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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 1SO
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
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| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart2.
sk of technical committees is to prepare International Standards. Draft International Stand
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3 was prepared by Technical Committee ISO/TC 39, Machine tools, Subcommittee SC 2,
br metal cutting machine tools.

consists of the following parts, under the general title Test conditions for numerically contrg
hines and turning centres:

Geometric tests for machines with a horizontalWorkholding spindle
Geometric tests for machines with a vertical workholding spindle
Geometric tests for machines withiinverted vertical workholding spindles
Accuracy and repeatability ofpositioning of linear and rotary axes
Accuracy of feeds, speeds-and interpolations

[Accuracy of a finished test piece

Evaluation of.coentouring performance in the coordinate planes

Evaluation’of thermal distortions
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Test conditions for numerically controlled turning machines
and turning centres —

Part 3:
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prkholding spindles

Scope

13041-3:2008 specifies, with reference to ISO 230-1 and ISO 230-7, the geometric
holding spindles, as well as the corresponding applicable tolerances.

part of ISO 13041 presents the different concepts or configurations and common features of
hines and turning centres with inverted vertical spindles. It also”’provides a terminology and de
rolled axes. (See Figures 1, 2, 3 and 4.)

part of ISO 13041 deals only with the verification of.the accuracy of the machine. It does not

rational testing of the machine (e.g. vibration, abnormal noise, stick-slip motion of compone
hine characteristics (e.g. speeds, feeds), as suchichecks are generally carried out before testi

Normative references

following referenced documents-are indispensable for the application of this document,
rences, only the edition cited\ applies. For undated references, the latest edition of the
iment (including any amendments) applies.

230-1:1996, Test code\for machine tools — Part 1: Geometric accuracy of machines oper
pad or finishing conditions

230-7:2006, Test code for machine tools — Part 7: Geometric accuracy of axes of rotation

Terms and definitions

For

tests on

bral-purpose, numerically controlled (NC) turning machines and turfing centres with invefted vertical

NC turning
signation of

apply to the
nts), nor to
g accuracy.

For dated
referenced

ating under

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

3.1

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

3.2

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

NC

computerized numerical control

CNC

automatic control of a process performed by a device that makes use of numerical data introduced while the

operation is

in progress

[ISO 2806:1994]

3.4

manually

ntrolled turning machine

turning ma¢hine whose process steps for the machining are controlled or started by an operator_ wit
support by an NC-machining program

3.5
numericall

controlled turning machine

NC turning machine
turning madhine that operates under numerical control (NC) or computerized numerical control (CNC)

3.6

turning centre

NC turning
around its 4

NOTE I

3.7

numericall
NC turning
NC turning
with a work

NOTE f

3.8

machine equipped with power-driven tool(s) and the capacity to‘erientate the work-holding spi
Xis.

can include additional features such as automatic tool changing\from a turret and/or magazine.

y controlled turning machine with inverted vertical workholding spindle

machine with inverted vertical workholding:spindle

machine where the workpiece is mounted oh an inverted vertical workholding spindle equip

nolding device at the lower end of the workholding spindle.

or other types of vertical workholding spitidle machine, see ISO 13041-2.

turning centre with inverted vertical workholding spindle

turning cen
end of the v

NOTE 1 I

NOTE2

4 Prelin

re having an inverted vertical workholding spindle equipped with a workholding device at the Iq
ertical workholding spindle.

can include additional features such as automatic tool changing from a magazine or Y-axis motion.

or other types 6f vertical workholding spindle turning centre, see ISO 13041-2.

ninary remarks

hout

hdle

wer

41

Measuring units

In this part of ISO 13041, all linear dimensions, deviations and corresponding tolerances are expressed in
millimetres, angular dimensions are expressed in degrees, and angular deviations and the corresponding
tolerances are expressed in ratios, but in some cases microradians or arcseconds may be used for

clarification

purposes. The equivalence of the following expressions should always be kept in mind:

0,010/1 000 = 10 x 106 = 10 prad ~ 2 arcsec

© I1SO 2009 — All rights reserved
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4.2 Reference to ISO 230-1 and ISO 230-7

For application of this part of ISO 13041, reference shall be made to ISO 230-1 or ISO 230-7, especially for
the installation of the machine before testing, warming-up of spindles and other moving parts, the description
of measuring methods, and recommended accuracy of testing equipment.

In the “Observations” block of tests described in Clauses 5 and 6, the instructions are preceded by a reference

to the corresponding clause/subclause in ISO 230-1 and/or ISO 230-7 in cases where the test concerned is in
compliance with their specifications. Tolerances are given for each geometric test (see G1 to G20).

4.3 _Machine levelling

Prigr to conducting tests on a machine, the machine should be levelled according to the recommeéndations of
the pupplier/manufacturer (see ISO 230-1:1996, 3.11).

4.4| Testing sequence

The| sequence in which the geometric tests are given in no way defines the practieal order of testing. In order
to make the mounting of instruments or gauging easier, tests may be performed in any order.

4.5| Tests to be performed

When testing a machine, it is not always necessary or possible 10 carry out all the tests given in| this part of
ISO[13041. When the tests are required for acceptance purposes, the choice of tests relgting to the
comnponents and/or the properties of the machine of interest is\at the discretion of the user, in agr¢gement with
the [supplier/manufacturer. The tests to be used are to be clearly stated when ordering a machine. A mere
reference to this part of ISO 13041 for the acceptance tests, without specifying the tests to be carrjed out, and
without agreement on the relevant expenses, cannot beconsidered as binding for any contracting party.

4.6 Measuring instruments
Thel measuring instruments indicated in relation to the tests given in Clauses 5 and 6 are examples only.

Other instruments measuring the samg-guantities and having at least the same measurement uncprtainty and
the pame resolution may be used. Linear displacement sensors shall have a resolution of 0,001 mm or better.

4.7 Diagrams

For [reasons of simplificatien) the figures in Clauses 5 and 6 of this part of ISO 13041 illustrate only|one type of
maghine.

4.8 Software‘compensation

When built-in software facilities are available for compensating geometric, positioning, contouring gnd thermal
devijation§y~their use during these tests should be based on agreement between the user and the
supplier/manufacturer. When the software compensation is used, this shall be stated in the test regdorts.

4.9 Minimum tolerance
When the tolerance for a geometric test is established for a measuring length different from that given in this

part of ISO 13041 (see ISO 230-1:1996, 2.311), it shall be taken into consideration that the minimum value of
tolerance is 0,005 mm.

4.10 Machine classifications, descriptions, terminology and designation of axes

The machines considered in this part of ISO 13041 are divided into three basic configurations, as shown in
Figure 1.

© 1SO 2009 — Al rights reserved 3
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This type of machine tool may also be considered as a machining unit in an FMS (flexible manufacturing
system).

—eX'
Z’

’

Br

r &
, -1

a) Basic configuration b) ~Workhead with B axis

Zr

CI

=

c) Turret with Y axis

Figure 1 — Three machine configurations with one workhead and one turret

4 © 1SO 2009 — Al rights reserved
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+Z

Forthe component nomenclature, refer to Table 1.

Figure 2 — Example.of inverted vertical turning machine

© 1SO 2009 — Al rights reserved 5
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+Y,
+X

+Z

For the component nomenclature, refer to Table 1.

Figure 3 — Example of inverted vertical turning centre (turret head with Y-axis motion)

6 © 1SO 2009 — Al rights reserved
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For

Figure 4 — Example of inverted vertical turning centre (spindle with Y-axis motion)

Table 1 — Component nomenclature (see Figures 2, 3 and 4)

the component nomenclature, refer to Table 1.

+Z

Item Designation
number English French German
1 base base Maschinenbett
2 column montant Maschninenstander
3 cross \fail traverse porte-chariot Querfiihrung
4 carriage, X axis chariot, axe X Schilitten, X Achse
5 carriage, Y axis chariot, axe Y Schlitten, Y Achse
6 \év“c;reKcvc;?mg Spindie head Stock g:cs)sge de 1a poupee Tixe de 1a Werkstickspindelkastenfihrung
7 workholding spindle head stock, Z axis | poupée fixe de la broche, axe Z Werkstlckspindelkasten, Z Achse
8 workholding spindle broche porte-piece Werkstlickspindel
9 turret head porte-tourelle Revolverkopf
10 turret tourelle Revolver
11 turret head carriage, Y axis chariot du porte-tourelle, axe Y Revolverkopfschlitten, Y Achse
12 turret head slideway coulisseau du porte-tourelle Revolverkopffihrung
13 tool plate plateau a outils Werkzeugspannplatte

© 1SO 2009 — All rights reserved
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4.11 Turrets

Vertical turning centres have not only stationary tools but also power-driven rotary tools, which are fitted on
the turret or tool plate (item 13 in Figures 2, 3 and 4). When the number of tools expected to be used exceeds
the capacity of the turret, an automatic change of tools in the turret, or a change of turret, can be provided. An
automatic tool change device can also be required in cases of power-driven spindles in which the tools can be
automatically set. However, 1ISO 13041 does not provide any test methods for automatic tool change

operations.

4.12 Machine size categories

Machines afe classified into three size categories, on the basis of the criteria specified in Table 2.

Table 2 — Machine size range

Criteria Category 1 Category 2 Category.3
Nominal chuck diameter, d d <250 250 <d < 400 400K d
Maximum turning diameter, D D <315 315 <D < 500 500 <D
NOTE 1 The choice of criteria is at the manufacturer's discretion.
NOTE 2 Nominal chuck diameter is defined in ISO 3442-1 and ISO 3442-2.

© I1SO 2009 — All rights reserved
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5 Geometric tests

5.1 Workholding spindle(s)

Object G1

Checking of the workholding spindle nose:
a) run-out of centring diameter;

b) face run-out of the spindle face.

Didgram
WM
I
a)
b)
Tolerance Measured deviation
Category 1 Category 2 Category 3
a) | 0,005 0,008 0,012
b) | 0,008 0,010 0,045
Mepsuring instruments
Linpar displacement sensor
Obkervations and references to 1ISO 230-1:1996, 5.612.2, 5.632
Mepsurements shall.be taken on all workholding spindles.
a) | 5.612.2
When the (surface is conical, the stylus of the linear displacement sensor shall be normal to the
contaeting surface.
b) | 5:632

Measurements shall be taken on the maximum diameter.

© 1SO 2009 — Al rights reserved 9
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Object G2
Checking the run-out of the workholding spindle bore
a) atthe spindle nose,
b) ata distance of 300 mm from the spindle nose.
See also Test R1.
Diagram
I |
| e |
a) 1\4®_>
=

b) —Y¥— : I
Tolerance Measured deviation
Category Category 2 Category 3
a) 0,010 0,015 0,020
b) 0,015 0,020 0,025
Measuring instruments
Linear displacement sensor and-special test mandrel
Observatipns and references to the ISO 230-1, 5.612.3
Rotate the|spindle slowly at least two revolutions at each measuring location when measuring the spindle
run-out.
The measyrements shall be repeated at least four times, the mandrel being rotated through 90° in relatiop to
the spindlel The average of the readings shall be recorded.

Measurements shall be performed on all workholding spindles.

Steps should be taken to minimize the effects of tangential drag upon the stylus of the measuring instrument.

10
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https://standardsiso.com/api/?name=21f9d4625f1bd504cfa6b54cb50f0e24

I1ISO 13041-3:2009(E)

5.2 Relation between workholding spindle(s) and linear axes of motion

Object G3
Checking the parallelism between the Z-axis motion and the workholding spindle axis of
rotation
a) inthe ZX plane,
b) inthe YZ plane.
Diagram
™ ~T
| | | ;
N =7 I ==
= * NN Y NiNR
Y Y
o S
Z H Z
a) b)
Tolerance Measured deviation
Foila measuring length of 300 er full stroke up to 300
Category 1 Category 2 Category 3
a) | 0,010 0,015 0,020
b) | 0,015 0,020 0,025
Mepsuring instraments
Lingar displaecement sensor and special test mandrel
Obgervations and references to 1ISO 230-1:1996, 5.412.1, 5.422.3
ASU ] t and then
move the splndle head in the Z dlrectlon and take the maximum dlfference of the readings.
Alternatively, take readings along the test mandrel at a rotary position and then rotate the spindle by 180°,
taking readings at the initial positions. The maximum difference between the two averaged measurements
gives the parallelism deviation.
This test applies to all workholding spindles and Z-axis motions.

© 1SO 2009 — Al rights reserved 11
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Object

G4
Checking the squareness between the Z-axis motion and the X-axis motion in the ZX plane.
Diagram
I
l
Z
=]
Tolerance Measured deviation
For a meaguring length of 300 or full stroke up to 300
Category Category 2 Category 3
0,010 0,015 0,020
Measuring instruments
Linear dispglacement sensor, square and special plate
Observatipns and references to ISO 230-1:1996, 5.522.1, 5.522.4
Set the square on a special plate fixed to the tool plate or turret parallel to the X-axis motion. Mount [the
linear displacement sensor on théynose of the workholding spindle locked to contact the measuring Z-axis
surface of the square, and traverse the workholding spindle head in the Z-axis direction. Preferably, mdqunt
the linear displacement sensoryon the spindle housing to avoid locking the spindle.
The squarg¢ness deviatian-is'the maximum difference of the linear displacement sensor readings.

12
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Object G5
Checking the squareness between the Z-axis motion and the Y-axis motion in the YZ plane.
Diagram
|
|
_._I_._
N A
Tolerance Measured deviation
Forl a measuring length of 300 or full stroke up t0~300:
Category 1 Category 2 Category 3
0,015 0,020 0,025
Mepsuring instruments
Lingar displacement sensor, square and special plate

Obkervations and references to 1ISO 230-1:1996, 5.522.1, 5.522.4

Sef the square on a_special plate fixed to the tool plate or turret parallel to the Y-axis motion.|Mount the
lingar displacement.Sénsor on the nose of the workholding spindle locked on and in contagt with the
mepsuring Z-axis)surface of the square, with the workholding spindle head traversed in the Z-axis direction.
Prdferably, mount the linear displacement sensor on the spindle housing to avoid locking the spindle.

The squareness deviation is the maximum difference of the linear displacement sensor readings.

© 1SO 2009 — Al rights reserved 13
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5.3 Angular deviations of linear axis motion

Object G6
Checking the angular deviations of the Z-axis motion
a) inthe YZ plane, EAZ,
b) inthe ZX plane, EBZ.
NOTE The test applies only within the machining area and does not include the auxiliary operation area.
Diagram
a) b)
I I | 1
[ ]
2
a&r@
=1
7.
Precision level method Laser interferometer method
Key
1 measur|ng level 3 laser head 5 beam bender
2 referenge level 4  interferometer 6 reflectors
Tolerance Measured deviation
For a) and b), for Z-axis travel of up to 500:
0,040/n 000
Measuring instruments
Precision I(Fvel and special plate, laser measuring equipment or autocollimator

direction of travel in both directions of motion.

Obsewati&mdmuﬂseﬁﬁm%ﬂw\ﬁtﬁ?ﬁs—

Set the precision level on the special plate fixed to the spindle nose horizontally.

Bidirectional measurements shall be carried out at a minimum of three positions equally spaced along the

The difference between the maximum and minimum readings is the angular deviation.

14
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Object

Checking the angular deviations of the X-axis motion
a) inthe ZX plane, EBX (pitch),

b) inthe YZ plane, EAX (roll),

c) inthe XY plane, ECX (yaw).

NOTE The test applies only within the machining area.

G7

Diagram
o A
O 1
5 | /\
. e .|__
} 7 7 - LUJ
c) b)
4
>
X
3 1
Z
2 a) \ b)
C — m—
|
42 \b) c)‘f‘\
= 6
==
7%
Key
1 |measuring level 3) * laser head 5 beam bender
2 |reference level 4 interferometer 6 reflectors
Tolerance Measured deviation
Fon a), b), and ©);for X-axis travel of up to 500:
0,040/~000
Mepsuring instruments
a) | Srecisi I " ref I . .

b) Precision level
c) Autocollimator and reflector or laser measuring equipment
Observations and references to ISO 230-1:1996, 5.232.21, 5.232.22, 5.232.23

Measurements shall be carried out at the minimum of three positions equally spaced along the X-axis travel
in both directions of motion.

The difference between the maximum and minimum readings is the angular deviation.

© 1SO 2009 — Al rights reserved 15
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Object

Checking the angular deviations of the Y-axis motion
a) inthe YZ plane, EAY (pitch),

b) inthe ZX plane, EBY (roll),

c) inthe XY plane, ECY (yaw).

G8

Diagram
2
a) b L
L
r—/
L]
[
Z
Z
5
o N
L7 g =
=D
6 ¥
a)
1 < b) H -
T / 3
Key
1 measur|ng level 3 laser head 5 beam bender
2 referenge level 4 interferometer 6 reflectors
Tolerance Measured deviation
For a), b), andc), for Y-axis travel of up to 500:

0,1/1 000
Measuring instruments
a) Precision level, autocollimator or laser measuring equipment, special plate
b) Precision level, special plate
c) Autocollimator or laser measuring equipment, special plate
Observations and references to 1ISO 230-1:1996, 5.232.21, 5.232.22, 5.232.23

Set the measuring equipment (precision level, reflector) on the special plate fixed to the tool plate or turret,
and fix a second plate to the spindle nose. Measurements shall be carried out at a minimum of three
positions equally spaced along the direction of travel in both directions of motion.

The difference between the maximum and minimum readings is the angular deviation.

16 © 1SO 2009 — Al rights reserved
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Object G9
Checking the straightness of the X-axis motion
a) in the vertical ZX plane, EZX,
b) in the horizontal XY plane, EYX.
Diagram
-
o ol
Z Z
a) b)
Tolerance Measured deviation
Fonf a) and b):
0,02 over a measuring length of 300
Measuring instruments
Fon a) and k), straightedge, adjustable block and linear displacement sensor or optical equipment
Obkseryations and references to 1SO 230-1:1996, 5.212.11 and 5.232.11
If the-tool turret is movable in the Y-axis direction, position it such that the workholding spindle axis average
line 1SN Tine wi P P N position near . Place the
straightness reference (straightedge, stralghtness reflector, alignment telescope) on the tool turret parallel to
the X-axis motion.
NOTE “Parallel” in this context means that the readings at both ends of the movement give the same value and that
in this case the maximum difference of the readings gives the straightness deviation.
Mount the linear displacement sensor, the interferometer or the target on the spindle near to the position of
the workpiece. For machines utilizing tooling blocks mounted on the tool plate, requiring an extra-long X-axis
stroke, a shorter straightedge may be mounted on the work spindle with the linear displacement sensor
mounted on the tool turret and tool plate. In this setup, the re-staging of the linear displacement sensor is
necessary when the end of the straightedge is reached. This method could be more practical for covering the
entire travel range than the mounting of a very long straightedge cantilevered on the tool turret.

© 1SO 2009 — Al rights reserved 17
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Object G10
Checking the straightness of Z-axis motion
a) inthe XZ plane, EXZ,
b) inthe YZ plane, EYZ.
Diagram
|
-
a
_ Z
==
a) b)
Tolerance Measured deviation
For a) and|b):
0,02 olver a measuring length of 300

Measuring instruments
For a) and|b), precision square, adjustable block and linear displacement sensor or optical equipment
Observatipns and references-to 1SO 230-1:1996, 5.212.11, 5.232.11
The straightness reference(straightness reflector, alignment telescope) shall be placed on the tool tufret
parallel to the Z-axis movement.
NOTE ‘Parallel” if this context means that the readings at both ends of the movement give the same value and that
in this case [he maximum difference of the readings gives the straightness deviation.
Mount the |in€ar, displacement sensor, the interferometer or the target on the workholding spindle headstpck
?;2;;(:] thg position of the workpiece. The measuring line should be close to the workholding spindle axi$ of

Alternatively, the test setup according to G3 (test mandrel mounted on workhead spindle and linear
displacement sensor mounted on tool turret) may be used.

18
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Object

Checking the straightness of the Y-axis motion
a) inthe vertical YZ plane, EZY,

b) in the horizontal XY plane, EXY.

G11

a) b)
Tolerance Measured deviation
Fora) and b):

0,02 over a measuring length of 300

Mepsuring instruments
Fon a) and b), straightedge, adjustablé€ blocks and linear displacement sensor
Obgervations and references to'ISO 230-1:1996, 5.212.11, 5.232.11

The straightness reference (straightness reflector, alignment telescope) shall be placed on thg tool turret
pargllel to the Y-axis movement.

NO['E “Parallel” in this'context means that the readings at both ends of the movement are the same vglue and that
in this case the maximudm, difference of the readings gives the straightness deviation.

Mopnt the linear/displacement sensor, the interferometer or the target on the workholding spindlg headstock
nedr to the position of the workpiece. The measuring line should be close to the workholding spipdle axis of
rotation.
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5.4 Turret and power-driven tools

5.4.1 Tool-fixing face of turret

Object

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

G12

NOTE The test applies to tool-fixing faces of the turret square to the workholding spindle axis.
Diagram
>
< L .

SHl¢

T N N
Key
L measur|ng length
Tolerance Measured deviation

0,02/1p0

L=100
Measuring instruments
Linear dispglaceméntsensor
Observatipns and reference to ISO 230-1:1996, 5.512.1, 5.512.4

Repeat the Test for each fool-fixing face of the turret.

20
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Object

Checking the squareness of tool-fixing faces of the turret to the X-axis motion

G13

a) inthe ZX plane,
b) inthe XY plane.
NOTE The test applies to tool-fixing faces of the turret parallel to the YZ plane.

Diagram
X<—$
Z
1 [
a) (’g
| 1
-
b) K
N
Key
L |measuring length
Tolerance Measured deviation
a) and b):

0,02 for L = 100

Mepsuring instruments

Tes$t mandrel and linear displacement sensor

Obkervations and referénces to 1ISO 230-1:1996, 5.512.1, 5.512.4

Repeat the test for eachtool-fixing face of the turret.
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5.4.2 Tool-fixing bore of turret

Object G14

Checking of parallelism between the tool-fixing bore axis of the turret and the Z-axis motion
a) inthe ZX plane,
b) inthe YZ plane.

NOTE The test applies to tool-fixing bores of the turret parallel to the Z-axis motion.
Diagram

A

~
Y
a)
b)
Key
L measuring length
Tolerance Measured deviation
For a) and |b):
0,02 fgr L = 100

Measuring instruments
Test mandretardimear disptacementsernsor

Observations and references to 1ISO 230-1:1996, 5.422.3
Repeat the test for each tool-fixing bore of the turret.

Fix the mandrel to the tool-fixing bore of the turret and fix the linear displacement sensor to the workholding
spindle so that the linear displacement sensor stylus touches the mandrel in the ZX/YZ plane. Preferably,
mount the linear displacement sensor on the spindle housing to avoid locking the spindle.
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Object G15
Checking of parallelism between tool-fixing bore axis of turret and the X-axis motion
a) inthe ZX plane,
b) inthe XY plane.
NOTE The test applies to tool-fixing bores of turrets parallel to the X-axis motion.
Diagram
e
Z
a) C'/)
1_
o L
< L .
NN
Key
L |measuring length
Tolerance Measured deviation
Fora) and b):
0,02 for L = 100
Mepsuring instruments
Tes$t mandrel and linear displacement sensor
Obkervations and referénces to 1ISO 230-1:1996, 5.422.3
Repeat the test for all-fool-fixing bores.
Fix|the mandrel to the tool-fixing bore and the linear displacement sensor to the workholding spindle so that
the|linear displacement sensor stylus touches the mandrel in the ZX/XY plane. Preferably, mount the linear
displacement sensor on the spindle housing to avoid locking the spindle.
23
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5.4.3 Turret for power-driven tools

Object

1)
a) at
b) at

2) Cylind

Testing of the run-out and radial (or face) run-out of the tool spindle(s), bore and face.

G16

Run-out of internal taper bore

spindle nose,

a position of 100 mm from spindle nose.

rical bore:

a) ru

b) ra

n-out of spindle nose;

dial (or face) run-out of tool spindle surface.

Diagram

W7

P,

1) 2)

Tolerance
1) a):

2) a)and b):

Measured deviation
0,010
0,010

b) 0,015

Measuring

2) Linear

instruments

1) Test mandrel and linear displacément sensor

displacement sensor.

Observati¢
Measurem

For 1), rep
spindle. Re

Steps sho

pns and references'to 1ISO 230-1:1996, 5.612.3, 5.632
bnts shall be performed on all tool spindles.

pat the meéasurements at least four times, the mandrel being rotated through 90° in relation to
cord the-average of the readings.

Ild”"be' taken to minimize the effect of the tangential drag upon the stylus of the measu

instrument

Check 2) b

) at the maximum possible radius.

the

ing

24
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d|rect|on Take the maximum difference of the readings.

locking the spindle.

Corresponding tests shall be applied for rotating turret spindles that are parallel to the Y or X axis.

Object G17
Checking of parallelism between the tool spindle axis and the Z-axis movement
a) inthe ZX plane,
b) inthe YZ plane.
NOTE The test applies to all rotating turret spindles parallel to the Z axis.
Diagram
A
~
|
-
——
T~ a)
A
P
Key
L |measuring length
Tolerance Measured deviation
Fona) and b):
(4,02 for L =100
Mepsuring instraments
Tes$t mandrehand linear displacement sensor
Obpervations and references to ISO 230-1:1996, 5.412.1, 5.422.3
le in the Z

Alternatively, take readings along the test mandrel at a rotary position and then rotate the spindle by 180°
and take readings at the initial positions. The maximum difference of the two averaged measurements gives
the parallelism deviation. Preferably, mount the linear displacement sensor on the spindle housing to avoid

© 1SO 2009 — All rights reserved
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5.4.4 Accuracy and repeatability of turret indexing

Object

a) Checking the repeatability of the turret indexing (XY plane).

G18

b) Checking repeatability of motion of the turret in the radial direction (ZX plane).

a) and b):

Diagram
/\J\ 5) /J\
’ <
f X
O eSS
- Z
a) I L
Key
L measur|ng length
Tolerance Measured deviation

Category 1 Category 2 Category 3

L =50 L =100 L=100
0,005 0,010 0,015

Test mand

Measuring instruments

el and linear displacement sensor

Measure a
displaceme
turret's ind

Separate t
then index

NOTE

Observatipns and references to ISO 230-1:1996, 6.42

ne-measuring instruments from the test mandrel along with the axis parallel to the mandrel a
i 260° | " e : " [ d{er

automatic cycle. Record the linear displacement sensor readings.

distance Lfrom the turret face or tool-fixing face. With the turret in mid-stroke, position the linear
nt sensofs)so they contact the test mandrel at the 0° and 90° measurement positions. Record|the
bX position, axis position and the linear displacement sensor readings.

S,

Repeat the cycle three times, with the linear displacement sensor reset to zero at the start of the test. The
deviation is the maximum difference between the three sets of readings. Preferably, mount the linear
displacement sensor on the spindle housing to avoid locking the spindle. Repeat the test at a minimum of
three different turret orientations, setting the linear displacement sensor to zero for each location.

The repeatability of positioning of the linear axes (used for clearing the linear displacement sensors) can

influence the measuring result.

26
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Object
G19
Checking the accuracy of the turret indexing.
Diagram
b)
b)
f) c) f)
[ P} <
a)
b)
Tolerance Measured deviation

Category 1 Categories 2 and 3
0,03 0,04

Mepsuring instruments

Linpar displacement sensor

Obkervations and references to 1SO.230-1

Pogsition the linear displacementsensor styli at positions a), b) and c) so that they contact the turrdt reference
holes or grooves. Record the\turret axis position. Record the linear displacement sensor readjngs. If the
turtet reference face is used,-use the linear displacement sensor at position f) instead of at position c).

To [allow indexing of thée-turret, separate the measuring instrument from the turret measurement surfaces by
appropriate linear axisstravel, index the turret to the next location, and return the measuring instryment to its
previous measuring )position. The maximum difference of all linear displacement sensor readjngs is the
acquracy of the.furret indexing.

Repeat the\test three times for each turret location, then average the readings at each location|in order to
minimizer~the effect of turret repeatability. The maximum difference of all averaged linear displacement
serjsor readings is the accuracy of the turret indexing.

NO TE PUB;t;UII cl) ;D d:DU ;III‘:UCIIL;CUI IUy t:IU d)\;d; IIIUVGIIIGIIt Uf tuuut ;IIdU)\;IIH, VV:I;;U pUb;ﬁUll II.)) ;b d:DU Illﬂuenced by
turret indexing repeatability, position c) by the radial movement of turret indexing, and position f) by the radial movement.

If the turret has a locating feature, then make the measurement at position b) on the location side and not the
clamping clearance sector of the bore location.
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5.5 Swivelling workholding spindle head

Object

Checking of parallelism between the swivelling plane of the workholding spindle head axis
(B' axis) and the ZX plane.

G20

Diagram

300

Tolerance Measured deviation
Swivel angje: +30° +60°
At a radius|of 300: 0,01 0,02

Measuring instruments
Linear disglacement sensor and test.mandrel
Observatipns and references to ISO 230-1:1996, 5.432

Set the test mandrel to thé.turret head.

Touch the ptylus of the\linear displacement sensor to the test mandrel at a position about 300 mm apart ftom
the axis offrotation\B!/ then move the workholding spindle head stock to the +30° (and +60°) positions and
touch the test mandrel again at the same positions.

Index the workholding spindle head stock to the —30° (and —60°) positions and check the height of [the

mandrel atthre samepositions o thetestTmandret:

Repeat the test at least three times. The maximum difference of the readings is the parallelism deviation.
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