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Motive

Recently, the intelligent systems of technology have
become one of the major items in the development of
machine tools. ISO 230 is concerned with the different
types of vibration that can occur between the tool-holding
part and the workpiece-holding part of a machine tool.
These are vibrations that can adversely influence the
production of both an acceptable surface finish and an
accurate workpiece. It i1s, however, Iintended for
manufacturers and users alike with general engineering
knowledge in order to enhance their understanding of the
causes of vibration by providing an overview of the
relevant background theory.
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ISO/CD 230-1 Ed. 3

Test code for machine tools -- Part 1. Geometric accuracy of machines operating under
noload or quasi-static conditions

ISO 230-2:2006 Ed. 3

Test code for machine tools -- Part 2: Determination of accuracy and repeatability of
positioning numerically controlled axes

ISO/DIS 230-3 Ed. 2

Test code for machine tools -- Part 3: Determination of thermal effects

1ISO 230-4:2005 Ed. 2

Test code for machine tools -- Part 4: Circular tests for numerically controlled machine tools

ISO 230-5:2000 Ed. 1

Test code for machine tools -- Part 5: Determination of the noise emission

ISO 230-6:2002 Ed. 1

Test code for machine tools -- Part 6: Determination of positioning accuracy on body and
face diagonals (Diagonal displacement tests)

ISO/FDIS 230-7.2 Ed. 1

Test code for machine tools -- Part 7. Geometric accuracy of axes of rotation

ISO/CD TR 230-8 Ed. 1
Test code for machine tools -- Part 8: Determination of vibration levels
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Introduction

Basic measurement procedures for evaluating certain

types of vibration problems that can be set a machine tool.

1. Vibrations occurring as a result of mechanical
unbalance.

2. Vibrations generated by the operation of the
ma ¢ h i ImeaidsBdes.

3. Vibrations transmitted to the machine by external
forces.

4. Vibrations generated by the cutting process including
self-excited vibrations (chatter).

5. The application of artificial vibration excitation for the
purpose of structural analysis.
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The fundamentals of vibration theory relevant to machine
tool dynamics. Not intended for the expert, a simplified
account is offered where many concepts are explained with
only minimal recourse to detailed mathematics.

The aim iIs to equip the practical engineer with sufficient
Information to be able to understand and evaluate vibration
problems, and to carry out the basic tests.

Where it is necessary to explore more technically difficult
aspects of this subject, including mathematical formulae.
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Theoretical! background:
Dynamic: behaviour of machine-tools

Simple mechanical models Emmdl Machine tools

Understanding the types of response that can be
generated in vibrating structures.

Model of a single-degree-of i freedom Faar  Fon 52 0eS
system l l l
m mass Fot static force m
k stiffness Fgyn dynamic force
c damping X displacement "

X velocity

X acceleration

i i
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Theoretically, three typical frequencies are to be distinguished as
shown below:

w Natural frequency of the undamped system: \/:

(At this frequency, the phase shift between force and displacement
Is 903and the acting force would be balanced only by the damping
force as shown in the next Figure. Without any damping, the
amplitude of the system theoretically becomes infinite.)

w Natural frequency of the damped system: 1 3/p

* Resonance frequency of the damped system:] 1 3/p ¢
( At this frequency, a real system subject to harmonic excitation has
its maximum dynamic compliance.)

For real machine tools, a quantitative distinction is usually not
necessary since, due to a small damping ratio(, 0.1), these three
frequencies are more or less the same.
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Key

Y1 dynamic magnification

Y2 phase angle, expressed in degrees
f  frequency, expressed in Hz

fn natural frequency

D damping ratio (<)

-180

Y2v
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Theoretical! background:
Dynamic: behaviour of machine-tools

A machine tool is a complex dynamic system but its
dynamic behaviour can easily be described mathematically
when a linear system characteristic Is assumed. For
machine tools, this assumption is true in most cases.

It means that the main parameters (masses, stiffnesses,
damping ratios) do not change with time or with the motion
itself. The frequency response function of an overall system
with several natural frequencies, i.e. resonance peaks, can
be derived by means of the superposition of the frequency
response functions of the individual modal single-degree-of-
freedom systems.

Copyright 2017 ITRI
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Theoretical:! background:
Dynamic: behaviourr of machine:tools

The frequency response function of the complex system is
thus effectively the sum of the frequency response functions
of the equivalent single-degree-of freedom systems, each
representing a specific natural frequency of the response.

Goj
6(jo)=Y e
ezt 2

where oy is the natural frequency of the it mode of the system
and ¢; is the damping ratio of the it mode

and Gy is the dynamic compliance of a single-degree-of-freedom system of the it mode, and represents the
complex quotient of displacement and the respective dynamic force.
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Types: of vibration and theirccauses

Vibration source likely to be encountered in machine tools.

U Vibrations occurring as a result of unbalance

U Vibrations occurring through the operation of
linear slides

U Vibrations occurring externally to the machine

U Vibrations initiated by the machining process:
forced vibration and chatter

U Other sources of excitation
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Practlcal testing:o: General! concepts

Practical dynamic testing of machine tools generally includes:

U Testing the machine at rest, fixed on its support. This
should include the determination of the vibration values,
the natural frequencies, the modal shapes of the machine
at these frequencies and, If possible, the chatter
susceptibility.

U Testing the machine unloaded while the different
elements are rotating or moving, in order to investigate
sources of vibration.

U Testing the machine working under load to determine the
cutting performance, chatter susceptibility and the quality
of the finished piece (including dimensional accuracy,
surface quality, etc.)
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Practical! testing:
Structural! analysis:throughartificialia! excitation

Special tests designed to study the machine tool
structure through artificial excitation.

Spectrum analysis and frequency response testing
Machine set-up conditions

Frequency analysis

Modal analysis

Cross-response tests

Mon-st andar domodesbr ati on
Providing standard stability tests

O O
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Conclusion

1. Fundamental concepts in the theory of vibrations and
later on machine tools themselves. The emphasis is
on understanding the types of response that can be
generated in vibrating structures.

2. Discusses the main types of vibration source likely to
be encountered in machine tools, only a brief
discussion is presented.

3. Instrumentation and general requirements for carrying
out practical tests to evaluate machine tool vibrations.

4. Special tests designed to study the machine tool
structure through artificial excitation.
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