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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
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mental, in_fiaison with 150, also take part in the work. 1SO collaborates closely with
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part2.
hsk of technical committees is to prepare International Standards. Draft International Stand
the technical committees are circulated to the member bodies for voting.-Publication as

| Standard requires approval by at least 75 % of the member bodies casting'a.vote.

drawn to the possibility that some of the elements of this document miay be the subject of p3
shall not be held responsible for identifying any or all such patent rights.

6 was prepared by Technical Committee ISO/TC 39, Machine tools, Subcommittee SC 2,
br metal cutting machine tools.

j edition cancels and replaces the first edition (1ISO43041-6:2005), which has been techni

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

Geometric tests for machines with a herizontal workholding spindle
Geometric tests for machines with a vertical workholding spindle
Geometric tests for machines with inverted vertical workholding spindles
Accuracy and repeatability of positioning of linear and rotary axes
Accuracy of feeds;“speeds and interpolations

Accuracyof @ finished test piece

Evaluation of contouring performance in the coordinate planes
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A numerically controlled turning machine is a machine tool in which the principal motion is the rotation of the
workpiece against the stationary cutting tool(s) and where cutting energy is brought by the workpiece and not
by the tool. This machine is controlled by a numerical control (NC) providing automatic functioning in
accordance with ISO 13041-1:2004, 3.3, and can be of single spindle or multi-spindle type.
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rning centre is an NC turning machine equipped with power-driven tool(s) and the capacityt0-q
holding spindle around its axis. This machine can include additional features, such~as au
nging from a magazine.

objective of the ISO 13041 series is to supply as wide and comprehensive infermation as
metric, positional, contouring, thermal and machining tests, which can berecarried out for ¢
bptance, maintenance or any other purpose.

ISO 13041 series specifies, with reference to the relevant parts of |ISO-230, tests for turning
erically controlled turning machines with/without tailstocks, standing alone or integrated
ufacturing systems. It also establishes the tolerances or maxindum acceptable values for the
esponding to general purpose and normal accuracy turning‘centres and numerically contrg
hines.
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1 |Scope

Thig part of 1ISO 13041 specifies, with reference to ISO 230-1, a series of cutting tests, under finishing
conflitions, of standard test pieces. It also specifies the characteristics_and” dimensions of the|test pieces
themselves.

Thig part of ISO 13041 is intended to supply minimum requirements“for assessing the cutting accpiracy of the
maghine.

2 |Normative references

The| following referenced documents are indispensable for the application of this document| For dated
references, only the edition cited applies. Foriundated references, the latest edition of the|referenced
docpment (including any amendments) applies.

ISO[230-1:1996, Test code for machinetools — Part 1: Geometric accuracy of machines opernating under
no-lpad or finishing conditions

ISO[1101, Geometrical Product\Specifications (GPS) — Geometrical tolerancing — Tolerances of form,
orieptation, location and run-out

ISO[13041-1:2004, Test-conditions for numerically controlled turning machines and turning centrgs — Part 1:
Geqgmetric tests for machines with a horizontal workholding spindle

ISO[13041-2, Test conditions for numerically controlled turning machines and turning centres — Part 2:
Geqgmetric tests'for machines with a vertical workholding spindle

ISO[13041-3, Test conditions for numerically controlled turning machines and turning centres — Part 3:
Geqgmetric tests for machines with inverted vertical workholding spindles

3 Preliminary remarks

3.1 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 prad = 2"
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rence to I1ISO 230-1

To apply this part of ISO 13041, reference shall be made to ISO 230-1, especially for the installation of the
machine before testing, warming up of the machine, description of measuring methods, and evaluation and
presentation of the results.

3.3 Test

sequence

The sequence in which the tests are presented in this part of ISO 13041 in no way defines the practical order

of testing.

34 TestL to be performed

When testin
of 1SO 130
agreement

machine which are of interest. These tests are to be clearly stated when ordering a machine. Mere refere

to this part
agreement

When testin
position of
predetermir

3.5 Measuring instruments

The measu
measuring

sensors shall have a resolution of 0,001 mm or better. Seed4S0O 14253-1, ISO/TS 14253-2 and ISO/TR 16(

3.6 Fixin

The test pi
tools and fi
cylindrical.
applicable).

NOTE F
associated W
carefully.

g a machine, it is not always necessary or possible to carry out all the tests described.in this
1. When the tests are required for acceptance purposes, it is up to the user 40 choose
with the supplier/manufacturer, those tests relating to the components and/or the properties of

of 1ISO 13041 for the acceptance tests, without specifying the tests to be_carried out, and wit
bn the relevant expenses, cannot be considered as binding for any contracting party.

g machines with moving cross rail, the tolerances given in this part\of ISO 13041 apply when
he cross rail is fixed at a certain location (preferably in mid-travel of the cross rail or some o
ed position subject to agreement between the supplier/manufacturer and the user).

[ing instruments indicated in the tests described in*Clause 4 are examples only. Other instrum
the same qualities and having at least the same accuracy may be used. Linear displacen

g of test pieces

bce shall be conveniently mounted_bn a proper fixture or chuck, such that maximum stabilit
xture is achieved. The mounting- surfaces of the fixture and the test piece shall be flat an
It is recommended that suitable means of fixturing be used to allow for tool breakthroug

ixing of the test piecé~can have a significant impact on the results of the tests. Therefore, param
ith fixing the test piece; such as type and number of jaws, and amount of clamping force, are consid

3.7 Mat

The test piece«material, tooling and the subsequent cutting parameters are subject to agreement betw
supplier/mgnafacturer and user, and shall be recorded. The test piece material shall be specified with pr

rials of test pieces, tooling and cutting parameters

part
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material desigrmatiorns:

3.8 Sizes of test pieces

If the test pieces are machined several times, with a consequent reduction of external dimensions, it is
recommended that the final test piece, when used for acceptance purposes, comply with the dimensions
specified in this part of ISO 13041.

If the test pieces come from previous cutting tests and are re-useable, their characteristic dimensions shall
remain within 10 % of those indicated in this part of ISO 13041. When the test pieces are re-used, a shallow
cut shall be made to clean up all surfaces before new finishing test cuts are taken.
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It is also recommended that type and serial number of the machine, date of test and names and orientation of
the axes be marked on the test pieces and that they be delivered with the machine for reference purposes.

In principle, no more than one piece of each type shall be machined for acceptance purposes. In case of
special requirements, such as statistical assessment of the machine performance, the machining of more test
pieces is to be subject to agreement between the supplier/manufacturer and user.

Preliminary cuts shall be taken in order to make the depth of cut as constant as possible.

3.9 Information to be recorded

For|tests made according to the requirements of this part of ISO 13041, the following information shall be
conjpiled as completely as possible and shall be included in the test report:

a) |material and dimensions of the test piece;
b) |material and dimensions of the tool;

c) |cutting speed(s);

d) [feedrate(s) (feed velocity);

e) |depth(s) of cut;

f) |axes used for machining;

g) |test piece fixing conditions;

h) [other cutting parameters, e.g. cutting fluid.
3.10 Machine size categories

For|the purposes of the ISO 13041 series{-machines are classified into size categories dependjng on their
work spindle orientation (see 1SO 130441 for horizontal workholding spindle, 1SO 13041-2 |for vertical
workholding spindle, and ISO 13041-3\for inverted vertical workholding spindle).

Thel categories and size ranges-are referenced in the cutting tests of this part of ISO 13041 and are therefore
repeated here for the conveniénce of the user.

ISO[13041-1 NC turning-machines and turning centres with horizontal workholding spindle are classified into
three size categoriesfon the basis of the criteria specified in Table 1.

Table 1 — Size range for machines with horizontal workholding spindle

Criteria Category 1 Category 2 Category 3
Swing diameter over bed D < 250 250 <D < 500 500 < D < 1|000
NorriratHbardiameter <26 26—< <63 63—<-
Nominal diameter of chuck d <125 125 <d < 250 250 <d

NOTE 1 The nominal chuck diameter is defined in ISO 3442-1 and ISO 3442-2.

NOTE 2 The choice of criteria is at the manufacturer’s discretion.

© 1SO 2009 — All rights reserved 3
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ISO 13041-2 NC turning machines and turning centres with vertical workholding spindles are classified into
four categories, on the basis of the criteria specified in Table 2.

Table 2 — Size ranges for machines with vertical workholding spindle

Criteria Category 1 Category 2 Category 3 Category 4
Nominal diameter of chuck d <500 500 <d <1000 1000 < d < 5000 d>5000
Diameter of workholding D <500 500 < D < 1 000 1000 < D < 5 000 D >5000
spindle/table

NOTE 3  The nominal chuck diameter is defined in ISO 3442-1 and ISO 3442-2.
ISO 1304143 NC turning machines and turning centres with inverted vertical workholding spindle are classjfied
into three size categories, on the basis of the criteria specified in Table 3.

Table 3 — Size ranges for machines with inverted vertical workholding‘spindle

Criteria Category 1 Category 2 Category 3
Nominal diameter of chuck d < 250 250 <d <400 d> 400
Maximum turning diameter D < 315 315 <D <500 D> 500

NOTE 4 The nominal chuck diameter is defined in ISO 3442-1 and ISO 3442-2.

© 1SO 2009 - All rights reserved
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Object
. o . M1
Turning a cylindrical test piece:
a) circularity;
b) consistency of machined diameters.
Diagram
<l L -
- { l {
R T I
M1 g
I IT1T Sy
il V
1 » L/2 i L/2 ¢
Key
1 chuck
I shall be chosen to suit the measuring instrument.
Thqg distance between the chuck face and the first step, @D, shall‘be’less than L.
Forlmachines with horizontal workholding spindle Fot‘tachines with vertical workholding spindle
(IS® 13041-1): (IS0 13041-2) or inverted vertical workholding sgindle
For|bar machines: (1ISO 13041-3):
L =2,5 x d’(nominal bar diameter) L =0,8 xd (nominal chuck diameter), or
Dy min = 0,3 x L; L =0,66 x maximum turning length (Z stroke),
For|chucking machines: whichever is smaller.
L =0,8 x d (nominal chuck diameter), or Lmax =1500
L =0,66 x maximum turning length (Z sfroke), Dy min=0.3x1L
whithever is smaller. Dp, max = 1000
Dp, min =03 xL
Machi ith Measured|deviation
Machines with Machines with vertical viachines wi
: . . inverted vertical
horizontal spindle spindle spindle Machine class
- _2)\a
Tolerance (IS0 13041-1) (IS0 13041-2) (180 13041-3) | |and categdry:
Category Category Category
1 2 3 1 2 3 4 1 2 3 a)
a) Circularity 0,005 0,005 (0,005 0,005 | 0,005 | 0,01 | 0,015 [0,005|0,005|0,005 b)
b) “Coensistency 001100151002 100150 002 1003 ! 004 l001l0015] 002
of diameters 7 J ” 7 ” " J 7 " "
a8  Tolerances apply only to machines with fixed cross rail. Tolerances for machines with adjustable
height cross rails will depend on the method of locating and/or adjusting the cross rail after raising or
lowering and should be agreed between the supplier and the user.
Measuring instruments
For a), roundness measuring machine.
For b), micrometer.
Observations and references to ISO 230-1:1996, 4.1, 6.6 and 6.8
For b), readings are taken at each band in one plane only, the variation of the readings between adjacent bands shall not
exceed 75 % of the tolerance.
The machine axes used shall be recorded.
NOTE A thick walled tube instead of a solid rod can be used as the cylindrical test blank.

© 1SO 2009 — All rights reserved
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Object M2
Checking the flatness of surfaces perpendicular to the spindle axis.
Diagram Machines with horizontal Machines with vertical
workholding spindles workholding spindles
(ISO 13041-1) and inverted (1ISO 13041-2):
vertical workholding spindles B . .
(1ISO 13041-3): Dtp = 0,8 x nominal diameter
1 of chuck
D_ = 0,8 x nominal diameter of
chuck, or Dy max = 300 (Category 1)
» D_ =1 x nominal bar diameter =400 (Category 2)
=800 (Catego
Dy ryax = 300 (Category,3)
For D, < 160, middle ring may be = 1500 (Category 4)
i eliminated. d =05xD
M p ’ p
- KI"—' For D, <60 all grooves may be (when part is.chucked to
N omitted. prevent partydistortion)
v L L_=0,25 x nominal chuck L_=0,25 x nominal
diameter diameter of chuck
Ly max = 60 L max = 300
d, = 0,5 x D or nominal bar b= Dp/2-a
diameter

dy min = 75 (for chucking
Key machines)

1 chuck b= Dp/2-a

Dimension {4 shall be chosen to suit the measuring instrument.

NOTE THe nominal diameter of chuck is defined in ISO 3442-1 and (SO 3442-2.

Machines with horizontal Machines’with vertical spindle Measured deviation

spindle (ISO 13041-1) and (ISO 13041-2)
machines with inverted
Tolerancg | vertical spindle (ISO 13041-3)

Category Category Machine class and category:

1 2 3 1 2 3 4
Flatness || 0,010 0,015 0,020 0,015 0,02 0,03 0,04

a Toleranges apply only to machines with fixed cross rail. Tolerances for machines with
adjustable hejght cross rails will{ddepend on the method of locating and/or adjusting the cross rail
after raising or lowering and should be agreed between the supplier and the user.

Measuring jnstruments

Linear displgcemenf'sensor, surface plate or coordinate measuring machine (CMM).

Observatiohs and references to ISO 230-1:1996, 4.1 and 5.321.1

Measurements shall be recorded from at least two diameters.

Any deviation shall not result in a convex surface except by special agreement.

The machine axes used shall be recorded.

6 © 1SO 2009 - All rights reserved
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Object
M3

Checking of positioning and contouring capability of the machine under various kinematic conditions.

This test applies to all NC turning centres described in ISO 13041 with live spindle tooling. Test piece designation (size)
to be machined and the axis combination to be used for machining for acceptance purposes shall be agreed between the

supplier/manufacturer and the user.

Diagram

F-F E-E
bx ON
NI ~A¢M~b@ e oX -
Om[pf—>=— LA ©
72— / I A Y
MY/ QRN ‘

 J

A

//e]8]

Q-

L/2

Y

A

H
.
X

Dimensions L to Z are given in Table 4.

See Figure 1 for details of the pre-machined blank.
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Tolerance Measured deviations
Tolerances a to m are given in Table 5. See Table 5

Measuring instruments
See Table 5.

Observations and references to ISO 230-1:1996, 5.211

Each straight side (of the square, diamond and sloping faces) shall be measured at at least 10 points to obtain the
straightness, squareness and parallelism deviations.

For the circularity (or cylindricity) test, if the measurement is not continuous, check at least 15 points (for cylindricity in
each measured plane). For circularity, continuous measurements with no filtering is recommended.

All features |of the test piece shall be machined using either the C- and X-axes or the X- and Y-axes (using only [two
axes). If the|test piece is machined with an interpolation of the spindle and a linear axis (e.g. X and C), there shall’bg no
intermediatg movement of any other linear axes (e.g. Y). If the test piece is machined with two linear axes of suffigient
travel (e.g. X and Y), there shall be no intermediate movements of the spindle holding the test piece.

Both option$ require synchronized axes motion at slow speeds, similar to the motions required to machine the 3° sloped
faces. For 4 machine with an optional Y-axis, the axis pair is subject to agreement between the manufacturer and|the
user and is poted on the test report.

Table 4 — Test piece M3 and test blank dimensions

Dirhension Test piece designation
ISO 13041-6-M3-80 1ISO 13041-6-M3-160 ISO 13041-6-M3-320
L2 80 160 320
M b 14 26 43
(NP 16 28 45
(DP © 16 30 50
od 54 110 220
R 27 52 110
@S 55 110 240
T 50 50 80
U 20 20 40
14 2 5 9
(X © 50 96 202
Y 42 90 200
Z M6 x 1; 10 Deep M8 x 1,25; 12 Deep M12 x 1,5; 20 Deep

a8  An exterpal square with side length “L”.

b Four bofed hole§@M and four counterbored holes @N. The holes @M shall be approached in the positive direction of the

positioning ajes; the\holes @N shall be approached in the negative direction. The location of these bores are “R-R” from the centfe of
the test piece|

L bl al . T} " ol s edhport
¢ A throug FOOTCUTOICIT 10CatCu T UTe CeTMIre O tNe (eST PIeTteT

4 Diamond (square inclined by 60°) with side length “Q”, on the upper face of the square. It should only be machined when two linear

axes are used (e.g. X and Y). In this case, the circle (diameter X) will be 12 mm high on the upper face of the outer square L.

€ Circle with @X, 6 mm high on the upper face of the diamond. The centre of the circle @.X shall be dimension “V” eccentric to centre
bore JP in the X-axis direction.

On turning centres without an optional Y-axis, this circle shall be machined by rotating the C-axis past the periphery of an end mill whilst
feeding the X-axis into the test piece for 180° of C-axis rotation followed by reversing the direction of the X-axis to complete 360° of the
C-axis rotation while maintaining the same contouring feedrate. (This X-axis motion will create a circle that is “V” eccentric to the C-axis
centre of rotation and a lead of approximately 3° to the instantaneous tangent of the circle.)

Sloping faces, on the full length of the two sides of the external square, with an angle of 3° or providing a tangent of 0,05 and 6 mm
depth on the top of the external square sides. These faces should only be machined when two linear axes are used (e.g. X and Y).

8 © 1SO 2009 - All rights reserved
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Table 5 — Test M3 geometric tests

Tolerance

Test piece designation

Measured

datum C

Tolerances Object ISO ISO ISO Measuring instrument deviation
13041-6- 13041-6- 13041-6-
M3-80 M3-160 M3-320
CENTRAL HOLE P
a Cylindricity 0,010 0,010 0,015 CMM or roundness tester |4
b Seuareness-between 8,640 8,640 8,645 CMM-erreunaness-tester
the hole axis and
datum A
SQUARE L x L
c Straightness of the 0.030 0.030 0.045 CMM or straight-edge and
sides ’ ’ ’ linear displacement sensor
Squareness of the .
d adjacent sides to 0,040 0,040 0,060 |CMMorsquare and linear |},
displacement sensor
datum B
Parallelism of the .
o CMM or height gauge or
e opposite side to 0,040 0,040 0,060, [ displa%erﬁemgsensor .
datum B
DIAMOND? QO x Q
r Straightness of the 0.030 0.030 0.045 CMM or straight-edge and
sides ’ ’ ’ linear displacement sensor
Accuracy of 60° 0040 0.020 0060 CMM or sine bar and linear ||
g angles to datum B ’ 7 ’ displacement sensor i
CIRCLE ox
h Circularity 0,030 0,030 0,040 |CMMorroundness h
measuring instruments
True position of the
i external circle relative 0,040 0,040 0,050 CMM
to datum C
SLOPING FACES
. Straightness of the 0030 0030 0045 CMM or straight-edge and
J faces ’ ’ ’ linear displacement sensor
k Accuracy of the 0,040 0,040 0,060 CMM or sine bar and linear .
angles to datum B displacement sensor
BORED HOLES
Concentricity of inner
m holes “N” to outer 0,020 0,020 0,020 |CMMorroundness n
measuring instruments
noles M
True position of holes
n “N” relative to @0,05 0,05 0,05 CMM n

a8  Diamond is only machined when two linear axes are used (e.g. X and Y).
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NOTE 1 Fg
NOTE2 TH
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r dimensions L, M, P, R, S, T, U, Y and Z, see Table 4.

suitable work

e tapped holes “Z” are optional and are used for securing the test piece blank to a sub-plate on turning centres having no
polding chuck (i.e. vertical turning centres). In such cases, for proper mounting, the bottom surface of the test piece ghall

be flat.

2 OnY pitch diameter.

10

Figure 1 — Test M3 pre-machined blank
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