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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.
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Test code for machine tools —

Part 2: 
Determination of accuracy and repeatability of positioning 
of numerically controlled axes

AMENDMENT 1
Add Annex E after D.3:

Annex E

(informative)

Least increment step

 

E.1	 General

Machine tools are designed to operate over a wide range of feed speeds and travel distances along 
individual axes of motion. An important aspect of positioning along an individual axis of motion is 
the resolution of such positioning. This is referred to as least increment step or minimum positioning 
increment. This capability limits a machine tool’s ability to make small corrections in position. These 
small corrections are necessary for numerical compensations for various sources of positioning 
errors, such as ballscrew pitch, reversal error, thermal distortions, errors due to geometry, such as 
straightness, squareness, and parallelism, as well as coordination of axes.

In general, the least increment step may depend on the resolution of the positioning feedback devices, 
numerical control algorithms, as well as machine construction (e.g. friction, preloads, etc.) and 
machine condition.

With the least increment step test, the smallest increment at which the machine can position in a 
specified period of time is determined. This test is typically not included in acceptance testing.

E.2	 Test conditions

The test setup and procedure described below applies to all axes of linear motion. However, a similar 
procedure can be used for axes of rotary motion.

Any instrument having small mechanical or electrical hysteresis (≤20 % of the desired least increment 
step) and a short measuring range can be used to measure the least positioning increment of the axis. 
Examples include the following:

—	 laser interferometer with positioning error optics;

—	 non-contact displacement sensor such as eddy current or capacitive type;

—	 high resolution LVDT contact measurement device.

The measuring instrument is mounted such that it measures the displacement between the tool and 
the workpiece. Any tool or workpiece spindle, if applicable, is locked either through servo control or by 
external mechanism (bracket, magnet, etc.).

ISO 230-2:2014/Amd.1:2016(E)
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The machine axis is programmed to move in 10 steps, each at the specified positioning resolution, in 
the positive direction with 5 s dwell time after reaching each target. The same ten steps are repeated in 
the negative direction and then in the positive direction again.

If no motion is detected after ten steps then the entire test is to be repeated increasing the step size.

The least increment step is the maximum absolute value of the difference between the commanded and 
actual positions plus the positioning resolution (i.e. step size applied for this test).

It is known that the size and direction of approach to the first target can affect the results of this test. 
To achieve a reproducible test, the magnitude and direction of approach should be agreed and reported.

Alternatively, the test may be performed applying a dynamic acquisition mode, e.g. with a laser 
interferometer. In this case, the entire test (30 steps) is repeated as the step size is gradually increased 
until the machine axis positions with clearly definable (countable) steps, where extraneous machine 
motion due to overshoot, settling, reversal error and vibration does not exceed the commanded step. 
The step size that first satisfies these criteria is the least increment step. Figure  E.1 shows sample 
results from the least increment step tests.
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