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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 neededfor
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).

Attention i

patent rights. ISO shall not be held responsible for identifying any or all such patent fights. Details of]

patent righ
the ISO list

Any trade
constitute

For an ex
assessmen
to Trade (1

The commijittee responsible for this document is ISO/TG 39, Machine tools, Subcommittee SC 2,

s drawn to the possibility that some of the elements of this document may.be the subjeq

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 — Supplementary information.

for metal cutting machine tools.

 edition cancels and replaces the first edition (ISO 13041-5:2006), which has been technicg

Consists of the following part, under the general title Test conditions for numerically contrd
chines and turning centres:

Geometric tests for machines with a horizontal workholding spindle
Geometric tests for,machines with a vertical workholding spindle
Geometric testsfor machines with inverted vertical workholding spindles
Accuracy and repeatability of positioning of linear and rotary axes

Accuraey of speeds and interpolations

ts identified during the development of the document will be in the Introduction and/of

are
the
the

t of
any
on

not

hity
iers

Test

ally

lled

Accuracy of a finished test piece

conditions |
This secon
revised.
[SO 13041
turning ma
— Part1:
— Part2;
— Part 3
— Part 4
— Part5;
— Part 6
— Part7:
— Part8:
iv

Evaluation of contouring performance in the coordinate planes

Evaluation of thermal distortions
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Introduction

A numerically controlled turning machine is a machine tool in which the principal motion is the rotation
of the workpiece against the non-rotating cutting tool(s) and where cutting energy is provided by the
motion of the workpiece which is driven by a spindle. This machine is controlled by a numerical control
(NC) providing automatic function according to ISO 13041-1:2004, 3.3, and can be of single- or multi-
spindle type.

A turning centre is an NC turning machine equipped with power driven tool(s) and the capacity to
control orientation of the workholding and/or toolholding spindle by continuously rotating, indexing,
and/or interpolating around their axes.

The objective of ISO 13041 (all parts) is to provide information as widely and as comprehgnsively as
pospible on geometric, positional, contouring, thermal, and machining tests, which can.Be carfied out for
conjparison, acceptance, maintenance, or any other purpose deemed necessary by-useér or mapufacturer.

[SO[13041 (all parts) specifies, with reference to the relevant parts of ISO 230,tests for turnjng centres
and numerically controlled turning machines with/without tailstocks, standing alone, or|integrated
in flexible manufacturing systems. ISO 13041 also establishes the tolerances or maximum/|acceptable
values for the test results corresponding to general purpose and normal accuracy turning dentres and
numerically controlled turning machines.

Atteéntion should be given to the tolerances in tests AKS5,.BK5, and CK5, which are reduced from
[SO|13041-5 (Test K5) due to improved centring procedure ot practical experience that proyes that the
cloder tolerances can be met.

© ISO 2015 - All rights reserved v
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Test conditions for numerically controlled turning
machines and turning centres —

Part 5:
Accuracy of speeds and interpolations
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Scope

5 part of [ISO 13041 specifies, with references to ISO 230-1 and ISO 230-4, certain-kinema
perically controlled (NC) turning machines and turning centres, concerningthe spindle

rement of two or more NC linear and/or rotary axes.

E This part of ISO 13041 applies to numerically-controlled turning-machines and turning ¢
zontal, vertical, and inverted vertical type workholding spindle(s).

Normative references

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

230-1, Test code for machine tools — Part Ix&Geometric accuracy of machines operating un
uasi-static conditions

230-4, Test code for machine tools — Rart 4: Circular tests for numerically controlled mach

841, Industrial automation systems and integration — Numerical control of machines —
em and motion nomenclature

13041-1, Test conditions for numerically controlled turning machines and turning centres
metric tests for machines with a horizontal workholding spindle

13041-2, Test canditions for numerically controlled turning machines and turning centres
metric tests fofmachines with a vertical workholding spindle

13041-3;-Tést conditions for numerically controlled turning machines and turning centres
metrictests for machines with inverted vertical workholding spindles

TR '16907),Machine tools — Numerical compensation of geometric errors

[ic tests for
Epeeds, the
hultaneous

entres with

nt and are

spensable for its application. For dated referenéés, only the edition cited applies. F¢r undated
rences, the latest edition of the referenced documient (including any amendments) appligs.
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er no-load

ne tools

Coordinate

b — Part 1:

b — Part 2:

— Part 3:

3
For

31

Terms and definitions

the purposes of this document, the following terms and definitions apply.

turning machine
machine tool in which the principle movement is on the rotation of the workpiece against the stationary
cutting tool(s)

1)

©IS
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3.2

manual control
mode of operation where each movement of the machine is individually initiated and controlled by the

operator

3.1.3

numerical control

NC

computerized numerical control

CNC
automatic
the operat

3.4

manually
turning mg
support by

3.5

numerical
NC turnin;
turning me

3.6

turning c¢
NC turning
spindle ard

meﬂwdmmmmmhﬂe
on is in progress

controlled turning machine
chine whose process steps for the machining are controlled or started by an gperator with
an NC-machining program

ly controlled turning machine
g machine
chine that operates under numerical control (NC) or computerized numerical control (C

ntre
machine equipped with power-driven tool(s) and the.capacity to orientate the work-holg
und its axis

Note 1 to enfry: It can include additional features such as automiatic tool changing from a turret and/or maga?

3.7

numerically controlled turning machine with herizontal workholding spindle(s)

numericall
spindle(s)
and not by

Note 1 to enftry: This machine is controlfed by a numerical control (NC) providing automatic function.

3.8
turning ce
turning ce
capacity to

Note 1 to ey
or Y-axis mq

39

controlled turning machine wherethe workpiece is mounted on horizontal workholg
hgainst the stationary cutting tool(s) and where cutting energy is brought by the workp
the tool

ntre with horizontal' workholding spindle(s)
htre having horizontal workholding spindle(s) equipped with toolholding spindles and
orientate the,workholding spindle around its axis

try: Thisimachine may include additional features such as automatic toolchanging from a maga
tion.

out

NC)

ling

ine.
ling

ece

the

zine

numerica

ly controlled turning machine with vertical workholding cpindln(c)
(=] {=]

numerically controlled turning machine where the workpiece is mounted on vertical workholding
spindle(s) against the stationary cutting tool(s) and where cutting energy is brought by the workpiece

and not by

the tool

Note 1 to entry: This machine is controlled by a numerical control (NC) providing automatic function.

3.10

turning centre with vertical workholding spindle(s)
turning centre having vertical workholding spindle(s) equipped with toolholding spindles and the

capacity to

orientate the workholding spindle around its axis

Note 1 to entry: This machine may include additional features such as automatic toolchanging from a magazine
or Y-axis motion.
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3.11

numerically controlled turning machine with inverted vertical workholding spindle(s)

NC turning machine where the workpiece is mounted on an inverted vertical workholding spindle
equipped with a workholding device at the lower end of the workholding spindle

Note 1 to entry: For other types of vertical workholding spindle machine, see ISO 13041-2.

3.12

turning centre with inverted vertical workholding spindle(s)

turning centre having an inverted vertical workholding spindle equipped with a workholding device at
the lower end of the vertical workholding spindle

Note 1 to entry: It can include additional features such as automatic tool changing from a magazipe or Y-axis
motjion.

Not¢ 2 to entry: For other types of vertical workholding spindle turning centre, see 1SO 13041-2.

3.13
machine modes of operation
modles of operation of the numerically controlled or data entry devices where entries are int¢rpreted as
funftions to be executed

31

mahual mode of numerical control
non-automatic mode of numerical control of a machine in whicl'the operator controls it withjout the use
of pre-programmed numerical data

EXAMPLE By push button or joystick control.

3.15
mahual data input mode
entry of programme data by hand at the numetical control

3.1¢6
single block mode

modle of numerical control in which, at the initiation of the operator, only one block of contiol data are
exefuted

31

autpmatic mode
modle of numerical control in which the machine operates in accordance with the programme data until
stopped by the programme or the operator

4 |Prelimdfinary remarks

4.1] -Measurement units

In this part of ISO 13041, all linear dimensions, deviations, and corresponding tolerances are expressed
in millimetres.

4.2 Reference to ISO 230-1 and ISO 230-4

For application of this part of ISO 13041, reference shall be made to ISO 230-1, especially for the
installation of the machine before testing, warming-up of spindles, and other moving parts, the
description of measuring methods, and recommended accuracy of testing equipment. For tests of
circular interpolation motion, reference shall be made to ISO 230-4.

© IS0 2015 - All rights reserved 3
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ing sequence

The sequence in which the kinematic tests are given in no way defines the practical order of testing.
In order to make the mounting of instruments or gauging easier, tests can be performed in any order,

including t

4.4 Test

ests described in other parts of ISO 13041.

s to be performed

When testing a machine, it is not always necessary or possible to carry out all the tests given in this

part of ISO 13041. When the tests a

to the co
agreement
a machine.
the tests t
binding for

4.5 Measuring instruments

The measy
only. Othel
uncertaint

In some tej

4.6 Soft

When buil
and/or the

manufactufrer/supplier and user, with due consideration to the machine tool intended use.

When the 3
given in IS
locked for

5 Tests
Tests in Al

Annex B r¢
refer to iny

be carried out, and without agreement on the relevant expenses, cannot be considere
any contracting party.

ring instruments indicated in relation to the tests given in Annexes A to C are exam

i and the same resolution can be used.

ts, it is recommended to present test results in a graphicakform (see Annex D).

vare compensation

[-in software facilities are available for compeénsating geometric, positioning, contour
brmal deviations, their use during these tésts shall be based on agreement betw

oftware compensation is used, this shall be stated in the test reports. Using the definit
0/TR 16907, it shall be noted that when software compensation is used, axes shall no
est purposes.

described in Annexés)A to C
hnex A refer to horizorital workholding spindle machines (ISO 13041-1, Type 1), test

fer to vertical workholding spindle machines (ISO 13041-2, Type 2), and tests in Ann¢
erted vertical workholding spindle machines (ISO 13041-3, Type 3).

with the supplier/manufacturer. The tests to be used are to be clearly stated when orderi
The mere reference to this part of ISO 13041 for the acceptance tests, without specifyi

re required for acceptance purposes, the choice of tests relating

[, in

bles

" instruments measuring the same quantities and having at least“the same measurenpent

ing,
een

ons
L be

5 in
bx C

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=21f139ea7c02d229a9763d0020033172

ISO 13041-5:2015(E)
Annex A
(normative)

Kinematic tests for machines with a horizontal workholding
spindle

A.]I Machine configuration and designation

+X1

+7Z

Figure A.1 — Typical example of a turning machine with a horizontal workholding kpindle
[[W(C)bZX1YCit][w(C)bZ2X2Ct] [w(C)W {tw}l]

Figlire A.l.shows a typical example of a turning machine with a horizontal workholding spirldle.

The structural configuration is described by using the structural codes to serially connect the motion
axisfromthe urnrlzpinr‘n sidetothe tagl cidn’ andviceversa.-Thename of axes of motion follaws ISO 841.
As an example, the structural code of the machine shown in Figure A.1 can be described as [[w (C') b Z
X1YCit][w (C)bZ2X2Cyt] [w(C) W {tw}]] by connecting the motion axes from the workpiece side
to the tool side. In this description, the workpiece side and the tool side are distinguished by naming the
workpiece by “w”, the tool by “t”, and the bed by “b”; (C) stands for the spindle axis without numerical
control for angular positioning. Multiple kinematic chains from the workpiece side and the tool side are
all shown.

“{t,w}” in the third chain indicates that the tail stock (W or Z3) can be connected either to the workpiece
or to a tool (e.g. a drill).

© IS0 2015 - All rights reserved 5
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A.2 Kinematic tests

A2.1 Ge

neral

Tests specified in this Annex refer, for simplicity, to the example of machine configuration depicted in
Figure A.1, but they are applicable to all configurations of turning machines and turning centres with a

horizontal
NOTE
A2.2 Sp

The purpo
chain in th

A.2.3 Linear interpolations (AK3)

The purpo
conditions

While

While

A.2.4 Cixcular interpolations (AK4)

The purpo
axes along

direction of movement is reversed. During these tests, axes move with variable speeds.

A.2.5 Radial interpolations (AK5)

These test§

behaviour
feed of one

A.2.6 Circular interpolatiommotion by simultaneous three-axis control (X-, Y-, and

C-axes) (4

The purpo
centre for

workholding spindle.

jindle speeds (AK1) and feed speeds(AK2)
J

These tests might not be used directly to predict the actual workpiece errors resulting from cutting.

be of these tests is to check the overall accuracy of all the electric, electronic and kinem|
e control system between the command and the physical movement of the componeiit.

Ge of these tests is to check the coordinated motion of two linear axestin‘the following

these are moving either at the same speed (45°), or

pne of these is moving at a significantly lower speed than thedother (small angles).

e of circular interpolation motion tests is to check the coordinated motion of two liy
a circular path, including points in which the moétion of one axis slows down to zero and

of two linear axes (generally.X and Z) at variable feed speeds, including points in which
axis slows down to zero and:the direction of movement is reversed.

\K6)

lockwise and counter-clockwise(anticlockwise) contouring motions.

atic

fwo

ear
the

are alternative to AK4, in cases where the machine under test does not have a measurenent
sweep of 360° or if AK4 is otherwise not televant. The purpose of these tests is to check the mu

fual
the

e of these tests is to check the interpolations between the X-, Y-, and C- axes of a turiing
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Spindle speeds

Object AK1

Checking of deviations in the spindle speed at the mid-speed and the maximum speed of each range, in the clockwise and counter-clock-
wise (anticlockwise) directions of rotation.

Diagram
L Ly
=
— | —
Tolgrance
5%
Measuring deviation
Speed range Direction of rotation Programmed speed Measured speed Devidtion %
Mid. counter-clockwise
(anticlockwise)
clockwise
Max. counter-clockwise
(anticlockwise)
clockwise
Mid. counter-clockwise
(anticlockwise)
cldckwise
Max. counter-clockwise
fdnticlockwise)
clockwise
Measuring instruments
Revglution counter\or'stroboscopea)
a) Measuring instruments that are independent of numerical control shall be used.
Obsprvations
Reaglings'shall be taken at constant speed, avoiding the acceleration/deceleration at start and stop. When reading the speed instanta-

neously, at least five readings shall be taken and the average calculated. This test shall be done for both workholding and toolholding
spindles.

The override control shall be set at 100 %.

The spindle speed deviation shall be calculated using the following formula:
Ag - P
D = =—3 x 100
where
D is the deviation in percentage;
Ag is the actual speed;

Ps is the programmed speed.

© IS0 2015 - All rights reserved 7
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Linear axes feed speeds

Object AK2

Checking of accuracy of the feed speed of the linear axes at the following feed speeds: 1 000 mm/min and maximum speed.

This test shall be performed for all linear axes. Caution should be taken when using this test over a short measurement range, due to the
effects of acceleration and deceleration (typically for y-axis).

Diagram X

[ |
|--.._.-*

%E 22 _3
Key
1 lasdr head 1\|j
2 intdrferometer |":'|/ 1
3 reflector

For X-axis For Z-axis

Tolerance

To be agreed lpetween manufacturer/supplier and user.

Measuring d¢viation

Axis X Y Z
Programmed [feed speed bi _ Measured % Measured aver- % Measured average %
frection average dev. ase dev. feed speed dev
feed speed ’ feed speed ' p
positive
1000 mip/min
negative
Maximum fded speed positive
.......... mrph/min negative

Measuring instruments

Laser interferpmeter

Observationy

Align the lasef interferometer (setup for positioning deviation) with the motion of the axis under test. Axis shall be commanded to

execute a simple motion with two end pgoints specified. Travel a distance of about half the axis travel range (or 500 mm, whichever is
shorter) to allpw the axis to accelerate,\tlien move at constant speed, and then decelerate to stop shall be selected. Same travel distanfe
shall be used for all feed speeds. The tests shall be carried out for both directions of travel (positive and negative). Speed data should|be
sampled withfa minimum frequeney of 100 Hz, no smoothing or averaging shall be allowed. The override control shall be set at 100 %}.
Reading shall pe taken at constant speed, avoiding the acceleration/deceleration at start and stop. For each direction, calculate the ayer-
age feed speedl as the average(of all measured constant feed speed values (minimum 1 000 sampled points) for a given test. This test dan
be carried ouffin conjunetion with the linear positioning test.

The feed speefl deviatjoi shall be calculated using the following formula:

b, - AE

Pt

Dris the deviation in percentage;
Aris the measured average feed speed;
Pris the programmed feed speed.

The measurement’s sampling frequency shall be reported.

8 © IS0 2015 - All rights reserved
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Linear interpolations

Object AK3

Checking of straightness of the motion described by linear interpolation of two linear axes over a maximum measuring length of 300 mm
with a measurement angle of approximately:

a) 45° (same feed speed);
b) 1) 3°to Z-axis motion (very low X-axis feed speed);

2) 3° to X-axis motion (very low Z-axis feed speed).

Diagram
} -
— - ) X
Z
a)
L D
=—0o—0 '\"
| e 2]l
) T )
30
b) 1) b) 2)
Tolgrance Measured.deviations
0,020 for any length of 100 a) b) 1) b) 2)

Measured error

Measuring length

Measuring instruments

Strajghtness reference artefact or sinelbar or special cone mandrels and linear displacement sensor, or two-dimensional digital scale

Obsprvations and references t0.J1S0-230-1:2012, 11.2.3 and ISO/TR 230-11:—, 6.3

a)agdb) 1)
For fests using specialicone mandrels, clamp the cone mandrel [of the apex angle approximately a) 90° or b) 6°] in the worklolding spin-

dle dhuck or collet.{The spindle shall be locked. Attach a linear displacement sensor to the tool slide with the stylus contactihg the conical
surfhce square to'the surface.

b) 2

For tests/using the straightness reference artefact, attach the straightness reference artefact to the workholding spindle fageplate or
four-jaw chuck with gauging surface at approximately 3° to the X-axis travel. Lock the workholding spindle rotation. Attach a linear dis-
placement sensor to the tool slide with the stylus contacting the gauging surface of the straightness reference artefact.

For all straightness of the motion tests, establish a common linear displacement sensor zero at two locations on the gauging surface of
the artefact, conveniently spaced at the required measuring length with an additional allowance for axis acceleration and deceleration.
Record the coordinate locations of the X- and Z-axes of the selected points. Program a bi-directional move at 250 mm/min between the
two locations and record the straightness of the motion data. Analyse the recorded data separately in each direction (as per ISO 230-1)
excluding an allowance for acceleration and deceleration. The larger deviation and its direction shall be recorded as the result of the test.

© IS0 2015 - All rights reserved 9
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Circular interpolations

Object AK4

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

1) 50 mm diameter 2) 100 mm diameter 3) 200 mm diameter 4) 300 mm diameter
a) 250 mm/min a) 350 mm/min a) 500 mm/min a) 610 mm/min
b)1 000 mm/min b) 1400 mm/min b) 2 000 mm/min b) 2 440mm/min

The circular deviation, G, shall be checked for clockwise and counter-clockwise (anticlockwise) contouring motion. This test shall be
performed in the XY, YZ, and ZX planes, or in the plane composed by other pairs of linear axes (X2, Z2, etc.).

Diagram
v v
L %jLZ
2 1 X 21 X
L, Hj L™
Key
1 telefcopic ball bar F_ |
2 spefial fixture =
Alternative
Tolerance

Tolerance of Gy and Gy, is the same as G(b)ap, where ab = XY, YZ, or ZX.

a) G(b)xz=0,03 mm b) G(b)xz=0,05mm
G(b)xyyz=0,05mm G(b) xyyz=0,07 mm
Measuring d¢viation
a) feed dpeed = ..... Diameter of nominal path ........... e
Gxz =|.... Location of measuring instrufment
GXYY}= oo — centre of Cirgle\(X7Y/Z) .o
Gb)xz = ... — offset to tool reference (X/Y/Z) «coooveveeonnreeneenseeree e
G(b)xiy,yz = ..... — offseftoworkpiece reference (X/Y/Z) .cooviviiiniicnniiinincncen
b) feed dpeed = ..... Data acquigitiont method
Gxz =|.... — StArting POINt .o
GXYY] = oo — number of measuring points ...
GD)xz = ... A data SMOOthing ProcCess .......coimeveenieneeee s s
G(b]I,YZ = Compensation USed .......cccouverererrnennnrenns

Positions of axes not under test

Measuring instruments

Telescopic ball bar, or two-dimensional digital scale (grid scale)

Observationsand references to 150 230-1:2012, ITT.3 and 1 1.4, and IS0 230-4:2005.
If 360° rotation is not possible, see AK5.

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

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 will help ensure accurate capture of
machine performance measurements, including that at the reversal points.

10 © IS0 2015 - All rights reserved
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Radial interpolations

Object AKS5

Checking of radial deviation, F, of the path generated by circular interpolation of two linear axes over 100°, according to ISO 230-4, at one
of the following diameters and at two feed speeds:

1) 50 mm diameter 2) 100 mm diameter 3) 200 mm diameter 4) 300 mm diameter
a) 250 mm/min a) 350 mm/min a) 500 mm/min a) 610 mm/min
b) 1 000 mm/min b) 1400 mm/min b) 2 000 mm/min b) 2 440mm/min

The radial deviation, F, shall be checked for clockwise and counter-clockwise (anticlockwise) contouring motion.

Thi loodlll £ 1. AR P2 V28 V222 R AV ; 1 1 11 1 . il P2 We 22Y
1§ testsSITalr DO PeITOT MCT T CITC XX, 1 Z; altt 224 PTaires; OT T tITe PTralre CONMTPoSTea DY OtITeT Palr s o Irear axes (AZ; ZZ; ctey].

Diagram Y

(N2
N

Key|

1 telescopic ball bar —

2 special fixture

Tolgrance

Tolefance of Gap and Gp, is the same as G(b)ap, where ab = XY, YZ, or ZX.

a) FX7,max. = 0,05 mm b) FX7,max.<0,07 mm
Fx7,min.==0,05 mm FXZsmin, = —0,07 mm
FxXyyz,max. = 0,07 mm F%¥yz,max. = 0,09 mm
Fxy,yz,min. = -0,07 mm Fxyyz,min. = =0,09 mm

Refgrences to ISO 230-4:2005, 3.5

Noqg The radial deviation contains théinfluence of the position (setup) error of the work spindle side sphere of the bal] bar and thus

is ggnerally larger than the circular deviatien.
Me:Jsuring deviation
a) feedspeed=..... Diameter of nominal path ...
FX7,max.= oo Location of measuring instrument
FX7,min. = - — centre of circle (X/Y/Z) s
FXY,YZ,max. = t: — offset to tool reference (X/Y/Z) .cocccovrveriininiieciicsrie s
FXyyYZ,minde Joe- — offset to workpiece reference (X/Y/Z) coevevineimenecenneineneeens

Data acquisition method

b) | feed'speed-=..... — SEArting POINT .vvveeeececeire e e
FXZ max.= - — NUMDET O MEASUTING POIIIES wrerwmeossmeoemrern oo momeeseneeneiees
FXz,min. = - — data Smoothing process ...
FXyyY7Z,max.= - Compensation used .......c.ccevreerireieeenenns
FXYYZ,min.= «e Positions of axes not under test .......ccccoevveeeveieeieene.

Measuring instruments

Telescopic ball bar or two-dimensional digital scale (grid scale)

Observations and references to I1SO 230-1:2012, 11.3

This test is an alternative to Test AK4, in cases where the test machine cannot perform a 360° measurement sweep or the test is not
relevant.

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

© IS0 2015 - All rights reserved 11
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Circular interpolation motion by simultaneous three-axis control (X-, Y- and, C-axes)

Object | AK6

Checking of the deviations of the tool centre point trajectory (ideally a fixed point in the workpiece coordinate system) with the simulta-
neous three axes interpolation of two linear axes (X- and Y- axes) and a rotary axis (C-axis) over 180° or 360° at a diameter 2/3 of X-axis
stroke or Y-axis stroke, whichever is smaller. The sensitive direction of the measurement shall be set as follows:

a) Parallel to the rotary axis (C-axis), Eint,axialC,XYC (CW, CCW);
b) Radial to the rotary axis (C-axis), Eint,radialC,XYC (CW, CCW);
c) Tangential to the rotation of the rotary axis (C-axis), Eint,tangentialC,XYC (CW, CCW) -

The reference length of the ball barL is 100 mm, and the feed speed is 500 mm/min or agreed between the manufacturer/supplier and
user. Measurefiients shall be conducted for CIOCKWIse and COUNter-cloCKwWISe (antiCloOCKWISE) Of C-ax1s Motion.

Diagram
a) b) 9
Key
1 telefcopic ball bar
2 sphpre socket (spindle side)
3 sphpre socket (tool side)
4 spipdle
L nompinal distance between the centre of toolholding spindle-side sphere and axis of rotation
Tolerance (td be agreed between manufacturer/supplier and user) | Measured deviations
a) Eint]axialC,XYC (CW, CCW) = ..
a) Eint,axialC,XYC (CW, CCW) = ... ...
b) Eintfradialc,XYC (CW, CCW) = ...
b) Eint,radialC,XYC (CW, CCW) = ... ..
0 Eint|tangentialC,XYC (CW, CCW) = ...
<) Eint,tangentialC,XYC (CW, CCW) = ... ..

Measuring instruments

Telescopic ball bar, or sphere-ended test handrel and flat-ended linear displacement sensor(s) or sensors nest (e.g. R-test).

Observations and references ta 1S0230-1:2012, 11.3.5

The circular path of the NC programme has to be centred in the C-axis average line. For each test, continuously record the readings of]
the ball bar (changes of itstength) or linear displacement sensor(s) during the interpolated motion. Report the difference between thp
maximum and minimum\ecorded values for a), b), and c).

T

The offset of thé.workholding spindle-side sphere to C-axis average line, L, shall be reported. In b) and c), the centre of the toolholding
spindle-side sbhereshatbe alighed onthe tootholding spindle axisaverage Hne-Any misalia entwillinfluence thetestrosult-Sphére-
ended test mandrel and a sensors nest (e.g. R-test) can be also used. See Annex D for test procedure and for additional precautions.

NOTE Itis recommended to present test results in a graphical form (see D.3.3).
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Annex B
(normative)

Kinematic tests for machines with a vertical workholding spindle

B.1

Z1(Z)

: b

Y

U
X ?@, .

Figure B.1 —Typical example of a turning machine with a vertical workholding spindle
[W(C)bYZ2XZ1t]

Figlire B.1sshows a typical example of a turning machine with a vertical workholding spindlg.

The structural configuration is described by using the structural codes to serially connect fhe motion
axisfronrthreworkptece sidetothetootstde;amdvice versa-Tiremanre of axesof motionrfottows 1SO 841.
As an example, the structural code of the machine shown in Figure B.1 can be described as [w (C') b 'Y
X Z B t] by connecting the motion axes from the workpiece side to the tool side. In this description, the
workpiece side and the tool side are distinguished by naming the workpiece by “w”, the tool by “t”, and
the bed by “b”; (C’) stands for the spindle axis without numerical control for angular positioning.

© IS0 2015 - All rights reserved 13
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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 turning machines and turning centres with a
vertical workholding spindle.

NOTE

B.2.2 Sp

The purpo
chain in th

jindle speeds (BK1)and feed speeds(BK2)
J

These tests might not be used directly to predict the actual workpiece errors resulting from cutting.

be of these tests is to check the overall accuracy of all the electric, electronic, and kinem|
e control system between the command and the physical movement of the componeiit.

B.2.3 Linear interpolations (BK3)

The purpo
conditions

while t

Ge of these tests is to check the coordinated motion of two linear axestin‘the following

hese are moving either at the same speed (45°) or

— while ¢ne of these is moving at a significantly lower speed than thé®ther (small angles).

B.2.4 Circular interpolations (BK4)

The purpo
axes along

e of circular interpolation motion tests is to check the coordinated motion of two liy
a circular path, including points in which the moétion of one axis slows down to zero and

direction of movement is reversed. During these tests, axes move with variable speeds.

B.2.5 Radial interpolations (BKS5)

These testy
sweep of 3
behaviour
feed of one

60° or if BK4 is otherwise not teleévant. The purpose of these tests is to check the mu
of two linear axes (generally.X and Z) at variable feed speeds, including points in which
axis slows down to zero and:the direction of movement is reversed.

B.2.6 Ci
C-axes) (

The purpo
centre for

cular interpolatiommotion by simultaneous three-axis control (X-, Y-, and
K6)

lockwise and counter-clockwise (anticlockwise) contouring motions.

atic

fwo

ear
the

are analternative to BK4, in caseswhere the machine under test does not have a measurenpent

fual
the

e of these tests is to check the interpolations between the X-, Y-, and C-axes of a turiping

14
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Spindle speeds

Object BK1

Checking of deviations in the spindle speed at the mid-speed and the maximum speed of each range, in the clockwise and counter-clock-
wise (anticlockwise) directions of rotation.

Diagram
|
| |
Tolgrance
*5%
Measuring deviation
Speed range Direction of rotation Programmed speed Measured speed Devidtion %
Mid. counter-clockwise
(anticlockwise)
clockwise
Max. counter-clockwise
(anticlockwise)
clockwise
Mid. counter-clockwjSe
(anticlockwise)
cloekwise
Max. coufitef-clockwise
(anticlockwise)
clockwise
Measuring instruments
Revglution counteforstroboscoped)
a) Measuring instruments that are independent of numerical control shall be used.
Obsprvations
Reaglifigs)shall be taken at constant speed, avoiding the acceleration/deceleration at start and stop.

When reading the speed instantaneously, at least five readings shall be taken and the average calculated. This test shall be done for both
workholding and toolholding spindles.

The override control shall be set at 100 %.

The spindle speed deviation shall be calculated using the following formula:

As'Ps

Py

x 100
where
D is the deviation in percentage;
Ag is the actual speed;

Ps is the programmed speed.
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Linear axes feed speeds

Object BK2

Checking of accuracy of the feed speed of the linear axes at the following feed speeds: 1 000 mm/min and maximum speed.

This test shall be performed for all linear axes. Caution should be taken when using this test over a short measurement range, due to the
effects of acceleration and deceleration (typically for y-axis).

Diagram Z Z
= il = il
1 i 1 |
| it S
3
o — | -
1 lasejr head
2 intefferometer
3 reflpctor [ ] [ ]
For X-axis Eor Z-axis
Tolerance
To be agreed Hetween manufacturer/supplier and user.
Measuring dgviation
Axis X Y Z
Programmed feed speed Measured o Measured o Measured
Direction average deov average de[i/ average d 2/
feed speed \ feed speed ' feed speed '
positive
1000 mm/min
negative
Maximum feed speed positive
.......... mjm/min negative
Measuring instruments
Laser interferpmeter
Observations
Align the lasey interferometer (setup for positiening deviation) with the motion of the axis under test. Axis shall be commanded to exp-
cute a simple gnotion with two end points s§pecified. Travel a distance of about half the axis travel range (or 500 mm whichever is shorjter)
to allow the ayis to accelerate, then move-at constant speed, and then decelerate to stop shall be selected. Same travel distance shall he
used for all fe¢d speeds. The tests shall'be carried out for both directions of travel (positive and negative). Speed data should be sampled
with a minimym frequency of 100°Hz;10 smoothing or averaging shall be allowed. The override control shall be set at 100 %. Reading
shall be taken|at constant speed)avoeiding the acceleration/deceleration at start and stop. For each direction, calculate the average fe¢d
speed as the ayerage of all measured constant feed speed values (minimum 1 000 sampled points) for a given test.
The feed speeql deviation'shall be calculated using the following formula:
Ac|- P,
D, = —H—E % 100
Pf
where

Dris the deviation in percentage;

Agis

Pris

the measured average feed speed;

the programmed feed speed.

The measurement’s sampling frequency shall be reported.

NOTE

This test can be carried out in conjunction with the linear positioning test.

16
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Linear interpolations

Object BK3

Checking of straightness of the motion described by linear interpolation of two linear axes over a maximum measuring length of 300 mm
with a measurement angle of approximately:

a) 45° (same feed speed);
b) 1) 3°to Z-axis motion (very low X-axis feed speed);

2) 3° to X-axis motion (very low Z-axis feed speed).

Diagram

Z

Loy

{ %t
i T
= | ' — ' = W ' =
(;\O
L 1 L 1
Toldrance Measured deviations
a) b) 1) b) 2)
0,020 for any length of 100 Measured error
Measuring length

Measuring instruments

Strajghtness reference artefact or sine bar or special cone mandrelsiand linear displacement sensor or two-dimensional digdital scale

Obsprvations and references to 1SO 230-1:2012, 11.2,3 and ISO/TR 230-11:2005, 6.3

a)andb) 1)

For fests using special cone mandrels, elamp the cone mandrel [of the apex angle approximately a) 90° or b) 6°] in the workljolding spin-
dle dhuck or collet. The spindle shallbelocked. Attach a linear displacement sensor to the tool slide with the stylus contactihg the conical
surfpce square to the surface.

b) 2

For fests using the straightness reference artefact, attach the straightness reference artefact to the workholding spindle fageplate or
fourfjaw chuck with'gauging surface at approximately 3° to the X-axis travel. Lock the workholding spindle rotation. Attachja linear dis-
plackment semsorto the tool slide with the stylus contacting the gauging surface of the straightness reference artefact.

For gll'straightness of the motion tests, establish a common linear displacement sensor zero at two locations on the gauging surface of
the artefact, conveniently spaced at the required measuring length with an additional allowance for axis acceleration and deceleration.
Record the coordinate locations of the X- and Z-axes of the selected points. Program a bi-directional move at 250 mm/min between the
two locations and record the straightness of the motion data. Analyse the recorded data separately in each direction (as per ISO 230-1)
excluding an allowance for acceleration and deceleration. The larger deviation and its direction shall be recorded as the result of the test.
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Circular interpolations

Object BK4

Checking the circular deviation, G, and the bi-directional circular deviation, G(b), of the path generated by circular interpolation 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) 50 mm diameter 2) 100 mm diameter 3) 200 mm diameter 4) 300 mm diameter
a) 250 mm/min a) 350 mm/min a) 500 mm/min a) 610 mm/min
b)1 000 mm/min b) 1400 mm/min b) 2000 mm/min b) 2 440mm/min

The circular deviation, G, shall be checked for clockwise and counter-clockwise (anticlockwise) contouring motion. This test shall be per-
formed in the XY, YZ, and ZX planes, or in the plane composed by other pairs of linear axes (X2, Z2, W, etc.).

Diagram

ZLX 1 1]

- —__1_‘;qEE|_

1 teledcopic ball bar [
2 spedial fixture Alternative
Tolerance

Tolerance of GJ,, and Gp, is the same as G(b)ap, where ab = XY, YZ,(or ZX.
a) G(b)jz =0,03 mm b) G(b)xz = 0,05\mm
G(b)yy,yz = 0,05 mm G(b) xy,yz ='6,07 mm

Measuring deyviation

a) feed spepd =..... Diameter-ofominal path ...
GX7 = .une Location of measuring instrument
Gxyyz = }... < centre of circle (X/Y/Z) ot
G(b)xz =}|-... — offset to tool reference (X/Y/Z) .cccoovoememinnninireeeeeseeneee e
G(b)xyyd=..... — offset to workpiece reference (X/Y/Z) ..ccccovvminiisiisinnenenine
b) feedspegd=... Data acquisition method
GX7 = ... — SEArting POINT .oeveviieiieiee e
GXYYZ = }-.s — number of measuring points .........cccooveeniie i
G(b)xz="= datasmoothingprocess
G(b)xy,yz = ... Compensation used .......c.cceueveieererinnnns

Positions of axes not under test .......ccoceevvvivrererreenne

Measuring instruments

Telescopic ball bar or two-dimensional digital scale (grid scale)

Observations and references to I1SO 230-1:2012,11.3 and 11.4, and ISO 230-4
If 360° rotation is not possible, see BK5.

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

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 will help ensure accurate capture of
machine performance measurements, including that at the reversal points.
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Radial interpolations

Object BK5

Checking the radial deviation, F, of the path generated by circular interpolation of two linear axes over 100°, according to ISO 230-4, at
one of the following diameters and at two feed speeds:

1) 50 mm diameter 2) 100 mm diameter 3) 200 mm diameter 4) 300 mm diameter
a) 250 mm/min a) 350 mm/min a) 500 mm/min a) 610 mm/min
b) 1 000 mm/min b) 1400 mm/min b) 2000 mm/min b) 2 440mm/min

The radial deviation, F, shall be checked for clockwise and counter-clockwise (anticlockwise) contouring motion.

Thigtestshattbeperformedimthe X5 Y4 andZX pranes;orfr the plare composedby otherpairsof Hrearaxes (%222 Wqtc.).
Diagram
VA
\ [T dTh LT
X | o
—
% _
N 1 1
R i
Key|
1 telescopic ball bar
2 special fixture [ ]
Toldgrance
a) FxX7 max. = 0,05 mm b) FX7,max. 5 0,07 mm
FX7,min. = -0,05 mm Fxz:ufiny=-0,07 mm
Fxy,yz,max. = 0,07 mm ExyYz,max. = 0,09 mm
FxXy,yz,min. = -0,07 mm Fxyyz,min. = -0,09 mm
Refdrences to ISO 230-4:2005, 3.5

Noqg The radial deviation contains the influehce of the position (setup) error of the work spindle side sphere of the bal] bar and thus

is ggnerally larger than the circular deviation.
Mee]suring deviation
a) | feed speed =..... Diameter of nominal path ...
FX7Z max.= «o Eocation of measuring instrument
FXZ min. = e — centre of circle (X/Y/Z) e
FXYYZ,max.= it — offset to tool reference (X/Y/Z) .ccccovrveiininrivecnsierie e
FXY,YZ,min, =¥ — offset to workpiece reference (X/Y/Z) «cocvevnnieinecis e

Data acquisition method

b) | feed speed =..... — StArting POINT .c.evvice i e
FX7Z max.= woeer — number of measuring Points ........ccoocoevreerersieirece s
FXZ,min. = «oe — data smoothing process ...
FXyyz,max.= «or Compensation used .......occcevriereieeennenns
FXYYZmin. = o Positions of axes not under test ........cccoeeeeeveveveeennnn

Measuring instruments

Telescopic ball bar or two-dimensional digital scale (grid scale)

Observations and references to ISO 230-1:2012, 11.3

This test is an alternative to Test BK4, in cases where the test machine cannot perform a 360° measurement sweep or the test is not
relevant.

Diameters can differ from the above values in agreement between the manufacturer/supplier and user. In such cases, the feed speed has
to be adjusted according to ISO 230-4:2005, Annex C.
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Circular interpolation motion by simultaneous three-axis control (X-, Y-, and C-axes)

Object | BK6

Checking of the deviations of the tool centre point trajectory (ideally a fixed point in the workpiece coordinate system) with the simulta-
neous three axes interpolation of two linear axes (X- and Y-axes) and a rotary axis (C-axis) over 180° or 360° at a diameter 2/3 of x-axis
stroke or Y-axis stroke, whichever is smaller. The sensitive direction of the measurement shall be set as follows:

a) Parallel to the rotary axis (C-axis), Eint,axialC,XYC (CW, CCW);
b) Radial to the rotary axis (C-axis), Eint,radialC,XYC (CW, CCW);
c) Tangential to the rotation of the rotary axis (C-axis), Eint,tangentialC,XYC (CW, CCW) -

The reference length of the ball bar, Lp, is 100 mm, and the feed speed is 500 mm/min or agreed between the manufacturer/supplier and

user. Measurefiients shall be conducted for CIOCKWIse and COUNter-cloCKwIse (antiClOCKWISE) Of C-ax1s Motion.
Diagram
5 Z
N | L,
3
:IJ 1
3 2
/4-
N N N
L L. L,
- . [
s\ ) % 1 Al |3
T sl A I 2
/M< { T 7
yd| R Pl (A Yall A
J
N N N
[ \_L \_L L] N\_L
a) b) 9
Key
1 telescopic ball bar
2 sphpre socket (spindle side)
3 sphpre socket (tool side)
4 woilkholding spindle
5 ran](toolhead)
L nonpinal distance between the centre of toolholding spindle-side sphere and axis of rotation
Tolerance (td be agreed between manufacturer/ |Measured deviations
supplier and juser)
a) EintfaxialC, XY6-LEW, CCW) = ... a) Eint,axialC,XYC (CW, CCW) = ... ..
b) Eint]radialC}XYC (CW, CCW) = ... b) Eint,radialC,XYC (CW, CCW) = ... ..
C] Eint,tangentialC,XYC (CW,CCW) = ... ¢) Lint,tangentialC,XYC (CW, CCW) = ... ...

Measuring instruments

Telescopic ball bar, or sphere-ended test mandrel and flat-ended linear displacement sensor(s) or sensors nest (e.g. R-test)

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

The circular path of the NC programme has to be centred in the C-axis average line. For each test, continuously record the readings of
the ball bar (changes of its length) or linear displacement sensor(s) during the interpolated motion. Report the difference between the
maximum and minimum recorded values for a), b), and c).

The offset of the workholding spindle-side sphere to C-axis average line, L, shall be reported. In b) and c), the centre of the toolholding
spindle-side sphere shall be aligned on the toolholding spindle axis average line. Any misalignment will influence the test result. Sphere-
ended test mandrel and a sensors nest (e.g. R-test) can be also used. See Annex D for test procedure and for additional precautions.

NOTE Itis recommended to present test results in a graphical form (see D.3.3).
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Annex C
(normative)

Kinematic tests for machines with inverted vertical workholding
spindles

C.1f Machine configuration and designation
Z'

Figure C,1 = Typical example of a turning machine with an inverted vertical workholding
spindle
[W({C)ZXbYAt]

Figure C.1 shows a typical example of a turning machine with an inverted vertical workholding spindle.

The structural configuration is described by using the structural codes to serially connect the motion
axis from the workpiece side to the tool side, and vice versa. The name of axes of motion follows ISO 841.
As an example, the structural code of the machine shown in Figure A.1 can be described as [w (C) Z’ X’
b Y A t] by connecting the motion axes from the workpiece side to the tool side. In this description, the
workpiece side and the tool side are distinguished by naming the workpiece by “w”, the tool by “t”, and
the bed by “b”; (C’) stands for the spindle axis without numerical control for angular positioning.
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C.2 Kinematic tests

C.2.1 General

Tests specified in this Annex refer, for simplicity, to the example of machine configuration depicted in
Figure C.1 but they are applicable to all configurations of turning machines and turning centres with an
inverted vertical workholding spindle.

NOTE

C2.2 Sp

The purpo
chain in th

jindle speeds (CK1)and feed speeds(CK2)
J

These tests might not be used directly to predict the actual workpiece errors resulting from cutting.

es of these tests are to check the overall accuracy of all the electric, electronic, and kinem
e control system between the command and the physical movement of the componeiit.

C.2.3 Linear interpolations (CK3)

The purpo
conditions

while t

Ge of these tests is to check the coordinated motion of two linear axestin‘the following

hese are moving either at the same speed (45°);

— while ¢ne of these is moving at a significantly lower speed than thé®ther (small angles).

C.2.4 Circular interpolations (CK4)

The purpo
axes along

e of circular interpolation motion tests is to check the coordinated motion of two liy
a circular path, including points in which the moétion of one axis slows down to zero and

direction of movement is reversed. During these tests, axes move with variable speeds.

C.2.5 Radial interpolations (CK5)

These testy
sweep of 3
behaviour
feed of one

C.2.6 Ci
C-axes) (

The purpo
for clockw

60° or if CK4 is otherwise not televant. The purpose of these tests is to check the mu
of two linear axes (generally.X and Z) at variable feed speeds, including points in which
axis slows down to zero and:the direction of movement is reversed.

cular interpolatiommotion by simultaneous three-axis control (X-, Y- and
LK6)

se and counter-clockwise(anticlockwise) contouring motions.

atic

fwo

ear
the

are an alternative to CK4, in caseswhere the machine under test does not have a measurenpent

fual
the

e of these tests is to check the interpolation between the X-, Y-, and C-axes of a turning ceptre
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Spindle speeds
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Object

Checking of deviations in the spindle speed at the mid-speed and the maximum speed of each range, in the clockwise and counter-clock-
wise (anticlockwise) directions of rotation.

CK1

Diagram
/\/\/\
| I |
I
|
I
Tolgrance

+5%

Measuring deviation

Speed range

Direction of rotation

Programmed speed Measured speed

Devigtion %

Mid.

counter-clockwise

(anticlockwise)

clockwise

Max.

counter-clockwise

(anticlockwise)

clockwise

Mid.

counter-clockwise

(anticlockwise)

clockwise

Max.

counter-clockwise

anticlockwise)

clockwise

Measuring instruments

Rev¢lution counter\erstroboscope )

a) Measuring instruments that are independent of numerical control shall be used.

Obsprvations

spindles.

As'Ps

P
where s

Ag is the actual speed;

x 100

Ps is the programmed speed.

The override control shall be set at 100 %.

D is the deviation in percentage;

Reagdlings'shall be taken at constant speed, avoiding the acceleration/deceleration at start and stop. When reading the speed instanta-
neously, at least [1ve readings shall be taken and the average calculated. This test shall be done for both workholding and toolholding

The spindle speed deviation shall be calculated using the following formula:
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Linear axes feed speeds

Object CK2

Checking of accuracy of the feed speed of the linear axes at the following feed speeds: 1 000 mm/min and maximum speed.

This test shall be performed for all linear axes. Caution should be taken when using this test over a short measurement range, due to the
effects of acceleration and deceleration (typically for y-axis).

Diagram
A *—‘ w—‘
Z z o,
1\ 2 1 T
— 3 2 I
I 174 1)
L == 1
i i
laser head T T
=] =]
interferometqr
reflector For X-axis For Z-axis
Tolerance
To be agreed lpetween manufacturer/supplier and user.
Measuring d¢viation
Axis X Y Z
Direction Measured % Measured % Measured average %
average average feed speed
feed speed dev, feed speed dev. dev
Programmdd feed speed positive
1000 hm/min negative
Maximum|feed speed positive
.......... mm/min negative
Measuring instruments
Laser interferpmeter
Observations
Align the lasef interferometer fSetup for positioning deviation) with the motion of the axis under test. Axis shall be commanded to exe-
cute a simple otion with two_énd points specified. Travel a distance of about half the axis travel range (or 500 mm whichever is shoifter)
to allow the axis to accelerate; then move at constant speed, and then decelerate to stop shall be selected. Same travel distance shall He
used for all fe¢d speeds. The'tests shall be carried out for both directions of travel (positive and negative). Speed data should be samyjled
with a minimym frequency of 100 Hz, no smoothing or averaging shall be allowed. The override control shall be set at 100 %. Reading
shall be taken|at cahstant speed, avoiding the acceleration/deceleration at start and stop. For each direction, calculate the average fe¢d
speed as the average'of all measured constant feed speed values (minimum 1 000 sampled points) for a given test.
The feed speed deviation shall be calculated using the following formula:
A - P
= —/—L x 100
Pf
where

Dris the deviation in percentage;

Atis the measured average feed speed;

Pris the programmed feed speed.

The measurement’s sampling frequency shall be reported.

NOTE This test can be carried out in conjunction with the linear positioning test.
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Linear interpolations

Object CK3

Checking of straightness of the motion described by linear interpolation of two linear axes over a maximum measuring length of 300 mm
with a measurement angle of approximately:

a) 45° (same feed speed);
b) 1) 3°to Z-axis motion (very low X-axis feed speed);

2) 3° to X-axis motion (very low Z-axis feed speed).

Diagram
3
Z
o o
W
o
| =] =] =]
Tolgrance Measured deviations
a) b) 1) b) 2)
0,020 for any length of 100 Measurederror
Measuting length

Measuring instruments

Strajghtness reference artefact or sine bar or spécial cone mandrels and linear displacement sensor or two-dimensional digital scale

Obsprvations and references to I1SO 230-1:2012, 3.9.2 and ISO/TR 230-11:—, 6.3

a)agdb) 1)

For fests using special cone-mandrels, clamp the cone mandrel [of the apex angle approximately a) 90° or b) 6°] in the worklolding spin-
dle ¢huck or collet. The spindle shall be locked. Attach a linear displacement sensor to the tool slide with the stylus contactipg the conical
surfhce square to the Surface.

b) 2

For {eSTSUSING THe STralgNtness relerelnce arteract, attach the Stralgntness reference arteract to the worknording spindie faceplate or
four-jaw chuck with gauging surface at approximately 3° to the X-axis travel. Lock the workholding spindle rotation. Attach a linear dis-
placement sensor to the tool slide with the stylus contacting the gauging surface of the sraightness reference artefact.

For all straightness of the motion tests, establish a common linear displacement sensor zero at two locations on the gauging surface of
the artefact, conveniently spaced at the required measuring length with an additional allowance for axis acceleration and deceleration.
Record the coordinate locations of the X- and Z-axes of the selected points. Program a bi-directional move at 250 mm/min between the
two locations and record the straightness of the motion data. Analyse the recorded data separately in each direction (as per ISO 230-1)
excluding an allowance for acceleration and deceleration. The larger deviation and its direction shall be recorded as the result of the test.
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Circular interpolations

Object CK4

Checking the circular deviation, G, and the bi-directional circular deviation, G(b), of the path generated by circular interpolation 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) 50 mm diameter 2) 100 mm diameter 3) 200 mm diameter 4) 300 mm diameter

a) 500 mm/min

b) 2000 mm/min

a) 610 mm/min

b) 2 440mm/min

a) 250 mm/min

b)1 000 mm/min

a) 350 mm/min
b) 1400 mm/min

The circular deviation, G, shall be checked for clockwise and counter-clockwise (anticlockwise) contouring motion. This test shall be
performed in the XY, YZ, and ZX planes, or in the plane composed by other pairs of linear axes (U, V, W, etc.).

Diagram
X T
z
2
Key
1 telegcopic ball bar gy
2 spedial fixture
Tolerance

Tolerance of G}, and Gp, is the same as G(b)ap, where ab = XY, YZ, or ZX.

a) G(b)xz ¥ 0,03 mm b) G(b)xz = 0,05 mm
G(b)xyyz = 0,05 mm G(b) xy,yz =0,0AmMm
Measuring degviation
a) feed spepd =..... Diameter of iominal path ...,
GX7 = ..., Location of theasuring instrument
Gxyyz = |... — centre of circle (X/Y/Z) et
G(b)xz =|-... — offset to tool reference (X/Y/Z) .ccccvrverriciniie i
G(b)xy,yf = ... — offset to workpiece reference (X/Y/Z) ..coeoevivencveinncnnenenenns
b) feed spepd =..... Data acquisition method
GX7 = oo — Starting point ...
Gxyyz = |- — number of Measuring PoOints ........cooocceeereerieneene e
G(b)xz =|.¢ — data Smoothing process .......ccccceivisiicsiiniis s
G(b)xyyz= - COMPENSATION USEA v ormreeiermsseemreeeees

Positions of axes not under test ......cocevvvveivereereceeenns

Measuring instruments

Telescopic ball bar or two-dimensional digital scale (grid scale)

Observations and references to ISO 230-1:2012, 11.3 and 11.4, and ISO 230-4
If 360° rotation is not possible, see CK5.

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

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 will help ensure accurate capture of
machine performance measurements, including that at the reversal points.
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