INTERNATIONAL IS0
STANDARD 230-1

Second edition
1996-07-01

Test code for machine tools —

Part 1:
Geometric accuracy of machines operating
under no-load or finishing conditions

Code d'essai des machines-outils —

.Partie 1: Précision géométrique des machines fonctionnant & vide ou dans
des conditionsdefinition

= — Reference number
e —— 1SO 230-1:1996(E)



ISO 230-1:1996(E)

Contents

2 General considerations .............ooiiiiiiiiiiiiiiiii e
2.1 Definitions relating to geometrictests .....................oeeenns
2.2 Test methods and use of measuring instruments .................
2.3 TOIBIANCES ..ttt e
2.31 Tolerances on measurements when testing machine tools.....
2.311 Units of measurement and-measuring ranges . . +. s 5 - -
2.312 Rules concerning tolerances. .........c..vvvviieiiiiiiiiiiiiennn..

NN N NN = @ =2

2.32 Subdivisions of tolerances ......... . 2Ll e L

2.321 Tolerances applicable to test pieces and to individual
components of machine tools.................co o .,

2.321.1 Tolerances of dimension.............0ca500a0d 206 bsee 230 4
2.321.2 Tolerances of form .. ..o
2.321.3 Tolerances of POSItioN.........c.ccovviiiiiiiiiiiiiiiiiieeenns

2.321.4 Influence of errors of form in determining positional errors.

W W W W NN

2.321.5 LocaltoleranCes. ........oviiiiiii e s

2.322 Tolerances applicable to the displacement of a component of
amachine tool...... ..o

2.322.1 Tolerances of positioniNng ...........coceiiiiiiiiiiiiii e,
2.322.11 Tolerances of repeatability ....................coociiiiiitns
2.322.2 Tolerances of the form of trajectory....................oooeit.
2.322.3 Tolerances of relative position of straight-line motion........

2.322.4 Local tolerance of displacement of a component.............

(2 L0 B T I R T

2.323 Overall orinclusive tolerances. ...........c.oovviiiiiiiiiiianeneann.

© ISO 1996

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced
or utilized in any form or by any means, electronic or mechanical, including photocopying and
microfilm, without permission in writing from the publisher.

International Organization for Standardization
Case postale 56 ® CH-1211 Genéve 20 ¢ Switzerland

Printed in Switzerland



© IS0 ISO 230-1:1996(E)

2.324 Symbols and positions of tolerances for relative angular
positions of axes, slideways, etc. ...............coocviiiiiiii..

2.325 Conventional definition of the axes and of the movements ...

3 Preliminary operations ..........cooiiiiii
3.1 Installation of the machine beforetest..............................
31T Levelling oo
3.2 Conditions of the machine beforetest..............................
3.21 Dismantling of certain components ...............ccoooei ...

3.22 Temperature conditions of certain components before test....

3.23 Functioningandloading......................
4 Machining teSS ...ovii it
AT TeStiNg o o
4.2 Checking of workpieces in machiningtests........................
B GEOMEtNC eSS tu vt
5.1 GeNeral ..o
52" [Straighthess.. |2 0. L L e
5.21 Straightness of adineinaplaneorinspace.......................
5.211 Definition ..o
5.211.1 Straightnessiofia lineinaplane.................................
5.211:2“Straighthess of ‘@line-in’spdce -0 /0
5.212 Methods of measurement of straightness ......................
5.212.1 Methods based on the measurement of length ..............
5.212.11 Straightedge method ..................... (formerly 5.212.1)
5.212.111 Measurement inaverticalplane.............................
5.212.112 Measurement in a horizontal plane..........................
5.212.12 Taut-wire and microscope method...... (formerly 5.212.3)
5.212.13 Alignment telescope method .........................ooal.
5.212.14 Alignment laser technique ...,
5.212.15 Laser interferometry technique.....................cooooii. ..
5.212.2 Methods based on the measurement of angles..............
5.212.21 Precision level method ........................
5.212.22 Autocollimationmethod ...
5.212.23 Method by laser interferometer (angle measurement) .....
B5.213 TOlEranCe. .. .ot
5.213.1 Definition. ... ..o
5.213.2 Determination of tolerance .......................ccoiiii.
5.22 Straightness of components.............coooiii i
5.221 Definition. . ..o
5.222 Methods of straightness measurement..........................

™ o g a;

© 0 0O O N N N N N N oo o

) ) e ed ed ed e ed ed ) ed ed
W W W W W W NN =2 a0 00



ISO 230-1:1996(E)

5.222.1 Reference grooves or reference surface of tables............
5.222.2 SlABWAYS ...
5.222.21 Vee surfaCes ........cooiiiiiiiiiii
5.222.22 Cylindrical surfaces..........oooi i
5.222.23 Single vertical surfaces ...
5.222.24 Slant-bed configuration ................ ...
5.222.3 TOlEIaNCES ...t
5.23 Straight-line Motion........ ...
5.231 Definitions. ... e
5.231.1 Positional deviations ...
5.231.2 LineardeviationS ............ooiiiiiiii i
5.231.3 Angular deviations ............c.ooiiiiiiii
5.232 Methods of measurement ...............cocooiiiiiiiii
5.232.1 Methods of measurement of linear deviations................

5.232.11 Method with a straightedge and a dial
QAUGE ..ot (formerly 5.232.1)

5.232.12 M_ethod with microscope and taut-

5.232.13 Method using an alignmenttelescope............0.........
5.232.14 Method usingalaser........ .ol Ll al Ol L lla
5.232.15 Method using angle measurements ........................
5.232.2 Methods of measurement of angular deviation....: . .:..rv.cvo-
5.232.21 Method using a precision level Sceo4eed320/80- 23012199
5.232.22 Method using an autocollimator ....................oooeee..
5.232.23 Method usingalaser............coviiiiiiiiiiii i
5.233 TOleranCe .. ..ooviiiiiiii i
5.233.1 Tolerance for the linear deviation of straight-line motion ....
5.233.2 Tolerance for the angular deviation of straight-line motion ..
5.3 Flatness ..o e
5.31 Definition. ...
5.32 Methods of measurement...................oocciiiiiii
5.321 Measurement of flatness by means of a surface plate.........
5.321.1 Measurement by means of a surface plate and a dial

5.322 Measurement of flatness by means of straightedge(s) ........

5.322.1 Measurement by means of a family of straight lines by
displacement of a straightedge ............. (formerly 5.322)

5.322.2 Measurement by means of straightedges, a precision
leveland adial gauge. .........coooiiiiiiiiiiii e

5.323 Measurement of flatness by means of a precision level........
5.323.1 Measurement of a rectangular surface ........................
5.323.2 Measurement of plane surfaces with circular contours......
5.324 Measurement of flatness by optical methods...................

©1SO

13
14
14
14
15
15
15
15
15
15
15
16
16
16

16

16
16
16
16
16
17
17
17
17
17
17
17
17
17
17

17
18

18

18
19
19
19
20



©1SO ISO 230-1:1996(E)

5.324.1 Measurement by an autocollimator

5.324.2 Measurement by a sweep optical square .....................
5.324.3 Measurement by an alignmentlaser...........................
5.324.4 Measurement by a laser measuring system

5.325 Measurement by a coordinate measuring machine ............
B5.33 TO0lEranCeS ...
5.4 Parallelism, equidistance and coincidence.................cccouu..

5.41 Parallelismoflinesandplanes............coooevviiiiiiiiiiii...
5.411 Definitions ..o

5.412.1 General, foraxes .........oooooiiiii i
5.412.2 Parallelismoftwoplanes............oooiiiiiii
5.412.21 Straightedge and dialgauge ......................cooiiinnl.
5.412.22 Precisionlevelmethod ...l
5.412.3 Parallelismoftwoaxes............oooooiii
5.412.31 Plane passing throughtwoaxes....................cccovnnn.
5.412.32 Second plane perpendicular to the first.......................
5.412.4  Parallelismiof an axistoa plane'.. 0.V ...,
5.412(5, Rarallelism of anaxis tg the intersection of two planes .....

5.412.6 Parallelism of the intersection of two planes to a
Third PIaNE 1 oo et

5:412.7 c2Parallelism between-two-straight/lines, each formed by the
intersection-oftwol planes..................ooiiiiiiiii .

5.413 TOlEraNCES . .uuiiiitit et
5.42 Parallelism of motion............ooiiiiiiiii
5.421 Definition. ...
5.422 Methods of measurement.............ccoviiiiiiiii
5.422.1 General .. ..o
5.422.2 Parallelism between a trajectoryandaplane .................
5.422.21 Plane is on the moving componentitself.....................
5.422.22 Plane is not on the moving component itself................
5.422.3 Parallelism of a trajectorytoan axis..............ccevviinnn...

5.422.4 Parallelism of a trajectory to the intersection of two
PlANES ...

5.422.5 Parallelism between two trajectories ..........................
B.423 TOlEraNCe. .. ..ttt
5.43 EqUIdISTANCE. .. ..ot
5.431 Definition. ... ..o
5.432 Methods of measurement ...........oooviiiiiiiiiiii
B5.432.1 General ...

5.432.2 Special case of the equidistance of two axes from the
plane of pivoting of one of theaxes............................

B.433 TOlCraNCEe. ..ot

20
20
21
21
22
22
22
22
22
22
22
23
23
23
23
23
23
24
24

24

25
25
25
25
26
26
26
26
26
26

27
27
27
27
27
27
27

27
28



ISO 230-1:1996(E) © IS0

5.44 Coaxiality, coincidence oralignment ................ccooiiieinie. 28
5.441 Definition ... 28
5.442 Method of measurement..............coviiiiiii i 28
B5.443 TOleranCe .. ...t 29
5.5 Squareness or perpendicularity.............ooiiiiiiii 29
5.51 Squareness of straight linesand planes ........................... 29
5.511 Definition . ... 29
5.512 Methods of measurement ... 29
5.512.1 General........oooiiiiiiii 29
5.5612.2 Twoplanesat90°toeachother..............ccoovviininie... 30
5.512.3 Two axesat90°toeachother...............oooeeiiiiienn 30
5.512.31 The twoaxesarefixedaxes ............coeeviiiiniieinnnn... 30
5.5612.32 One of the axes is an axis of rotation......................... 30
5.512.4 An axis and a plane at 90°toeachother....................... 30
5.512.41 FiXed @XiS . ...oiviiiiiiii i e 30
5.512.42 Axisofrotation..............ooiiiiiii i 30
5.512.5 An axis at 90° to the intersection of two planes .............. 30
5.512.51 Fixed axis......... .. ll b0 L AL LA LR A 30
5.512.52 Axis of rotation...............Lelanaarea. 1o, 31
5.512.6 When the intersection of two planes is at 90° to another

plane. ..o SO 230- 11086 31
5.512.7 When two straightlines“each'formed'by the intersection-of

two planes, are at 90° to each othef- 7o 2010 220 0 31
B.513 TO0leranCe . oo 31
5.52 Perpendicularity of motion...................... 31
5.521 Definition ... 31
5.522 Methods of measurement .................coociiiiii i, 31
5.522.1 General.....co.oieiiiii 31
5.522.2 Perpendicularity between the trajectory of a point and

APIANE o 32
5.5622.3 Trajectory of a pointat 90°toanaxis ............cc.eoveenenn.. 32
5.5622.4 Two trajectories perpendicular to each other ................. 32
B5.523 TOlEranCe . ....ooiii i 32
B.6 ROtation ... 32
5.61 RUN-OUL...... 33
5.611 Definitions.... ..o 33
5.611.1 Out-of-round.............i 33
B5.611.2 ECCENtIiCItY o oo 33
5.611.3 Radial throw of an axis ata given point........................ 33
5.611.4 Run-out of a component at a given section ................... 33
5.612 Methods of measurement ................ccooviiiiiiiiii s, 33
5.612.1 Precautions beforetesting ..., 33

Vi



©ISO ISO 230-1:1996(E)

5.612.2 External SUrface ..........oooviiiiiiiiiiiiiiiiiieeeeeeeeen, 34
5.612.3 Internal surface .........coovviiiiiiiiiiiiiic 34
B.613 T OlOraNC. o ittt e 34
5.62 Periodic axial Slip......ovvieeiiiii 35
B5.621 DefinitioNS ..o 35
5.621.1 Minimum axial play........ccoooviiiiii 35
5.621.2 Periodic axial Slip.......cccooiiiiiiii 35
5.622 Methods of measurement ..o, 35
B.622.1 GENEIal. . o.eeiie e 35
5.622.2 ApPliCatioNS. . cuvvie e 35
B.623 T OIErANCE. ...ttt 35
B.83 CamImMiNg. . ..ottt 36
B5.631 Definitions ...oviiiii i 36
5.632 Method of measurement ..... ... 36
B.633 T OIeranCe. ..ttt 36
6 SPECIAl 1ESTS .ottt 37
6.1  DIVISION ettt 37
6111 Definitioniof emorsin L. L L AL i e 37
6.111 Individual error of division ...........ccooiiiiii i 37
6.112" “Successive error of division.. ... 37
6.113 Local error of divViSion.......ccoviiii i 37
6.114.,/ CUMUIALIVE, ©ITOF. (/600 77 2 A by 1B tae v e e e e eneeeeeaneeeen 37
6.115"Totalerropofidivision 720, ..o 37
6.116 Graphical representation of these errors......................... 37
6.12 Methods of measurement............oooevviiiiiiiiiiaiiaan. 39
.13  TOlIEIANCE ...ttt 39
6.2 Determination of the linear positioning deviations of
SCrew-driven COMPONENTS .. .oviiriiei it 39
6.3 ANQUIAr PIaY. . ..ot 39
6.31  DefiMitioN. ... 39
6.32 Method of measurement (testing of the indexing
device/COMPONENE) ...t 39
6.33  TOIBIANCE ...ttt 39
6.4 Repeatability of devices with angular indexing.................... 39
6.41  Definition. ... 39
6.42 Method of measurement .............coovviiiiiiiiiiiini e, 40
6.43  TOlErANCE .. ovieii e 40
6.5 Intersection Of @XeS.....ooiiiiiiii 40
6.51  Definition. .. .o 40
6.52 Methods of measurement............coooiiiiiii i 40
6.521 Direct measurement.................... O 40
6.522 Indirect MeasuremMent........oouuiiii it 40
B6.53 TOlErANCE ... 40

vii



ISO 230-1:1996(E) ©1SO

6.6 CirCUlarity .. .o 40
6.61 Definition. ... ..o 40
6.62 Methods of measurementon testpieces.............cocevvennes 40
6.621 Circularity measuring machine with rotating pickup or

rotating table................ s 40
6.622 Coordinate measuringmachine ..............c.cciiiiiiiiinn.. 41
6.623 Projectionof theprofile.................... i 41
6.624 Vee-blockmethod...............i i 41
6.63 Measurement of numerically controlled (NC) circular

MNOVEMENTS ..ot 41
6.631 Rotating one-dimensional probe............... e 41
6.632 Circular master and two-dimensional probe ..................... 41
6.633 Telescopicballbar.............oooiii 43
6.7 CylindriCity. .. ..o 43
6.71 Definition. ... 43
6.72 Methods of measurement................coiiiiiii i 43
6.721 Coordinate measuring machine ...............ccooiiiiiiienne... 43
6.722 Circularity measuring machine with rotating pickup or

rotating table........ 5.0 o0 S AN LD AL L 44
6.723 Vee-block method....... ...t B e B e e e 44
6.8 Consistency of machined diameters..................ccooiiiennnn. 44
6.81 Definition.............ooooi S0 230410996 44
6.82 Methods of measurement.. .. R U e 44
6.821 Micrometer or similar two-point measuring instrument........ 44
6.822 Height gauge. ... ..o 44
Annexes
A Instruments and equipment for testing machine tools.............. 45
Al General. . ..o 45
A.2 Straightedges ..o 45
A.3 Test mandrels with taper shanks ....................coiiiinn. 46
A.4 Mandrels betweencentres.............cocoiiiii i 51
AL SQUAIES . o 52
A.6 Precision levels. ... ..., 54
A.7 Linear displacement probes ..............ccoiiiii i 55
A8 Surface plates ... ..o 56
A.9 Microscopes With taut-wire ..., 56
A. 10 Alignment telescopes.........oovii i 57
AT Autocollimators.........o.ooi i 58
A.12 Sweep optical SQUArES........vvveee i 59
A.13 Laserinterferometers.............ccocooiiiiiiiii i 59
B Bibliography ........ccooiiiiiii 62

viii



©1S0 ISO 230-1:1996(E)

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 SO
technical committees. Each member body interested in a subject for which
a technical committee has been established has the right to be rep-
resented on that committee. International organizations, governmental and
non-governmental, in liaison with 1SO, also take part in the work. ISO
collaborates closely with the International Electrotechnical Commission
(IEC) on all matters of electrotechnical standardization.

Draft International Standards adopted by the technical committees are
circulated to the member bodies for voting. Publication as an International
Standard requires,approval by-at least 75/ %, of the member bodies casting
a vote.

International Standard 1SO 230-1 was prepared by Technical Committee
ISO/TC 39, Machine tools, Subcommittee SC 2, Test conditions for metal-
cutting machinetools.

This second‘edition’cancels and replaces the first edition (ISO 230-1:1986),
which has been technically revised.

ISO 230 consists 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 controlled machine tool axes

—  Part 3: Evaluation of thermal effects
—  Part 4: Circular tests for numerically controlled machine tools

—  Part 5: Determination of noise emission

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

After general considerations on definitions, test methods, use of measur-
ing instruments and tolerances, this part of ISO 230 deals more thoroughly
with preliminary operations, geometric and machining tests, and special
tests.

Annex A provides additional information about the instruments and equip-
ment used in these tests.

Geometric tests consist of the verification of dimensions, forms and pos-
itions of components and their displacement relative to one another. They
comprise all the operations which affect the components of the machine
(surface flatness, coincidence and intersection of axes, parallelism and
perpendicularity of straight lines and of flat,surfaces). They, address only
the sizes, forms, positions and relative’movements which'may affect-the
accuracy of the machine operation.

Practical tests consist of the machining of test pieces appropriate to the
fundamental purposes for which the machine has>been «designed, and
having predetermined limits.and tolerances,

The clause numbering of the first edition ISO 230-1:1986 has been retained
as far as possible. Clause numbering is changed only in 5.2 and 5.3 and
former numbers are shown in parentheses at the corresponding entry of
the contents list.
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Test code for machine tools —

Part 1:

Geometric accuracy of machines operating under no-load or finishing

conditions

1 Scope

The aim of this part of ISO 230 is to standardize
methods of testing the accuracy of machine tools,
operating either under no-load or under finishing
conditions, by means of geometric -and. machining
tests. The methods may also be applied to other
types of industrial machines where gedmetricrand
machining tests are concerned.

This part of ISO 230 covers power-driven machines;
not portable by hand while'working, Wwhich“can''be
used for machining metal, wood, etc. by removal‘of
chips or swarf or by plastic deformation.

This part of ISO 230 relates only to the testing of
geometric accuracy. In particular, it deals neither with
the operational testing of the machine tool (vibrations,
stick-slip motion of components, etc.) nor with the
checking of characteristics (speeds, feeds), as these
checks should normally be carried out before testing
of the accuracy of the machine tool.

When a measurement method not described in this
standard can be shown to offer equivalent or better
facilities for measuring the attributes to be studied,
such a method may be used.

2 General considerations

2.1 Definitions relating to geometric tests

A distinction should be made between geometric
definitions and those designated in this part of
ISO 230 as metrological definitions.

Geometric definitions are abstract and relate only to
imaginary lines and surfaces. From this it follows that
geometric definitions sometimes cannot be applied in

practice. They take no account of the realities of
construction or the practicality of geometric verifi-
cation.

Metrological definitions are real, as they take account
ofireallinesjand surfaces/accessible to measurement.
They ‘cover”in a ‘single result all micro- and macro-
geometric .deviations. They allow a result to be
reached " covering all causes of error, without dis-
tinguishing among them. Such distinction should be
leftto the manufacturers.

Nevertheless, in some cases, geometric definitions
[e.g. definitions of run-out (out-of-true running), per-
iodic axial slip, etc.] have been retained in this part of
ISO 230, in order to eliminate any confusion and to
clarify the language used. However, when describing
test methods, measuring instruments and tolerances,
metrological definitions are taken as a basis.

2.2 Test methods and use of measuring
instruments

During the testing of a machine tool, if the methods of
measurement only allow verification that the
tolerances are not exceeded (e.g. limit gauges) or if
the actual deviation can only be determined by high-
precision measurements for which a great amount of
time would be required, it is sufficient, instead of
measuring, to ensure that the limits of tolerance are
not exceeded.

It should be emphasized that inaccuracies of
measurement due to the instruments, as well as to
the methods used, are to be taken into consideration
during the tests. The measuring instrument should
not cause any error of measurement exceeding a
given fraction of the tolerance to be verified. Since the
accuracy of the devices used varies from one labora-
tory to another, a calibration sheet should be available
for each instrument.
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Machines under test and instrumentation should be
protected from draughts and from disturbing light or
heat radiation (sunlight, electric lamps too close, etc.),
and the temperature of the measuring instruments
should be stabilized before measuring. The machine
itself shall be suitably protected from the effects of
external temperature variation.

A given measurement should preferably be repeated,
the result of the test being obtained by taking the
average of the measurements. However, the various
measurements should not show too great deviations
from one another. If they do, the cause should be
sought either in the method or the measuring instru-
ment, or in the machine tool itself.

For more precise indications, see annex A.

2.3 Tolerances

2.31 Tolerances on measurements when testing
machine tools

Tolerances, which limit deviations to values which are
not to be exceeded, relate tol the sizes, forms, pos-
itons and movements which are essential to_the
accuracy of working and to the mountingléf ¢ogls;
important components and accessories.

There are also tolerances which apply only to test
pieces.

2.311 Units of measurement and measuring ranges

When establishing tolerances, it is necessary to indi-
cate:

a) the unit of measurement used;

b) the reference base and the value of the tolerance
and its location to the reference base;

¢) the range over which measurement is made.

The tolerance and the measuring range shall be
expressed in the same unit system. Tolerances,
particularly tolerances on sizes, shall be indicated only
when it is impossible to define them by simple refer-
ence to International Standards for the components of
the machine. Those relating to angles shall be ex-
pressed either in units of angle (degree, minute,
second) or as tangent (millimetres per millimetres).

When the tolerance is known for a given range, the
tolerance for another range comparable to the first
one shall be determined by means of the law of
proportionality. For ranges greatly different from the
reference range, the law of proportionality cannot be
applied: tolerances shall be wider for small ranges and
narrower for large ranges than those which would
result from the application of this law.

2
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2.312 Rules concerning tolerances

Tolerances include inaccuracies inherent in the
measuring instruments and test methods used. Inac-
curacies of measurement should consequently be
taken into account in the permitted tolerances (see
2.2).

EXAMPLE
Tolerance of run-out: x mm

Inaccuracy of instruments, errors of measure-
ment: y mm

Maximum permissible difference in the readings
during the test: (x —y) mm

Errors due to inaccuracies arising from comparative
laboratory measurements, inaccuracies of form of
machine parts used as reference surfaces, including
surfaces masked by styli or by support points of
measuring instruments, should be considered.

The actual deviation should be the arithmetical mean
of several readings taken, due to the above causes of
error.

Lines or surfaces chosen as reference basis should be
directly<related to the machine tool (e.g. line between
centres of a lathe, spindle of a boring machine, slide-
ways of a planing machine, etc.). The direction of the
tolerance shall be defined according to the rules given
in 2.324.

2.32 Subdivisions of tolerances

2.321 Tolerances applicable to test pieces and to
individual components of machine tools

It should be noted that the rules for indicating geo-
metric tolerances on drawings given in 1SO 1101
apply to the geometric accuracy of individual parts.
These rules should be adhered to on manufacturing
drawings.

2.321.1 Tolerances of dimension

The tolerances of dimension indicated in this part of
ISO 230 relate exclusively to the dimensions of test
pieces for machining tests and to the fitting dimen-
sions of cutting tools and of measuring instruments
which may be mounted on the machine tool (spindle
taper, turret bores). They constitute the limits of
permissible deviations from nominal dimensions. They
shall be expressed in units of length (e.g. deviations of
bearings and bore diameters, for the setting up and
the centring of tools).

Deviations should be indicated numerically or by the
symbols given in ISO 286-1.
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EXAMPLE

80 X507 or 806

2.321.2 Tolerances of form

Tolerances of form limit the permissible deviations
from the theoretical geometric form (e.g. deviations
relative to a plane, to a straight line, to a revoiving
cylinder, to the profile of a thread or a gear tooth).
They shall be expressed in units of length or of angle.
Because of the dimensions of the styius surface or of
the support surface, only part of the error of form is
detected. Therefore, where extreme accuracy is
required, the area of the surface covered by the stylus
or support shall be stated.

The stylus surface and shape should be suitable for
the microgeometry of the surface to be measured (a
surface plate and the table of a heavy planing machine
are not measured with the same stylus surface).

2.321.3 Tolerances of position

Tolerances of position limit the permissible deviations
concerning the position of a component relative to a
line, to a plane or to another component/of/the ma-
chine (e.g. deviation of parallelism, perpendicularity,
alignment, etc.). They are expressed in units of length
or angle.

When a tolerance of position is defined cbysitwe
measurements taken in two different planes, the
tolerance should be fixed in each plane, when the
deviations from those two planes do not affect the
working accuracy of the machine tool in the same
way.

NOTE 1 When a position is determined in relation to
surfaces showing errors of form, these errors should be
taken into account when fixing the tolerance of position.

2.321.4 Influence of errors of form in determining
positional errors

When relative positional errors of two surfaces or of
two lines (see figure 1, lines XY and ZT) are being
determined, the readings of the measuring instrument
automatically include some errors of form. It shall be
laid down as a principle that checking shall apply only
to the total error, including the errors of form of the
two surfaces or of the two lines. Consequently, the
tolerance shall take into account the tolerance of form
of the surfaces involved. (If thought useful, prelimi-
nary checks may ascertain errors of form of lines and
of surfaces, of which the relative positions are to be
determined.)

When displayed in a graph (see figure 1) the different
readings mn of the measuring instrument result in a
curve, such as ab. It is to be accepted, as a rule, that

ISO 230-1:1996(E)

the error be determined using line AB instead of this
curve, as stated in 5.211.1.
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Figure 1

2.321.5 Local tolerances

Tolerances of form and position are usually related to
the form or position as a whole (e.g. 0,03 per 1 000
for straightness or flatness). However, it may be
desirable to limit the permissible deviation over a
partial length to a different value. This is achieved by
establishinga.local-tolerance related to a portion of
the'totalllength:

The'local -deviation is the distance between two lines
parallel to the general direction of the part of the line
orotrajectory of the component which contains the
maximum deviations,of. the partial length (see fig-
ure 2).

Partial
length
— Local deviation

Total deviation/

M o~ S TS — NN

Figure 2

The value of the local tolerance (Tjoca) Should be
established:

— from the standard relating to a machine tool and
for each particular test,

or

— as a proportion of the total tolerance (Tiotal),
provided that it does not fall below a minimum
value (normally 0,001 mm) (see figure 3).

In practice, local defects are generally imperceptible,
as they are covered by the supporting or the detecting
surfaces of the measuring instruments. However,
when the detecting surfaces are relatively small (styli
of dial gauges or micro-indicators), the measuring in-
strument should be such that the styli follow a sur-
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face of high-grade finish (straightedge, test mandrel,
etc.).

rtotal —————————————————————————

Tolerance

Tkocal 1 =

L1 Lz
Length
Figure 3
Tiotal
Tiocal = ga X Ly
EXAMPLE
Ttota' = 0,03 mm
L,y = 1000 mm
L, =100 mm
Then
0,03
Ti =————x100
local 1000
= 0,003 mm

2.322 Tolerances applicable to the displacement of a
component of a machine tool

NOTE 2 Positioning accuracy and repeatability of nu-
merically controlled machine tools shall be referred to
ISO 230-2.

2.322.1 Tolerances of positioning

Tolerances of positioning limit the permissible devi-
ation of the position reached by a point on the moving
part from its target position after moving.

EXAMPLE 1 (see figure 4)

At the end of the travel of a slide, the deviation d is
the distance between the actual position reached and
the target position. The tolerance of positioning is p.

Actual position

Target position

Figure 4
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EXAMPLE 2

Angle of rotation of a spindle relative to the angular
displacement of a dividing plate coupled to it (see
figure 5). The tolerance of positioning is p.

Target position

d Actual position

Figure 5

2.322.11 Tolerances of repeatability

Tolerances of repeatability limit the spread of devi-
ations, when repeating movements approach the
target in the same or opposite direction.

2.322.2 Tolerances of the form of trajectory

Tolerances of the form of trajectory limit the deviation
of~the <actual trajectory of a point on the moving
component relative to the theoretical trajectory (see
figure 6). They shall be stated in units of length.

Tolerance

Actual trajectory

Theoretical trajectory

Figure 6
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\—— Prescribed trajectory
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Figure 7

2.322.3 Tolerances of relative position of straight-
line motion (see figure 7)

The tolerances of relative position of straight-line
motion limit the permissible deviation between the
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trajectory of a point of the moving component and the
prescribed direction (for example deviation of paral-
lelism or perpendicularity between the trajectory and a
line or a surface). They are expressed in units of
length for the total length L or any measuring length
of L.

2.322.4 Local tolerance of displacement of a
component

Tolerances of positioning, form of the trajectory and
direction of straight-line motion are also related to the
total length of displacement of a component. When
local tolerance is required, definition and estab-
lishment of the local tolerance value are similar to
2.321.5.

2.323 Overall or inclusive tolerances

The overall tolerances are intended to limit the result-
ant of several deviations which may be determined by
a single measurement, without it being necessary to
know each deviation.

EXAMPLE (see figure 8)

The deviation for the run-out ofja shaft issthe sum, of
the deviation of form (out-of-round of the circumfer-
ence ab with which the stylus is in contact)the
deviation of position (the geometric axis and the axis
of rotation of the shaft do not coincide) and the devia-
tion of out-of-round of the bore of the bearing.

Figure 8

2.324 Symbols and positions of tolerances for
relative angular positions of axes, slideways, etc.

When the position of the tolerance in relation to the
nominal position is symmetrical, the sign + may be
used. If the position is asymmetrical, it shall be stated
precisely, in words, either in relation to the machine or
to one of the components of the machine.

2.325 Conventional definition of the axes and of the
movements

In order to avoid using the terms transversal, longi-
tudinal, etc., which are liable to create confusion, the
axes of the displacements and rotations of the ma-
chine parts are designated by letters (e.g. X, Y, Z, etc.)
and signs, in accordance with ISO 841.
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3 Preliminary operations

3.1 Installation of the machine before test

Before proceeding to test a machine tool, it is essen-
tial to install the machine upon a suitable foundation
and to level it in accordance with the instructions of
the manufacturer.

3.11 Levelling

The preliminary operation of installing the machine
shall involve (see 3.1) its levelling and is essentially
determined by the particular machine concerned.

The aim of the levelling is to obtain a position of static
stability of the machine which will facilitate sub-
sequent measurements, especially those relative to
the straightness of certain components.

3.2 Conditions of the machine before test

3.21 Dismantling of certain components

As the tests are carried out, in principle, on a com-
pletely finished machine, dismantling of certain com-
ponents should only be carried out in exceptional
circumstances; in-accordance with the instructions of
the(manufacturer (e.g. dismantling of a machine table
in order to check the slideways).

3.22 Temperature conditions of certain components
before test

The aim is to evaluate the accuracy of the machine
under conditions as near as possible to those of
normal functioning as regards lubrication and warm-
up. During the geometric and practical tests, com-
ponents such as spindles, which are liable to warm up
and consequently to change position or shape, shall
be brought to the correct temperature by running the
machine idle in accordance with the conditions of use
and the instructions of the manufacturer.

Special conditions may be applied to high-precision
machines and some numerically controlled machines
for which temperature fluctuations have a marked
effect on the accuracy.

It is necessary to consider how much the machine
alters in dimensions during a normal working cycle
from ambient to working temperature. The preliminary
warm-up sequence and the ambient temperature at
which the machine is to be tested should be the
subject of agreement between the manufacturer and
the user.



	I7Pœ¯&�ò‰�HäÚ˙!dZŸº\`ÀI€þï$�c/"®vÅ¬½Ì˜OËÁýÏçŁbrØcÛ4´òÑú?ÎïXGÞGL˘

