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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 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 liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenange
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria needed{or
different types of ISO documents should be noted. This document was drafted in accordance'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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The commijittee responsible for this document is ISO/TG 39, Machine tools, Subcommittee SC 2,

conditions |
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5 drawn to the possibility that some of the elements of this document may 'be the subjec
ts. ISO shall not be held responsible for identifying any or all such patent rights. Detai
rights identified during the development of the document will be in the Introduction ang
ist of patent declarations received (see www.iso.org/patents).

hame used in this document is information given for the convenience of users and does
an endorsement.

blanation on the meaning of ISO specific terms and €xpressions related to conforn
L, as well as information about ISO’s adherence to the WTO principles in the Technical Barn
BT) see the following URL: Foreword - Supplementaty information

for metal cutting machine tools.

 edition cancels and replaces the first edition (ISO 10791-6:1998), which has been technic
hlso incorporates Technical Corrigendum ISO 10791-6:1998/Cor 1:2004.

ronsists of the following parts, under the general title Test conditions for machining centr
Geometric tests for machinés-with horizontal spindle (horizontal Z-axis)

Geometric tests for machines with vertical spindle or universal heads with vertical prin
axis (vertical Z-axis)

Geometric testsfot.machines with integral indexable or continuous universal heads (vertical Z-g
Accuracy and repeatability of positioning of linear and rotary axes

Accuraey and repeatability of positioning of work-holding pallets
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Accuracy of speeds and interpolations

Part 7:
Part 8:
Part 9:

Accuracy of finished test pieces
Evaluation of contouring performance in the three coordinate planes

Evaluation of the operating times of tool change and pallet change

Part 10: Evaluation of thermal distortions
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Introduction

ISO

10791 is concerned with methods of testing machining centres.

A machining centre is a numerically controlled machine tool capable of performing multiple machining
operations, including milling, boring, and tapping, as well as automatic tool changing from a magazine
or similar storage unit in accordance with a machining programme.

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

by

ISO
cen
cor

ISO
whg

Inf

typ
in t]

The

Nne user or the manuracturer.

‘esponding to general purpose and normal accuracy machining centres.

ve-axis machining centres having three orthogonal linear axes and-two rotary axes, the
bs as machines with two rotary axes in the spindle head (see Annéx A), machines with two

10791 specifies, with reference to the relevant parts of ISO 230, several families of tests forjmachining
fres. [SO 10791 also establishes the tolerances or maximum acceptable values-forthe fest results

10791 is also applicable, totally or partially, to numerically controlled milling and boring machines,
n their configuration, components, and movements are compatible with.the tests described herein.

e are such
rotary axes

e workpiece side (see Annex B), and machines with a swivel head’and/or a rotary table (sef Annex C).

annexes of this part of ISO 10791 specify the kinematic{ests for five-axis machining centres.
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INTERNATIONAL STANDARD

ISO 10791-6:2014(E)

Test conditions for machining centres —

Part 6:
Accuracy of speeds and interpolations

1

Thi
for

simultaneous movement of two or more numerically controlled (NC) linear and/éorTotary ax

Thi
one|
feat

Thi
not
gen

The
agr
bor
des

2

The
ind
refq

ISO
no-|

ISO
ISO

ISO
Coo|

Scope

5 part of ISO 10791 specifies, with reference to ISO 230-1 and ISO 230-4, certain“Kine
machining centres, concerning spindle speeds, feed and the accuracy of the paths descr

or two rotary axes (A, B, or C). Movements other than those mentioned are considered
ures and the relevant tests are not included in this part of ISO 10791:

5 part of ISO 10791 deals only with the verification of kinematic\accuracy of the machi
apply to the testing of the machine operation, e.g. vibratiofis, abnormal noises, etc., w
erally be checked separately.

tests described in this part of ISO 10791 are also applicable, totally or partially, subject
bement between the manufacturer/supplier and the user, to numerically controlled 1
ng machines, when their configuration, componénts, and movements are compatible wi
cribed herein.

Normative references

following documents, in whole or'ih part, are normatively referenced in this docume

rences, the latest edition of the referenced document (including any amendments) applig

oad or quasi-static conditions
230-4:2005, Testcode for machine tools — Part 4: Circular tests for numerically controlled m
230-7, Machipetools — Test code for machine tools — Part 7: Geometric accuracy of axes o

841:2001) Industrial automation systems and integration — Numerical control of m
rdinatesystem and motion nomenclature

matic tests
bed by the
es.

5 part of [ISO 10791 applies to machining centres having three linear axes (XY, and Z) and additionally

as special

T and does

ich should

to specific
hilling and
h the tests

nt and are

spensable for its application. For dated references, only the edition cited applies. F¢r undated

S.

230-1:2012, Test code for;machine tools — Part 1: Geometric accuracy of machines operditing under

ichine tools
[ rotation

achines —

3

Terms and detinitions

For the purposes of this document, the terms and definitions given in ISO 230-1, ISO 230-4, ISO 230-7,

and

3.1

[SO 841 and the following apply.

linear interpolation
interpolation where relative motion between the tool side and the workpiece side of the machine tool is
a straight line obtained by controlling multiple axes simultaneously

3.2

circular interpolation
interpolation where relative motion between the tool side and the workpiece side of the machine tool is
a circular arc in a specific plane obtained by controlling multiple axes simultaneously

©IS
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3.3

tool centre point control function
TCP control function

advanced CNC control function that drives the linear axes of a numerically controlled machine tool,
in order to maintain constant tool centre point coordinates, in the workpiece coordinate system, in
response to instantaneous position variation of rotary axes

4 Preliminary remarks

4.1 Measurementuits

In this parf
in millimet
may be use
kept in miy

0,010/

4.2 Refe

To apply th
the machir
measuring

motion, reference shall be made to ISO 230-4.

4.3 Test

The sequetice in which the tests are presented in this;part of ISO 10791 in no way defines the pract

order of te;
in any orde

4.4 Test

When test

this part df ISO 10791. When the(tests are required for acceptance purposes, it is up to the use

choose, in
the proper
a machine,
the tests t
binding for

of ISO 10791, all linear dimensions, deviations, and corresponding tolerances are expres
res. Angular dimensions are expressed in degrees. In some cases microradians orarcseco
d for clarification purposes. The equivalence of the following expressions should alway
d:

1 000 = 10x10-6 = 10 urad = 2”

rence to ISO 230-1 and ISO 230-4
is part of ISO 10791, reference shall be made to ISO 230-1,€specially for the installatio

e before testing, warming up of the spindle and other miqving components, descriptio
methods, and recommended accuracy of testing equipment. For tests of circular interpola

ing sequence

sed
nds
5 be

h of

h of
fion

ical

ting. In order to make the mounting of instruments or gauging easier, tests can be performed

I.

s to be performed

ng a machine, it is not always necessary or possible to carry out all the tests describe

pgreement with the manufacturer/supplier, those tests relating to the components ang
ties of the machiné-which are of interest. These tests shall be clearly stated when orde
The mere reference to this part of ISO 10791 for the acceptance tests, without specify
be carried eut/and without agreement on the relevant expenses, cannot be considere
any contragting party.

Annex C are eamples only. Oth

asuringinstruments

d in
r to
| /or
[ing
ring
] as

) Ded N Anne Anne

er instruments measuring the

sam

A L)

e qua

smaller measurement uncertainty can be used.

In each test, the number of sampled points (or sampling frequency) shall be reported.

4.6 Diagrams

and

ntities and having the same or

For simplicity, the diagrams in this part of ISO 10791 illustrate only one type of machines in each Annex.

4.7 Position of axes not under test

Linear and/or rotary axes not under test should be located nearest to the middle of their working travel,
or in the position that minimizes deflections of the machine components affecting the measurement.

2

© ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=27caa1bdf771064bab83c7bcd21f35f2

4.8

1ISO 10791-6:2014(E)

Software compensation

When built-in software facilities are available for compensating geometric, positioning, contouring, and
thermal deviations, their use during these tests for acceptance purposes shall be based on agreement
between the manufacturer/supplier and the user, with due consideration to the machine tool’s intended

use.

When the software compensation is used, this shall be stated in the test report.

It shall be noted that when software compensation is used, axes cannot be locked for test purposes.

5

Kinematic tests

5.1

Thd
eled
moy

Thd
axe

Thd
axe
dirg

The
are

5.1

InA
AK
intd
eac

5.1

General

scope of spindle speed tests (K1) and feed speed tests (K2) is to check the overalhaccura
tric, electronic, and kinematic chain in the control system between the command and t
rement of the component.

purpose of linear interpolation motion tests (K3) is to check the coerdinated motion of
5 in either of the following two conditions:

while these axes are moving either at the same speed (45°); or
while one of these axes is moving at a significantly lower-Speed than the other (small an

purpose of circular interpolation motion tests (K4) is to*check the coordinated motion of
5 along a circular path, including points in which the motion of one axis slows down to z¢
ction of movement is reversed. During these testS; axes move with variable speeds.

tests for checking circular interpolation involving more than two linear axes, including 1
described in Annex A, Annex B, and AnnexC.

1 Tests described in Annexes AtoC

nnex A, AK1 measures the deviations of the tool centre point trajectory with the rotation o
P measures them with the rotation of the C-axis. AK3 and AK4 measure them with the sir
rpolation with both B- and)C-axes. Similarly, in all of Annexes A to C, each test describg
N rotary axis or the combihation of two rotary axes.

2 Alternativetests in Annexes A and C

In
wo

nnex A, AKI-AK2, and AK4 measure the deviations of the tool centre point traject
kpiece coordinate system (the coordinate system attached to the work table). On the ¢

Ly of all the
he physical

two linear

bles).

two linear
bro and the

otary axes,

the B-axis.
hultaneous
s a test for

ory in the
ther hand,

thelr alternative tests [AK1 (alternative), AK2 (alternative), and AK4 (alternative)] measufre them in

rad
tes
and

al, papallel, and tangential directions of the rotary axis of interest. In other words, these

hlternative
. Tests CK1

saneasure the deviations in the coordinate system attached to the rotary axis of interest
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https://standardsiso.com/api/?name=27caa1bdf771064bab83c7bcd21f35f2

ISO 10791-6:2014(E)

5.2 Spindle speeds and feed speeds

Object and test conditions K1

Checking the deviations in the spindle speed at the midpoint and at the maximum of each speed range for clockwise and
counter-clockwise (anticlockwise) directions of rotation. This test shall be carried out for each speed range, where appli-

cable.

Diagram
! | v
oy
i | i
—
l’ | \
¢ | | 1 3
< Ty
Tolerance
+5%
Measured deviations
Direction of Deviation
Speed fange rotation Programmed speed Measured speed %
counter-clockwise
Mid
clockwise
counter-clockwise
Max
clockwise
counter-clockwise
Mid
clockwise
counter-clockwise
Max
clockwise

Measuring instruments

Revolutions founter or stroboscope or others?

Observations

A dummy to¢l can be clamped in théspindle.

aneous speed is fead; five readings shall be taken and the average calculated. Readings shall be taken at cqn-

If the instan
avoiding the accelération/deceleration at start and stop. The override control shall be setat 100 %.

stant speed,
The spindle $peed deviation shall be calculated using the following formula:
A <P
D+ 522 x100
P

S

where
D isthe deviation in percentage;

As isthe measured speed;

Ps isthe programmed speed.

© ISO 2014 - All rights reserved
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Object and test conditions K2

Checking the accuracy of the speed in the positive and negative directions of all the linear axes at the following speeds:

a) 100 mm/min; b) 1 000 mm/min; ¢) maximum feed speed; d) rapid traverse.

Diagram
The diagram shows setups for a horizontal machining centre. The setups shall be accordingly for vertical machining cen-
tres.

Z Z Y
A / A

o

X

3 & :
iN=eu-Sl=s i

X X

X-axis setup Z-axis setup Y-axis setup
Key
1 Jaser head

2 |nterferometer

3 feflector

Tol¢rance

5%

Megsured deviations

Axis
Programmed feed Di . X Y Z
speed Irectioqy Measured Measured Measured
Deviation Deviation Deviation
avg feed o avg feed o avg feed o
speed 0 speed 0 speed 0
Positive
a) 1p0 mm/min
Negative
Positive
b) 11000 mm/fnih
Negative
c) Maxfeed speed Positive
...Mmy7/hin Negative
d) Rapid traverse Positive
...mm/min Negative

Measuring instruments

Laser interferometer.

© IS0 2014 - All rights reserved 5
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Observations

Align the laser interferometer (setup for positioning deviation) with the motion of the axis under test. Axis shall be com-
manded to execute a simple motion between two end points specified. Travel distance of about half the axis travel range
(or 500 mm whichever is shorter) to allow the axis to accelerate, then move at constant speed, and then to decelerate to
stop shall be selected. Same travel distance shall be used for all feed speeds. The tests shall be carried out for both direc-
tions of travel (positive and negative). Speed data should be sampled with a minimum frequency of 100 Hz, no smoothing
or averaging shall be allowed. The override control shall be set at 100 %. For each direction, calculate the average feed
speed as the average of all measured constant feed speed values (minimum 1 000 sampled points) for a given test.

The feed speed deviations shall be calculated using the following formula:

Ac— P
Dy == —Lx100
Py
where
Ds is the deviation in percentage;
Ag is the measured average feed speed;
Pt is the programmed feed speed.

6 © ISO 2014 - All rights reserved
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Linear interpolation motion

:2014(E)

Obje

ct and test conditions K3

over

Checking the straightness error of the path described by linear interpolation of two linear axes controlled simultaneously

any measuring length of 100 mm. The approximate slopes of these paths are given below.

Horizontal machining centres:
a)dZ/dX =0,05;b) dZ/dX = 1; ¢) dX/dZ = 0,05; d) dY/dZ = 1; ) dZ/dY = 0,05; f) dY/dX = 0,05; g) dY/dX = 1.

Vertical machining centres:

a) df7aX =U,05; b dY/dX = T; ¢J dX/dY = U,05; dJ dZ/dY = I; €] dZ/aY = U,05; 1) dZ/dX = U,05; g) dZ/aX = I.
Instead of an angle equal to arctan(0,05) [ = 2°51'45”], an angle of 3° can be chosen, depending on the programmming facili-
ties
Diagram
Z(orY) Y(or Z) Y(orZ)
L X |— Z(orY) X
T) 0 .
| S 4
y /
V Lo — f
(=== 1] L [
Horizontal plane Vertical YZ plane Vertical plane parallel fo X-axis
NOTE Inthe coordinate system shown on each“diagram, axis names correspond to the horizontal machine copfiguration,
while those in parentheses [e.g. (or Y)] cortespond to the vertical machine configuration.
Tol¢rance
0,070 for any length of 100
Medsured deviations
a) b) 9 d) e) f) 3

Medsured error
Length
Medsuring inSthuments
Stralightness'reference artefact with appropriate support (e.g. swivelling vise) or sine bar and linear-displacenfent sensora.
a  |The use of a linear-displacement sensor connected with a graphic recorder or a computer is recommended in order to
haveameasurementresultina graphical form which is easier to read

© IS0 2014 - All rights reserved
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Object and test conditions K3

Observations
The measuring length shall be approximately in the middle of the work zone.

After choosing the angle and the length of travel, place a linear-displacement sensor on the tool holding spindle, if it can be
locked, otherwise on the spindle head, reasonably perpendicular to the direction of movement.

Place the straightedge or the sine bar on the worktable at the approximate orientation specified in object and test condi-
tions. Move the sensor against the straightedge to read against the reference surface (at the starting position of the meas-
uring length). Record the X-, Y-, Z-positions. Then move the sensor to the end point of the measuring length and adjust the
position such that the same linear-displacement sensor reading is obtained against the reference surface of the straight-
edge. Record the X-, Y-, Z-positions of this location. The programmed path shall be between these two recorded locations.

Then move the axes along the programmed path in both directions, with feed speed of 250 mm/min, reversing the dire
tion outside fhe measuring length, and record the difference between the maximum and the minimum reading separat¢ly
for each direfction.

The largest deviation in any 100 mm section and its direction shall be recorded.

a  The uselof a linear-displacement sensor connected with a graphic recorder or a computer is recommended in ord¢r to
have a measfirement result in a graphical form, which is easier to read.

8 © ISO 2014 - All rights reserved
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5.4 Circular interpolation motion

Object and test conditions K4

Checking the circular deviation G and the bi-directional circular deviation G(b) of the path generated by circular interpo-
lation of two linear axes over 360°, where applicable, according to ISO 230-4, at one of the following diameters and at two
feed speeds, as follows.

1) 20 mm dia. 2) 50 mm dia. 3) 100 mm dia. 4) 200 mm dia. 5) 300 mm dia.
a) 150 mm/min a) 250 mm/min a) 350 mm/min a) 500 mm/min a) 610 mm/min

b) 630 mm/min b)1000mm/min b)1400mm/min b)2000mm/min b)2440 mm/min

The|circular deviation G shall be checked for clockwise and counter-clockwise (anticlockwise) contouringamotjon.

Thi$ test shall be performed in the XY, YZ, and ZX plane, or in the plane composed by other pairs of linearaxes [U, V, W,
etc.).

Diagram

ball bar method two dimensional digital scale method

NOTE Inthe coordinate system shown on each diagram, axis names correspond to the horizontal machine donfigura-
tion, while those in parentheses [e.g. (or Y)] correspond to the vertical machine configuration.

Tolerance

a) Ghp = 0,03 mm, Gp, = 0,03 mm
G(b)ab = 0,05 mm

b) Ghp = 0,05 mm, Gpa = 0,05 mm
G{b)ab = 0,09 mm

whgre ab = XY, YZ, ZX or anypairs of linear axes.

Megsured deviations-and parameters to be stated

Diameter of nominal path |
a) fged speed =
Location of measuring instrument

Gip = — Centre of circle (X/Y/Z)
Gha= — Offset of tool reference (X/Y/Z)
G(DJab = — OTfSEeT to WOoTKplece reference (X/ Y/ Z)

b) feed speed = Data acquisition parameters
Gap = — Starting point |
Gpa = — Number of measuring points |
G(b)ab = — Data smoothing process |

where ab = XY, YZ, or ZX or any pairs of |Compensationused = |
linear axes

Positions of axes not under test |,

Measuring instruments

Ball bar, or two-dimensional digital scale.

© ISO 2014 - All rights reserved 9
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Observations and references to 1ISO 230-1:2012, 11.3 and ISO 230-4:2005

Diameters can differ from the above values in agreement between the manufacturer/supplier and the user. In such cases,
the feed speed shall be adjusted according to Annex C of ISO 230-4:2005.

Start the interpolation in one of the four quadrants. Ideally measurements should be recorded at a start point other than
one of the four reversal points and should have adequate feed in/out motion around the area being inspected; this helps
ensure accurate capture of machine performance measurements, including that at the reversal points.

10 © ISO 2014 - All rights reserved
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(normative)

Kinematic tests for machines with two rotary axes in the spindle

head

A.]I Machine configuration and designation

The
axe
seri
axe
sho
wol
by 1
wit

Key

machines specified in this part of ISO 10791 can be classified based on the striicture o
5 and the rotary axes. The structural configuration is described by using the’structur
ally connect the motion axis from the workpiece side to the tool side, andvice versa. T

[ the linear
hl codes to
he name of

5 of motion is in accordance with ISO 841:2001. As an example, the structural code of the machine

ivn in Figure A.1 can be described as [w X' b Y Z C B (C1) t] by connecting the motion ax¢
kpiece side to the tool side. In this description, the workpiece side and-the tool side are dif
naming the workpiece by “w”, the tool by “t”, and the bed by “b™\(C1) stands for the s

hout numerical control for angular positioning.

table (X'-axis)
bed

colimn

+7

s from the
tinguished
pindle axis

O© 0 N O U1 o W N =

cross beam

ram saddle (Y-axis)
ram (Z-axis)

swivelling head (C-axis)
tilting head (B-axis)
spindle [(C1)-axis]

Figure A.1 — Typical example of a vertical five-axis machining centre with two rotary axes in
the spindle head [wX'bY Z CB (C1) t]

© IS0 2014 - All rights reserved
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A designation is also supplied in order to define the configuration of a machining centre as a short code;

this design

EXAMPLE

ation is given by the following four items in order:

the five-axis machining centre;

the number of this International Standard, i.e. ISO 10791;

the structure configuration.

the letter H for “horizontal” (with a horizontal spindle) or V for “vertical” (with a vertical spindle);

Designation of a machining centre, vertical spindle, with two rotary axes in the spindle head

moving alor]
to Figure A.

Fiv

A.2 Kin

A2.1 Ge

Tests spec

in Figure /
continuouy

AK1,AK2, 4
system (i.g
in radial, p
attached tq
different s¢

NOTE1 1
with one siy

NOTE2 1
axes. Howey

A.2.2 Ciycular interpolation metion by simultaneous three-axis control (AK1 and AK’

The purpo
interpolati
speed, excg

A.2.3 Ciycular interpolation motion by simultaneous five-axis control (AK3 and AK4)

The purpo
rotary axe

g the Z-axis, the ram saddle moving along the Y-axis, and the worktable moving along the X-axis\(x

1):
e-axis machining centre ISO 10791V [wX'bYZ CB (C1) t]

bmatic tests

neral

fied in this annex refer, for simplicity, to the example of machine configuration depi
\.1 but they are applicable to all configurations of machiding centres equipped with
ly controlled rotary axes on the spindle head.

ind AK4 measure the deviations of the tool centre pointtrajectory in the workpiece coordi
. the coordinate system attached to the work table) while their alternatives measure t
arallel, and tangential directions to the rotary axis of interest (i.e. in the coordinate sys
the rotary axis of interest). In this annex, altérnative tests are given to perform the teg
ptups of sensitive directions of the measurenient.

lests specified in this annex are also applicable, where relevant, to machining centre configurat
gle continuously controlled rotary axis-en the spindle head.

'hese tests provide information abeut the capability of a machine to simultaneously coordinate
rer, these tests might not directly predict the actual workpiece form errors resulting from cuttin

se of these tests iS~to check the accuracy of the circular trajectories when the circ
pn motion of twodinear axes is synchronized with the rotation of a rotary axis at a cons
pt for start/step phase at the beginning/end of the test.

Ge of these tests is to check the accuracy of the trajectories when three linear axes and
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b are controlled simultaneously at constant speed keeping the distance between the poing on

the table a
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Object and test conditions AK1

Checking of the deviations of the tool centre point trajectory (ideally a fixed point in the workpiece coordinate system)
during the simultaneous three-axes interpolation of two linear axes (X'- and Z-axes) and the tilting head rotary axis
(B-axis).

a) in the x-axis direction, Eint,x,xzB
b) in the Z-axis direction, Eint,z,xzB

c) in the y-axis direction, Eint,y,xzB

The|offset of the precision sphere to spindle nose (spindle gauge line), L, should be approximately 150 mm. Thg rotational
speged of B-axis should be 360°/min or agreed between the manufacturer/supplier and the user.

The|rotational angle of the B-axis should be tested over its entire working range, limited by possible interfererjce between
the fest mandrel and the linear-displacement sensor.

Medsurements shall be conducted for clockwise and counter-clockwise (anticlockwise) directiens‘of the B-axi$ motion.

NOTE 1 Testc) can be performed as a possible alternative to the test of squareness between, the B-axis of rotdtion and the
ZX plane, described by the corresponding geometrical test in ISO 10791-1, ISO 10791-2, or'1SO 10791-3.

NOTE 2 This testrefers to the example of machine configuration with B- and C-axes in_the spindle head. It is dpplicable to
other configurations (e.g. A- and C-axes in the spindle head).

NOTE 3 For machines with non-orthogonal swivelling heads, attention should(®e'paid to avoid interference of the fixture
and|the measuring instruments.

Diagram

Z

v

a) b) )

Tolgrance (to be agreed between the manufacturer/supplier and the user) |Measured deviations

a) [Eint,X,XZB (CW, CCW) a) Eint,X,XZB (CW, CCW)
b) [Eint,z,XZB(CW,COW) b)  Eint,z,XZB(CW, CCW)
A [Einty,xzBW,ccw) ¢)  Eint,yXZB(CW, CCW)

Each value{or clockwise (CW) and counter-clockwise (anticlockwise) (CCW)
dirqctions shall be reported.

Measuring instruments
=

Precision sphere with stem and flat-ended linear-displacement sensor(s) or sensor’s nest (e.g. R-test), or ball bar.

© ISO 2014 - All rights reserved 13
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Observations and reference to 1SO 230-1:2012, 11.3.5

Y-axis at mid travel. Set the TCP control function to ON. Move the B-axis and the C-axis to 0°.
When a precision sphere with stem and flat-ended linear-displacement sensor(s) are used:

— bring the linear-displacement sensor to sense the precision sphere attached to the spindle and rotate the spindle to

find the mea

n run-out position;

— move the B-axis to -90° and zero the displacement sensor against the sphere;

— rotate the B-axis at a constant speed to the maximum positive angle allowed without interference and record the

readings of t

— rotate the B-axis back to -90° and record the readings of the linear-displacement sensor;

he linear-displacement sensor;

—reportt

The offset of
sphere shall

For ball bar

Measuremer|
mounted on

Itis recomm|

he difference between the maximum and minimum recorded values.

the precision sphere to the spindle nose, L, shall be calibrated and reported. The centre of the precision
be aligned on the spindle axis average line. Any misalignment influences the test result.

etup and additional precautions, see Annex D.

ts a), b), and c) can be taken simultaneously using three linear-displacement sensors or & sen'sor’s nest

the machine table.

ended to present test results in a graphical form, e.g. similar to Figure D.5.

14
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ect and test conditions

The sensitive direction of the measurement shall be set as follows:
a) radial to the tilting head rotary axis (B-axis), Eint,radialB,XZB;

b) parallel to the tilting head rotary axis (B-axis), Eigt.axialg.xzB (Einty X7B);

(alternative)

AK1

Checking of the deviations of the tool centre point trajectory [ideally a circular path in a) and c), a fixed point in b)] during
the simultaneous three-axis interpolation of two linear axes (X'- and Z-axes) and the tilting head rotary axis (B-axis).

tangential to the rotation of the tilting head rotary axis (B-axis), Eint,tangentialB,XZB-

be line), L, should be approximately 150 mm.

br configurations (e.g. A- and C-axes in the spindle head).

reference length of the ball bar Lg is 100 mm, and the rotational speed of the B-axis should be 3602/min or|agreed
veen the manufacturer/supplier and the user. The offset of the ball on the spindle side to the spindlehose (ppindle

rotational angle of the B-axis should be tested over its entire working range, limited by pessible interferer]ce.
surements shall be conducted for clockwise and counter-clockwise (anticlockwise) directions of B-axis mqtion.

'E1 Testb) can be performed as a possible alternative to the test of squareness between the B-axis of rotation and the
lane, described by the corresponding geometrical testin ISO 10791-1, ISO 10791-2,6r ISO 10791-3.

'E 2 This testrefers to the example of machine configuration with B- and C-axes in the spindle head. It is dpplicable to

NOTE 3 For machines with non-orthogonal swivelling heads, attentionshould be paid to avoid interference of the fixture
and|the measuring instruments.
Diapram

Z Z Z

T—»X T—»X Y<—T

—
s
a) b) 0)

Tolerance (to be agreed bétween the manufacturer/supplier and the user) |Measured deviations
a) [EintradialB,XZB (EWNGCW) a) EintradialB,XZB (CW, CCW)
b) |Eint,axialB,XZB\CW, CCW) b)  Eint,axialB,XZB (CW, CCW)
©) Fint tangentialB,XZB (CW, CCW) (Eint,Y,XZB (CW, CCW)
Each valuetfor clockwise (CW) and counter-clockwise (anticlockwise) (CCW) €)  Eint tangentialB,XZB (CW, CqW)
dirdctiens shall be reported.

Measuring instruments

Ball bar, or precision sphere with stem and flat-ended linear-displacement sensor(s) or a sensor’s nest (e.g. R-test).

© IS0 2014 - All rights reserved
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Observations and reference to 1SO 230-1:2012, 11.3.5

One of the balls of the ball bar is mounted on the machine table. In a) and b), the ball of the spindle side is mounted on the
spindle axis average line. In ¢), it is mounted at the distance Lg from spindle axis average line (see Annex D). The axis of ball
bar is kept radial to B-axis in a), parallel to B-axis in b), and tangential to B-axis in c).

The circular interpolation motion is conducted by the X’- and Z-axes while rotating the tilting axis (B-axis) of the spindle
head. Set the TCP control function to ON. In the machine coordinate system, the radius of the trajectory of B-axis average
line is H+LB in a), and H in b) and c), where H is L added by the distance between the spindle gauge line and B-axis.

For each test, continuously record the readings of the ball bar (changes of its length) during the interpolated motion.
Report the difference between the maximum and minimum recorded values for a), b), and c).

The offset of the ball on the spindle side to the spindle nose (spindle gauge line), L, shall be calibrated and reported. In a)
and c), the tdble-side ball of the ball bar shall be aligned at the centre of the trajectory of the spindle-side ball in the wogk-
piece coordipate system. Any misalignment influences the test result.

A precision dphere with stem and a sensor’s nest (e.g. R-test) can be also used when the sensor’s nest can be meunted inj the
spindle side|See Annex D for additional precautions.

Itis recommlended to present test results in a graphical form, e.g. similar to Figure D.5.
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Object and test conditions AK2

Checking of the deviations of the tool centre point trajectory (ideally a fixed point in the workpiece coordinate system)
during the simultaneous three-axes interpolation of two linear axes (X'- and Y-axes) and the swivelling head rotary axis
(C-axis).

a) in the X-axis direction, Eint,x,xyc
b) in the Y-axis direction, Eint,y,xyC

c) in the Z-axis direction, Eint,z,xyC

The|offset of the precision sphere to spindle nose (spindle gauge line), L, should be approximately 150 mm and [the rota-
tional speed of C-axis should be 360°/min or agreed between the manufacturer/supplier and the user.

The|rotational angle of the C-axis should be over 360°, where applicable.
Medsurements shall be conducted for clockwise and counter-clockwise (anticlockwise) directions of-the C-axi§ motion.

NOTE Testc) can be performed as a possible alternative to the test of squareness between the-C-axis of rotatipn and the
XY plane, described by the corresponding geometrical test in ISO 10791-1, ISO 10791-2, or ISQ 10791-3.

Diagram

Z Z

tox vy~

a) b) )

Tolerance (to be agreed between the manufacturer/supplier and the Measured deviations
usef)

—

a)  Eint,X,XYC (CW, CCW)
a) [Eint,x,xYC (CW, CCW) B) Eintyxve cw, cow)
b) |Einty,xYC (CW, CCW) O Eimezxvc cw, cow)
c) fEint,z,XYC (CW, CCW)

Each value for clockwise{CW) and counter-clockwise (anticlockwise) (CCW)
dirdctions shall be reported.

Megsuring instruments

Prefision sphere’with stem and flat-ended linear-displacement sensor(s) or sensor’s nest (e.g. R-test), or ball bar.

© ISO 2014 - All rights reserved 17
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Observations and reference to ISO 230-1:2012, 11.3.5

X- and Y-axis at mid travel. Set the TCP control function to ON.

When a precision sphere with stem and flat-ended linear-displacement sensor(s) are used:
— move the B-axis and the C-axis to 0°;

— bring the linear-displacement sensor to sense the precision sphere and rotate the spindle to find the mean run-out
position;

— move the B-axis to 60° and the C-axis to 180°; zero the linear-displacement sensor against the sphere;

— rotate the C-axis at constant speed to -180° and record the readings of the linear-displacement sensor;

- I'Otate tl < b'd}&ib |9e) 180“ dlld I'CLUI b‘l L;IC I Cddillsb Ur L‘UC lillCdl ‘L‘libp‘ldLCUICIIL STIISUT,
— report the difference between the maximum and minimum recorded values for a), b), and c).

The offset of|the precision sphere to the spindle nose, L, shall be calibrated and reported. The centre of the precision
sphere shall|be aligned on the spindle average line. Any misalignment influences the test result.

Measuremerjts a), b), and c) can be taken simultaneously using three linear-displacement sensors or a sensor’s nest
mounted on p table.

For ball bar getup and additional precautions, see Annex D.

Itis recommlended to present test results in a graphical form, e.g. similar to Figure D.5.

18 © ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=27caa1bdf771064bab83c7bcd21f35f2

1ISO 10791-6:2014(E)

AK2
Object and test conditions

(alternative)

Checking of the deviation of the tool centre point trajectory [ideally a circular path in a) and c), a fixed point in b)] during
the simultaneous three-axis interpolation of two linear axes (X'- and Y-axes) and the swivelling head rotary axis (C-axis).

The sensitive direction of the measurement shall be set as follows:
a) radial to the rotary axis (C-axis), Eint,radialC,XYC;
b) parallel to the rotary axis (C-axis), Eint,axialC,XYC (Eint,z,XYC);
c) tangential to the rotation of the rotary axis (C-axis), Eint tangentialC,XYC-

agreed
dle nose

betyveen the manufacturer/supplier and the user. The offset between the sphere in the spindle side and the spi
(spipdle gauge line), L, should be approximately 150 mm.

Medsurements shall be conducted for clockwise and counter-clockwise (anticlockwise) of C-axis motion«

NOTE Testb) can be performed as a possible alternative to the test of squareness between the C-akis of rotatjon and the
XY plane, described by the corresponding geometrical testin ISO 10791-1, ISO 10791-2, or IS0, 10791-3.

Diagram
Z
SN
Ly R
/ ap
[ (e
~.___.~
a) b) Q)
Tolerance (to be agreed between the manufacturer/supplier and the Measured deviations
usey)
a)  EintradialC,XYC (CW, CCW)
a) [Ei i
) [Eint,radialC,XYC (CW, CCW) b) Eint axialC (c, cOW)

b) [Eint,axialc (cw, ccw) [Eint,Z,XYC (CWaCEW)] [Eint z,x¢ (cw, ccw)]
ng 4z, f

¢) Fint tangentialC,XYC (CW, CCW) ) Einttangentialc XYC (CW, CCW

Each value for clockwise (CWJ~and counter-clockwise (anticlockwise) (CCW)
dirdctions shall be reported.

Megsuring instruments
Balllbar, or a precisionsphere with stem and flat-ended linear-displacement sensor(s), or a sensor’s nest (e.g. Ritest).

Obdervations-and reference to I1SO 230-1:2012, 11.3.5

In a) and b);%the ball of the ball bar of the spindle side is mounted on the spindle axis average line. In c), it is moyinted at the
distance’LB from spindle axis average line (see Annex D). The ball of the table side is mounted on the table. Thq axis of ball
bar fis(kept radial to C-axis in a), parallel to C-axis in b), and tangential to C-axis in c).

The circular interpolation motion is conducted by the X - and Y-axes while rotating the rotary axis (C-axis) of the swivel-
ling head. Set the TCP control function to ON.

For each test, continuously record the readings of the ball bar (changes of its length) during the interpolated motion.
Report the difference between the maximum and minimum recorded values for a), b), and c).

The offset of the spindle-side ball to spindle nose, L, shall be calibrated and reported. In a) and c), the table-side ball shall
be aligned at the centre of the trajectory of the spindle-side ball in the workpiece coordinate system. Any misalignment
influences the test result.

A precision sphere with stem and a sensor’s nest (e.g. R-test) can also be used when the sensor’s nest can be mounted at the
spindle side. See Annex D for test procedure and for additional precautions.

Itis recommended to present test results in a graphical form, e.g. similar to Figure D.5.
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Object and test conditions AK3

Checking of the deviation of the tool centre point trajectory along a conical circular path during simultaneous five-axis
interpolation of three linear axes and two rotary axes.

The angle between the axis of the programmed cone and the Z-axis, and the apex angle of the programmed cone, shall be
respectively either 10° and 30°, or 30°, and 90°.

The ball of the ball bar of the spindle side shall be mounted and centred on the spindle axis average line.
The ball bar shall be set perpendicular to the cone surface.

The diameter of the circular path should be approximately 200 mm, and the peripheral feed speed should be 1 000 mm/
min.

Measuremeijts shall be conducted for clockwise and counter-clockwise (anticlockwise) directions of C-axis motion.

Diagram
Z
=
X
Z
(@]

Tolerance (fo be agreed between the manufacturer/supplier @nd the Measured deviations
user)

— Eint,cone30°,XYZBC (CW, CCW), OF

- Eint,cone 0°,XYZBC (CW, cCw) or Eint,cone‘)o",XYZBC (Cw, cCcw) Eint 90° XYZBC (CW, CCW)
— Lint,cone90°, f

Each value fgr clockwise (CW) and counter-clockwise (anticlockwise) (CCW)
directions shall be reported.

Measuring jnstruments
Ball bar.
Observatiops and reference to 1SO 230-1:2012, 11.4

If the diamefer differs from the abave,value, the feed speed shall be adjusted according to Annex C of ISO 230-4:2005.

The offset of|the ball on the spindleé side to the spindle nose (spindle gauge line) shall be calibrated and reported. The
spindle-side|ball of the ball bax shall be aligned at the spindle axis average line. Any misalignment influences the test
result. The table-side ball.of¢he ball bar shall be aligned at the cone axis (for this alignment procedure, see Figure D.2).|See
Annex D for further preeatition for this test.

For each test, recordthe readings of the ball bar (changes of its length) during the interpolated motion.

Report the djifference between the maximum and minimum recorded values. The nominal diameter of the circular path
shall be notdd.

If easily available, the range of movement of each axis (three linear axes and two rotary axes) shall be reported.

Itis recommended to present test results in a graphical form, e.g. similar to Figure D.5.
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Object and test conditions AK4

Checking of the deviations of the tool centre point trajectory (ideally a fixed point in the workpiece coordinate system)
during the simultaneous five axes interpolation of three linear axes and two rotary axes.

a) in the workpiece coordinate system X-axis direction, Eint,x,XxYZBC
b) in the workpiece coordinate system Y-axis direction, Eint,y,xyzBC
c) in the workpiece coordinate system Z-axis direction, Eint,z,XxYZBC

The offset of the precision sphere to spindle nose (spindle gauge line), L, should be approximately 150 mm and the rota-
tional speed of C-axis should be 360°/min or agreed between the manufacturer/supplier and the user.

Measurements shall be conducted for clockwise and counter-clockwise (anticlockwise) contouring motion of C-axis.

Diapram

Z Z

Lox g

a) b) 9

Tolerance (to be agreed between the manufacturer/supplierand the Measured deviations

usey)
a)  Eint,X,XYZBC (CW,CCW)

a) [Eint,X,XYZBC (CW,CCW
( ) b)  Eint,y,XYZBC (CW,CCW)

B). [Einty XyZBC (CW.CCW) ) FEint,Z XYZBC (CW,CCW)

¢) [int,ZXYZBC (CW,CCW)

Each value for clockwise (CW) and counter-cleckwise (anticlockwise) (CCW)
dirgctions shall be reported.

Megsuring instruments

A pyecision sphere with stem and flat-ended linear-displacement sensor(s) or sensor’s nest (e.g. R-test), or ball|par.

Obgervations
Moye the B-axis and the-C:axis to 0°. Set the TCP control function to ON.
When a precision sphere with stem and flat-ended linear-displacement sensor(s) are used:

—|bring the linear*displacement sensor to sense the precision sphere and rotate the spindle to find the mean|run-out
pos|tion. Zerothe'displacement sensor against the sphere;

—|movei€;axis from 0° to 180° and simultaneously B-axis from 0° to 90°. Then continuously rotate C-axis from 180° to
360p while'rotating B-axis from 90° to 0°. B- and C-axes rotations could be limited due to possible interference|with the
pre¢ision sphere with stem;

— record the linear-displacement sensor readings;
— report the difference between the maximum and minimum recorded values for a), b), and c).

The offset of the precision sphere to spindle nose, L, shall be calibrated and reported. The centre of the precision sphere
shall be aligned on the spindle average line. Any misalignment influences the test result.

Measurements a), b), and c) can be taken simultaneously using three linear-displacement sensors or a sensor’s nest
mounted on a table.

If easily available, the range of the movements (three linear axes and two rotary axes) shall be reported.

For ball bar setup and additional precautions, see Annex D.

Itis recommended to present test results in a graphical form, e.g. similar to Figure D.5.
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AK4
Object and test conditions

(alternative)

Checking of the deviation of the tool centre point trajectory along a spherical path during simultaneous five-axis interpola-
tion of three linear axes and two rotary axes.

The sensitive direction of the measurement shall be set as follows;
a) radial to the tilting axis (B-axis), Eint,radialB,XYZBC;
b) parallel to the tilting axis (B-axis), Eint,axialB,XYZBC;

c) tangential to the rotation of the tilting axis (B-axis), Eint tangentialB,XYZBC-

The referengetengthrofthebattbar 5 s 100 mmmamd- the Totatiomat speed of the €=axis s 360 /miror agreed betwee
the manufacfurer/supplier and the user. The offset of the precision sphere to the spindle nose (spindle gauge line), L,
should be approximately 150 mm.

Measuremerjts shall be conducted for clockwise and counter-clockwise (anticlockwise) directions of C-axis motien.

Diagram

Z

v

Z

Ly

(]

= |

:|

a) b) 0

Tolerance (fo be agreed between the manufacturer/supplier and the user) |Measured deviations

a)  Eint,radia|B,XYZBC(CW,CCW) a)  EintradialB,XYZBC (CW,CCW)
b)  Eint,axialB,XYZBC(CW,CCW) b)  Eint,axialB,XYZBC (CW,CCW)
€) EinttangehtialB,XYZBC(CW,CCW) ¢)  Eint tangentialB,XYZBC(CW,CCW)

Each value for clockwise (CW) and counter-clockwise (anticlockwise) (CCW)
directions shall be reported.

Measuring jnstruments
Ball bar, or a|precision sphere with stem and flat-ended linear displacement sensor(s), or a sensor’s nest (e.g. R-test).

Observations and reference to 1SO 230-1:2012, 11.3.5

The offset offthe balken.the spindle side to the spindle nose (spindle gauge line), L, shall be calibrated and reported. Thd
centre of thg ballonwthe spindle side shall be aligned on the spindle average line. Any misalignment influences the test
result.

: = : 11 n —— D 1 n —— 1O 1 il n —
The axis Oft 1T UdITUdI IS SCLTAUldT LU D=d XIS TIT d), Pdl dlICT LU D=dA15 111 U]J, 411U Ldllgclllel LU D=dXI5 TIT'L).

Move the X-, Y-, and Z-axes simultaneously so as to keep the distance between the two balls constant while rotating C-axis
from 0° to 180° and, simultaneously, B-axis from 0° to 90°. Then continuously rotate C-axis from 180° to 360° while
rotating B-axis from 90° to 0°. Set the TCP control function to ON. B- and C-axes rotations could be limited due to possible
interferences with the precision sphere with stem.

For each test, record the readings of the ball bar (changes of its length) during the interpolated motion. Report the differ-
ence between the maximum and minimum recorded values for a), b), and c).

A precision sphere with stem and a sensor’s nest (e.g. R-test) can be also used when the sensor’s nest can be mounted at the
spindle side. See Annex D for precautions for test procedure and for additional precautions.

If easily available, the range of the movements (three linear axes and two rotary axes) shall be reported.

Itis recommended to present test results in a graphical form, e.g. similar to Figure D.5.
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Annex B
(normative)

Kinematic tests for machines with two rotary axes in the

workpiece side

B.1 Machine configuration and designation

Theg machines specified in this part of ISO 10791 can be classified based on thé.Struct
trapslational axes and the rotary axes. The structural configuration is described bysing thq
codps to connect serially the motion axis from the workpiece side to the tool side, and vice
nanpe of axes of motion is in accordance with ISO 841:2001. As an examplef the structural

ure of the
structural
versa. The
rode of the

maghine shown in Figure B.1 can be described as [w C' A'Y' b X Z (C1) t], by connecting the nhotion axes

from the workpiece side to the tool side. In this description, the workpiece side and the ta
disfinguished by naming the workpiece by “w”, the tool by “t”, and,the bed by “b”; (C1) sta
spindle axis without numerical control for angular positioning.

+7
+C +Y

+X

~
[
<

rotary table (€;*axis)
cradle (A'-axis)
Trunnionh

table saddle (Y'-axis)
bed

ol side are
hds for the

column (X-axis)
spindle head (Z-axis)
spindle [(C1)-axis]

O N O Ul W DN

Figure B.1 — Example of a typical vertical five-axis machining centre with a tilting rotary table

[WC'A'Y' bXZ(C1)t]

A designation is also supplied in order to define the configuration of a machining centre, as a short code;

this designation is given by the following four items in order:

— the five-axis machining centre;

© IS0 2014 - All rights reserved
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— the number of this International Standard, i.e. ISO 10791;
— the letter H for “horizontal(with a horizontal spindle) or V for “vertical” (with a vertical spindle);
— the structure configuration.

EXAMPLE1 Designation of a machining centre, vertical spindle, with a tilting rotary table moving along the Y'-
axis, the column moving along the X-axis, and the spindle head slide moving along the Z-axis (refer to Figure B.1):

Five-axis machining centre ISO 10791V [w C'A'Y'bXZ (C1) t]
+Y

+B

+X +7

+A

vertical rotary table (A'-axis)
vertical trunnion table (B'-axis)
table sdddle (Z'-axis)

bed
column| (X-axis)
spindle|head (Y-axis)
spindlel[(C1)-axis]

N O U W e

Figure B.p. — Exampleof horizontal five-axis machining centre with a vertical rotary table (A")
tilting around a vertical B' axis [wWA’'B’Z’' b XY (C1) t]

EXAMPLE 2} _“Designation of a machining centre, horizontal spindle, with a vertical rotary table (A') tilting
around a veftical B'-axis (refer to Figure B.2):

Five-axis machining centre ISO 10791 H[wA'B'Z'b X Y (C1) t]
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B.2 Kinematic tests

B.2

.1 General

Tests specified in this annex refer, for simplicity, to the example of machine configuration depicted in
Figure B.1 but they are applicable to all configurations of machining centres equipped with two rotary
axes on the workpiece side.

NOTE 1

Tests specified in this annex are also applicable, where relevant, to machining centre configurations

with one continuously controlled rotary table on the workpiece side (4th axis), axis average line of which being
parallel to one of the primary coordinate axes, and an additional continuously controlled rotary table that can

be 3
€00l

NO'
whd

B.2

The
inte
spe

B.2

Thd
rot:
the

ssembled on the first rotary table such that its axis average line is parallel to one of the other {
dinate axes (table-on-table configuration; see Figure B.2).

E2 Thetestsin thisannexare in principle also applicable to five-axis machining centres with
se average line is not parallel to any linear axes (e.g. a rotary axis tilted by 45° from linear axes).

purpose of these tests is to check the accuracy of the circular trajectories when t
rpolation motion of two linear axes is synchronized with the rotation of the rotary axis af
bd, except for start/stop phase at the beginning/end of the test;

.3 Circular interpolation motion by simultaneous five-axis control (BK3 ang

purpose of these tests is to check the accuracy of the)trajectories when three linear ax
iry axes are controlled simultaneously at constant speed, keeping the distance between t
table and the point on the spindle constant.

WO primary

rotary axes

.2 Circular interpolation motion by simultaneous three axis control (BK1 and BK2)

he circular
a constant

BK4)

es and two
he point on

©IS
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Object and test conditions

Checking of the deviations of the tool centre point trajectory (ideally a fixed point in the workpiece coordinate system)
with the simultaneous three-axes interpolation of two linear axes (Y'- and Z-axes) and a rotary axis (A'-axis). The sensitive

direction of the measurement shall be set as follows:

a) radial to the rotary axis (A'-axis), Eint,radialA,YZA;

b) parallel to the rotary axis (A'-axis), Eint,axialA,YZA;

c) tangential to the rotary axis (A'-axis), Eint,tangential A,YZA-

BK1

The rotation
tional angle

Measuremer|

NOTE Test
YZ plane, de

al speed of A'-axis should be 360°/min or agreed between the manufacturer/supplier and the user. The rot
pf A'-axis should be over 180° (or the maximum stroke limited by possible interferences).

ts shall be conducted for clockwise and counter-clockwise (anticlockwise) directions of A'-axis métion.

b) can be performed as a possible alternative to the test of squareness between the A'-axis of rotation and §he
cribed by the corresponding geometrical test specified in ISO 10791-1, ISO 10791-2, or ISOA0791-3.

Diagram

Ra

3)

b)

Ra
~¢{~

9

Tolerance (i
user)

a) Eint,radia
b) Eint,axial
9] Eint tange

Each value fi
directions s}

o be agreed between the manufacturer/supplier and the

AYZA (CW,CCW)
\,YZA (CW,CCW)

htialA,YZA (CW,ECWV)

r clockwise (CW) and counter-clockwise (anticlockwise) (CCW)

all bereported.

Measured deviations
a)  EintradialA,YZA(CW,CCW)
b)  Eint,axial A,YZA(CW,CCW)

€) Eint tangential A YZA(CW,CCW)

Ball bar, or a i

Measuring 1nstruments
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Observations and reference to 1SO 230-1:2012, 11.3.5
Move A’- and C’-axes to 0°. Set the TCP control function to ON.

When a precision sphere with stem and flat-ended linear-displacement sensor(s) are used:

— bring the linear-displacement sensor to sense the precision sphere and rotate the spindle to find the mean run-out

position;
— move the A-axis to 90° and zero the linear-displacement sensor;
— rotate the A’-axis at a constant speed to —=90° and record the readings of the linear-displacement sensor;

— rotate the A-axis to 90° and record the readings of the linear-displacement sensor;

1 1co 1 1 . 1 . 11 1 . 310 1
— I EPUTITLIC UIITCTITIHLC DTLVWTTIT LT HTAATIITULT A ITU HITHIHIITUIIT TELUTUTU V4AIucs 101 d), D), d1IIU CJ.

The|offset of the sphere to A-axis, R,, shall be reported. The centre of the sphere shall be aligned on the spindlg
line} Any misalignment influences the test result. The offset of the sphere to the spindle nose (spindle gauge lin

caliprated and reported.

Forpall bar setup and additional precautions, see Annex D.

Medsurements a), b), and c) can be taken simultaneously using three linear-displacement sersors or a sensor’s

mounted on a table.

ItisjJrecommended to present test results in a graphical form, e.g. similar to Figure D.5.

To gerform this test by using a sphere and displacement sensor(s), the sensor (senser’s nest) is mounted on the
the fixture holding the linear-displacement sensor is subject to varying gravitational forces during the measui
to diifferent orientation of the rotary table), it shall be stiff enough to minimize the influence on the test resultg.

average
e) shall be

nest

table. Since
ements (due

© IS0 2014 - All rights reserved

27


https://standardsiso.com/api/?name=27caa1bdf771064bab83c7bcd21f35f2

ISO 10791-6:2014(E)

Object and test conditions

a) radial to the rotary axis (C'-axis), Eint,rdialC,XYC;

b) parallel to the rotary axis (C'-axis), Eint,axialC,XYC;

c) tangential to the rotary axis (C'-axis), Eint,tangentialC,XYC-

BK2

Checking of the deviations of the tool centre point trajectory (ideally a fixed point in the workpiece coordinate system)
during the simultaneous three-axes interpolation of two linear axes (X- and Y'-axes) and a rotary axis (C'-axis). The sensi-
tive direction of the measurement shall be set as follows:

The rotation|
The rotation|
Measureme|

NOTE Test
XY plane, de

al speed of the C'-axis should be 360°/min or agreed between the manufacturer/supplier and the user.
al angle of the C'-axis should be over 360°, where applicable.

ts shall be conducted for clockwise and counter-clockwise (anticlockwise) directions of C'-axis motion.

b) can be performed as a possible alternative to the test of squareness between the C'-axis ofirotation and ghe
bcribed by the corresponding geometrical test specified in ISO 10791-1, ISO 10791-2, or ISO-10791-3.

Diagram

[

|

b)

L

9

Tolerance (
a) Eint radia
b) Eint,axial
9] Eint,tange

Each value fi

C,XYC(CW,CCW)

L, XYC(CW,GCW)

directions s

htialC,XYE{CW,CCW)

o be agreed between the manufacturer/supplier and the user)

rclockwise (CW) and counter-clockwise (anticlockwise) (CCW)

allbe reported
T

Measured deviations
a) EintradialC,XYC(CW,CCW)
b)  Eint,axialC,XYC(CW,CCW)

©)  Eint tangentialC,XYC(CW,CCW)

Measuring instruments

Ball bar, or a precision sphere with stem and flat-ended linear-displacement sensor(s) or sensor’s nest (e.g. R-test).
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Observations and reference to 1SO 230-1:2012, 11.3.5

Mov
Mov

e the X-axis to the C’-axis average line and the Y-axis at a distance, R, from the rotary table centre.

e the A’-axis and the C-axis to 0°. Set the TCP control function to ON.

When a precision sphere with stem and flat-ended linear-displacement sensor(s) are used:

— bring the linear-displacement sensor to sense the precision sphere and rotate the spindle to find the mean run-out

posi

— rotate the C’-axis at a constant speed to -180° and continuously record the readings of the linear-displacement sensor;

tion;

move the C’-axis to 180°. Zero the linear-displacement sensor;

1 2 : 4000 1 1l 1 £l 1 1 1
TOLALC UIT L =dAIS TU 10U dIIUTTLUTIU LT TTAUIITES UT'UIT HTIITAT=UIS PIdUTIIICIIU STIISUT,

report the difference between the maximum and minimum recorded values for a), b), and c).

The|offset of the sphere to the C’-axis, R, shall be reported. The centre of the precision sphere shall be aligned dn the spin-
dle pverage line. Any misalignment influences the test result.

Medsurements a), b), and c) can be taken simultaneously using three-linear-displacement sensoys or a sensor’s|nest
moynted on a table.

For pall bar setup and additional precautions, see Annex D.

Itis|recommended to present test results in a graphical form, e.g. similar to Figure D=5t
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Object and test conditions | BK3

Checking of the deviation of the tool centre point trajectory (ideally a conical circular path) during the simultaneous five-
axis interpolation of three linear axes and two rotary axes.

The angle between the base circle of the programmed cone and the table surface, and the apex angle of the programmed
cone, shall be respectively either 10° and 30°, or 30° and 90°.

The ball of the table side of the ball bar shall be mounted with a (minimum) offset d of 10 % of the diameter of rotary table
size (as long as the test can be done within the linear axes travel range) from the axis average line of the C'-axis.

The axis of cpre-istitted-around-the-directionof-the-effsetd{see-diagram-

The ball bar hall be set approximately perpendicular to the cone surface.

The diametefr of the circular path should be approximately 200 mm, and the peripheral feed speed should be 1 000“‘mm
min.

Measuremeijts shall be conducted for clockwise and counter-clockwise (anticlockwise) directions of C';axis motion.

NOTE The second setup (angle of the base circle: 30°, apex angle of the cone: 90°) requires larger range of movements|of
particularly|A- and Z-axes than the first setup.

Diagram

Z [

Trajectory in the workpiece coordinate system

Key

1 rotary tgble
table-side ball
spindle-§ide ball
ball bar

imaginafyone’s bottom trajectory

C'-axis average line

2

3

4

5 trajectory of spindle-side ball
6

7

8 axis of programmed cone

9

A'-axis average line

Tolerance (to be agreed between the manufacturer/supplier and the Measured deviations

user)
— Eint,cone30°,XYZAC(CW,CCW) OF

- Eint,cone30°,XYZAC(CW,CCW) or Eint,cone90°,XYZAC[CW,CCW) Eint 90° XYZAC(CW,CCW)
— Lint,cone90°, f

Each value for clockwise (CW) and counter-clockwise (anticlockwise) (CCW)
directions shall be reported.

Measuring instruments

Ball bar.
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Observations and reference to ISO 230-1:2012, 11.4
If the diameter differs from the above value, the feed speed shall be adjusted according to Annex C of ISO 230-4:2005.

It is desirable that the ball of the table side is located higher than the centre line of the A'-axis. The offset of the table-side
sphere to the A’-axis average line, dy, shall be reported.

For each test, record the readings of the ball bar (changes of its length) during the interpolated motion.
Report the difference between the maximum and minimum recorded values.
The nominal diameter of the circular path and the offset d shall be recorded.

Offset of the spindle-side ball of the ball bar to spindle nose (spindle gauge line) shall be calibrated. The spindle-side ball of
the ball bar shall be aligned at the spindle axis average line. Any misalignment influences the test result. See Annex D for
further precaution for this test.

Sinde the fixture holding the magnetic socket of the ball bar on the rotary table is subject to varying grayitatiohal forces
dur|ng the measurements (due to different orientations of the rotary table), it shall be stiff enough to minimizg the influ-
ence on the test results.

If edsily available, the range of movement of each axis (three linear axes and two rotary axes) shalkbe reported.

Itis|recommended to present test results in a graphical form, e.g. similar to Figure D.5.
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Object and test conditions BK4

Checking of the deviations of the tool centre point trajectory (ideally a fixed point in the workpiece coordinate system)
during simultaneous five-axis interpolation of three linear axes and two rotary axes.

a) in the workpiece coordinate system X-axis direction, Eint,X,XYZAC
b) in the workpiece coordinate system Y-axis direction, Eint,y,xyZAcC
c) in the workpiece coordinate system Z-axis direction, Eint,z,xyZAC

The offset of the precision sphere to spindle nose (spindle gauge line), L, should be approximately 150 mm and the rota-

tional speed

Measuremer|

of C'-axis should be 360°/min or agreed between the manufacturer/supplier and the user.

ts shall be conducted for clockwise and counter-clockwise (anticlockwise) directions of C'-axis motjon.

Diagram

Y

N

L
a) b) 9
Tolerance (fo be agreed between the manufacturer/supplier and the Measured deviations
user)
a)  Eint,X,XYZAC(CW,CCW)

a)  Eintx,Xy4Ac(CW,cCW

) Eincx, (cweew) b)  EintyXyZAC(CW,CCW)
b)  Eintyxyqaccw,ccw

) Eincyxvgacew.ccw) A Eint,z,XyZAC(CW,CCW)
¢ Eint,zxy4accw,ccw)
Each value f¢r clockwise (CW) and countersiclockwise (anticlockwise) (CCW)
directions shall be reported.

Measuring {

A precision 4

nstruments

phere with stemand-flat-ended linear-displacement sensor(s), or sensor’s nest (e.g. R-test), or ball bar.
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Observations

Move A’-axis and C'-axis to 0°. Move the Y-axis at a distance R. away from the axis average line of the rotary Table C', and
move Z-axis at a distance R, away from the axis average line of A'-axis. Set the TCP control function to ON.

When a precision sphere with stem and flat-ended linear-displacement sensor(s) are used:

— bring the linear-displacement sensor to sense the precision sphere and rotate the spindle to find the mean run-out
position. Zero the displacement sensor against the sphere;

— move C'-axis from 0° to 180° and simultaneously A'-axis from 0° to 90°. Then continuously rotate C'-axis from 180° to
360° while rotating A'-axis from 90° to 0°. A'- and C'-axes rotations could be limited due to possible interference with the
precision sphere with stem;

rditbhalinase dicolo

= eRt-can a4
FeeoratRerHear—atSpraceme Rt SeRSerFeatiss;

—]report the difference between the maximum and minimum recorded values for a), b), and c).

Disfances R, and R shall be reported. The centre of the precision sphere shall be aligned on the spindlejaverage line. Any
misplignment influences the test result. The offset of the sphere to the spindle nose (spindle gauge line) shall b calibrated
and|reported.

Medsurements a), b), and c) can be taken simultaneously using three linear-displacement senSors or a sensor’s|nest
moynted on a table.

Forpall bar setup and additional precautions, see Annex D.
If edsily available, the range of the movement of X-, Y-, and Z-axes shall be reported:
It is[recommended to present test results in a graphical form, e.g. similar to Figure'D.5.

To gerform this test by using a sphere and displacement sensor(s), the sensor(sensor’s nest) is mounted on thetable. Since
the fixture holding the linear-displacement sensor is subject to varyinggravitational forces during the measuifements (due
to diifferent orientation of the rotary table), it shall be stiff enough to thinimize the influence on the test resultg.
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Annex C
(normative)

Kinematic tests for machines with a swivel head and/or a rotary

C.1 Mad

The machines specified in this part of ISO 10791 can be classified based on the structure of
al axes and the rotary axes. The structural configuration is described by using the struct
nnect serially the motion axis from the workpiece side to the tool side, andvice versa.
es of motion is in accordance with ISO 841:2001. As an example, the sttuctural code of{the
own in Figure C.1 can be described as [w C' X'b Y Z A (C1) t] by connecting the motion 3xes
rorkpiece side to the tool side. In this description, the workpiece side and the tool side
ed by naming the workpiece by “w”, the tool by “t”, and the bed by “b”; (C1) stands for
s without numerical control for angular positioning.

translation
codes to c

name of ax
machine s}
from the W
distinguish
spindle axi

Key

rotary {

table

able (€™-axis)

table s4

ddle (X'-axis)

hine configuration and designation

+7
+C

+A

+Y

+X

the
iral
The

are
the

bed

column
yoke sa
yoke

O© 0 N O U1 b W N

spindle

column saddle (Y-axis)

ddle (Z-axis)

spindle tilt head (A-axis)

[(C1)-axis]

Figure C.1 — Example of a typical vertical five-axis machining centre with a swivel head and a

34

rotary table [wC'X'bYZ A (C1) t]

© ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=27caa1bdf771064bab83c7bcd21f35f2

1ISO 10791-6:2014(E)

A designation is also supplied in order to define the configuration of a machining centre, being a short
code; this designation is given by the following four items in order:

EX

the five-axis machining centre;
the number of this International Standard, i.e. ISO 10791;
the letter H for “horizontal” (with a horizontal spindle) or V for “vertical” (with a vertica

the structure configuration.

MPLE Designation of a machining centre, vertical spindle, with a rotary table (C'-axis) movi

1 spindle);

ng along the

X'-akis, the column moving along the Y-axis, and the yoke saddle with a swivel spindle head (A-axis)nj
the f-axis (refer to Figure C.1):

swi
NO
wit
C.2

Thd
intq

spekd, except for start/stop phase at the'beginning/end of the test.

C.2
Thd

rotary axes are controlled simultaneously at constant speed, keeping the distance between t
the[table and the point.on the spindle constant.

Five-axis machining centre ISO 10791 V[wC'X'bYZ A (C1) t]

Kinematic tests

1 General

simplicity, the tests specified in Annex C refer to the examplesmachine configuration
re C.1, though these tests are applicable to all configurationis’'of machining centres equip
el head and/or a continuously controlled rotary table.

one single continuously controlled rotary table

purpose of these tests is to check the-accuracy of the circular trajectories when t
rpolation motion of two linear axes is synchronized with the rotation of the rotary axis

3 Circular interpolation motion by simultaneous five-axis control (CK3 and

purpose of these tests is(to check the accuracy of the trajectories when three linear axg

oving along

lepicted in
ped with a

E Tests specified in this annex are also applicable, where relevant, to machining centre copfigurations

2 Circular interpolation motion by simultaneous three-axis control (CK1 and CK2)

he circular
it constant

CK4)

s and two-
he point on
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Object and test conditions CK1

Checking of the deviations of the tool centre point trajectory (ideally a fixed point in the workpiece coordinate system)
during the simultaneous three-axes interpolation of two linear axes (Y- and Z-axes) and a rotary axis (A-axis).

a) along the Y-axis direction, Eint,y,yza
b) along the Z-axis direction, Eint,z,yzA
c) along the X-axis direction, Eint,x,yzA

The offset of the precision sphere to spindle nose (spindle gauge line), L, should be approximately 150 mm and the rota-
tional speed|of A-axis should be 360°/min or agreed between the manufacturer/supplier and the user.

The rotationfal angle of the A-axis should be over the maximum stroke, limited by possible interference between the'prgci-
sion sphere gnd the linear-displacement sensor.

Measuremerjts shall be conducted for clockwise and counter-clockwise (anticlockwise) directions of A-axis motion.

NOTE Testlc) can be performed as a possible alternative to the test of squareness between the A-axisioffotation and the
YZ plane, degcribed by the corresponding geometrical test specified in ISO 10791-1, ISO 10791-2, or#S0.10791-3.

Diagram
Z

me e,

a) b) 9
Tolerance (fo be agreed between manufacturer/supplierand user) Measured deviations
a) EintyyzAcw,ccw) a) Eint,Y,YZA(CW,CCW)
b)  Eint,zyzA(CcW,cCW) b)  Eint,zyzA(CW,CCW)
c) EintxyzAcw,ccw) c)  Eint,X,YZA(CW,CCW)

Each value fgr clockwise (CW) and countér,clockwise (anticlockwise)
(CCW) directions shall be reported.

Measuring jnstruments

A precision dphere with stem and-flat-ended linear-displacement sensor(s) or sensor’s nest (e.g. R-test), or ball bar.
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Observations and reference to ISO 230-1:2012, 11.3.5
X-axis at mid travel. Set the TCP control function to ON. Move the A-axis to 0°.
When a precision sphere and flat-ended linear-displacement sensor(s) are used:

— bring the linear-displacement sensor to sense the precision sphere and rotate the spindle to find the mean run-out
position. Zero the linear-displacement sensor;

— rotate the A-axis to -90° and record the readings of the linear-displacement sensor;
— rotate the A-axis to 0° and record the readings of the linear-displacement sensor;

— report the difference between the maximum and minimum recorded values for a), b), and c).

h £c. £l . — 1 1 PR | e 1l 1. RN 1111 11 1 1 1 rrh f
T UITISTCL UTULIT PIEUISIUITN SPIICTC LU UHT S PIHITUIC TTUST (S PITTUIC 5dUg T IHIC), L, SIT4dIT DT LAllDT dAICU dITU TTCPUTIITU. 1 e Centre (6]

the precision sphere shall be aligned on the spindle average line. Any misalignment influences the test result;

Medsurements a), b), and c) can be taken simultaneously using three linear-displacement sensors or a sensor’s|nest
moynted on a table.

Forpall bar setup and additional precautions, see Annex D.

It isfrecommended to present test results in a graphical form, e.g. similar to Figure D.5.
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CK1
Object and test conditions

(alternative)

Checking of the deviation of the tool centre point trajectory [ideally a circular path in a) and c), and a fixed point in b)] dur-
ing the simultaneous three-axis interpolation of two linear axes (Y- and Z-axes) and a rotary axis (A-axis).

The sensitive direction of the measurement shall be set as follows:
a) radial to the swivel axis (A-axis), Eint,radialA,YZA;
b) parallel to the swivel axis (A-axis), Eint,axiala,yzA (Eint,X,yZA);

c) tangential to the rotation of the swivel axis (A-axis), Eint tangentialA,YZA-

The offset offthrebattomrthespimdtesidetothespimdte mosetspimdte gauge ey, £ shoutd beapproximmatety 156 mm—The
reference legth of the ball bar Lg is 100 mm, and the rotational speed of the A-axis should be 360°/min or agreed betwgen
the manufacfurer/supplier and the user.

The rotationfal angle of A-axis should be over the maximum stroke limited by possible interferences.
Measuremerjts shall be conducted for clockwise and counter-clockwise (anticlockwise) directions of A-axis motion.

NOTE Testp) can be performed as a possible alternative to the test of squareness between the A-axi§'oftotation and the
YZ plane, degcribed by the corresponding geometrical test specified in ISO 10791-1, ISO 10791-2, or 1SO 10791-3.

Diagram
Z
T—> Y
H
5 L
5
T A
- | I | 4
a) b) g
Tolerance (fo be agreed between the manufacturer/supplier and the user) |Measured deviations
a) Eint,radia|A,YZA(CW,CCW) a)  EintradialA,YZA(CW,CCW)
b)  Eintaxialh yzaccw,ccw) [Eint,X,yzacw,cewy) b)  Eint,axialA,YZA(CW,CCW)
©) Eint tangehtialA,YZA(CW,CCW) [Eint,x,yzA(cw,ccw)]
Each value f¢r clockwise (CW) and counter-clockwise (anticlockwise) (CCW) ¢) Eint tangential A YZA(CW,CCW)
directions shall be reported.

Measuring jnstruments
Ball bar, or a|precision sphére with stem and a sensor’s nest (e.g. R-test).

Observatioms and reference to 1SO 230-1:2012, 11.3.5

The ball of the spindle side is mounted on the spindle axis average line. The axis of the ball bar is kept radial to the A-ax
in a), paralle] tothe A-axis in b), and tangential to the A-axis in c).

2]

The circular interpolation motion is conducted by the Y- and Z-axes while rotating the swivel axis (A-axis) of the spindle
head. Set the TCP control function to ON.

For each test, continuously record the readings of the ball bar (changes of its length) during the interpolated motion.
Report the difference between the maximum and minimum recorded values for a), b), and c).

The reference length Lg of the ball bar and the offset of the spindle-side ball to spindle nose, L, shall be calibrated and
reported. In a) and c), the table-side ball of the ball bar shall be aligned at the centre of the trajectory of the spindle-side
ball in the workpiece coordinate system (for this alignment procedure, see Figure D.2). Any misalignment influences the
test result.

A sensor’s nest (e.g. R-test) can be also used when it can be mounted in the spindle side. See Annex D for precautions for
test procedure and for additional precautions.

It is recommended to present test results in a graphical form, e.g. similar to Figure D.5.
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Object and test conditions CK2

Checking of the deviations of the tool centre point trajectory (ideally a fixed point in the workpiece coordinate system)
during the simultaneous three-axes interpolation of two linear axes (X'-and Y-axes) and a rotary axis (C'-axis). The sensi-

tive

a)

direction of the measurement shall be set as follows:

tangential to the rotation of the rotary axis (C'-axis), Eint,tangentialC,XYC;

b) radial to the rotary axis (C'-axis), Eint,radialC,XYC;

c) parallel to the rotary axis (C'-axis), Eint,axialc,xyC (Eint,z,XYC)-
The|rotational speed of the C'-axis should be 360°/min or agreed between the manufacturer/supplier and the yser.
The|rotational angle of the C'-axis should be over 360°, where applicable.
Medsurements shall be conducted for clockwise and counter-clockwise (anticlockwise) directions of €'+axis mption.
NOTE Testc) can be performed as a possible alternative to the test of squareness between the (%axis of rotatjon and the
XY plane, described by the corresponding geometrical test specified in ISO 10791-1, ISO 10791°2))or ISO 1079113.
Diagram
Y 3 Y/
L (1 L
X Y
| } &b T_
PR pull | Y
R R
T —
a) b) 3

Tolerance (to be agreed between the manufacturer/supplier and the user) |Measured deviations
a) [Eint tangentialC,XYC(CW,CCW) a)  Eint tangentialC,XYC(CW,CCIV)
b) |Eint,radialC,XYC(CW,CCW) b)  Eint,radialC,XYC(CW,CCW)
¢) Fint,axialC,XYC(CW,CCW) ¢) Eint,axialC,XYC(CW,CCW)
Each value for clockwise (CW) and counter-clockwise (anticlockwise) (CCW)
dirgctions shall be reported.
Megsuring instrumeénts
A piecision sphere With stem and flat-ended linear-displacement sensor(s) or sensor’s nest (e.g. R-test), or ball|par.
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Observations and reference to 1SO 230-1:2012, 11.3.5

Move the X'-axis to the rotary table centre and the Y-axis at a distance R from the C-axis average line. Move the A-axis and
the C'-axis to 0°. Set the TCP control function to ON.

When a precision sphere with stem and flat-ended linear-displacement sensor(s) are used:

— bring the linear-displacement sensor to sense the precision sphere and rotate the spindle to find the mean run-out
position;

— zero the linear-displacement sensor;
— rotate the C'-axis to 360° and continuously record the readings of the linear-displacement sensor;

— rotate the C'-axis to 0° and record the readings of the linear-displacement sensor;

— report the difference between the maximum and minimum recorded values for a), b), and c).

The distancd R shall be reported. The centre of the precision sphere shall be aligned on the spindle average line~Any mifs-
alignment inffluences the test result.

Measuremerjts a), b), and c) can be taken simultaneously using three linear-displacement sensors or a sensof’s nest
mounted on p table.

See Annex D|for precautions for test procedure and for additional precautions.

It is recommiended to present test results in a graphical form, e.g. similar to Figure D.5.
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