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Foreword

2:2022(E)

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.
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Introduction

The purpose of the ISO 230 series is to standardize methods of testing the accuracy of machine tools,
excluding portable power tools.

When a machine tool is used to repeatedly machine a single test piece in a mass production line, some
machine tool users want to test cut that single test piece and check its geometric accuracy, as a part of
acceptance tests for a machine tool. For machines machining multiple types of test pieces, standard
test pieces should be used. The geometric error of the finished test piece can be caused by various
error motions of a spindle, linear axes, rotary axes, or other mechanical components of a machine

tool. A pro
error moti
of machinin
machine to

ns for a machine tool user’s possible machining applications. This document specifies
g tests that can be used to assess the influence of various quasi-static error motions

cutting accyiracy of the machine.

Standard te
Internation
axis machir
Internation
operation. ]

st pieces are defined in machine-specific International Standards. In some’machine-sp¢
hl Standards, recent machining applications are not be fully covered.”For example,

ing centres can perform turning operations by using a rotary table. The machine-spe
hl Standard for a machining centre, ISO 10791-7, describes no‘machining test for tun

tests that cgvers potential applications of various types of machine togls:

In general,
multiple ca
errors of th
in ISO 2304
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The tests d,f

(type testi

machining tests described in machine-specific international standards, influence
1ses, are not intended to identify individual error*seurces contributing to the meas
e machined test pieces. In contrast, tests for identifying quasi-static error motions descy

5t pieces for machining tests to isolate certaigerror sources and allow manufacturers/y
e corresponding to their intended machinihg applications.

scribed in this document can be used-either for testing different types of machine 1
) or testing individual machine tools for acceptance purposes.
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Test code for machine tools —

Part 12:
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This|document specifies methods for defining machining tests for manufacturing accurdte
and [for evaluating the influence of quasi-static geometric errors of linear axes andtotary
the influence of the synchronization error of simultaneously controlled multiple*axes. Alth
static geometric errors are often major contributors for geometric errors of finished test p

fact
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curacy of finished test pieces

fcope

rs, e.g. the dynamic contouring error, can also have significant influence,

document describes examples of test piece geometry applicable, to individual ma
ible contributors to machining error, deviations to be meastred and measuring i
larifying possible contributors to machining error in each machining test, this docu
ance to machine tool manufacturers or users such that proper machining tests can b
1late a machine tool’s machining performance in specified/ntachining applications.

hining tests to evaluate the geometric accuracy of asingle surface are described in C}
e to evaluate geometric relationship of multiple @achining features are described i
se 7 presents machining tests for other objectives: machining tests for evaluation of
bility (7.2), and machining tests for evaluatign'of thermal influence (7.3).

Normative references
titutes requirements of this document. For dated references, only the edition cited

P30-1:2012, Test code_formachine tools — Part 1: Geometric accuracy of machines oper
ad or quasi-static conditions

htation, location-and run-out

Terms:and definitions

!

test pieces,
y axes, and
ough quasi-
ieces, other

rhine tools,
struments.
ent gives a
e chosen to

ause 5, and
n Clause 6.
short-term

following documents are referréd-to in the text in such a way that some or all of their content

hpplies. For

ited references, the latest edition of the referenced document (including any amendments) applies.

ating under

1101:2017, Geometrical product specifications (GPS) — Geometrical tolerancing — Tolerances of form,

D 1101:2017

hie'purposes of this document, the terms and definitions given in ISO 230-1:2012 and IS

y.

ISO and IEC maintain terminology databases for use in standardization at the following addresses:

ISO Online browsing platform: available at https://www.iso.org/obp

[EC Electropedia: available at https://www.electropedia.org/
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4 Preliminary remarks

4.1 Measuring units

In this document, all linear dimensions and deviations are expressed in millimetres. All angular
dimensions are expressed in degrees. Angular deviations are, in principle, expressed in ratios but in
some cases, micro-radians or arc-seconds can be used for clarification purposes. Formula (1) should
always be considered:

0,010/1 000 = 10 prad =2~ (@8]

Temperatuies are expressed in degrees Celsius (°C).

4.2 Reference to ISO 230-1

Reference should be made to ISO 230-1, especially for the installation of the machinebefore testing and
for the recommended accuracy of the testing equipment.

4.3 Machining conditions

In principld, the machining tests described in this document shall beanachined under conditions|that
are typical |for the use of the machine tool under test. If no typicabuse is defined, and to recognize
significant ¢rrors of the machine tool under test from the geometric accuracy of the finished test piiece,
the tests shpuld be performed under the following conditions:

a) machine tool axes shall be moved slowly to minimize dynamic effects and behave in a quasi-sftatic
mannet, i.e. with no dynamic influences and servo [control] limitations. However, this provisipn is
not applicable to some machine tool-specific test\pieces execution (e.g. five-axes contouring| test
pieces)[where the aim is to test machine performances at specified tool path feed speed;

b) the mag¢hine tool and the cutting tool should;tiot be influenced by any significant machining fofces,
which i the case for most finishing cuts;

c) the cutfing tool and the cutting parameters, i.e. feed, speed, tool geometry, etc., should be suitable
for the material machined;

d) the maferial machined shotld:be uniform, i.e. the change in its parameters like hardness|and
strength over the machinédsurface should be within the prescribed tolerance;

e) the cutting tool used.should not be worn and should not wear significantly during the machinipg of
the tes{ pieces;

f) for the|tests «described in Clauses 5 and 6, the machine tool should not be influenced by| any
thermal load;i.e. the machine tool should be in a thermally stable condition. The influeng¢e of
the enyironmental thermal change, the spindle rotation, rotating axes, and the linear motign of
COMPOIIETILS, TAIT be Cilecked by the testsdescribed T 1S0-230-37262073describes mmaciining
tests to check the thermal influence on the geometric accuracy of the finished test piece.

Although quasi-static geometric errors of a machine tool are major contributors, it is always possible
that other factors, e.g. the dynamic contouring error, can impose significant influence on the finished
test piece’s geometry.

4.4 Tests to be performed

When testing a machine, it is by no means necessary or possible to carry out all the tests described
in this document. When the tests are required for acceptance purposes, it is up to the user to choose,
in agreement with the manufacturer/supplier, those tests relating to the components and/or the
properties of the machine which are of interest. These tests are to be clearly stated when ordering a
machine. Mere reference to this document for the acceptance tests, without specifying the tests to be

2 © IS0 2022 - All rights reserved
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carried out, and without agreement on the relevant expenses, cannot be considered as binding for any
contracting party.

In principle, no more than one piece of each type should be machined for acceptance purposes. In case
of special requirements, such as statistical assessment of the machine tool performance (see 7.2), the
machining of more test pieces is required.

4.5 Measuring instruments

Measuring instruments indicated in the tests described in the following sections are examples only.
Other_instruments capable of measuring the same quantities and having the same, or a smaller,

mea
indi

Whsd
but
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appl

In the same way, when a “squareness reference artefact” is mentioned) it can mean e.g. 3
mic or steel or cast-iron square, a cylinder square, a reference cube, or, again, a special, dedicated

ceral
arte

4.6

Test
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4.7
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cutt
be f
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sele

4.8

The
bety

surement uncertainty can be used. Reference shall be made to ISO 230-1:2012, Clay|
ates the relationship between measurement uncertainties and the tolerances.

n a “linear displacement sensor” is referred to, it can mean not only dial test‘indic
hny type of linear displacement sensor such as analogue or digital dial gauges, ling
rential transformers (LVDTs), linear scale displacement gauges, or non-=contact ser
jcable to the test concerned (see ISO 230-1:2012, Clause 4).

Fact.

Location of test pieces

ion is specified for the machine tool under test,\the test piece should be placed apprq
travel of the X-axis, and in positions along Y-and Z-axes suitable for the location of th
or fixture, and for the tool lengths if not specified otherwise in the test procedure.

Fixing of test pieces

test piece shall be conveniently mounted on a proper fixture, such that maximum
ng tools and fixture is achieved. The mounting surfaces of the fixture and of the test
at. A suitable means of fixturing should be used to allow for tool breakthrough and
hining of a centre hole/for’example. The test piece should also be mounted on the f
tersink/counterbored\screws, such that subsequent machining does not interfere with
r methods are possible and may be selected. The overall height of the test piece dep
ted method of fixing. Fixtures used for machining are preferably used also for measurg

Materialef test pieces, tooling and cutting parameters

test piece material, tooling and the subsequent cutting parameters are subject to
reeft, manufacturer/supplier and user and shall be recorded. The test piece mater

sped

se 5, which

hitors (DTI),
ar variable
sors, when

h granite or

pieces shall be machined in the general location where production parts are machined. If no general

ximately at
e test piece

stability of
piece shall
full-length
ixture with
the screws.
bnds on the
ments.

agreement
al shall be

ified with proper material designations.

Machine-specific International Standards specify the size of test pieces. If not, it is subject to agreement
between manufacturer/supplier and user.

4.9

Rough cuts

This document does not specify roughing operations. Preliminary cuts should be taken in order to

mak

e the depth of cut as constant as possible.

4.10 Diagrams

Diagrams in this document illustrate only an example test setup. The coordinate system, and the name
of axes, depicted in diagrams are also only examples.

© IS0 2022 - All rights reserved
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4.11 Information to be recorded

For tests made according to the requirements of this document, the following information shall be
compiled as completely as possible and included in the test report. Additional information to be

reported is

described in each test.

a) material and designation of the test piece;

b) material, dimensions, and number of teeth of the tool;

c) cutting speed(s);

d) feed spged(s);

e) depth(g) of cut;

f) other clitting parameters, e.g. cutting fluid;

g) positioh and orientation of the test piece in the work space;

h) directi¢n of cuts (where applicable);

i) measuiling instrument and method;

j)  measuilement uncertainty with coverage factor k = 2.

4.12 Software compensation

When software facilities are available for compensating geometric, thermal or dynamic errors bpased
on an agre¢ment between the manufacturer/supplier and user, the relevant test can be carried out
with these [compensations. Some numerical thermal erfor compensations are based on temperdture
measuremgnts on the machine structure, and others are based on operating conditions, e.g] the
spindle rotdtion speed. Such a thermal compensation can be used, based on an agreement between the
manufacturer/supplier and user. When any seftware compensation is used, this shall be stated in the
test report.

5 Machining tests to evaluate the geometric accuracy of a single surface

5.1 Gendral

Clause 5 spgcifies a set of‘machining tests, whose objective is to finish a single surface and to evaluate
its geometrific accuracy..Fhe main objective of the tests is to observe the influence of quasi-static grror
motions, as|well as pOsition and orientation errors of axis average lines, of linear axes, rotary axes|or a
spindle.

This clause|does'not specify drilling tests. The position accuracy of a drilled hole is often influencgd by

many facto

41 4] 4] los ) deaa
S ULLITT U4l tIIT HI4dUIIIIIC 5 gCUIIITTITIU T T UL S,

5.2 Machining of a cylindrical surface

5.2.1 Machining of rotating disc

5.2.1.1 Object

A cylindrical surface of a rotating test piece is machined. It is typically a turning operation with a non-
rotating tool. It may be the cylindrical grinding with a rotating wheel. The circularity of the machined
cylindrical surface is evaluated (see Table 1).

© IS0 2022 - All rights reserved
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Table 1 — Machining of a rotating disc

2:2022(E)

Major error contributors for

Inputs Outputs machining in Figure 1
No. of simultaneous No. of simultaneous Type of Geometric |Radial error motion of (C’)-ax-
linear motions during | rotary motions during |interpolation| features to be |is, Ex(cy
machining machining measured Tilt error motion of (C’)-axis,
1(2) 1(C) — Roundness Egcy
or 2, if a rotating tool is Radial and tilt error motion of
used. tool-holding spindle axis, if a

ratatioc 1
TotatgtooTrTs—usctyl.

The
tool
5.2.7

5.2.

A cy]
whe

Key

ceometric errors observed in this test can be also observed in the test in 5.2.2. When
under test is used for the machining of not only thin ring parts but also cylindrical part
| should be carried out.

.2 Test procedure

bl) to the axial direction of spindle (Z) (see Figure 1).

(C')

I O B R Q
)
2
-—
Cutting tool [ width of the cylindrical surface
fest piece D  diameter of the cylindrical surface

machine'chuck

he machine
5, the test in

lindrical surface of a rotating test piece is machined by feeding alinon-rotating tool (o a rotating

rFigure 1 — Machining of a rotating disc

The width of the cylindrical surface, I, should be chosen to suit the measuring instrument. The
roundness shall be measured at middle of the width of the cylindrical surface.

5.2.1.3 Geometric features to be measured

The roundness of the finished cylindrical surface.

5.2.1.4 Measuring instrument

A roundness measuring machine.

© IS0 2022 - All rights reserved
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5.2.1.5 Possible contributors to machining error

The radial error motion of a workholding spindle (C’) is the main contributor to the roundness of the
finished surface. Its tilt error motion can contribute as well, and its influence is typically proportional
to the distance from the chuck face to the machining position.

The contribu

tion of the straightness error motion of the linear axis (Z) is negligibly small.

On machine tools with rotating tool spindle, radial and tilt error motions of tool spindle influence the

test result.

5.2.1.6

Machi
turning

cylindr

5.2.1.7 In

— The noinal diameter of the finished cylindrical surface, D;

the wid

the dist

— spindle

NOTE D

5.2.2 Ma

5.2.2.1 O

A cylindric
operation,
(Z). Unlike
Table 2).

Machines to be tested

]

bject

tools that finish a rotating test piece by turning operations, e.g. turning machires
centres, and a machining centre with a rotary table with turning capability;

jcal grinding machines.

formation to be reported

th of the cylindrical surface, I;
ance from the chuck jaw face to the machining position;
speed and feed speed.

etails for machining parameters are shown in ISO 13041-6, ISO 1708 and ISO 2433.

Chining of rotating cylinder with a feed in the axial direction

1l surface of a rotating test piece is machined by feeding a non-rotating tool in a tun
r a rotating wheel in a cylindrical grinding operation, to the axial direction of the spi
the test in 5.2.1, threeydimensional geometry of the finished test piece is evaluated

and

ning
ndle
(see
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Table 2 — Machining of a cylindrical surface with a feed in the axial direction

Inputs

Outputs

Major error
contributors for
machining in
Figure 2

No. of simultaneous

No. of simultaneous

Type of inter-

Geometric features to be

Tilt error motions
of (C')-axis, EB(C.),

Radial error motion
of (C')-axis, Ex(c

ParaHelism error of

linear motions during| rotary motions dur- polation measured
machining ing machining
1(2) 1(C) — Cylindricity.
or 2 ifarotating tool The cvlindricitvymav be
4 . o i J J J
is used. estimated by the round-

ness and the consistency of
diameters.

Roundness at different Z
positions

(C')~ta Z-axis, Eg gz
(€:
Straightiness error

motion ¢f Z-axis,
EXZ-

For a rotating tool:

Radial ajnd tilt
error mftion of tool
spindle

Tool spindle axis of
rotation not parallel
toZ

Conical
wheel

brinding

5.2.2.2 Test procedure

A cylindrical surface of a rotating test piece is turned by feeding a non-rotating tool fo the axial
direftion of the spindle (Z) [see Figure 2 a)]. The length of the finished cylinder, L, is typically the
dianpeter of the finished test piece multiplied by 0,8 to 2,5, depending on the chucking of tHe test piece

or tHe orientation of the spindle axis (vertical or horizontal). Figure 2 b) shows the setup on 3

grinfling machine.

cylindrical
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o

x T

-

a) Turning by a non-rotating cutting tool

L L, 3

X J_,_l @
b) Grinding by a grinding wheel
Key
1  cutting fool D, diameter of the finished cylinder
2 grinding wheel L, length of the finished cylinder
3  testpiede
4 maching chuck

Figure 2 — Machining of a cylindrical surface with a feed in the axial direction

5.2.2.3 Geometric features to be measured
— The roundness of the finished cylindrical surface at two different axial (Z) positions;

— the cylindricity of the finished test piece (see ISO 12180-1). The cylindricity may be estimated by
the roundness and the consistency of diameters machined at different Z positions.

5.2.2.4 Measuring instruments
— Roundness measuring machine;

— coordinate measuring machine (CMM);

8 © IS0 2022 - All rights reserved
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— outside/inside micrometer to measure the consistency of diameters.

5.2.2.5 Possible contributors to machining error

See 5.2.1.5 for contributors to the roundness at each axial position (Z).

The difference in the roundness at two axial positions (Z) shows the influence of the tilt error motion of
the spindle (C'). Its influence is proportional to the distance between two measured positions.

The parallelism error of the linear axis (Z) and the spindle axis (C’) makes the finished test piece
conical. It causes the inconsistency of the diameter at different axial (Z) positions, which increases the
cylifdTicity error of the finished test piece. Another contributor to the cylindricity error of the finished
test piece is the straightness error motion of the Z-axis in the radial (X) direction.

When a rotating tool is used, radial and tilt error motions of tool spindle, a conical grinding yheel, and a
spinflle of rotating tool not parallel to the Z-axis of machine tool, can contribute.

5.2.2.6 Analogous tests

An internal cylindrical surface of a rotating test piece is turned by feeding a non-rotating bgring tool to
the gxial direction of the spindle (Z) (see Figure 3). Contributors to.the machining error arg analogous
to those in the test above. In a boring operation, angular error motions of the linear axis, ¢.g. Ez;, can
havq larger influence on the cylindricity of the finished test pi€ce due to the larger offset in [Z.

©1S0 2022 - All rights reserved 9
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|

|

]

|

|
P03
803,

Key
D3, diameter of the finished inper ¢ylinder

D3, outer diameter of the cylinder
length of the finished-nner cylinder

cutting tool
test piede
maching chuck Lg

Figure 3 — Machining of an internal cylindrical surface withvafeed in the axial directior

Alternatively, three discs can be machined (see Figure 4)./The three-disc surfaces are treated as
pertaining to a single cylinder. The roundness of the three*disc surfaces and the consistency of their

diameters qre evaluated, respectively the cylindricity of the three discs combined.

L,
{ [ [
I S I I I B
)
L,/2 T L,/2
! 1
Key
1 testpiede L, total length of the cylinder

I width-ofsingle-dise

2 machind-ehtiek
D, diameter of disc

Figure 4 — Machining of three discs with a feed in the axial direction

5.2.2.7 Machines to be tested

— Machine tools that finish a rotating test piece by turning operations, e.g. turning machines and
turning centres, and a machining centre with a rotary table with turning capability;

— internal and external cylindrical grinding machines.

10 © IS0 2022 - All rights reserved
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5.2.2.8 Information to be reported
— The nominal diameter of the finished surface;

— the width of the cylindrical surface, (L, in Figure 2, L, in Figure 3 and L, in Figure 4);

— the width of the discs, I (in Figure 4 only);
— the nominal diameter of the unfinished surface, D3, (in Figure 3 only);

— spindle speed and feed speed.

NOT Details for machining parameters are shown in [50 13041-6, IS0 1706 and 150 2435.
5.2. Machining of a cylindrical surface by circular contouring

5.2.3.1 Object

A cylindrical surface is machined by a rotating tool moving on a circular.trajéctory by twollinear axes.
The [roundness error of the finished surface is measured (see Table 3);‘Tdble 3 shows an ¢xample for
circilar contouring in the XY plane.

Table 3 — Machining of a cylindrical surface by circular contouring by X- and Yiaxes

Major error contributers for

Inputs Outpiys machining in Figure 5
No. of No. of Type of Geometric |Straightness error motions, Elyy and Eyy,
sim{IItaneous line-| simultaneous |interpolation| features to be |and linear positioning error motions, Exy
ar njotions during | rotary motions measured |and Eyy.
machining during machining Squareness error of Y to X, E¢fox)y-
P (Xand Y) 1 (Tool) Circular Roundness

Angular error motions, Eyy, Egyx, Ecx, Eays
Egy, and Ey, can influence depending

on the machine configurationfand the
positions where linear positigning and
straightness error motions aile meas-
ured.

Radial error motions of the spindle (C)
and tilt error motions of the spindle (C),
Dynamic errors caused by cirfcular inter-

polation and different following errors
(mismatch of position loop gdins).

5.2.3.2\ Test procedure

The surface is finished on a circular trajectory by two linear axes (see Figure 5).

The blank shall be provided with a base suitable for being fastened to the work holding table/pallet or
to a fixture, providing a sufficient stiffness. Preliminary cuts should be taken to make the depth of cut
as constant as possible.

©1S0 2022 - All rights reserved 11
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Key
1

52.33 G

The roundn

5234 M

A roundnes

5235 P

The straigh
squareness

The angula
the spindle
tool length
roundness
motion is m

cutting tool

2 testpiece

Figure 5 — Machining test of a cylindrical surface by circular conteuring

pometric features to be measured

ess of the finished surface, including start/stop and reversal points.

easuring instrument

5-measuring machine or coordinate measuring machine (CMM).

pssible contributors to machining error

tness error motion, the linear positioning error motion of the linear axes (X and Y)
error of Y to X, and the radial errormotion of the spindle are the main contributors.

I error motions (pitch and xoll) of the linear axes (X and Y) and the tilt error motig
(C) can also influence the toundness. Their influence can be larger in proportion td
and/or test piece setting position. The yaw error motion of linear axes can influencg
depending on the machine configuration and the position where the straightness ¢
easured.

the

n of
the
the

rror

The dynamjic contouring€nror with circular interpolation of X and Y axes influences the roundness

error, e.g. th

The ingoing

5.23.6 M

e quadrant glitch.

or outgeing of the cutter can influence the roundness profile of the surface.

achines to be tested

— Machine tools that finish a surface by a rotating spindle, e.g. all milling machines, and NC grinding

machin

es for grinding operations;

— wire electrical discharge machining (EDM) machines.

5.2.3.7

spindle

12

Information to be reported

Tool length and diameter and number of teeth, or diameter of grinding wheel, if applicable;

speed and feed speed, if applicable;

radial and axial depth of cut;

diameter of test piece.

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=fbf840682b7bd25f6af6168b42a839bb

IS0 230-12:2022(E)

NOTE Details for machining parameters are shown in ISO 10791-7, ISO 8636-1, ISO 1985 and ISO 14137.
5.3 Machining tests of a flat surface
5.3.1 Facing of a rotating test piece

5.3.1.1 Object

A surface perpendicular to the spindle axis (C’) is machined by feeding a cutting tool to the radial
direction of the spindle axis (C’). Typically, it is a turning process with a non-rotating tool. It can be
dond by using a rotating grinding wheel. The flatness of the machined surface is evaluated,(jee Table 4).

Table 4 — Facing of a rotating test piece

Major error contribytors for

Inputs Outputs machining in Figire 6

No. ¢f simultaneous | No. of simultaneous | Type of inter- | Geometric |Axial andltilt error motions of (C’)-ax-

linepr motions dur-| rotary motions polation features to be |is, Ey(cyand Eg
ing machining during machining measured 3qlareness error of (C')- th X-axis,
1 (X) 1(C) — Flatness By ox)(c):
or 2 ifarotating Straightness error motion| of X-axis,
tool is used Eyy.

Angular error motion, Egy, can
influence depending on thie machine
configuration and the posjtion where
the straightness error motion is
measured.

When a rotating tool is usgd, axial
and tilt error motions of tgol spindle.
In the configuration showh in Fig. 6¢,
the radial error motion offtool spindle
can also influence.

5.3.1.2 Test procedure

A sulrface perpendicular to’ the spindle axis (C’) is turned by feeding a non-rotating tool tp the radial
direftion of the spindle.axis (C’) [see Figure 6 a)]. Figures 6 b) and c) show the test setup on g cylindrical
grinfling machine.

©1S0 2022 - All rights reserved 13
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b) Facing by a grinding wheel c) Facing by a tilted grinding wheel
Key
1  cutting tool 3 test piece
2 grinding wheel 4 machine chuck

Figure 6 — Facing of a rotating test piece

5.3.1.3 Gpometric features to be measured

The flatness of the finished surface.

5.3.1.4 Measuring instruments

Coordinate measuring machine (CMM), or linear displacement sensor and surface plate.

5.3.1.5 Possible contributors to machining error

The axial error motion of a work-holding spindle (C’) is the major contributor to the flatness of the
finished surface.

14 © IS0 2022 - All rights reserved
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When the spindle (C’) has the fundamental face error motion, the finished face can be viewed as made
up of many flat-faced thin rings, each of which is out-of-square with the axis of rotation by an amount,
which increases with decreasing radius. If the part is mounted in a roundness-measuring machine with
the transducer sensing axially, then the part can be tilted so that no flatness error is sensed during a
trace around a circular path concentric with the part centre. Circular flatness measurements need a
combination with straightness measurement over the full diameter. For details, see ISO 230-7:2015,
A7.6.

The tilt error motion of the spindle (C’) can contribute as well, and its influence is proportional to the
distance from the axis of rotation to the measured position.

The
finis

The
geor

The
posi

5.3.

5.3.

NOT
5.3.]

5.3.]

A flg
typi
grin
exar

STraightness error motion of the Hnear axis (XJ also has direct infiuence on the fia
hed surface.

squareness error of the linear axis (X) to the spindle axis of rotation (C’)-results
hetry of the finished surface.

angular error motion of X-axis, Egy, can influence depending on the maehine configura
Fion where the straightness error motion is measured.

1.6 Machines to be tested

Machine tools that finish a rotating test piece by turning-gperations, e.g. turning m
furning centres, and a machining centre with a rotary table“with turning capability;

Cylindrical grinding machines.

.7 Information to be reported

The nominal diameter of the raw material;

the distance from the chuck face to the finished surface;
kpindle speed and feed speed.

L

) Details for machining parameters are shown in ISO 13041-6.
. Machining of a flat'surface with non-rotating test piece

P.1 Object

t surface is machined by rotating a tool moving on a linear trajectory by a single line
rally thefade milling by using a rotating milling cutter or the surface grinding by usin

ness of the

n a conical

ion and the

ichines and

qr axis. It is
g a rotating
5 shows an

Hing wheel. The flatness error of the finished surface is measured (see Table 5). Table
hple fot the feed to the X-direction.
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Table 5 — Machining of a flat surface with non-rotating test piece

Major error contributors for

Inputs Outputs machining in Figure 7
No. of simultane- |[No. of simultaneous| Type of Geometric |Straightness error motion of X-axis in
ous linear motions | rotary motions |interpolation | features to be |Z-direction and angular error motions,
during machining | during machining measured |Ey, Epx, and Egy. Th(? squareness error
1(X) 1 (Tool) — Flatness | of spindle (C) to X-axis, Epox)(c).

When multiple paths are machined at
different Y positions, straightness and
angular error motions of Y-axis, Evy,
E\y, Egy as well as the squareness-exfror
of spindle (C) to Y-axis, Ejgcyy

Axial error motion of the spindle (C
and tilt error motions of,the spindlg (C),

Conical grinding wheel.

5.3.2.2 Test procedure

The surfacq is finished on a linear trajectory by a single linear axis. This test should be subsequéntly
performed by two bidirectional cuts (see Figure 7).

The blank shall be provided with a base suitable for being fastenéd.to the work holding table/pallet or
to a fixture| providing a sufficient stiffness. Preliminary cuts should be taken to make the depth of cut
as constant|as possible.

Dimensions in millimetres

1 2

4_#
N

\
‘\_// N

~~_/’

Key
1 cutting tpol L, length of test piece
2 testpiecp W width of test piece

Figure 7 — Machining of a flat surface with non-rotating test piece

5.3.2.3 Geometric features to be measured

The flatness of the finished surface.

5.3.2.4 Measuring instruments
— Linear displacement sensor, gauge blocks, straightness reference artefact, or surface plate;

— coordinate measuring machine (CMM).

16 © IS0 2022 - All rights reserved
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5.3.2.5 Possible contributors to machining error

The straightness error motion of the linear axis (X) in the tool’s axial direction (Z-direction) and the
axial error motion of the spindle are the main contributors.

The angular error motions (pitch and roll) of the linear axis (X) and the tilt error motion of the spindle
(C) can also influence the flatness. The squareness error of the spindle (C) to the X-axis, Eg(xy(c) also
influences the flatness. Their influence can be larger in proportion to the tool diameter.

When multiple paths are machined at different Y positions, straightness and angular error motions of
Y-axis, namely E;y, E,y, Egy, also affect the flatness. The squareness error of the spindle (C) to the Y-axis,

E 1 | Ll £1 4+
A(OVJ(C)’ dAISU TIITTUCTICT S TITC TTAatITC S S5Y

The fingoing or outgoing of the cutter possibly influences the straightness profile in thelfe¢d direction

(X).
A copical grinding wheel influences the flatness.
5.3.2.6 Machines to be tested

Machine tools that finish a flat surface by a rotating spindle, e.g.callmilling machines, and surface
grinfling machines for grinding operations.

5.3.2.7 Information to be reported

— Piameter and number of teeth of milling tool or diameter of grinding wheel;
— ppindle speed and feed speed;

— hxial depth of cut;

— width Wand length L, of test piece.

NOTE Details for machining parameters’are shown in ISO 10791-7, ISO 8636-1 and ISO 1985.
5.3.3 Face machining of multiple surfaces

5.3.3.1 Object

The surface of rectangular test pieces, fixed at multiple locations on the machine table, is fjnished by a
rotafing tool moving,en a linear trajectory by a single linear axis. The variation in the thickness of test
piecegs machinedé@t-different positions is measured (see Table 6 and Figure 8).

Table 6 — Face machining of multiple surfaces

Major ¢rror
Inputs Outputs contributors for
machining in Figure 8
No. of simultaneous No. of simultaneous Type of Geometric fea- |Straightness error motion
linear motions during | rotary motions during |interpolation| tures to be meas- |of X-and Y-axes, E;y and
machining machining ured E,y.
1(X) 1 (Tool) — The variationin |Angular error motion of
the thickness of |X-and Y-axes, Egy and Ejy,
test pieces E,yand Egy.
Parallelism error of the
machine table surface to
X- and Y-axes
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5.3.3.2 Test procedure

The test pieces are suggested to be located as follows:

— one at the central point of the table;

— one at each of the four corners of the table.

The test pieces should be of equal hardness and should be suitably fixed to the table.

The top surface of the single test piece is finished on a linear trajectory by a single linear axis (X) at the
same Z height. Between the single test pieces the Y-axis may be moved.

1 6 5
/ /

/ /

F——
L

A\ A A\

\ \ \
2 3 A

Key
1-5 testpiece
6 machipe table

Figure 8 — Face machining of multiple surfaces

5.3.3.3 Gpometric features to be measured

The variati¢n in the thickness of testpieces.

5.3.3.4 Measuring instruments

Linear displacement senser or thickness tester or coordinate measuring machine (CMM).

5.3.3.5 Pgssible-contributors to machining error

The straighfness error motions of the two linear axes (X and Y) in the tool’s axial direction (Z-direcfion)
are the maihecontribtttors—The-testalHowstocheckthestr aishtucaa deviationattwo-diseretedoeations

over the entire workspace.

The difference in the thickness of the two test pieces at the same X position, for example, shows the
variation in the local parallelism error of the table surface to the Y-axis.

The angular error motions of the two linear axes (pitch and roll of X and Y axes) can be a major
contributor. Their influence can be larger in proportion to the tool diameter.

Prior to the machining test, the parallelism of the machine table surface to X- and Y-axes should be
checked. It can be a dominant contributor to the test result.

The axial error motion and the tilt error motion of the spindle (C) can influence the flatness of each test
piece but has negligibly small influence on the variation in the thickness of test pieces.
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When the Z-axis (the axis in the tool’s axial direction) is not moved in the machining test, its linear
positioning error does not influence the test result.

5.3.3.6 Machines to be tested

Machine tools that finish a surface by a rotating spindle, e.g. all milling machines, and NC grinding
machines for grinding operations;

NOTE

5.3.4

Flank machining with one linear axis

Details for machining parameters are shown in ISO 8636-1 and ISO 1985.

5.3.4

A fl3
stra
exar

Itca

.1 Object

hple for the feed to the X-direction.

h be also machined by the EDM process.

t surface is machined by a rotating tool moving on a linear trajectory by a single line
ghtness error of the finished surface is measured (see Table 7 and Figure 9). Table

ar axis. The
7 shows an

Table 7 — Flank machining with one linear axis

Major error contributors for
Inputs Outputs Sl
machining in Figyre 9
No. pf simultaneous | No. of simultaneous Type of Géometric |Straightness error motion|in Y-direc-
linepr motions dur- | rotary motions dur- |interpolation| féatures to be |tion and roll error motion jof X-axis,
ing machining ing machining measured |Eyyand Ejy.
1(X) 1 (Tool) — Straightness |Radial error motion of the|spindle (C)

in Y-direction and tilt errg
of the spindle (C) around 3
and Ec).

The angular error motion
can influence depending o
chine configuration and th
where the straightness er
is measured.

r motion
(-axis, EY(C)

of X-axis

n the ma-
e position
for motion

5.3.4
The

The
toa
as c(q

.2 Test procedure

AV

surface is finishéd on a linear trajectory by a single linear axis (see Figure 9).

blank shall be provided with a base suitable for being fastened to the work holding tal
fixture; providing a sufficient stiffness. Preliminary cuts should be taken to make the
nstant as possible.

le/pallet or
Hepth of cut

Key

1  cutting tool

2 testpiece

<_6)\1 \2

Figure 9 — Flank machining with one linear axis

© IS0 2022 - All rights reserved

19


https://standardsiso.com/api/?name=fbf840682b7bd25f6af6168b42a839bb

ISO 230-12:2022(E)

5.3.4.3 Geometric features to be measured

The straightness of the finished surface along the feed direction.

5.3.4.4 Measuring instruments

Straightness reference artefact, gauge blocks, linear displacement sensor or coordinate measuring
machine (CMM).

5.3.4.5 Possible contributors to machining error

The straighftness error motion of the linear axis (X) in the tool’s radial direction (Y-direction) amd

radial erroq
influence.

The angula
also influen
test piece s¢

The yaw erl
where the s

5346 M

Machi
grindi

wire EIl

5.3.4.7 Iy

— Tool ler
— spindle
— radial g

— length

NOTE D)
5.3.5 Fla

5.3.5.1 O

A flat surfq

- error motions (roll) of the linear axis (X) and the tilt error motion of the spindle (C}

traightness error motion is measured.

achines to be tested

e

f test piece.

etails for machining\pdrameters are shown in ISO 10791-7, ISO 8636-1 and ISO 1985.
hk machining with two linear axes

bject.

|
motion of the spindle are the main contributors. For wire EDM machines, there is po spji

ce the straightness. Their influence can be larger in proportion to thertool length an
tting position.

or motion of X-axes can influence depending on the machine configliration and the pos

tools that finish a flat surface by a rotating spindle,€:g. all milling machines, and su
machines for grinding operations;

M machines.

formation to be reported

gth and diameter and number of teeth, or diameter of grinding wheel, if applicable;
speed and feed speed, if applicable;

nd axial depth of cut, if applicable;

ce~is machined by a rotating tool moving on a linear trajectory by two linear axes.

straightness error of the finished surface is measured (see Table 8).

It can be als

20

o machined by the EDM process.

the

ndle

can
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face

The
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Table 8 — Flank machining with two linear axes

2:2022(E)

Major error contributors for

Inputs Outputs machining in Figure 10
No. of simultaneous | No. of simultaneous Type of Geometric |Straightness error motions and angu-
linear motions dur- | rotary motions dur- |interpolation | features to be |lar error motions, Eyy, Exy, Eax, Egx
ing machining ing machining measured |E,yand Egy.
2 (XandY) 1 (Tool) Linear Straightness |Linear positioning error motions,

surface.

Radial error motions.of'th
(C) and tilt error motions

dle (C), Excy Eyy Eacy @
Dynamic contouring erro
interpolation.

Stickislip of Y-axis (for sid
by.39)

Eyy, Eyy. Influence of straightness
and positioning error motions of each
axis depends on angle of machined

e spindle
of the spin-
nd Egc).

- of linear

e face tilted

5.3.1

The
from
outs
surf

The
or td
depf]

Key

b.2 Test procedure

surface is finished on a linear trajectory by two linear.akes. The side face is tilted by
a linear axis (see Figure 10). It shall be finished by asingle path. The start and stop po
ide of the test piece to avoid the influence of the acceleration and the deceleration on th
hce.

blank shall be provided with a base suitable for being fastened to the work holding
a fixture, providing a sufficient stiffness:-*Preliminary cuts should be taken in order {
h of cut as constant as possible.

Y

S

Cutting tool
fest piece

Figure 10 — Flank machining with two linear axes

5.3.
The

B° or by 45°
nts shall be
e machined

table/pallet
o make the

straightness of the finished surface along the feed direction.

5.3.5.4 Measuring instruments

Straightness reference artefact, gauge blocks, linear displacement sensor or coordinate measuring
machine (CMM)

5.3.5.5 Possible contributors to machining error

The straightness error motion of the linear axes (X and Y) in the tool’s radial direction (X- and
Y-direction) and the radial error motions of the spindle are the main contributors. For wire EDM
machines, there is no spindle influence.
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The side face tilted by 3° can show the influence of the stick-slip of the linear axis with smaller motion
(Y-axis).

The angular error motions (pitch and roll) of the linear axes (X and Y) and the tilt error motions of the
spindle (C) can also influence the straightness. Their influence can be larger in proportion to the tool
length and/or test piece setting position.

The ingoing or outgoing of the cutter can influence the straightness profile of the surface.

5.3.5.6 Machines to be tested

— Machinf tools that finish a f1at surtace by a rotating spindle, e.g. all milling machines, and sugface
grinding machines for grinding operations;

— wire EIDM machines.

5.3.5.7 Information to be reported

— Tool digmeter and number of teeth, or diameter of grinding wheel, if applicable;
— spindle|speed and feed speed, if applicable;

— radial 4nd axial depth of cut, if applicable;

— length ¢f test piece;

— tool lenfgth, if applicable.

NOTE Ditails for machining parameters are shown in ISO 10791-7, ISO 8636-1 and ISO 1985.
5.4 Machining of a rotating spherical surface

5.4.1 Object

A spherical|surface is rotated by spindle (C’) and machined by circular interpolation of two linear axes
(Z and X). Tlhe roundness is measured-aleng an arc in the ZX plane (see Table 9).

Table 9 — Machining of a rotating spherical surface

Major error contributors for

Ingus Outputs machining in Figure 11
No. of simuj:Eaneous Neo..0f simultaneous Type of Geometric |Errorin circular interpolation in ZX
linear motipns dur- [@otary motions dur- |interpolation| featuresto |plane.
ing machfining ing machining be measured Radial, axial and tilt error motions|of
2 (Z and X3 1(C) Circular Roundness (C-axis, EX(C']' EZ[C') and EB[C']'

El TUI lllUt;UllD UfX aud Z GA;D, do vv ll
as squareness between X- and Z-axes
and the parallelism between (C’)- and
Z-axes, Exy, Ezx, Epx; Ezz, Exz, Epzs
Epoz)x Eproz)ich

5.4.2 Test procedure

A rotating spherical surface is machined by circular interpolation of two linear axes (Z and X) (see
Figure 11).

The roundness is measured over the 100° measurement range in continuous measuring mode starting
at position A and finishing at position B. Positions A and B are shown in Figure 11. The hemisphere pole
is not included in the measured arc.
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Key
cutting tool R radius of sphere
test piece A'B end points-of iheasured arc
machine chuck D a pointeon.the spherical surface at the same Z

and Y ppsitions with the centre

Figure 11 — Machining of a rotatingspherical surface

5.4.3 Geometric features to be measured

The foundness along the arc A-B.

5.4.4 Measuring instruments
— [oordinate measuring machine (EMM);

— roundness measuring machihe.

5.4.5 Possible contributers to machining error

BotH radial and axial erfor motions of the spindle (C’) influence the roundness. The region near point
A is Influenced mope by radial and tilt error motions of (C')-axis, Ex (¢ and Ep¢y, while the region near
poinft B is influenced’more by the axial error motion of (C’)-axis, Ez .

The [contouring error in the circular interpolation of Z- and X-axes directly influences the rpundness of
the ﬂénished test piece. The squareness error of X- to Z-axes can increase the roundness errgr, although

its imfluence is minor on the arc over 100°. The parallelism error of Z-axis to the spindle akis (C’) also
givep small influence.

The quadrant glitch in the circular interpolation can be observed at point D.

Linear positioning, straightness and angular error motions of X- and Z-axes, Eyy, E;x, Egx, Ez7, Ex; and
Egy, also influence the roundness.

5.4.6 Machines to be tested

Machine tools that finish a rotating test piece by turning operations, e.g. turning machines and turning
centres, and a machining centre with a rotary table with turning capability.

5.4.7 Information to be reported

— The nominal diameter of the finished surface;
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— spindle

NOTE

speed and feed speed.

Details for machining parameters are shown in ISO 13041-6.

5.5 Flank milling of a cone frustum with five-axis interpolation

5.5.1 Obj

ect

Checking the cutting performance of five-axis machining centres under the five-axis simultaneous feed
motion by machining the cone shaped test piece with a flank milling tool (see Table 10).

Table 10 — Flank milling of a cone frustum with five-axis interpolation

Inputs Outputs Major error contributors
No. of No. of Type of Geometric |Potentially all the error motiens of five
simultanejous simultaneous |interpolation | features to be |axes, as well as position and orientation er-
linear motjons | rotary motions measured |rors of rotary axis average lines, can infflu-
during maclining|during machining ence the roundness~The sensitivity of the
3(X,Y,anfl Z) 3 (Two rotary Five-axis Roundness rﬁundnehs.s to eacfh Arior motlorﬁ depends on
axes and a tool) the machine cenfiguration or the test sqtup.
Dynamic error with simultaneous five-3xis
motion ¢an‘also influence the roundnessg.
5.5.2 Tesft procedure
The surfacqis finished by the five-axis simultaneous feed mation (see Figure 12). This test is appli¢able
only to fivejaxis machine tools with two rotary axes (see Figure 13 for an example test setup).
The test pi¢ce should be fixed on the table with thelinclination angle to the table surface to enjsure
simultaneopis five-axis motion. When the test is performed on a five-axis machine with one or more

rotary axeg
distance frg

The outer s
move on ac

A ring-shap|
measureme
by driving |

The blank {

m the rotary axis average line(s)-

urface of the frustum shall be machined by a flank milling tool. The tip of the cutter
ircular path at constant speed in the workpiece coordinate system.

ed flat surface shall be,mrachined on the top surface of the test piece as the reference fo

near axes only, with rotary axes fixed.

hall be provided with a base suitable for being fastened to the work holding table/p|

or to a fixtyre, providing a sufficient stiffness. Preliminary cuts should be taken in order to makd

depth of cut

as constant as possible.

on the workpiece side, the bottomleentre of the test piece should have a centre offset

shall

r the

nt. [t shall be machined by the same cutting tool used for the finishing. It shall be machfined

allet
b the
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Key

Cutting tool 4  axis averdge line of rotary table

fest piece 5 rotarytable

Fixture d, centre offset distance from rotary axis average line

Figure 12 — Flank milling of a cone frustum with five-axis interpolation
[ Z JA
|— Y ‘ X
dry
( - =
I
P Ee=all
Iy

Key
d,, pffsétfrom C'-axis in X direction

p  offset from A-axis in Z direction

Figure 13 — Example cone frustum machining test setup

5.5.3 Geometric features to be measured

The roundness of the finished surface at two different heights (e.g. at 2mm from top and from bottom)
in the workpiece coordinate system.

5.5.4 Measuring instruments

A roundness measuring machine or coordinate measuring machine (CMM).
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5.5.5 Possible contributors to machining error

Potentially all the error motions of five axes can influence the roundness. The sensitivity of the
roundness to each error motion depends on the machine configuration or the test setup. In particular,
position errors of rotary axis average lines often have larger influence on the roundness.

If the two rotary axes are on the workpiece side, the positioning error of the Z-axis is of no influence.

Dynamic error with simultaneous five-axis motion can also influence the roundness.

5.5.6 Machines to be tested

Machine to¢ls that can perform simultaneous five-axis motion for machining, e.g. five-axis machilning
centres and turning centres with a swivelling tool-holding spindle.

NOTE DEtails for machining parameters are shown in ISO 10791-7.
5.6 Flank milling of a truncated square pyramid with five-axis interpolation

5.6.1 Oblect

Checking tle cutting performance of five-axis machining centres under the five-axis simultangous
feed motior] by machining the truncated square pyramid test piece with flank milling (see Table 11 and

Figure 14).

Tabl¢ 11 — Flank milling of a truncated square pyramid with five-axis interpolation

Inputs Outputs Major error contributors
No. of No. of Type of Geometric |Potentially all the error motions of five
simultanepus simultaneous |interpolation| features to be |axes, as well as position and orientation|
linear motfons | rotary motions measured |errors of rotary axis average lines, can
during madhin- | during machin- influence the straightness of each machjned
ing ing surface. The sensitivity of the straightngss

to each error motion depends on the m3

3(X,Y,andl Z 3(T t Fivesaxi Straight
( anfl Z) (Two rotary A raightness chine configuration or the test setup.

axes and a tool)
Dynamic error with simultaneous five-3xis
motion can also influence the straightnéss.

5.6.2 Tesft procedure:

The surfacq is finished by the five-axis simultaneous feed motion. This test is applicable only to five-
axis machine tools with two rotary axes (see Figure 14 for an example test setup).

The test pi¢ce should be fixed on the table with the inclination angle to the table surface to enjsure
simultaneopisfive-axis motion.

The side faces of the truncated square pyramid shall be machined by a flank milling tool. The cutter
path shall be straight at constant speed in the workpiece coordinate system.

The blank shall be provided with a base suitable for being fastened to the work holding table/pallet
or to a fixture, providing a sufficient stiffness. Preliminary cuts should be taken in order to make the
depth of cut as constant as possible.
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measuring
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1
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Key
Cutting tool 4  rotary table
fest piece a  half of pyramid angle
Ffixture B inclination angle of test piece
Figure 14 — Flank milling of a truncated square pyramidwith five-axis interpo
5.6.3 Geometric features to be measured
The ptraightness of the finished surface.
5.6.4 Measuring instruments
Strajghtness reference artefact, gauge bloeks, linear displacement sensor or coordinate
machine (CMM)
5.6.5 Possible contributors to machining error
Potentially all the error motjons of five axes can influence the straightness. The sensit
strajghtness to each error motion depends on the machine configuration or the test setup. Im particular,
position errors of rotary axis average lines often have larger influence on the straightness.
Dynamic error with sitmultaneous five-axis motion can also influence the straightness.

5.6.6 Machines to be tested

Mac
cent

hine tools that can perform simultaneous five-axis motion for machining, e.g. five-axij
es<and turning centres with a swivelling tool-holding spindle.

machining

6 Machining tests to evaluate geometric relationship of multiple machining
features

6.1

General

This clause specifies a set of machining tests, whose objective is to finish multiple machining features
and to evaluate the position or the orientation of one feature relative to other features, or the difference
in their geometric accuracy. Main objective of the tests is to observe the influence of quasi-static error
motions, as well as position and orientation errors of axis average lines, of linear axes, rotary axes or a
spindle.
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6.2 Machining of internal and external cylindrical surfaces

6.2.1 Object

With reference to Figure 15, the inner hole is machined by rotating the workholding spindle (C-axis)
only. The external cylindrical surface is machined by synchronizing the workholding spindle (C’-axis)
and a linear axis (X-axis). True position of the external cylindrical surface relative to the centre of the
inner hole (datum A) is measured (see Table 12).

Table 12 — Machining test of inner and external cylindrical surfaces

Major errorn

contributorsfor

machihning in
Figure 15

External clylindrical

surface: 2|(Z and X)

Inputs Outputs
No. of simfiltaneous No. of simultaneous Type of Geometric features to
linear motipns during | rotary motions during |interpolation be measured
mach|ning machining
Inner hole: 1 (Z) 1(C) XC Position of external
interpolation| cylindrical surface in

reference to the inner
hole

Roundness/of external
cylindrical surface

Position error of
workholding spindl
(C’-axis).

Error in X-C interpdla-
tion

1%

6.2.2 TeI procedure

The inner

ole is machined by rotating the test piece;(C-axis). The external cylindrical surfafe is

machined bly synchronizing the workholding spindle (€-axis) and a linear axis (X-axis) at slower speed
(see Figure|15). It is typically a turning process with a non-rotating tool. Cylindrical grinding cajn be

applied. WHen the test is done by X-axis, the cutting point shall be at the same Y position as the C’

centreline.

axis
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dss

Key
1, 2 futting tool
d,s flistance between the centre of the hole and the centre ofthe external cylinder

Figure 15 — Test piece for machiningof inner and external cylindrical surfages

6.2.3 Geometric features to be measured
— [The position of the external cylindrical surface relative to the axis of the inner cylinder|(datum A);

— roundness of external cylindrical surface

6.2.4 Measuring instruments
— [oordinate measuring machine (CMM) for the position error of the external cylindricallsurface.

— roundnesséasuring machine or CMM for the roundness of the external cylindrical sufface.

6.2.5 Possible contributors to machining error

The péosition error of the axis average line of the workholding spindle (C-axis).

The setting error of cutting point position (e.g. setting error of tool length) can also impose significant
influence.

Error in X-C interpolation, including the linear positioning error of X-axis in the synchronous operation
and the radial error motion of the workholding spindle (C-axis), can influence the test result.

6.2.6 Machines to be tested
Machine tools that finish a rotating test piece by turning operations, e.g. turning centres, turning

machines equipped with numerically controlled C-axis, a machining centre with a rotary table with
turning capability and a cylindrical grinding machine with a rotary table.
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6.2.7 Information to be reported

— The nominal diameter of the inner hole and the external cylindrical surface, the nominal distance
between their centres;

— the distance from the chuck face to the centre of the finished cylindrical surface;
— spindle speed and feed speed.

NOTE Details for machining parameters are shown in ISO 13041-6.

6 3 M 2aa s £1. -1 'y | PRI | 243 £l 'y 'y H
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6.3.1 Object

Finish hole$ at multiple positions on a test piece by e.g. boring operations. The position"error of the
centre of hdles relative to the defined positions is measured (see Table 13).

Table 13 — Multiple holes

Major error
Inputs Outputs contributors for
machining in Figur¢ 16

No. of simultaneous | No. of simultaneous Type of Geometric feattires to be |Positioning error motjon
linear motipns dur- | rotary motions dur- |interpolation measpred of X- and Y-axes, Eyy and
ing maclining ing machining Eyy.
1 (Z 1 (TOO]) — The pOSitiOH error of the Straightness error mdtion

centre of holes relative |of X- and Y-axes, Eyx ahd
to'the defined positions Eyy-

Angular error motion|of
X-, Y- and Z-axes.

Squareness between X
andY

6.3.2 Tejt procedure
t

The holes
Figure 16).

four positions ina\single test piece are finished by feeding a single linear axis (Z)|(see

Y

Figure 16 — Test piece with multiple holes
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Geometric features to be measured

Position error of the centre of holes relative to the defined positions. It is measured in the following
coordinate system:

6.3.4

Coof

6.3.%

The
posi
this

The

The
mot

The

be n

The

rour

6.3.6 Machines to.be-tested

Mac
mac

6.4

6.4.1

A is the primary reference. The Z axis is outgoing normal to the plane;

Cylinder axis of datum B intersects with datum A; the intersection point is the origin; i
evaluated as a circle, then the centre of the circle is projected perpendicular to datum A
A and the projected centre defines the origin.

The X-axisisthe connection of the origin and the paint of intersection of datum C (r‘vlin

f datum B is
onto datum

er axis) and

Hatum A; if datum C is evaluated as a circle, then the centre of the circle is projected pe
Lo datum A onto datum A and the connection of the projected centre of datumc€ an
lefines the X-axis.

The Y-axis is normal to X-axis and Z-axis.

l Measuring instrument

dinate measuring machine (CMM).

b Possible contributors to machining error

X-position error of the lower-right hole shows the liniear positioning deviation of X-
Fion. The Y-position error of the upper-left hole shows’the linear positioning deviation
position.

X-position error of the upper-left hole shows the squareness error between X- and Y-axq

position error of the upper-right hole is influenced by all these errors, as well as straig}
ons of X- and Y-axes.

ajor contributors. Their influence’can depend on the test piece setting position and tog

radial error motion and(the tilt error motion of the spindle (C) can influence the
dness of each hole but has negligibly small influence on the position error of the centre

hine tools that \finish a surface by a rotating spindle, e.g. all milling machines, and |
hines for grinding operations.

Machining multiple surfaces with linear motion

rpendicular
| the origin

axis at this
of Y-axis at

S.

itness error

angular error motions of the linear axes (pitch, roll and yaw of X and Y axes, and E,; and E;) can

| length.

radius and
of holes.

NC grinding

Flank machining of two faces perpendicular to each other

6.4.1.1 Object

Two flat surfaces are machined by a rotating tool moving on linear trajectories by two linear axes
perpendicular to each other. The perpendicularity error between the finished surfaces, as well as the
straightness error of the finished surfaces, is measured (see Table 14).

© IS0 2022 - All rights reserved

31


https://standardsiso.com/api/?name=fbf840682b7bd25f6af6168b42a839bb

ISO 230-12:2022(E)

Table 14 — Flank machining of two faces perpendicular to each other

Inputs

Outputs

Major error
contributors for
machining in Figure 17

No. of simultaneous
linear motions during
machining

No. of simultaneous
rotary motions dur-
ing machining

Type of
interpolation

Geometric features to
be measured

1(XorY)

1 (Tool)

Perpendicularity error

Straightness error

Squareness of Y- to X-axis.

Straightness error mo-
tions of X- and Y-axes, Eyy
and Eyy.

The roll error motion of

X—ant-Y-axes-Eyand Egy,
can influence depehding

on the position where{the
straightness erroer motion
is measured.

The yaw €rror motion| of
X- and Y+axes, Ecy and|Ey,
can,influence depending
onrthe machine configu-
fation and the position
where the straightnegs
error motion is measyred.

The radial and tilt errpr
motions of the spindlg

6.4.1.2 Test procedure

The surfaces are finished on linear trajectories by a single'linear axis (see Figure 17).

The blank shall be provided with a base suitable fofbeing fastened to the work holding table/pallet or

to a fixture
as constant

providing a sufficient stiffness. Preliminary cuts should be taken to make the depth of cut
as possible.

Key
1,2 cutting tool
3  testpiece

Figure 17 — Flank machining of two faces perpendicular to each other

6.4.1.3 Geometric features to be measured

— The perpendicularity error between the two finished surfaces;

— the straightness error of the two finished surfaces.

32
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6.4.1.4 Measuring instruments

— Squareness reference artefact, or reference indexing table, and gauge blocks, surface plate, linear
displacement sensor;

— coordinate measuring machine (CMM).

6.4.1.5 Possible contributors to machining error

The squareness error of the linear axes (X- and Y-axis) is the main contributor to the perpendicularity
error

The
stra

The
the
infly
mot

The
the 9

6.4.

6.4.]

NOT

6.4.]

6.4.7

straightness error motions of X- and Y-axes, Eyy and Eyy, are the main Contribultors to the

ghtness error of the two finished surfaces.

roll error motion of X- and Y-axes, E,x and Egy, can influence depending enithe pos

btraightness error motion is measured. The yaw error motion of X- and(¥-axes, Eqy 3

ition where
nd Egy, can

ence depending on the machine configuration and the position where the straighftness error

on is measured.

radial and tilt error motion of the spindle (C) and the ingoing or eutgoing of the cutter c4

traightness profile of the surface.

.6 Machines to be tested

Machine tools that finish a flat surface by a rotating<spindle, e.g. all milling machines,
brinding machines for grinding operations;

wire EDM machines.

.7 Information to be reported

ool diameter and number of teeth.6r diameter of grinding wheel, if applicable;
kpindle speed and feed speed, if applicable;

radial and axial depth of ¢ug, if applicable;

engths of machined Surfaces

) Details for fmachining parameters are shown in ISO 10791-7, ISO 8636-1 and ISO 1985.
. Flank machining of faces inclined with respect to the reference surface

.1 , \Test procedure

Two

flat surfaces are machined ]’\y a rnf:\fing tool mnving on linear h‘a}'nr‘fnripc ]’\y two

in influence

and surface

linear axes

inclined to the reference surface. The angle error relative to the defined angle, as well as the straightness
error of the finished surfaces, is measured (see Table 15).
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Table 15 — Flank machining of faces inclined to the reference surface

Inputs

Outputs

Major error
contributors for
machining in Figure 18

Squareness error of Y-to
X-axis.

The difference in the

No. of simultaneous No. of simultaneous Type of Geometric features
linear motions during | rotary motions during |interpolation| to be measured
machining machining
2 (Xand Y) and 1(X) 1 (Tool) linear Error in angle

between the two
finished faces.

linear positioning error of
X- and Y-axes

Straightness of the
two finished faces.

Stratghtress-errormgtion
of X-and Y-axis, Eyy afd
Eyy.
The angular-€rror motion
of X- and Y~axes can ir
fluence(dépending on fthe
machineé configuration
and tHe position wherje
the’straightness erroj
motion is measured.

Dynamic synchronou
error between X-and
Y-axis.

Radial and tilt error
motion of spindle to
straightness.

6.4.2.2 Test procedure

The reference surface A is machined by feeding a*tool to the X direction. At a different Z position| the
surfaces, tilted by 3° and 45° from the X-axisiare finished on linear trajectories by two linear faxes
(see Figure|18). The start and stop points shall'be outside of the test piece to avoid the influence of the

acceleration and the deceleration on the machined surface.

The blank shall be provided with a basg'suitable for being fastened to the work holding table/pallet or
to a fixture| providing a sufficient stiffness. Preliminary cuts should be taken to make the depth of cut
as constant|as possible.
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Key
1  futting tool machining reference A
2 futting tool machining 3° inclined surface
3 futting tool machining 45° inclined surface
4 fest piece

Figure 18 — Flank machining of two faces inclined to the reference surface

6.4.2.3 Geometric features to be measured
— Error in angle between the two finished faces (angle to reference surface);

— ptraightness of the two finished faces.

6.4.2.4 Measuring instruments
— [oordinate measuring machine (CMM);

— reference indexing table, surface plate, and linear displacement sensor.

6.4.2.5 Possible contributors to machining error

The [squareness errorof-the linear axes (X- and Y-axis) contributes to an angle error. The difference in
the :Iinear positioning-error of X- and Y-axes also causes an angle error. Their influence is larger on the
45° line.

The ptraightiess error motion of the linear axes of X- and Y-axis, Eyy and Eyy, are the main dontributors
to the straightness error of the two finished faces. Angular error motions of X- and Y-axis, Ky, Egx, Eay
and [y, €dn affect the result.

The side face tilted by 3° can show the influence of the stick-slip of the linear axis with smaller motion
(Y-axis).

The feedback loop gain mismatch between X and Y axes can influence the straightness deviation of the
face tilted by 45°.

The radial and tilt error motion of the spindle (C) and the ingoing or outgoing of the cutter can influence
the straightness profile of the surface.

6.4.2.6 Machines to be tested

— Machine tools that finish a flat surface by a rotating spindle, e.g. all milling machines, and surface
grinding machines for grinding operations;
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— wire EDM machines.

6.4.2.7 Information to be reported

— Tool diameter and number of teeth, or diameter of grinding wheel, if applicable;
— spindle speed and feed speed, if applicable;

— radial and axial depth of cut, if applicable;

— lengths of machined surfaces.

NOTE Ditails for machining parameters are shown in ISO 10791-7, ISO 8636-1 and ISO 1985.
6.5 Multjple features machined with angular indexing of test piece
6.5.1 Boying of a cylindrical surface with angular indexing of test piece by 180°

6.5.1.1 Opject

A test piecq is mounted on a rotary table (B’-axis). A cylindrical surface ismachined from one sidg for
its half axidl length by a rotating tool. Then, the rotary table is rotated by 180° and the cylindrical
surface is nhachined from the other side such that both cylindrical suxface are nominally coaxial| The
cylindricity| of the cylindrical surface is evaluated (see Table 16).

Thble 16 — Boring of a cylindrical surface with-anigular indexing of test piece

Major error contributors for

Inputs Outputs machining in Figure 19
No. of simyltaneous | No. of simultaneous Type©f Geometric |Angular positioning error motion
linear motiqns during | rotary motions during |interpolation | features to be |of rotary table with 180° angylar
machining machining measured |positioning, Egp.
1(1) 1 (Tool) t Cylindricity |Position error of rotary table gixis
Coaxiality |2verage line, Eygp.

Tilt error motions of rotary tdble
with 180° angular positioning,
E gand Eqp.

Axial and radial error motion jof
B’ at 0° and 180°, Eyg and Eyg

Straightness and angular errg
motions of Z-axis, Ey;, Eyz, an
E,zand Egy.

T~

Radial error motions of the spjin-
dle (C) and tjlt error motions of
the spindle (C), EX(C), EY(C), EA(C),
and Ejc).

Squareness error of Z-axis to
B-axis, Ej op')z.

Parallelism errors of Z-axis to the
spindle axis, E )z and Ego(cpz-

6.5.1.2 Test procedure:

A test piece is mounted on a rotary table (B’-axis). A cylindrical surface is machined for half the axial
length of the finished cylinder by a rotating tool. The centreline of the cylindrical surface is at the
nominal X-position of the rotary table axis average line. Then, the rotary table is rotated by 180°, and
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the cylindrical surface is machined from the other side at the same nominal X-position of the rotary
table axis average line (see Figure 19).

The blank shall be provided with a base suitable for being fastened to the work holding table/pallet or
to a fixture, providing a sufficient stiffness. Preliminary cuts should be taken to make the depth of cut

as constant as possible.
-l

Key
1  Futting tool 3 rotary table
2 testpiece

Figure 19 — Boring of a hole with angular indexing of test piece

6.5.1.3 Geometric features to be measured

The |cylindricity of the cylindrical surface(see ISO 12180-1). It can be estimated by| measuring
rourfdness profiles of the machined cylindrical surface at several different positions along the axis of
the ¢ylindrical surface. Their concentricity shall be included in the evaluation.

The foaxiality of the cylindrical surfaces machined at at B’ = 0° and 180°.

6.5.1.4 Measuring instruments

— A roundness measuring machine or coordinate measuring machine (CMM) to eyaluate the
Cylindricity;

— p CMM and{a-roundness measuring machine with Z measurement capability to ealuate the
roaxiality.

6.5.1.5 ¢ 'Possible contributors to machining error

Wh nthara avict tlhn oot i A Af et ol ol auaraga T L thaotuaa oczlind. al Surfaces
Ot T e AT ST Tt P OSTHOIT CTT OT O Totar y caotCoATS aveTagc uu\., TY0Bs tiic cvv O CyTIoT 1€ )

machined at B = 0° and 180°, are parallel but not coaxial to each other.

The angular positioning error motion of rotary table with 180° angular positioning, Egg, results in the
orientation error between the two cylindrical surfaces.

When axial error motion Eyg and/or radial error motion Eyg of the rotary table are different at 0° and
180°, the two cylindrical surfaces are parallel but not coaxial to each other.

Tilt error motion of rotary table with 180° angular positioning, E, g, also results in the orientation error
between the two cylindrical surfaces. Tilt error motion of rotary table with 180° angular positioning,
E¢p, results in parallel cylindrical surfaces that are not coaxial.

Straightness error motions of Z-axis, Ey, and Eyy, affect the cylindricity of each part of the cylindrical
surface.
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