_BSI BS*4b5b PART*Lb 45 N 1b24kb9 0061349 9 W

3 | " BS 4656 Part 16 : 1985
n UDC 621.9.01-187,001.4:681.6

© British Standards Institution. No part of this publication may be photocopied or otherwise reproduced without the prior permission in writing of BSI

British Stan.dard
Accuracy of machine tools
and methods of test

Part 16. Methods for determination of accuracy
and repeatability of positioning of
numerically controlled machine tools

Précision des machines-outils et méthodes d’essai
Partie 16. Méthodes de détermination de la précision et de la répétabilité
de positionnement des machines-outils & commande numérique

Genauigkeit von Werkzeugmaschinen und Priifverfahren
Teil 16. Verfahren zur Bestimmung der Genauigkeit und Wiederholbarkeit
der Einstellung bewegter Teile bei numerisch gesteuerten Werkzeugmaschinen

e L L mm e

Documents



http://www.avadocuments.com/doc/bs-4656-16-1985
http://www.avadocuments.com/doc/bs-4656-16-1985

BSI BSx4b5h
BS 4656 : Part 16 : 1985

Full document details: BS 4656-16:1985

PART*1L 65 M@ 1lk24bbL9 00bLL390 5 WA :

Foreword o

This Part of BS 4656 has been prepared under the direction
of the Mechanical Engineering Standards Committee and is
based on corresponding international work of the

- International Organization for Standardization (1SO).

However, in order to meet the needs of the UK machine
tool industry, it has been decided to publish this standard
before international agreement has been reached.

The methods described involve repeat measurements at
each position but the number of measurements and the
nature of the errors does not allow the confidence level of
-the results to be estimated accurately. Nevertheless the

: methods chosen, which assume Gaussian distributien s

have been shown in practice to have an adequate confidence
levél-and, provided the procedure is followed, will give
acceptable results.

Whilst this standard 1s specifically intended for NC ‘

machine tools it may well be found useful for other -

applications at the responsibility of the purchaser or b
manufacturer. This standard deals with linear motions only. A
NC machines with rotary motions will be covered later. .

Compliance with a British Standard does not of itself

confer immunity from legal obligations. ;
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Methods

1 Scope

1 his Part of BS 4656 describes methods of testingand
evaluating the accuracy and repeatability of numerically -
controlled machine tools and related accessories by direct

_ measurement on the machine. The methods described
apply to linear motions only,

It is concerned with measurement of the repeatability and
_accuracy of positioning of the moving parts of a
- numerically-controlled machine along each axis of the
: machine,’ . T

2 Definitions

For the purposes of this Part of BS 4656 the following
definitions apply.

2.1 target position P;, The position to which the moving
part is programmed to move, The subscript / identifies the
particular position from other selected target positions

1 long—- - the axis.

2.2 actual position P;;, The measured position arrived at by
the moving part on the 7 th approach to the j th target
position,

2.3 deviation of position x;;, The actual position arrived at
minus the target position.
Xij=Pij = F
2.4 unidirectional. A series of measurements in which the
approach to a target position is always made in the same
Adlrectlon along " the axis.
NOTE. The symboﬂT signifies a parameter derived from a measure-

ment made after an approach in the positive direction and { one in
" the negative direction e.g. Xjj torxjjd.

measurements in which the approach to a target position is

f 2.5 bidirectional. A parameter derived from a series of
the axis.

made in either direction along

2.6 mean unidirectional positional deviation at a position
X;' 1 or x; {. The arithmetic mean of the positional
deviations obtained at a position #; in a series of n
unidirectional approaches to the position.

- T <n
XI-T='n— =1 X,-j1‘

and
— 1 n
X/¢=;Z,-=1 xij b

2.7 reversal value at a position B;. The value of the

difference between the mean positional deviations at a

position obtained for the two directions of approach,
Bi =7j - 7] y

2,8 range of positional deviation IW;. The difference
between algebraically greatest and least of the positional
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deviations in a series of unidirectional approaches to a
point #;,

Wit = | x;; t max - x;; t min|
and

W4 = | x;; 4 max - x;; 4 min|
2.9 estimator ‘s’ of the standard deviation of the positional
deviations of a series of n unidirectional measurements at a

position A; . This value is found by using the formula
method or the range method given as follows:

{a) formula method
1 —
sj-"‘:J{m z7=1 (X,jT_XjT)zl
and

sid= \/{

{b) range method

sj T =W; t/k and s; & = W; V/k
where k depends on the number n of repeated measure-
ments at the position and is given'as follows:

n k
2 1.128
3 1.693
4 2,059
5 2.326
6
7
8

=2, L b b= W}

2.534
2.704
2,847
2,970
10 3.078

2. 10 unidirectional repeatability of positioning, £;, at a

ition P;, The range of 6s; i.e. between X + 3s; and X - 3s;.
‘NOTE. This will give worst case results. {E ‘

©

2.11 bidirectional repeatability of positioning Rjata
position P;. The range equal to: 3s; *+ 3s; 4 + 18

2.12 repeatability of positioning A of an axis. The maximum
value of the repeatability of positioning at any position
along the axis determined using the procedure
and under the conditions described in this standard,

NOTE. This applies to unidirectional repeatabilities only.

A

2,13 accuracy A of an axis. The maximum difference
between the extreme values of X + 3s and X - 3s regardless
of the direction of motion.

NOTE. This applies to both unidirectional and bidirectional
accuracy.

3 Test conditions

3.1 Environment

Where the temperature of the environment can be ‘
controlled, it shall be set to 20 + 0.5 °C, The machine and,
if relevant, the measuring instruments, shall have been in
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