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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 maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

The objective of the ISO 13041 series is to provide information as wide and comprehensive as possible
on geometric, positional, contouring, thermal and machining tests which can be carried out for
comparison, acceptance, maintenance or any other purpose.

The ISO 13041 series specifies, with reference to the ISO 230-1 and ISO 230-7, tests for turning centres
and numerically controlled turning machines with/without tailstocks standing alone or integrated
in flexible manufacturing systems. The ISO 13041 series also establishes the tolerances or maximum
acceptable values for the test results corresponding to general-purpose and normal-accuracy turning
centres and numerically controlled turning machines.

© IS0 2020 - All rights reserved v
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Test conditions for numerically controlled turning
machines and turning centres —

Part 1:
Geometric tests for machines with horizontal workholding
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Scope

5 document specifies, with reference to ISO 230-1, the geometric tests on normal accuracy 1
[rolled (NC) turning machines and turning centres with horizontal work-spindles as def
3.2. It also specifies the applicable tolerances corresponding to the above-mentioned test

ere applicable, this document also applies to horizontal spindle turret and sing
bmatic lathes.

5 document explains different concepts or configurations’ and common features of I
hines and turning centres. It also provides a terminolegy*and designation of controlled 3

5 document deals only with the verification of the accuracy of the machine. It does not
rational testing of the machine (e.g. vibration, abhormal noise, stick slip motion of comp
hachine characteristics (e.g. speeds, feeds) aswsuch are checks generally carried out bef
accuracy.

Normative references

following documents are referred to in the text in such a way that some or all of th
Stitutes requirements of thissdocument. For dated references, only the edition cited 4
ated references, the latest eédition of the referenced document (including any amendmen

oad or quasi-static eonditions

230-7:2015, Test code for machine tools — Part 7: Geometric accuracy of axes of rotation

Terms.and definitions

umerically
ined in 3.1
5.

le spindle

NC turning
Xes.

ply to the
nents) nor
pre testing

Pir content
pplies. For
[s) applies.

230-1:2012, Test codefor machine tools — Part 1: Geometric accuracy of machines operdqiting under

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

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

3.1

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

[EC Electropedia: available at http://www.electropedia.org/

numerically controlled turning machine
NC turning machine
turning machine that operates under numerical control or computerized numerical control
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3.2

turning centre
NC turning machine (3.1) equipped with power-driven tool(s) and the capacity to orientate the
workholding spindle around its axis

Note 1 to entry: This machine may include additional features such as automatic tool changing from a magazine

3.3

tool turret

multiple to

4 Prelil

41 Me

In this document, all linear dimensions, deviations and corresponding tolerancesare expres
in millimdtres; angular dimensions are expressed in degrees, and angular,deviations and

correspon
be used fory
deviations

0,010

4.2 Refe

To apply this document, reference shall be made to 1SO, 230-1:2012, ISO 230-7:2015, when requi

especially
component

Where the
a referenc
instructior
(see G1 to

4.3 Mac

Prior to c
recommen

4.4 Test

The sequence in-which the tests are presented in this document in no way defines the practical o1

of testing.
any order.

4.5 Test

ol-holding system capable of positioning the cutting tool to execute machining operation

minary remarks

uring units

ing tolerances are expressed in ratios but in some cases microradians or arcseconds 1
clarification purposes. Formula (1) should be used for the conversiefrof the units of ang
or tolerances.

1000 =10 prad = 2“

rence to ISO 230

or the installation of the machine before testing, warming up of the spindle and other moy
s, description of measuring methods and récommended accuracy of testing equipment.

test concerned is in compliance with-the specifications of ISO 230-1 and/or I1SO 23

e to the corresponding clause of-ISO 230-1, respectively ISO 230-7, is shown before
s in the “Observations” block of(the tests described below. Tolerances are given for each
:30).

hine levelling

pnducting tests onCaymachine tool, the machine tool should be levelled according to
Hations of the supplier/manufacturer (see ISO 230-1:2012, 6.1.1 and 6.1.2).

ing sequence

n order to make the mounting of instruments or gauging easier, tests may be performe

sed
the
may
1lar

M

red,
ring

0-7,
the
test

the

der
d in

s to be performed

When testing a machine, it is not always 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 supplier/manufacturer, the relevant tests relating to the components and/or
the properties of the machine. These tests are to be clearly stated when ordering a machine. A simple
reference to this document for the acceptance tests, without specifying the tests to be carried out, and
without agreement on the relevant expenses, cannot be considered as binding for any contracting party.
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4.6 Measuring instruments

Measuring instruments indicated in the tests described below are only examples. Other instruments
capable of measuring the same quantities and having the same, or a smaller, measurement uncertainty

may be used.

When a dial gauge is referred to, it can mean not only dial test indicators (DTI) but any type of linear
displacement sensor such as analogue or digital dial gauges, linear variable differential transformer

(LVDTs), linear scale displacement gauges, or non-contact sensors, when applicable t
concerned.

o the test

Simfilarly, when a straightedge is referred to, it can mean any type of straightness referenceetrological

stamdard, such as a laser beam, special optics, a granite or ceramic or steel or cast irof) st
one|arm of a square, one generating line on a cylindrical square, any straight path on-awrefe
or g special, dedicated artefact manufactured to fit in the T-slots or other references.

In the same way, when a square is mentioned, it can be any type of squareness reference art

Faightedge,
‘ence cube,

efact, such

as g granite or ceramic or steel or cast-iron square, a cylindrical square, a reference cube, ¢r a special

ded‘[cated artefact.

Valyiable information for measuring instruments are available in ISOATR 230-11.

4.7 Diagrams

In this document, for reasons of simplicity, the diagrams associated with geometric tests illu
one|type of machine.

4.8 Linear motions

For|simplicity, all the machine examples showiin the Figures and Tables use the axis desig
lettpr and a number (e.g. X1, X2) as defined ih ISO 841:2001, 6.1. In all examples, the use of th
V, of W can be substituted.

4.9| Tool turret and tool spindle(s)

As defined in 3.2, turning centres have not only stationary tools but also power-driven r¢
which means that the turfet should also have power drive mechanisms. When the num}
expected to be used excéeds the capacity of the turret, an automatic change of tools in the
chapge of turret, mayb@provided.

Figlire 3 shows typical types of tool turrets and tool spindles.

4.10 Machine classifications

machine tools considered in this document are divided into two basic configurations (s

strate only

nation of a
e letters U,

tary tools,
er of tools
furret, or a

ee Table 1,

re/l and Figure 2):

— Type A: Machine tools with tailstock;

— Type B: Machine tools without tailstock.

Type A-Machine tools can be generally classified into two further groups:
— Group A-1: With one turret;

— Group A-2: With two turrets.

NOTE There are machines with multiple turrets. Test described in this document apply to all turrets.

© IS0 2020 - All rights reserved
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Type B-Machine tools can be generally classified into four further groups:
— Group B-1: With one workhead (headstock);

— Group B-2: With two co-axial interfacing heads;

— Group B-3: With a co-axial rotating head;

— Group B-4: With two parallel heads.

Table 1 — Examples of turning centre configurations

Type A - With tailstock

Group A-1: With one tool turret Group A-2: With two tool turrets
Tool turret type: Tool turret type:
With tool tyrret type a): NOTE The two tool turrets can be different.

With two tool turrets type b):

*4% ffffffff —F——J—- %—

\ w
= !
olo _I_- ‘XZ
]
|
72
With tool tyrret type b): With tool turret type b) and tools turret type f):
Z 71

4 © IS0 2020 - All rights reserved
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Table 1 (continued)

Type B - Without tailstock

Group B-1: With one workholdling spindle head
With tool turret type a): With tool turret type d):

ST =

Z
With tool turret type b): With B’-axis rotary head:
| Lz
/A i
D Ee3 s
|

iy —— —-{E}B—'—%— 8

Grdup B-2: With two co-axial workholding spindle heads

Anyf tool turret type: Both heads can be aligned:

= Jér* B ] 1o
I = i
(8 = TE z

72
Z1
1
XlT'_%. L _!'_ T)Z
* : o 10 i +
T I
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Table 1 (continued)

Group B-3: With two co-axial rotating workholding | Group B-4: With two parallel workholding
spindle heads spindle heads

Workhead at machining position:
71

-

x1[ -—-—|—--§}°-
X'1 %2 ote

B A — I
0 [E- |0 s is

XZ[ __i_gz}_

[ L

-

72

Axes of motion may be by the work heads.

Y<axis motion can be optional.

Symbols used:
Workhead Tailstock

Tool turret types a) to g), see also Figure 3.
i i
°,0 | l .
o$o i | LIl N I
i I /

a) b) q) d) e) ) g)

6 © IS0 2020 - All rights reserved
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Key
English

bed

main workholding spindle, C’-axis
tail stock, W-axis

carriage 1, Z-axis

tool turret slide 1, X-axis

slide, P-axis

carriage 2, Z2-axis

tool turret slide 2, X2-axis

tool turret head 1 and 2

O© 0 N O U1 o W N =

[EnN
o

indexing turret 1 and 2

French

banc

broche porte-piéce, axe C’
contre-poupée, axe W
chariot 1, axe Z

chariot de tourelle 1, axe X
chariot, axe P

chariot 2, axe Z2

chariot de tourelle 2, axe X2
poupée porte-tourelle 1 et 2
tourelle a indexage 1 et 2

NOTE1 P-axisin itemi6 and X-axis in item 5 together generate the Y-axis movement.

NOTE 2  For larigudges other than official ISO languages, see Table B.1.

Figure 1==Example of a horizontal spindle turning centre with two tool turrets and fail stock

© IS0 2020 - All rights reserved
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X <
Z
T

prkholding spindle, C’-axis
Fkholding spindle, C"2-axis
b, 7-axis

, Y-axis

p, X-axis

al B-axis

dle head

or languages other than official ISO languages, see Table B.2.

French

banc

broche perte-piece principal, axe C’
sous*broche porte-piece, axe C'2
chariot, axe Z

colonne, axe Y

chariot, axe X

chariot, axe Y

téte de la broche porte-outil

— Example of ahorizontal spindle turning centre with double workholding spindles,

tool spindle and B-axis

Y #1

Key

Englisk
1 bed
2  main wj
3 subwo
4  carriag
5 column
6  carriag
7  rotatio
8  tool spi
NOTE i

Figure 2

8

© IS0 2020 - All rights reserved
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Figuire 3 shows the following types:

a)

b)

c)

d)

f)

g)

1ISO 13041-1:2020(E)

o
o

o

@.

b) 0

e) f) g)

Figure 3 — Examples of tool turret and tool spindle configurations

horizontal turret: Turret rotation axis, is in the Y-direction. This turret type can }
stationary or power-driven tools or.a cembination of both;

wheel type turret for radial toglsxTurret rotation axis is in the X- or Z-direction. This 1
can have stationary tools only; power-driven tools only or both stationary and power-dr

wheel type turret for axial* tools: The tools are set axially to the axis of rotation of
Combinations of b) and.c) are possible;

linear turret;
oblique turret; The tools can be used in the X- or Z-direction only;

single toel\spindle with single tool head: By swivelling the head the tool spindle can beg
and Z-axis direction. A tool changer and a tool magazine are needed;

oblique dual spindle tool head: One spindle is provided for stationary tools and the

ave either
urret type

iven tools;

the turret.

in both X-

second for

pm/\mr-d riven tools

4.11 Software compensation

When built-in software facilities are available for compensating geometric, positioning, contouring and
thermal deviations, their use during these tests should be based on an agreement between the user and
the supplier/manufacturer. When the software compensation is used, axes shall not be locked for test
purposes.

© IS0 2020 - All rights reserved
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4.12 Tolerances

When the tolerance for a geometric test is established for a measuring length different from that given
in this document (see 1SO 230-1:2012, Clause 4), it shall be taken into consideration that the minimum
value of tolerance is 0,005 mm.

In principles, angular tolerances are given as a distance over 1 000 mm. The angle converted for a
typical measuring length is presented in parentheses; for example: 0,060/1 000 (0,015/250).

4.13 Axes not under test

During thel execution of some geometric tests on one axis of motion, the position of the other ax€s,[not
under test,|may affect the results. Therefore, the position of these axes as well as offsets on thetgel fide
and on theworkpiece side are to be stated in the test report.

10 © IS0 2020 - All rights reserved
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5 Geometric tests

5.1 Workholding spindle

Object

G1
Checking the workholding spindle nose:

a) run-out of centring diameter;

b) pxial error motion of the spindle;

c) run-out of the spindle face.

Diagram

Tolerance Measured error
D <250 250 < D'<500 500<D <1000 a)

a) 0,005 0,008 0,012 b)

b) 0,005 0,005 0,005 0

) 0,008 0,010 0,015

whgre D is the diameter permitted over bed.

Megsuring instruments
Dia] gauge,
Only valid for b): Mechanical device to hold the test sphere

Obgervations and reférences
a) 1$0 230-1:20127 3.9.7: When the surface is conical, the stylus of the dial gauge shall be normal to the contact|ng surface.
b) I$0 230-12012, 3.5.5.

¢) 1§0.230-1:2012, 12.5.2: Measurements shall be taken on the maximum measurable diameter.

Me surementsshallbe nerformed on all work snindles
T T

Spindle shall be operated by NC control.

NOTE For measurement of spindle error motion, see Annex A, Test AR1.

© IS0 2020 - All rights reserved 11
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Object a2
Checking the run-out of the work spindle bore:

a) by direct contact:
1) on the front seating cone;
2) onthe backregister; or
b) usinga test mandrel:

1) atthe spindle nose;

2) atadijstance of 250 mm from the spindle nose.

Diagram

—sSRSSS A

. “
I Z

_ 250
[ I

Tolerance Measured error
a) 1) and 2) ¢,008 al
b) For measyring length of 250 mm or full stroke up to 250 mm 2)

D <250 260 <D <500 500<D <1000 b 1)
1) 0,010 0,015 0,020 2)
2) 0,015 0,020 0,025
where D is djameter permitted over bed.

Measuring |nstruments
Dial gauge ahd test mandrel
Observations and references to ISO 230-1:2012, 3.9.7 and 12.5.3

MeasurementSshould be taken in the ZX and YZ planes. Rotate spindle slowly at least two revolutions at each measurirg
location whemmreasur ius opiud}c rorott:

The measurements shall be repeated at least four times, the mandrel being rotated through 90° in relation to the spindle.
The run-out to be recorded is the average of the readings.

Steps should be taken to minimize the effect of the tangential drag upon the stylus of the measuring instrument.
Measurements shall be performed on all work holding spindles.

Spindle shall be operated by NC control.

NOTE For measurement of spindle tilt error motion, see Annex A, Test AR1.

12 © IS0 2020 - All rights reserved
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5.2 Straightness of axes of motion

Object
Checking the straightness of the Z-axis motion: 63
a) inthe ZX plane (Ex;);
b) inthe YZ plane (Ey;).
Diagram
a) b)
X Y
|~—> Z Z
I OH
— eSS
LI | 5
- I '''''''' |_ [ : ! —
Tolgrance Measured error
Z< 500 0,010 ForZ=......
500 <Z< 1000 0,015 a)
1000<Z< 2000 0,025 b)
2000<Z< 5000 0,050
5000<Z<10000 0,080
Lochl tolerance 0,007 for a meastring length of 300.
Measuring instruments
Test mandrel and dial gaitge-or optical instruments
Obgervations and réferénces to 1SO 230-1:2012, 8.2.2.4
The spindle shalkbélocked, if possible, when the spindle is used for attaching the mandrel.
Megsurements,should be taken at several positions of the Z-axis motion.
Setqup may’be used for G6.

© IS0 2020 - All rights reserved 13
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Object

Checking the straightness of the X-axis motion:
a) inthe ZX plane (Ey);
b) inthe XY plane (Eyy).

G4

Tolerances f|

Local tolera

br axes above 1 000 are to be defined by manufacturer/supplier and user. |b)

ice 0,007 for a measuring length of 300«

Diagram

X Y

L -~ 7 Z

a) b)
~
K-
Tolerance Measured error
X< 5 0,010 ForX=.......

500<X<1¢( 0,015 a)

Measuring

Straightedgg

nstruments

and dial gauge or optical instruments

Adjust face d
Measured sy
Measuremel

Offset of ind

Set-up may |k

Observations and references to ISO 230-172012, 8.2.2.4,12.1.3.2,12.1.3.3 and 12.1.3.4
The spindle phall be locked if the spindle is used for attaching the straightedge.

f the straightedge parallel to the X-axis motion.

rface of the straightedge should be at the height of spindle centreline.

ts should be taken at several positions of the X-axis motion.

cator from'face of toolholder should be noted with the test results.

e uséddor G10.

14
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Object

Checking the straightness of the Y-axis motion:
a) inthe YZ plane (E;y);

b) inthe XY plane (Exy).

G5

Tolgrances for axes above 1 000 are to be defined by manufacturer/supplier and user.

Lochpl tolerance 0,007 for a measuring length of-300.

Diagram
Y X
L -7 — Z
a) b)
O OHE
)
O i L e
O g
olro--
]
| ]
Tolgrance Measured error
Y< 500 0,010 ForY=.....
5000<Y<1000 0,015 a)

b)

Megsuring instruments

Strdightedge and dial gauge or opticaldnstruments

The spindle shall be locked if the.spindle is used for attaching straightedge.
Adjpst face of the straightedgeparallel to the Y-axis motion.

Medsured surface of the-straightedge should be at the height of spindle centreline.
Medsurements shalldbe taken at several positions along the Y-axis motion.

Setqup may beused for G11.

Obgdervations and references to IS0230-1:2012, 8.2.2.4,12.1.3.2,12.1.3.3 and 12.1.3.4

© IS0 2020 - All rights reserved
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5.3 Relation between linear motions and/or workholding spindle(s)

Object
G6

Checking of parallelism error of the workholding spindle axis of rotation to Z-axis motion (carriage):

a) inthe YZ plane [Ep(oz)ch];
b) in the ZX plane [Eg(ozy(c]-

Diagram
X Y
]— Z | L X
I a)
b)
\l/
Tolerance Measured error
ForZ=....
a) 0,060/1 000 (0,015/250) a)
b) 0,040/1900 (0,010/250) b)

Measuring {nstruments
a) and b) Digl gauge and test mandrel or optical method
0bservatiol15 and references to 1SO 230-1:2012; 10.1.4.1 and 10.1.4.3

For each plahe of measurement with dial gduge and test mandrel, turn the workholding spindle to find the mean positi

of run-out apd then move the carriage in(thg Z-axis and take maximum differences of the readings. The spindle shall be
locked beforfe measurements are recorded.

This test applies to all workholding$pindles and Z-axes motions.

Set-up may |

e used for G3.

16
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Object
G7

Checking of squareness error Egz)x of X-axis motion to the Z-axis motion.

Diagram
X
e |
Z
- O
B T l T
| |
LT
//’ \_ _\/S/\_
1 2
Key
1 gquare
2 gpecial fixture
Tolerance Measured error
0,0§0/1 000 (0,015/300)
Megsuring instruments
Dial| gauge and square or optical instruments.
Obgervations and referencesto I1SO 230-1:2012, 10.3.2 and 12.4
A dfal gauge is fixed to the\turret close to the tool position.
Setthe square so its.reference surface is parallel to the Z-axis motion.
Move the dial gatge'so that it contacts the surface on the square which is parallel to XY plane.
Medsurements'are taken in the vertical plane using the X-axis motion. The squareness error to be reported is he maxi-
muin différence of this reading over the measured length.
Thevalue of the angle o being less than, equal to or greater than 90°, shall be noted.

The measurement can be obtained by combining the results from G6 and G10.

© IS0 2020 - All rights reserved 17
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Object

Checking of squareness error Ej )y of Y-axis motion to the Z-axis motion.

G8

Diagram
Y
|°‘_
Z
Vi
/=
_ - O
T
|
VS
|| \
—(\ N
ey S
Tolerance Measured error
0,070/1 000](0,020/300)
Measuring |nstruments
Dial gauge ahd square or optical instrument.

A dial gauge
Setasquare
Move the dig

Measureme
mum differe

The value off

The measur

is fixed to the turret close to the tool position.

Observations and references to 1SO 230-1:2012, 10.3.2ahd 12.4

on the workholding spindle while its reference surface is parallel to the Z-axis motion.
1 gauge so that it contacts the surface on the square which is parallel to XY plane.

ts are taken in the vertical planejusing the Y-axis motion. The squareness error to be reported is the maxi
nce of this reading over the measured length.

the angle, @, being lessthan, equal to or greater than 90°, shall be noted.

bment can be obtained by combining the results from G6 and G11.

18
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Object
G9

Checking of squareness error E¢gx)y of the Y-axis motion (turret saddle) to the X-axis motion (turret slide).

This test applies to all tool turrets with X- and Y-axes.

Diagram
Y
__0‘]
X
_l_ %)
|
/1
)
1/
- @\\ 5,
3
Key
1 square

2 gpecial fixture

3 fhce plate

Tolgrance Measured error
0,070/1 000 (0,020/300)

Megsuring instruments

Dia] gauge, face plate and square of optical instrument.
Obgervations and references te.ISO 230-1:2012, 10.3.2 and 12.4

A dfal gauge is fixed to theurret close to the tool position.
Setp square on the workholding spindle while its reference surface is parallel to the X-axis motion.
Move the dial gaugésothat it contacts the surface on the square which is perpendicular to XY plane.

Megsurements-are taken in the YZ plane using the Y-axis motion. The squareness error to be reported is the mpximum
diffprence of this reading over the measured length.

The value gf the angle, a, being less than, equal to or greater than 90°, shall be noted.

© IS0 2020 - All rights reserved 19
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Object

ZX plane.

Checking of squareness error Eg )y of the X-axis motion to the workholding spindle axis (C-axis) in the G10

Diagram

180°

Q00000

Tolerance
D <500
0,050/1 000
where D is t]

The value of]

(0,015/300)

500<D <1000
0,080/1 000 (0,025/300)

he diameter permitted over bed.

the angle, a, shall be less than or equal t0:90°.

Measured error

Measuring

Dial gauge, f]

nstruments

hce plate and straightedge

A dial gauge
Fix the strai

Adjust the f4
to the axis nf

Measuremet
second set o

This test apy

Set-up may

eused for G4

Observatiops and references to 1SO 230-1:2012, 12.4.7
is fixed to the turret close to the tool position.
bhtedge onto the face plate mounted in the workholding spindle.

ce of the straightedge parallel to the plane of rotation of the work spindle (C-axis) and approximately parallel
otion being tested (X-axis).

ts shouldbe)taken at several positions of the axis motion (X-axis), then rotate the spindle by 180° and takg a
F measurements. The squareness error to be reported is the mean of both measurements.

lies'to all workholding spindles.

20
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Object
G11

Checking of squareness error [E,)y] of the Y-axis to the C™-axis.

Diagram

I

|

|
000000

[

I

Tolgrance Measured error
0,080/1 000 (0,025/300)

Measuring instruments

Dial gauge, face plate and straightedge
Obgervations and references to ISO 230-1:2012, 12.4.7

A djal gauge is fixed to the turret close to the’tool position.
Fix fhe straightedge onto the face plate,mounted in the workholding spindle.

Adjyist the face of the straightedge pdrallel to the plane of rotation of the work spindle (C’-axis) and approximately parallel
to the axis motion being tested (Y<axis).

Megdsurements should be taken at several positions of the axis motion (Y-axis), then rotate the spindle by 180°fand take a
secpnd set of measurendents. The squareness to be reported is the mean of both measurements.

Thi} test applies to-alhworkholding spindles.

The squareness.error to be reported is the angle, a, being less than, equal to or greater than 90°.

Set{up may-beuised for G5.
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Object 612
Checking the coaxiality of the sub spindle to the main spindle (for opposing spindles only):

a) inthe ZX plane [offset Eyo¢)c, and parallelism Eggc)col;

b) in the YZ plane [offset Ey(yc)c, and parallelism Epycycol-

Diagram
Y Y
—Z 100 - A
b)
—_ A B — 0°
o~
IS g I ) -2
—] - N
e o —Ar— @ 270°(\/_,/L -(\:/) 90°
_/l o
Z l ) (/) )
- - 180°
Key
1 main workholding spindle, C'-axis 2 sub workholding spindle, C'2-axis
Tolerance Measured error
For a measufing length of 100
D <250 D> 250
offset offset
a) 0,010 0,015 a)
b) 0,015 0,020 b)
parallelism parallelism
a) 0,100/1 000 (0,010/100) 0,150/1 000 (0,015/100) a)
b) 0,150/1 000 (0,015/100) 0,200/1 000 (0,020/100) b)
where D is the diameter permitted oyénbed. Distance from position B to sub
spindle nose

Measuring

Dial gauge a

nstruments

hd test mandrel oroptical instrument

Fix the dial g

Rotate the W
tion A and t4

Observations and references to 1SO 230-1:2012, 10.2 and 12.3.4
auges/support to the workholding main spindle and a test mandrel to the workholding sub spindle.

orkholding spindle so that the dial gauge is in the ZX plane and touch the stylus with the test mandrel at pqsi-
Kethe first reading. Rotate both spindles by 90° increments and take the readings at each increment. Repeat

the measurement for the position B. The diflerence ol the two readings taken at U° and 180° divided Dy Z, TEpTresents the
offsets between the two axes of rotation in the position A and B in ZX-plane.

The difference of the two readings taken at 90° and 270° divided by 2, represents the offsets between the two axes of rota-
tion in the position A and B in YZ-plane.

The coaxiality error contains both offset and parallelism error. The offset error to be reported is the offset at position B.

The parallelism error to be reported is the difference between offsets at point A and B, divided by the distance between
points A and B (100 mm).

22
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5.4 Angular error of linear axes of motion

Object
G13

Checking of angular errors of the Z-axis motion (carriage):

a) inthe YZ plane, E,4;
b) inthe XY plane, E;;
c) inthe ZX plane, Eg;.

Dia{gram
X
. /2
b) (
a) = 9
m -~ > 6
\ a)l = |
1 4 5
3

Key
1 1eference levels 4 angular retro reflector
2 gngular interferometer 5 ymounting plate, in case of no level mounting plane
3 lpser head 6 measuring levels
Tolerance Measured error
a), b) and ¢): a)

Z<20000,060 Z>20000,080 b)

1000 (127) 1000 (16”) Q)
Mehsuring instruments
a) [|Precision level fonly when the X-axis is horizontal), autocollimator and reflector or laser interferometerwith angu-
lar pptics.
b) [Precisionlevel.
c) Putecollimator and reflector or laser interferometer with angular optics.
Observations and references to 1SO 230-1:2012, 8.3.2.1 and 8.4.2.3

In the case of a slant bed, the functional plane is at an angle to the horizontal plane and a special mounting plate should be
placed under the precision level for b) roll measurement when it is possible to set the level horizontally, but it shall not be
used for a) pitch measurement.

When the autocollimator is used, reticle of the eyepiece shall be adjusted so it is parallel or square to the Z-axis.

Measurements shall be carried out at a minimum of 5 positions equally spaced along the travel in both directions of mo-
tion. The angular error to be reported is the difference between the maximum and minimum readings.

© IS0 2020 - All rights reserved 23


https://standardsiso.com/api/?name=acfaacbfa0e69ca821a8a7ffd33bdfe0

ISO 13041-1:2020(E)

Object
G14
Checking of angular errors of the X-axis motion (turret slide motion):

a) inthe XY plane, E¢y;
b) inthe YZ plane, E,y;
c) inthe ZX plane, Egy.

Diagram
X
Tt 2 s
/ 2
a) "
b) i
= [H E& 6
) b=+
vV
1
- 5
3 / =I\_|
Key

1 reference|levels 4 angular retro reflector

2 angular ipterferometer 5( mounting plate, in case of no level mounting plane
3 laser hea 6 measuring levels

NOTE The diagram applies to horizontal X-axis only:

Tolerance Measured error
a), b) and ¢): a)
X<1000 0,060/1000(12") b)

9

Measuring Instruments

a) Precisiof]
b) Precisioy

c) Autocolli

level, autocellimator and reflector or laser interferometer with angular optics.
level (if X*axis is horizontal).

mator'and reflector, laser interferometer with angular optics.

0bservatio11s and references to 1SO 230-1:2012, 8.3.2.1, 8.4.2.3 and 8.4.2.4

In the case of a slant bed, the functional plane is at an angle to the horizontal plane and a special mounting plate should be
placed under the precision level for a) pitch measurement, but it shall not be used for b) roll measurement.

When the autocollimator is used, reticle of the eyepiece shall be adjusted so it is parallel or square to the X-axis.

Measurements shall be carried out at a minimum of 5 positions equally spaced along the travel in both directions of motion.

The angular error to be reported is the difference between the maximum and minimum readings.
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Object

a) inthe YZ plane, Ey (tilt around X);
b) inthe ZX plane, Egy (roll);
c) inthe XY plane, Ey (tilt around Z).

Checking of angular errors of the Y-axis motion (tool holder motion):

G15

Diagram
a) b)

1\}-@_\_ 2\ :

Key
1 reference precision level 2 square 3 precision level

NOTE The diagram applies to vertical Y-axis only,

l ——3

L —1

)

Tolgrance
a), ) and c)
Y<p00 0,040/1000 (8")

Tolgrances for axes above 500 are to be defined by manufacturer/supplier and user.

Measured error
a)
b)
9

Measuring instruments

b) Purface plate and dial-gauges or sweeping laser.

hngular opties,

a) Precision level (only when.Y-axis is vertical) or autocollimator and reflector or laser interferometer with an|

c) Precision level placed on a special mounting plate, or autocollimator and reflector or laser interferometer yith

cular optics.

Obgervations.and references to 1SO 230-1:2012, 8.4.2.1

The preciSion level shall not be used for a) and c) measurements on slant bed machines.

Wherithe autocollimator is used, reticle of the eyepiece shall be adjusted so it is parallel or square to the funct

The angular error to be reported is the difference between the maximum and minimum readings.

Measurements shall be carried out at a minimum of 5 positions equally spaced along the travel in both directions of motion.

onal plane.

© IS0 2020 - All rights reserved
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5.5 Tailstock

Object
Checking the consistency of a distance of the W-axis motion of the tailstock to the Z-axis motion of the G16
carriage:
a) inthe ZX plane;
b) inthe YZ plane.
Diagram

X

|— Z

Z - .
-
a)
/
- - — b)
W
-,

Tolerance Measured error

Z<1000 a) 0,040 b) 0,060 a)

1000<Z<2000 a) 0,060 b) 0,100 b)

Measuring {nstruments
Dial gauge of optical instrument
Observations
Fix two sets|of dial gauges/supports to the turret and touch the styli of the dial gauge to the tailstock sleeve. Move the
carriage (Z-gxis) and tailstock (W-axis) tegether and record the dial gauge readings.
Measurements shall be carried out@taminimum of 5 positions equally spaced along the travel in both directions of mg-
tion. The difference between the-maXimum and minimum readings is the consistency of a distance.
If the tailstogk is manually operated, then the tailstock-locking device shall be applied before measurements are recorded.
Care should pe taken to ensure that readings are taken on the same point on the tailstock sleeve.
When it is difficult torhoye the two axes together, then the carriage should be moved in the direction towards the head
stock to the first measurement position. The tailstock is then moved until the dial gauges touch the measurement positjon.
For the mov¢ment inthe opposite direction, the sequence of the movement is reversed.

26
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Object

G17
Checking the parallelism of the tailstock sleeve to the Z-axis motion:

a) inthe ZX plane [Eg(gz)sicevel;
b) in the YZ plane [E, 7)sicevel-

Diagram
. L
-z
A -~
I —
] I R | R e b)
Tolgrance Measured error
0,025 over a measuring length of 250 mm. a)
b)

Measuring instruments
Dia] gauge
Obgdervations and references to I1SO 230-1:2012, 12.3.3

Keep the sleeve in its extracted position aid move the Z-axis with the dial gauge stylus running on the sleeve. Record the
dialgauge readings.

The parallelism error to be reported isthe maximum difference between the readings.
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Object G18
Checking of parallelism errors of the tailstock sleeve internal taper bore to the Z-axis motion of the carriage:

a) inthe ZX plane;
b) inthe YZ plane.

Diagram
X |
Z —
L] I
o
2 Qf !
S Y | SN NSO
Tolerance Measured error
a)andb) 0,460/1 000 (0,015/250) a)
b)

Measuring {nstruments
Test mandrdl and dial gauge or alignment laser
Observations and references to 1SO 230-1:2012, 10.1.4.1

With the tailstock sleeve at its retracted position, insert the test mandrel into the sleeve. Fix the dial gauge to the turref
and touch thle mandrel with the dial gauge stylus as close as possible to the tailstock nose. Move the carriage (Z-axis) fd
the measuripig length and record the measureinents.

=

Repeat the measurement procedure withi the mandrel re-inserted at 180° rotated position.

The parallel{sm error to be reported is the average of the two deviations, before and after the 180° rotation of the test
mandrel, diyjided by the distance between the two measured points.

28 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=acfaacbfa0e69ca821a8a7ffd33bdfe0

1ISO 13041-1:2020(E)

Object

a) inthe ZX plane;
b) inthe YZ plane.

Checking the equidistance of the centres of workholding spindle and tailstock to the Z-axis:

G19

Diagram
-
. L
L -7
-
Q Q ;
—_—fgp——— —— b)
Tolerance Measured error
Mandrel length < 500 500 < Mandrel length'< 2 000 a)
a) 0,020 0,030 b)
b) 0,040 0,060
Measuring instruments
Test mandrel between centres and dial gauge.
Obgervations and references to 1SO 230-1:2012, 10.1.4.3 and 10.1.5
Thg measurement shall be taken along\the mandrel in several positions.
The deviation to be reported is thedifference between the two extreme readings on the test mandrel, keepingfinto account
thefrun-out at both points.
Ensjre minimal run-out of mandrel at both points of measurement.
As gn alternative methéd;)two test mandrels calibrated for diameter can be used, one mounted in the workholgling spindle
and|the other mounted in the tail stock.
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5.6 Tool turret and tool spindle

Object
Checking of squareness error of the turret tool fixing faces to the workholding spindle axis.

NOTE The testapplies to turrets whose tool fixing face is square to the workholding spindle axis.

G20

Diagram

X

180°

Tolerance Measured error

0,020 for a spving diameter of 100 mm

Measuring jnstruments

Dial gauge

Observations and references to 1SO 230-1:2012, 10.3.3

The test shopld be repeated for each turret fixing face.

The squarenjess error to be reported is the difference in readings over the measured length.

The swing djameter should be the maximum measurable diameter considering the locating area of the cutting tool.
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Object

G21
Checking of parallelism error of the tool turret fixing bore axis to the Z-axis motion:

a) inthe ZX plane;
b) inthe YZ plane.

NOTE The test applies to tool turrets with tool fixing bore parallel to Z-axis motion.

Diagram
X Y
— 7 = X
o[ % 10]
L] I B b)
4 (\/_/
L LL,
a)
Tolgrance Measured error
a)ahdb) 0,030 for L=100 a)
b)

Megsuring instruments
Test mandrel and dial gauge
Obgervations and references to 1S0:230-1:2012, 10.1.4.1 and 10.1.4.3

Fix fhe mandrel to the tool turret fixing bore and fix the dial gauge/support to the fixed part of the machine so|that the dial
gauge stylus touches the mandyel in the ZX and YZ plane.

The test shall be repeatedi\fer all turret fixing bores.
Thetool turret should be'in the forward position or as near as possible to the spindle.
If tdol mounting requires a flange, then the design of the test mandrel should replicate it.

The parallelism.error to be reported is the difference between the readings over the measured length.
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Object
Checking of

G22
parallelism errors of tool turret fixing bore axes to the X-axis of motion.

a) inthe ZX plane,
b) inthe XY plane.

NOTE The test applies to tool turrets with tool fixing bore parallel to X-axis of motion.

Diagram
X Y
L -7 — 7
b)
| a)
—
O —
~

Tolerance Measured error
a)andb) 0,030 for L =100 a)

b)
Measuring Instruments
Test mandrdl and dial gauge

Mount the m
gauge stylug

The test sha
The tool tur
If the tool lo

The parallel

Observations and references to ISO 230-1:2012, 10:1:4.1 and 10.1.4.3

andrel to the tool turret fixing bore and mount the dial gauge to the fixed part of the machine so that the d
touches the mandrel in the ZX plane, for a) and XY plane for b).

| be repeated for all turret fixingbores.
et should be in the forward position or as near as possible to the spindle.
Fation method requires‘aflange, then the design of the test mandrel should replicate it.

sm error to be reported is the difference between the readings over the measured length.
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Object
Testing of linear turret 623
a) Parallelism error of the reference slot or reference side face of the cross slide to X-axis motion.
b) Parallelism error of the tool mounting surface of the cross slide and the ZX plane.
NOTE For turret configuration type d) only (see Figure 3).
Diagram
a)
X
L, -
—l —
Tolgrance Measured error
a) 0f030 for measuring length 300 mm a)
b) 04025 for measuring length 300 mm or
b)
Measuring instruments
Dia] gauge and gauge block
Obgervations and references\to1S0O 230-1:2012,12.3.2.5.1
Forja): The measurementshall be taken along the measuring length in several positions. The parallelism error|to be re-
porfed is the maximum.difference between the readings.
For|b): Check in both X“and Z-axis in a 3 x 3 grid pattern. Measurement positions shall be in the middle and engls of the
moyinting plane.Use a gauge block to span centre slot.
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Object
G24
Testing of the run-out and face run-out of the tool spindle(s) bores:

a) run-out of internal taper bore:

1) atspindle nose;

2) ataposition of 100 mm from spindle nose;
b) run-out of cylindrical bore:

1) run-out of spindle nose;

2) face fun-out of spindle nose.
Diagram
K a) b)
. | |
2) 1) !
(M |
y 9 |
R R N {6 I O, ]____—
|
100
Tolerance Measured error
a) a)
1) 0,010
2) 0,015
b) b)
1) 0,010
2) 0,010
Measuring {nstruments
Test mandrdl and dial gauge
Observations and references toJS0230-1:2012, 12.5.3
For a) and b): Measurements sheuld be taken in both ZX- and YZ-plane. The measurements shall be repeated at least foyr
times, the mpndrel being rotated through 90° in relation to the spindle. The run-out to be recorded is the average of thd
readings. Mgdasurements shall be performed on all tool spindles and taken on the maximum diameter.
For b)2): Mepsurements.shall be checked at the maximum possible radius.
NOTE For measuremment of tool spindle error motion, see Annex A, Test AR2.
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Object 625
Checking of parallelism of the tool spindle axis to the Z-axis carriage movement:
a) inthe ZX plane;
b) inthe YZ plane.
NOTE 1 The test applies to all rotating tool turret spindles.
NOTE 2 Z can be substituted by W or R.
Diagram
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Tolgerance Measured error
a) ahd b) 0,200/1 000 (0,020/100) a)
b)

Megsuring instruments
Test mandrel and dial gauge
Obgervations and references to 1SO 230-1:2012, 10.1.4.1"and 10.1.4.3

Turp the tool spindle to find the mean position of run-out and then move the turret in the Z-direction.

Altdgrnatively, take readings along the test mandreland then rotate the spindle by 180° and take readings at in|tial posi-
tior]s. The parallelism error to be recorded is the:mean of the two measurements.

Thif test applies to all tool spindles.
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Object
Checking of coaxiality or intersection error of the tool spindle axis to the workholding spindle axis: G26
a) coaxiality when the tool spindle is parallel to work spindle in the ZX plane and YZ plane;
b) intersection when the tool spindle is orthogonal to work spindle in the YZ plane.
Diagram
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Tolerance Measured error
a) offset parallelism a) ZX plane YZ plang

0J030 0,300/1 000 (0,030/100) offset

parallelism

b) offset b) YZ plane

0J030 offset
NOTE For a)), the tolerances apply for both ZX plane.ahdYZ plane.
Measuring Instruments
Test mandrdl and dial gauge
Observatiops and references to ISO 230-1:2012, 10.2 and 10.4
Fix the dial gauge onto the workholdihg)spindle and fix the test mandrel to the tool spindle bore.
a) Rotate thg workholding spindle‘so-that the dial gauge is in the ZX plane and touch the stylus with the test mandrel at|po-
sition A and fake the first reading./Rotate both spindles by 90° increments and take the readings at each increment. Repeat
the measur g
offsets bet
The differenice of the two/readings taken at 90° and 270° divided by 2, represents the offsets between the two axes of r¢ta-
tion in the ppsition.A\and B in YZ-plane.

The parallel o
points A and B (100 mm).

b) Position the dial gauge so that it contacts the test mandrel in the YZ plane, move the turret along the Z direction and re-
cord the top point of the mandrel. Record the Z position. Move the carriage away so that it is clear of the dial gauge. Rotate
the workholding spindle 180° and then reposition the carriage to recorded Z position. Repeat the carriage motion to find
the lowest point and record this value.

The intersection error to be reported is half the difference between the measurements at 0° and 180°.

Repeat tests for all turret locations.
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Object

G27
Checking the repeatability of the tool turret indexing:

a) YZplane:
1) tool spindle parallel to work spindle;
2) tool spindle orthogonal to work spindle;
3) machines with automatic tool changer;

b) ZXplane:

1) tool spindle parallel to work spindle;
P) tool spindle orthogonal to work spindle;

B) machines with automatic tool changer.

Diagram
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Key
L rpdial distance from centre of turret to contact point fordial gauge

Tolerance Measured error
a) aphd b) a)
L <[00 0,005 b)
L>[00 0,010

Me4gsuring instruments

Tesf mandrel and dial gauge

Obgervations

For|1) and 2): With the tur'r€b in mid-stroke, position the dial gauges so they contact the test mandrel at the 0° pnd 90°
medsurement positions.Reécord the turret’s axis position and the dial gauge readings.

Move the turret position clear of the dial gauges with the axis parallel to the mandrel and index the turret thrqugh 360°.
Move the turret axis to the recorded position under automatic cycle. Record dial gauge readings.

For|3): Removetool turret (in X- and Z-axis) from the measuring range of the dial gauges, then the tool turret pivots to one
of ifs end positions and swings back to its recorded position. Position the tool turret back (in X- and Z-axis) in the recorded
posjtiontwithin the automatic cycle. The readings of the dial gauges shall be recorded.

For|1).-2) and 3): Repeat the cycle 3 times, the dial gauges should be reset to zero at the start of the test. The rdpeatability
error to be recorded is the maximum difference between the three sets of readings.

Test should be repeated at a minimum of 3 different turret locations and for each location the dial gauge should be set to zero.
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