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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 procedures used to develop this document and those intended for its further maintenance are 
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the 
different types of ISO documents should be noted. This document was drafted in accordance with the 
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of 
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of any 
patent rights identified during the development of the document will be in the Introduction and/or on 
the ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does not 
constitute an endorsement.

For an explanation on the meaning of ISO specific terms and expressions related to conformity 
assessment, as well as information about ISO’s adherence to the WTO principles in the Technical Barriers 
to Trade (TBT), see the following URL: Foreword — Supplementary information.

The committee responsible for this document is ISO/TC 39, Machine tools, Subcommittee SC 2, Test 
conditions for metal cutting machine tools.

This second edition cancels and replaces the first edition (ISO 13041-5:2006), which has been technically 
revised.

ISO 13041 consists of the following part, under the general title Test conditions for numerically controlled 
turning machines and turning centres:

— Part 1: Geometric tests for machines with a horizontal workholding spindle

— Part 2: Geometric tests for machines with a vertical workholding spindle

— Part 3: Geometric tests for machines with inverted vertical workholding spindles

— Part 4: Accuracy and repeatability of positioning of linear and rotary axes

— Part 5: Accuracy of speeds and interpolations

— Part 6: Accuracy of a finished test piece

— Part 7: Evaluation of contouring performance in the coordinate planes

— Part 8: Evaluation of thermal distortions
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Introduction

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

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

The objective of ISO 13041 (all parts) is to provide information as widely and as comprehensively as 
possible on geometric, positional, contouring, thermal, and machining tests, which can be carried out for 
comparison, acceptance, maintenance, or any other purpose deemed necessary by user or manufacturer.

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

Attention should be given to the tolerances in tests AK5, BK5, and CK5, which are reduced from 
ISO 13041-5 (Test K5) due to improved centring procedure or practical experience that proves that the 
closer tolerances can be met.
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Test conditions for numerically controlled turning 
machines and turning centres —

Part 5: 
Accuracy of speeds and interpolations

1 Scope

This part of ISO 13041 specifies, with references to ISO 230-1 and ISO 230-4, certain kinematic tests for 
numerically controlled (NC) turning machines and turning centres, concerning the spindle speeds, the 
feed speeds of the individual NC linear axes, and the accuracy of the paths described by the simultaneous 
movement of two or more NC linear and/or rotary axes.

NOTE This part of ISO 13041 applies to numerically-controlled turning machines and turning centres with 
horizontal, vertical, and inverted vertical type workholding spindle(s).

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are 
indispensable for its application. For dated references, only the edition cited applies. For undated 
references, the latest edition of the referenced document (including any amendments) applies.

ISO 230-1, Test code for machine tools — Part 1: Geometric accuracy of machines operating under no-load 
or quasi-static conditions

ISO 230-4, Test code for machine tools — Part 4: Circular tests for numerically controlled machine tools

ISO 841, Industrial automation systems and integration — Numerical control of machines — Coordinate 
system and motion nomenclature

ISO 13041-1, Test conditions for numerically controlled turning machines and turning centres — Part 1: 
Geometric tests for machines with a horizontal workholding spindle

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

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

ISO/TR 169071)),Machine tools — Numerical compensation of geometric errors

3	 Terms	and	definitions

For 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)

1)  To be published.
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3.2
manual control
mode of operation where each movement of the machine is individually initiated and controlled by the 
operator

3.1.3
numerical control
NC
computerized numerical control
CNC
automatic control of a process performed by a device that makes use of numerical data introduced while 
the operation is in progress

3.4
manually controlled turning machine
turning machine whose process steps for the machining are controlled or started by an operator without 
support by an NC-machining program

3.5
numerically controlled turning machine
NC turning machine
turning machine that operates under numerical control (NC) or computerized numerical control (CNC)

3.6
turning centre
NC turning machine equipped with power-driven tool(s) and the capacity to orientate the work-holding 
spindle around its axis

Note 1 to entry: It can include additional features such as automatic tool changing from a turret and/or magazine.

3.7
numerically controlled turning machine with horizontal workholding spindle(s)
numerically controlled turning machine where the workpiece is mounted on horizontal workholding 
spindle(s) against the stationary cutting tool(s) and where cutting energy is brought by the workpiece 
and not by the tool

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

3.8
turning centre with horizontal workholding spindle(s)
turning centre having horizontal workholding spindle(s) equipped with toolholding spindles and the 
capacity to orientate the workholding spindle around its axis

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

3.9
numerically controlled turning machine with vertical workholding spindle(s)
numerically controlled turning machine where the workpiece is mounted on vertical workholding 
spindle(s) against the stationary cutting tool(s) and where cutting energy is brought by the workpiece 
and not by the tool

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

3.10
turning centre with vertical workholding spindle(s)
turning centre having vertical workholding spindle(s) equipped with toolholding spindles and the 
capacity to orientate the workholding spindle around its axis

Note 1 to entry: This machine may include additional features such as automatic toolchanging from a magazine 
or Y-axis motion.
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3.11
numerically controlled turning machine with inverted vertical workholding spindle(s)
NC turning machine where the workpiece is mounted on an inverted vertical workholding spindle 
equipped with a workholding device at the lower end of the workholding spindle

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

3.12
turning centre with inverted vertical workholding spindle(s)
turning centre having an inverted vertical workholding spindle equipped with a workholding device at 
the lower end of the vertical workholding spindle

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

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

3.13
machine modes of operation
modes of operation of the numerically controlled or data entry devices where entries are interpreted as 
functions to be executed

3.14
manual mode of numerical control
non-automatic mode of numerical control of a machine in which the operator controls it without the use 
of pre-programmed numerical data

EXAMPLE By push button or joystick control.

3.15
manual data input mode
entry of programme data by hand at the numerical control

3.16
single block mode
mode of numerical control in which, at the initiation of the operator, only one block of control data are 
executed

3.17
automatic mode
mode of numerical control in which the machine operates in accordance with the programme data until 
stopped by the programme or the operator

4 Preliminary remarks

4.1 Measurement units

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

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

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

The sequence in which the kinematic tests are given in no way defines the practical order of testing. 
In order to make the mounting of instruments or gauging easier, tests can be performed in any order, 
including tests described in other parts of ISO 13041.

4.4 Tests to be performed

When testing a machine, it is not always necessary or possible to carry out all the tests given in this 
part of ISO 13041. When the tests are required for acceptance purposes, the choice of tests relating 
to the components and/or the properties of the machine of interest is at the discretion of the user, in 
agreement with the supplier/manufacturer. The tests to be used are to be clearly stated when ordering 
a machine. The mere reference to this part of ISO 13041 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.

4.5 Measuring instruments

The measuring instruments indicated in relation to the tests given in Annexes A to C are examples 
only. Other instruments measuring the same quantities and having at least the same measurement 
uncertainty and the same resolution can be used.

In some tests, it is recommended to present test results in a graphical form (see Annex D).

4.6 Software compensation

When built-in software facilities are available for compensating geometric, positioning, contouring, 
and/or thermal deviations, their use during these tests shall be based on agreement between 
manufacturer/supplier and user, with due consideration to the machine tool intended use.

When the software compensation is used, this shall be stated in the test reports. Using the definitions 
given in ISO/TR 16907, it shall be noted that when software compensation is used, axes shall not be 
locked for test purposes.

5 Tests described in Annexes A to C

Tests in Annex A refer to horizontal workholding spindle machines (ISO 13041-1, Type 1), tests in 
Annex B refer to vertical workholding spindle machines (ISO 13041-2, Type 2), and tests in Annex C 
refer to inverted vertical workholding spindle machines (ISO 13041-3, Type 3).
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Annex A 
(normative) 

 
 Kinematic tests for machines with a horizontal workholding 

spindle

A.1	 Machine	configuration	and	designation
+Y

+X1

+Z1

+W

+Z2
-X2

+Y

+X

+Z

+C'

Figure A.1 — Typical example of a turning machine with a horizontal workholding spindle 
[[w (C’) b Z X1 Y C1 t] [w (C’) b Z2 X2 C2 t] [w (C’) W {t,w}]]

Figure A.1 shows a typical example of a turning machine with a horizontal workholding spindle.

The structural configuration is described by using the structural codes to serially connect the motion 
axis from the workpiece side to the tool side, and vice versa. The name of axes of motion follows ISO 841. 
As an example, the structural code of the machine shown in Figure A.1 can be described as [[w (C’) b Z 
X1 Y C1 t] [w (C’) b Z2 X2 C2 t] [w (C’) W {t,w}]] by connecting the motion axes from the workpiece side 
to the tool side. In this description, the workpiece side and the tool side are distinguished by naming the 
workpiece by “w”, the tool by “t”, and the bed by “b”; (C) stands for the spindle axis without numerical 
control for angular positioning. Multiple kinematic chains from the workpiece side and the tool side are 
all shown.

“{t,w}” in the third chain indicates that the tail stock (W or Z3) can be connected either to the workpiece 
or to a tool (e.g. a drill).
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A.2 Kinematic tests

A.2.1 General

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

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

A.2.2 Spindle speeds (AK1) and feed speeds (AK2)

The purpose of these tests is to check the overall accuracy of all the electric, electronic and kinematic 
chain in the control system between the command and the physical movement of the component.

A.2.3 Linear interpolations (AK3)

The purpose of these tests is to check the coordinated motion of two linear axes in the following two 
conditions:

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

— While one of these is moving at a significantly lower speed than the other (small angles).

A.2.4 Circular interpolations (AK4)

The purpose of circular interpolation motion tests is to check the coordinated motion of two linear 
axes along a circular path, including points in which the motion of one axis slows down to zero and the 
direction of movement is reversed. During these tests, axes move with variable speeds.

A.2.5 Radial interpolations (AK5)

These tests are alternative to AK4, in cases where the machine under test does not have a measurement 
sweep of 360° or if AK4 is otherwise not relevant. The purpose of these tests is to check the mutual 
behaviour of two linear axes (generally X and Z) at variable feed speeds, including points in which the 
feed of one axis slows down to zero and the direction of movement is reversed.

A.2.6 Circular interpolation motion by simultaneous three-axis control (X-, Y-, and 
C-axes) (AK6)

The purpose of these tests is to check the interpolations between the X-, Y-, and C- axes of a turning 
centre for clockwise and counter-clockwise(anticlockwise) contouring motions.
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Spindle speeds

Object AK1

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

Diagram

Tolerance

±5 %

Measuring deviation

Speed range Direction of rotation Programmed speed Measured speed Deviation %

Mid. counter-clockwise

(anticlockwise)

clockwise

Max. counter-clockwise

(anticlockwise)

clockwise

Mid. counter-clockwise

(anticlockwise)

clockwise

Max. counter-clockwise

(anticlockwise)

clockwise

Measuring instruments

Revolution counter or stroboscopea)

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

Observations

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

The override control shall be set at 100 %.

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

      D
A P

P
 =    

 -  
      100

S S

S

×

where 

D is the deviation in percentage;

As is the actual speed;

Ps is the programmed speed.
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