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1: Geometric tests for machines with horizontal“spindle and with accessory heads
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2: Geometric tests for machines with vertical spindle or universal heads with vertig
ry axis (vertical Z-axis)

3: Geometric tests for machines with integral indexable or continuous universal hea

4: Accuracy and repeatability of positioning of linear and rotary axes
5: Accuracy and repeatability of positioning of work-holding pallets
6. Accuracy offeeds, speeds and interpolations

7. Accuracy-of a finished test piece

8: Evaluation of the contouring performance in the three coordinate planes
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9. Evaluation of the operating times of tool change and pallet change

— Part 10: Evaluation of the thermal distortions

— Part 11: Evaluation of the noise emission

— Part 12: Evaluation of the vibration severity

Annex A of this part of ISO 10791 is for information only.
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Introduction

A machlnlng centre is a numerlcally controlled machlne tool capable of performlng multlple machining
from a

magazine pr similar storage unlt in accordance with a machrnrng programme

The object of ISO 10791 is to supply information as wide and comprehensive as possible on tegts which
can be carried out for comparison, acceptance, maintenance or any other purpose.

ISO 10791 specifies, with reference to the relevant parts of 1SO 230, Test code for machipe tools,
several families of tests for machining centres with horizontal or vertical spindle*or with universal heads
of different types, standing alone or integrated in flexible manufacturing-systems. 1SO 10491 also
establishes the tolerances or maximum acceptable values for the test results corresponding to| general
purpose and normal accuracy machining centres.

ISO 10791 is also applicable, totally or partially, to numerically controlled milling and boring mpachines,
when their configuration, components and movements are compatible with the tests described herein.
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Test conditions for machining centres —

Part 4.
Accuracy and repeatability of positioning of linear and rotary axes

1 Scope

This pait of ISO 10791 specifies, with reference to ISO 230-2, the tolerances which apply tq the
positionjng tests for linear axes, up to 2 000 mm in length, and rotary axes of machining centres.

It does mot deal with environmental conditions, warm-up of the machinecand measuring methpds,
already described in 1ISO 230-2.

2

pd

ormative references

The following standards contain provisions which, through reference in this text, constltute
provisions of this part of ISO 10791. At the time of pufglication, the editions indicated were vplid.
All stanglards are subject to revision, and parties to agreements based on this part of ISO 14791
are encouraged to investigate the possibility of applying the most recent editions of the standards
indicatefl below. Members of IEC and ISO maintain registers of currently valid Internatipnal
Standarfls.

ISO 230-1:1996, Test code for machine® tools — Part 1: Geometric accuracy of machines
operatinlg under no-load or finishing conditions.

ISO 230-2:1997, Test code foer_machine tools — Part2: Determination of accuracy and
repeatability of positioning numefically controlled axes.

ISO 10791-1:1998, Test.¢conditions for machining centres — Part 1: Geometric tests for
machings with horizontal spindle and with accessory heads (horizontal Z-axis).

ISO 10791-2:— )y Test conditions for machining centres — Part2: Geometric tests (for
machings withvertical spindle or universal heads with vertical primary rotary axis (vertical
Z-axis).

ISO 10791-3:1998, Test conditions for machining centres — Part 3: Geometric tests for
machines with integral indexable or continuous universal heads (vertical Z-axis).

1) To be published.
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3

3.1

Preliminary remarks

Measuring units

In this part of ISO 10791, all linear dimensions, deviations and corresponding tolerances are
expressed in millimetres; angular dimensions are expressed in degrees, and angular deviations
and the corresponding tolerances are expressed in arc seconds. The equivalence of the following
expressions should always be kept in mind:

0,010/1 000 = 10 x 106 = 2”
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this part of ISO 10791, reference shall be made to 1SO 230-2, especially.for th
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nce in which the tests are presented in this part of ISO 10791 in no way defines th
rder of testing. In order to make the mounting of instruments or gauging easier, tes
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n this part of ISO 10791. When the tests-are required for acceptance purposes, it is |
r to choose, in agreement with the supplier/manufacturer, those tests relating to tk
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4.1

itioning of linear axes

Tolerances

Table 1 gives the positioning tolerances, as defined in clause 2 of ISO 230-2:1997, for machining
centres of normal accuracy, related to different measurement travels up to 2 000 mm. In addition,

a graphica

| presentation of results should be provided as specified in ISO 230-2:1997.

©1SO
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Table 1 — Positioning tolerances for axes up to 2 000 mm

Measurement travel of the axis
Tolerances mm

mm =< 500 > 500 > 800 >1 250

< 800 <1250 | <2000
Bidirectional accuracy of positioning A 0,022 0,025 0,032 0,042
Unidirectional accuracy of positioning At and Al 0,016 0,020 0,025 0,030
Bidirectional repeatability of positioning R 0,012 0,015 0,018 0,020
Unidiredtional repeatability of positioning Rt and R! 0,006 0,008 0,010 0,013
Reversal value B 0,010 0,010 0,012 0,012
Mean rqversal value B 0,006 0,006 0,008 0,008
Bidirectijonal systematic deviation of positioning E 0,015 0,018 0,023 0,030
Unidireqtional systematic deviation of positioning E® and E! 0,010 0,012 0,015 0,018
Range ¢f the mean bidirectional positional deviation M 0,010 0,012 0,015 0,020

4.2  Measuring instruments
Laser interferometer, or other measuring systems with comparable accuracy may be used (see
5.1 of IO 230-1:1996).

4.3 (Jbservations and references to ISO 230-1afd ISO 230-2

When the laser interferometer is used, propér precautions shall be taken according to A.13 of
ISO 230-1:1996.

As for the performance of the test, the-procedures indicated in ISO 230-2:1997 shall be followed,
in particplar 4.3.2 for the full check.up to 2 000 mm.
4.4  Calculated deviations

Table 2|provides anexample of the format for the presentation of the results determined thrqugh

the stat|stical analysis of the measured data. In addition, a graphical presentation of results
should he provided as specified in ISO 230-2:1997.
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Table 2 — Format for the presentation of the results of the full test up to 2 000 mm

©1SO

Axis name and relevant travel
Results mm
mm
Bidirectional accuracy of positioning A
Accuracy of positioning (positive) At
Accuracy of positioning (negative) Al
Bidirectional repeatability of positioning R
Repeatability-ef-positionring-(positive) R+
Repeatability of positioning (negative) R1
Reversal vialue B
Mean reversal value B
Bidirectionjal systematic deviation of positioning E
Systemati¢ deviation of positioning (positive) Et
Systemati¢ deviation of positioning (negative) El
Range of the mean bidirectional positional deviation M
5 Pogjtioning of rotary axes

5.1 Tolgrances

Table 3 giyes the positioning tolerances, as defined in claose 2 of ISO 230-2:1997, for machinir]
centres of [normal accuracy, related to measurement travels up to 360°.

(o]

Table 3 — Positioning;tolerances for axes up to 360

Tolerances

arc seconds
Bidirectional accuracy ef pesitioning A 28
Unidirectional accuracy-of positioning At and Al 22
Bidirectional repeatability of positioning R 16
Unidirectionahrepeatability of positioning Rt and Rl 8
Reversal value B 12
Mean-reversal value B 8
Bidirectional systematic deviation of positioning E 20
| P2 HS CIP--V IS UP-Y - v-¢ 1 davaation £ H TP TP =4 ol 1.4
UTITIUIMmM T UUuUTITAl OyJLCIIIaLI\/ UCTVIAUVUTT UT lJUJILIUIIIIIu T Aarlnui_-v L5
Range of the mean bidirectional positional deviation M 12

g
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5.2 Measuring instruments

Laser angle interferometer with indexing table, autocollimator with polygonal mirror, or other
measuring systems with comparable accuracy may be used.

5.3 Observations and references to 1ISO 230-1 and ISO 230-2

When the autocollimator is used, proper precautions shall be taken according to A.11 of
ISO 230-1:1996.

As for the performance of the test, the procedures indicated in 1ISO 230-2:1997 shall be followed,
in particpilar 4.3.4 for the full check up to 360°.

54 Calculated deviations

Table 4 |provides an example of the format for the presentation of the results determined thrqugh
the stat|stical analysis of the measured data. In addition, a graphical presentation of results
should ke provided as specified in ISO 230-2:1997.

(o]

Table 4 — Format for the presentation of the results of the fulltest up to 360

Results Axis name
arc seconds
Bidirectijonal accuracy of positioning A
Accurady of positioning (positive) A1
Accurady of positioning (negative) Al
Bidirectional repeatability of positioning R
Repeatbility of positioning (positive) R1
Repeatability of positioning (negative) Rl
Reversal value B
Mean rqversal value B
Bidirectional systematic deviation of positioning E
Systematic deviation of positioning (positive) Et
SystemJitic deviation of positiohing (negative) El
Range ¢f the mean bidifectional positional deviation M
6 Information to be recorded
To comply-with-thispartoftSO-1679%the-testreport-shalt-inciude-the-information—givenin=o6.1 to

6.3.
6.1 Data identifying the machine

a) name of the manufacturer;
b) year of construction, if available;
C) type and serial number;

d) configuration of the machine according to 3.9 or 3.10 of ISO 10791-1:1998, ISO 10791-2:—
and ISO 10791-3:1998, if possible.
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