allow for normal behaviour of the


https://standardsiso.com/api/?name=49099760702bcde2b715231b0b5d1fcd

©1S0 ISO 230-2:1997(E)

O... target points

Figure 1 — Standard test cycle

4.3.3 Tepts for linear axes exceeding 2 000 mm

For axes |onger than 2 000 mm, the whole measurement travel of the axis shall be tested by[making one
unidirectional approach in each direction to target positions selected according to 4.2 with an
average ipterval length p of 250 mm. Where the‘measuring transducer consists of several sggments,
additional target points may have to be selected to ensure that each segment has at least ore target
position.

The test gpecified in 4.3.2 shall be made over a length of 2 000 mm in the normal working area as
agreed between the supplier/mandfacturer and the user.

(o]

4.3.4 Tepts for rotary axes\wup to 360

Tests shdll be made at'the target positions given in table 1. The principal positions 0°, 90°, 180° and
270° shoyld be included when available along with other target positions in accordance with 4.2.

Table 1 — Target Positions for Rotary Axes

Measurement travel Minimum number of
target positions

< 90° 3
>90° and =< 180° 5
> 180° 8
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4.3.5 Tests for rotary axes exceeding 360

997(E)

0o

©1SO

For axes exceeding 360°, the total measurement travel of the axis up to 1 800° (five revolutions) shall be
tested by making one unidirectional approach in each direction at intervals not exceeding 45°.

The test specified in 4.3.4 shall be made over an angle of 360° in the normal working area as agreed
between the supplier/manufacturer and the user.

5

Evaluation of the results

5.1 Linear

For each ta
clause 2 arg

Xj1+2
and
X;jl+2

are calculat

5.2 Linear
For each ta

defined in c
2.17 and 2.]

6  Point
The points t

the ma
during

a)

(o]

axes up to 2 000 mm and rotary axes up to 360

get position P; and for five approaches (n = 5) in each direction the parameters def
evaluated. Furthermore the deviation boundaries

S,-Tand)_(,-T—ZS,-T

5, and)_(,-l—ZS,-l

bd.

(o]

axes exceeding 2 000 mm and rotary axeséexceeding 360
get position and for one approach (n =1 in each direction the applicable paramet

ause 2 are evaluated. Estimators.af,the standard uncertainty (2.15), repeatabilities
|8) and accuracies (2.22 and 2/23) are not applicable.

S to be agreed between supplier/manufacturer and user
D be agreed between the supplier/manufacturer and the user are as follows:

Kimum raté ef environmental temperature gradient in degrees per hour for 12 h bef
he measurements (see 3.1);

b)

the IocTtion of the measuring instrument and the positions of the temperature sensors (se

ned in

PI'S
(2.16,

pre and

P 4.3.1);

c)
d)

e)
area (s

f)
9)
h)

the warm-up operation to precede testing the machine (see 3.3);

the feed rate between target positions;

ee 4.3.3 or 4.3.5) if relevant;

position of the slides or moving components which are not under test;
dwell time at each target position;

location of first and last target positions.

the position of the 2 000 mm or 360° measurement travel to be regarded as the normal working
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7 Presentation of the results
7.1 Method of presentation

The preferred method of presentation of the results is a graphical one with the following list of items
recorded on the test report in order to identify the measurement setup.

— position of the measuring instrument;

— position of the temperature sensor(s) on the machine components and the type of compensation
routine;

— date of test;
— machjne name, type (horizontal spindle or vertical spindle) and its coordinate axes.travelg;

— list offthe test equipment used, including supplier/manufacturer's name, type.and serial jumber of
the components (e.g. laser head, optics, temperature sensors, etc.);

— type ¢f machine scale used for positioning of axis and its coefficient«of thermal expansion used for
nominal differential expansion (NDE) correction (e.g. ball screw and’rotary resolver, glasg scale or
inducfosyn scale, etc.),

— axis rjame under test and the location of its measurement-ine relative to the axes not ungler test
(this Ipcation is determined by the offset to tool reference; offset to workpiece reference and the
locatipns of axes not under test. Both of these offsets are determined by specific machinge
configuration);

— feed fate and dwell time at each target position, list of nominal target positions;

— warmpup operation to precede testing the;machine (number of cycles or idling time and feed rate);

— temperatures of sensors attached to.the relevant components of the machine representing machine
scaleland workpiece, at the start:and end of the test;

— envirpnmental temperature.atthe start and end of the test;
— if relevant, air pressure,and humidity at the start and end of the test;
— whether or not built-in compensation routines were used during the test cycle;

— use of air- or.oil-shower, when applied;

— numberofruns (n=5o0rn=1).

7.2 Parameters

The following parameters shall be specified numerically. A summary of results using the parameters
denoted with an asterisk followed by a parenthesis may provide a basis for machine acceptance. A
presentation is shown in figures 2a and 2b of the results are given in table 2.
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Bidirecti

Bidirecti

Bidirect

Unidired

Reversd

7.2.1 Tests for linear axes up to 2 000 mm and rotary axes up to 360°
onal accuracy of positioning of an axis” A
Unidirectional accuracy of positioning of an axis” At and Al
onal systematic positional deviation of an axis” E
Unidirectional systematic positional deviation of an axis Etr and El
Range of the mean bidirectional positional deviation of an axis”) M
onal repeatability of positioning of an axis R
tional repeatability of positioning of an axis” Rt and Rl
| value of an axis” B
versal value of an axis B

7.2.2 Test

10

Mean re

Bidirect

Unidired

S for linear axes exceeding 2 000 mm and rotary axes ‘exceeding 360

onal systematic positional deviation of an axis®

tional systematic positional deviation of an axis

Range ¢f the mean bidirectional positional deviation of an axis”

Reversd

Mean re

I value of an axis®

versal value of an axis

E

Er and E!

w@|

0o
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Table 2 — Typical test results (test for linear axis up to 2 000 mm)
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- date of test: YY/MM/DD
- name of inspector: Joe Smith
- machine name, type and serial No.: AAA, vertical spindle machining centre, Serial No.: 1111111
- measuring instrument and serial No.: BBB, Serial No.: 1234567
Test parameters
- tested axis: X
- type of scale: ball screw and rotary encoder
- NDE correction (yes or no): yes
- coefficient of thermal expansion of scale
(used for NDE correction): 11 pum/(m °C)
- feed rate: 1000 mm/min.
- dwell time at_each target pasition: 5 sec
- compensatipn used: reversal and leadscrew
Test location
- position of 4xes not under test: Y =300 mm; Z =350 mm; C=0°
- offset to todl reference (X/Y/Z): 0/0/120 mm
- offset to wolkpiece reference (X/Y/Z): 0/0/30 mm
Test conditions
- temperaturg sensor location T start (°C) Tend (°C)
material ensor #1 table, X =50 mm 21,8 22,9
material fensor #2 table, X =1 700 mm 22,4 23,1
air sensdr centre of work zone 20,6 20,9
- air pressurg: 102,4 KPa
- air humidity| 60 %
0,004 |
0,002 |
0,000 |[f~
. = n
E <
©
% -0002 [~
[a]
-0,004
--- x S
'~ i [} \ . —
——— k2 v . ' - v
xXTx2sTorxl+2sl >
-0,006 [
%
1 1 1 | 1
0 500 1000 1500 2000

Position {(mm)

Figure 2a — Bidirectional accuracy and repeatability of positioning

12


https://standardsiso.com/api/?name=49099760702bcde2b715231b0b5d1fcd

