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Acceptance code for machine tools —

Part 2:

Determination of accuracy and repeatability of positioning

of numericalty controlled machine tools

0 Introduction

The purposd of ISO 230 is to standardize methods of testing the
accuracy of |machine tools, excluding portable power tools: it
consists of the following parts:

Part 1:
no-load

Geometric accuracy of machines operating under
r finishing conditions.

Part 2: Qetermination of accuracy and repeatability of pos-
itioning ¢f numerically controlled machine tools.

Part 3: Accuracy of machines operating under load."
Part 4: Mibration. )

Part 5: Noise.2)

Part 6: Safety.!

1 Scope and field of application

This part g¢f ISO 230 specifies methods Jof testing and
evaluating the accuracy and repeatability) of positioning of
numerically ¢ontrolied machine tools and components by direct
measuremerft of independant axes)on the machine. The
methods degcribed apply equally-to linear or rotary motion.

NOTE — When several axes{are simultaneously under test, this
method does jnot apply.

This part of[ ISO 230nis concerned with measurement of the
repeatabilityland accuracy of positioning of the moving parts of

2 Definitions and symbols

2.1 target position, P;Position to which the
programmed to moveés The subscript j identifies

moving part is
the particular

position from other ‘selected target positions alpng or around

the axis.

2.2 actual position, P;;: Measured position
moving<part on the ith approach to the jth targ

2.3 deviation of position; positional dﬁviation, X;it

Actual position reached by the moving part mi
position.

= P, -

i — P

Xij J
2.4 unidirectional: Refers to a series of me
which the approach to a target position is alwa
same direction along or around the axis. The syn
a parameter derived from a measurement mad
proach in the positive direction, and | one in the

tion, e.g. x;T or x;l.

2.5 bidirectional: Refers to a parameter d
series of measurements in which the approach t
ition is made in either direction along or around

2.6 mean unidirectional positional deviat
ition, )?,T or )?jl: Arithmetic mean of the positig

eached by the
t position.

i
us the target

asurements in
s made in the
hbol T signifies
e after an ap-
hegative direc-

prived from a
b a target pos-
the axis.

on at a pos-
nal deviations

obtained at a position P; in a series of n

unidirectional

a numerically controlled machine along or around each axis of b

the machine. approathes-to-the-target-posuuu.
n

The methods used involve repeat measurements at each pos- ¥ = 1 2 x;1

ition but the number of measurements and the nature of the J n o~ v

errors do not allow the confidence level of the results to be

estimated accurately. Nevertheless the methods chosen, which and

assume Gaussian distribution, have been shown in practice to
have an adequate confidence level and, provided that the
specified procedure is followed, will give acceptable results.

1) In preparation.
2) At present at the stage of draft.

)?jl=—:1-ix,-jl

i =
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2.7 reversal value [error] at a position, B;: Value of the
difference between the mean positional deviations at a position
obtained for the two directions of approach.

2.8 range of positional deviation, W ;: Difference between

the algebraically greatest and least of the positional deviations
in a series of unidirectional approaches to a target position P,

w)

x;1 max. — x;1 min.

and

2.12 unidirectional repeatability of positioning RT or R
and bidirectional repeatability of positioning R of an axis:
Maximum value of the repeatability of positioning at any pos-
ition along or around the axis determined using the procedure
and under the conditions specified in this part of ISO 230.

2.13 accuracy A4 of an axis: Maximum difference between
the extreme values of ¥ + 3s and X — 3s regardless of the
position and the direction of motion. This definition applies to
both unidirectional and bidirectional accuracy.

Wil = xyl max. - x;l min.

2.9 estimatot, s, of the standard deviation: The estimator
s of the standard deviation of the positional deviations of a
series of n unidilectional measurements at a target position P;
may be found using the formula method or the range method.

a) Formula|method

n
SjT = 1‘1_12 (XUT - )@T)z

i=1

n
1 } : -
7 “l—__1 . (xul - le)z

i=1

2
—
I

b) Range method

st = wllk
and
Sjl = W[ /k

where &k depends on the number »n of \repeated
measurements at the target position P;,

Values of k]re given in table 1.

Tabl

2 3 4 5 6 7 8 9 10
1,128 1]693|2,059 | 2,326{2,634| 2,704 {2,847 | 2,97 (3,078

1 — Values of £ as-a function of n

ional\repeatability of positioning, R or
position Py Greatest range of 6sz or 6sjf, i.e.
7

and ')?:Il - 3Sjl
NOTE — This will give worst case rather than mean resuits.
2.11 bidirectional repeatability of positioning R; at a
target position P;: Range equal to the maximum value of
3SjT + 3Sjl + |le
GSjT
or

GSjl

3 Test conditions

3.1 Environment

Where the temperature of the environment can be cpntrolied it
shall be set to 20 + 0,5 °C. The)machine and, if reJevant, the
measuring instruments, shall-have been in the test epvironment
long enough (preferably dvernight) to have reached & thermally
stable condition before ‘testing. They shall be protgcted from
draughts and external radiation such as sunlight| overhead
heaters, etc.

environmental factors such as air pressure and temperature, or
machine temperature, these shall be used to yield fesults cor-
rectéd to 20 °C.

If the medsuring instrument incorporates compe%:sation for

For 12 h before and during the measurements, the tgmperature
gradient in degrees per hour shall be within linfits agreed
between the supplier and the customer.

3.2 Machine to be tested

The machine shall be completely assembled (with the possible

exception of safety machine guards) and fully oper;
necessary levelling operations, geometric alignmen
functional checks shall be completed satisfacto
starting the accuracy and repeatability tests.

NOTE — Built-in compensation routines may be used dur

All tests shall be carried out with the machine in thg

ational. All
tests and
ity before

ng the test.

e unloaded

condition, i.e. without a workpiece.

8s8-Q - slerments-gn the axes
which are not under test shall be stated in the test sheet.

3.3 Warm-up

To test the machine under normal operating conditions, the
tests shall be preceded by an appropriate warm-up operation
specified by the manufacturer of the machine or agreed be-
tween the manufacturer and the customer.

If no conditions are specified, the preliminary movements shall
be restricted to those necessary for setting up the measuring
instruments.
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4 Test programme

4.1 Mode of operation

The machine shall be programmed to move the moving part
along or around the axis under test 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 (or
stored in the memory of a computer).

The machine shall be programmed to move between the target
positions at the rapid traverse rate or at an agreed feed rate.

1ISO 230-2 : 1988 (E)

transducer or at intervals of 250 mm where the measuring
system is continuous (e.g. linear transducer or ball screw and
rotary transducer).

The full test specified in 4.3.2 shall be made over a length of 2 m

in the normal working region as agreed between the supplier
and customer.

4.3.4 Rotary axes

Tests shall be made at the principal positions 0°, 90°, 180°,
270° and, if a measuring instrument with a continuous scale of
adequate accuracy is available, tests shall be made at three

4.2 Selegtion of target positions

Where the mlue of each target position can be freely chosen, it

shall take the general form
P=(Nl+rp
where

N is anlinteger,
r is a ragndom decimal fraction,

p is thq largest cyclic pitch of the axis under test,

and where 1 takes a different value at each target position and
N is chosen to give uniform spacing of the target positions
along or J'ound the axis. This should ensure adequate
sampling of|any position errors.

4.3 Meagurements

4.3.1 Location of the measurement reference

The position of the measuring instrument shall be recorded on
the test shept or specified in relevant standards.

The positiof of the temperature sensor on‘the machine com-
ponents and the type of compensation routine shall be stated
on the test gheet.

Measuremepts shall be made at all the target positions accord-
ing to eith i-fi i eh-or

positions setectedaccording 1o 4.2.

If an optical polygon is used, the number of target positions will
be determined by the number of sides of the pplygon.

The type of measuring instrument used shall Qe recorded on
the test sheet.

5 Evaluation of the-results

For each target position P; and for five apprgaches in each
direction calculaté

a) the deviation of position
Xy =Py — Py
b)>, the mean deviation of position
! 5
=g 2 x5
i=1
and
1 5
=g 2 b
i=1
c) the reversal value

d) the estimator of the standard deviation

5

sh=1/ % 2 oot - ghe

i=1

5
1 _
7 T E b — X2

i=1

©n
—
I

0or

that shown in figure 2 (quasi-pilgrim step cycle). Each target
position shall be attained five times in each direction. The test
cycle chosen (figure 1 or figure 2) shall be specified on the test
sheet.

NOTE — The position of changing direction should be chosen to allow
for normal behaviour of the machine {to achieve maximum speed).

4.3.3 Individual check

For axes longer than 2 m, the whole length of the axis shall be
tested by making at least one unidirectional approach in each
direction to a target position on each element of the measuring

s = e max. — x;1 min.| x r

and
1
2,326

st = Ix;l max. — xd min.| x

e) the limits
X1 +3s1 and X1 - 3s1
and

%l +3sl and Xl - 3si
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b

L“?

NOTE — Only three of the five target positions {see 4.3.2) have been shown for simplicity.

Figure 2 — Quasi-pilgrim step cycle
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6 Expression of results

6.1 Record the repeatability of the axis positioning (2.12),
bidirectional, and, if unidirectional, give the direction in which it
is measured.

6.2 . Record the accuracy of the axis {2.13).

6.3 Record the mean reversal error (2.7).

n
1_3:%23/
j =1

1SO 230-2 : 1988 (E)

r‘l=%2n( Rl

J=1

n
- 12:
r=*n-' R;

Jj=1

8 Points to be agreed between supplier
and customer

The points to be agreed hetween the supplier and the customer

7 Presentation of the resuits

The preferred method of presentation of the results is a
graphical ohe with the principal parameters — accuracy,
unidirectiongl and bidirectional repeatability and mean reversal
value — spgcified numerically.

A typical prgsentation is shown in figure 3 of the results given in
table 2,

NOTE — In jpddition, results may be supplemented with the mean
values of repeatability along or around the axis.

;u%ﬁ R;!

j=1

are as follows:
a) the maximum rate of change of temperafure in degrees
per hour for 12 h before and during the [measurements
(see 3.1);
b) the location of the measurement refererice (see 4.3.1);

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

d) the feed/rate’ between target positiorls if the rapid
traverse raté‘is'not used (see 4.1);

e} the test cycle according to figure } or figure 2
(see 4.3.2);

)~ the position of the 2 m length to be regarded as the
normal working region (see 4.3.3).
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Axis: X
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Machine No. : 001
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—— Mean reversal error = — 1,53 um
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| Accuracy A = 18,03 pm Repeatability R = 13,49 um
(see 6.2) : (see 6.1)

600 900 1200 1500

Mean reversal error: — 1,53 um
Repeatability: RT = 11,84 um (atj =
Accuracy: 18,03 um

Position, mm

10); Rl =99pum(atj = 10); R = 13,49 um (atj = 11)

Figure 3 — Graphical presentation of results
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