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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 ISO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, governmental and non-governmental, in
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1 consists of the following parts, under the general title J.est conditions for machining centres:
1: Geometric tests for machines with horizontal spindle and with accessory heads (horizontal Z

2: Geometric tests for machines with vertical.Spindle or universal heads with vertical primary

3: Geometric tests for machines with integral indexable or continuous universal heads (vertical
4: Accuracy and repeatability of positioning of linear and rotary axes

5: Accuracy and repeatability/of positioning of work-holding pallets

6: Accuracy of feeds; speeds and interpolations

7: Accuracy of afinished test piece

8: Evaluation of contouring performance in the three coordinate planes

9: Evaluation of the operating times of tool change and pallet change
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Introduction

A machining centre is a numerically controlled machine tool capable of performing multiple machining operations,
including milling, boring, drilling and tapping, as well as automatic tool changing from a magazine or similar storage
unit in accordance with a machining programme. Most machining centres have facilities for automatically changing
the direction in which the workpieces are presented to the tool.

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

ISO 10791 ppecifies, by reference to the relevant parts of ISO 230, Test code for machine toolsy several families of
tests for machining centres with horizontal or vertical spindle or with universal heads of different types,|standing
alone or infegrated in flexible manufacturing systems. 1SO 10791 also establishes the tolerances or fmnaximum
acceptable jalues for the test results corresponding to general purpose and normal accuracy machining centres.

ISO 10791 |s also applicable, totally or partially, to numerically controlled milling~and boring machines, when their
configuratign, components and movements are compatible with the tests described herein.
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:1996. These methods consist of using a rotating one-dimensional‘probe and a test mandrel, a circula
-dimensional probe, or a telescoping ball bar. Other test methods 'may be applied if the accuracy of the
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ose of this part of ISO 10791 is not to provide a means of analysing the causes for the meast
S, but to offer the user’aymethod for periodic checking of the machine tool. It is recommended
of this part of ISO 10791 once the machine tool has satisfactorily undergone the acceptance
b results as a basis for comparison when carrying out periodic checks. Therefore, acceptablg

nitial results shall be decided by the user.

ts are used' for machine acceptance purposes, the supplier/manufacturer and the user shg
iameters; feed rates and tolerances for the tests.
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ISO 10791-6, which deals with the accuracy of feeds, speeds and interpolations, also includes as test

K4 a circular

test. Here

. thepurpose s to check the mutuat-betraviour of two - timear axes (generatty Xamd- Y at two defimed feed

rates for one

defined diameter. This is more or less a diagnostic test with respect to the circular interpolation, whereas the circular tests of this
part of ISO 10791 give information on the overall contouring performance of the machine.

2 Nor

mative references

The following normative documents contain provisions which, through reference in this text, constitute provisions of
this part of ISO 10791. For dated references, subsequent amendments to, or revisions of, any of these publications
do not apply. However, parties to agreements based on this part of ISO 10791 are encouraged to investigate the
possibility of applying the most recent editions of the normative documents indicated below. For undated
references, the latest edition of the normative document referred to applies. Members of ISO and IEC maintain

registers

of currently valid International Standards.
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ISO 230-1:1996, Test code for machine tools — Part 1. Geometric accuracy of machines operating under no-load
or finishing conditions.

ISO 230-4:1996, Test code for machine tools — Part 4: Circular tests for numerically controlled machine tools.

ISO 10791-1:1998, Test conditions for machining centres — Part 1: Geometric tests for machines with horizontal

spindle and

with accessory heads (horizontal Z-axis).

ISO 10791-3:1998, Test conditions for machining centres — Part 3: Geometric tests for machines with integral

indexable o

r continuous universal heads (vertical Z-axis).
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1:1998, Test conditions for machining centres — Part 4: Accuracy and repeatability of posi
Dtary axes.

6:1998, Test conditions for machining centres — Part 6: Accuracy of feeds, speeds and interpg

7:1998, Test conditions for machining centres — Part 7: Accuracy of a finishedtest piece.

ninary remarks

fence to ISO 230-1 and 1SO 230-4
s part of ISO 10791, reference shall be made to ISO 230-1 and ISO 230-4, especially for the in

ine before testing, for the warming up of the spindle and other moving components, for the d
g methods, as well as for the recommended accuracy,of testing equipment.

ng sequence

ce in which the tests are presented in this,part of ISO 10791 in no way defines the practical
N a view to making the mounting of instruménts or gauging easier, tests may be performed in a

5 to be performed

g a machine, it is not always-necessary or possible to carry out all the tests described in th

bse tests shall be clearly stated when ordering a machine. The mere reference to this part of I
bptance tests, without specifying the tests to be carried out and without agreement on the
annot be considered as binding for any of the contracting parties.

buring instruments

ringlinstruments indicated in the tests described in clause 4 are examples only. Other ing
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4 Circu

lar tests

See tests C1 to C3.
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Object Ci1

Checking of the radial deviation, F, or circular deviation, G, according to ISO 230-4 in the XY-plane over at least 190° for clockwise and for
counter-clockwise contouring.

Measuring conditions Measured deviation
diamete([oT nonmar patn angle over which the test is carrfed out =
feed ratq
location pf measuring instrument E o
. XY, min —
— centrg of circle (X/Y/X) Fyy -
— offset]to tool reference (X/Y/Z) E ' m,aX:
— offset]to workpiece reference (X/Y/Z) ¥, min _
FYX, max —
temperajures
— test ehvironment temperature
— tempgrature of measuring instrument or
— mach|ne temperature Gk
data acquisition method ad _
Gyx =

— startifjg point

— numbkr of measuring points
— data gmoothing process
compengation used

positiond of axis not under test

Measuripg instruments

Accordirjg to 6.63 of ISO 230-1:1996, that is rotating one-dimérsional probe, or circular masterpiece and two-dimensiongl probe, or
telescop|ng ball bar.

Observdtions

The following measuring conditions are recommended unless others are agreed upon by the supplier/manufacturer and user:
chpose a diameter that corresponds te-about 2/3 of the shorter axis;
chpose any feed rate higher than /3 ef'the maximum feed rate.

Measurgment location: the axes are.ir“the middle of the working part of their travel, irrespective of the region to where the table moves for
tool/pallgt change purposes

Start thg circular movernent in one of the four quadrants, preferably not in one of the four reversal points, in order not ffo miss the
performgnce of the machine at those points.

If the digmeter of+the circular path is not 2/3 of the shortest axis or if the travels of the two axes differ by more than 50 %, mqre than one
test per poordinate plane should be carried out at different positions of the circular path in order to check at least 2/3 of the fravel of the
axes.

This test may be influenced by the following deviations :

— straightness of linear motions [tests G1 a), G3 a) in ISO 10791-1:1998; tests G1 b), G2 b) in ISO 10791-3:1998];

— angular deviations of linear motions [tests G4, G6 in ISO 10791-1:1998, tests G4, G5 in ISO 10791-3:1998];

— squareness between linear motions [test G7 in ISO 10791-1:1998; test G9 in ISO 10791-3:1998];

— positioning of linear axes (ISO 10791-4);

— linear and circular interpolation [tests K3 a), b), c) for vertical machines; and tests K3 e), f) for horizontal machines in 1ISO 10791-6:1998;
test K4 in ISO 10791-6:1998].

NOTE As there is a good correspondence between machined circles and circular measurements, the circle machined by circular
interpolation of the test piece as defined in ISO 10791-7 will show similar deviations as the circular measurements of this test.
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Object

Cc2

Checking of the radial deviation, F, or circular deviation, G, according to ISO 230-4 in the YZ-plane over at least 190° for clockwise and
counter-clockwise contouring.

Measuring conditions

diameter of nominal path

Measured deviation

angle over which the test is carried out

— data smoo|
compensatio
positions of &

feed rate
location of méaSUTTY MSTUIMENT = —
YZ, min —

— centre of cJrcle (X/Y/X) _
FYZ, max —

— offset to topl reference (X/Y/Z) F T

— offset to wprkpiece reference (X/Y/Z) ZY, min _
Fzv, max =

temperatures

— test enviropment temperature

— temperatufe of measuring instrument or

— machine tgmperature Guo =

data acquisitipn method GYZ _

— starting pojnt A

— number of jmeasuring points

hing process
used
is not under test

Measuring in

According to
telescoping b

struments

6.63 of 1SO 230-1:1996, that is rotating one-dimensional probe, or circular masterpiece and two-dimensional pr
bl bar.

bbe, or

Observation
The following
choose

choose

Measuremen
tool/pallet cha

Start the cird
performance

If the diamete)
per coordinat

This test is inf

measuring conditions are recommended unless others are agreed upon by the supplier/manufacturer and user :
A diameter that corresponds to about 2/3 of‘the shorter axis;
any feed rate up to a maximum of 1/3 of the maximum feed rate.

location: the axes are in the middle of the working part of their travel, irrespective of the region to where the table mg
nge purposes.

ular movement in one~of the four quadrants, preferably not in one of the four reversal points, in order not to m
bf the machine at.those points.

of the circdlar path is not 2/3 of the shorter axis or if the travels of the two axes differ by more than 50%, more than g
e plane should be carried out at different positions of the circular path in order to check at least 2/3 of the travel of the ¢

uenced by the following deviations:

ves for

iss the

ne test
xes.

— positioning

NOTE

— straightness o tMear motons {ests G2 a), G3 by SO 10791171998 anm M ISO10791-371998T;
— angular deviations of linear motions [tests G5, G6 in ISO 10791-1:1998 and in ISO 10791-3:1998];
— squareness between linear motions [test G8 in ISO 10791-1:1998 and in ISO 10791-3:1998];

of linear axes (ISO 10791-4);

— linear interpolation [test K3 d) in ISO 10791-6:1998].

As there is a good correspondence between machined circles and circular measurements, the circle machined by circular
interpolation of the test piece as defined in ISO 10791-7 will show similar deviations as the circular measurements of this test.
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Object C3

Checking of the radial deviation, F, or circular deviation, G, according to 1SO 230-4 in the ZX-plane over at least 190° for clockwise and
counter-clockwise contouring.

Measuring conditions Measured deviation

diameter gfromimat pouil
feed rate

location of measuring instrument

angle over which the test is carried put =

Fzx, min =
— centre pf circle (X/Y/X) e
FZX, max —
— offset tp tool reference (X/Y/Z) F o
— offset tp workpiece reference (X/Y/Z) Xz, min _
Fxz, max =
temperatyres
— test enyironment temperature
— temperiature of measuring instrument or
— machirje temperature .
Gzx =

data acquisition method _
— starting point Gxz =
— numbef of measuring points
— data smoothing process
compensation used

positions pf axis not under test

Measuring instruments

According to 6.63 of 1SO 230-1:1996, that is rotating one-dimensional probe, or circular masterpiece and two-dimensional probe, or
telescopirlg ball bar.

Observatjons

The following measuring conditions are recommended unless others are agreed upon by the supplier/manufacturer and user:
chogse a diameter that corresponds to-abeut 2/3 of the shorter axis;
chogse any feed rate up to a maxmitm-of 1/3 of the maximum feed rate.

Measurement location: axes are in-the” middle of the working part of their travel, irrespective of the region to where the taljle moves for
tool/palletjchange purposes.

Start the gircular movement(inrone of the four quadrants, preferably not in one of the four reversal points, in order not to miss thel performance
of maching at those points.

If the dianjeter of\the circular path is not 2/3 of the shorter axis or if the travels of the two axes differ by more than 50 %, more [than one test
per coordjnate plane should be carried out at different positions of the circular path in order to check at least 2/3 of the travel of the axes.

This test is influenced by the following deviations:

— straightness of linear motions [tests G1 b), G2 b) in ISO 10791-1:1998; tests G1 a), G3 a) in ISO 10791-3:1998];

— angular deviations of linear motions [tests G4, G5 in ISO 10791-1:1998; tests G4, G6 in ISO 10791-3:1998];

— squareness between linear motions [test G9 in ISO 10791-1:1998; test G7 in ISO 10791-3:1998];

— positioning of linear axes (ISO 10791-4);

— linear interpolation (tests K3 e), f), for vertical machines, and tests K3 a), b), c) for horizontal machines in ISO 10791-6:1998].

NOTE As there is a good correspondence between machined circles and circular measurements, the circle machined by circular
interpolation of the test piece as defined in ISO 10791-7 will show similar deviations as the circular measurements of this test.

© ISO 2001 - All rights reserved 5


https://standardsiso.com/api/?name=1553c7008db03b49a42445025756aafb

