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Using Rotational Vibrometers
to Make NVH Measurements on Combustion Engines

An engine’s combustion process induces rotational inhomogeneity and torsional

vibrations in the drive shaft resulting in unwanted vibrations and noise emission.

By examining the rotational movements of the different components, the drive

train for the motor vehicle can be optimized to reduce the unwanted vibrations.

Rotational vibrometers using non-contact measurement procedures allow for a

quick and simple examination of the torsional vibrations during operation.

Components in the
Combustion Engine

A combustion engine contains a large number
of rotating parts, starting with the crankshaft,
the camshaft, the drive shafts and differential
shafts to the auxiliaries such as the starter, elec-
tric generator and turbo charger. In the follo-
wing examples, measurements on the crank-
shaft pulley are shown.

Comparison of
Measurement Procedures

The traditional method for measuring rotational
vibrations uses the angular displacement enco-
der mounted to a pulley using an adapter.
Apart from the mechanical effort involved, this
technique loads the pulley causing a change in
its mass and the moment of inertia. At best,
these changes diminish the accuracy of the
measurement; at worst, they can lead to com-
pletely false results.

Advancing Measurements by Light

Polytec’s Rotational Vibrometer makes a simple,
non-contact measurement that preserves the ori-
ginal mass and moment of inertia. As a general
rule, the surfaces to be measured do not need to
be prepared, only on material which is highly
light absorbent (black) it is necessary to increase
the light scatter by applying reflective sticky tape
(negligible mass).

Measurements with the
Rotational Vibrometer

Rotational vibrometers measure angular vibra-
tions on surfaces rotating up to 20,000 RPM.
They sense the rotation using the Doppler shifted
laser light. The basic principles of rotational
vibrometry are explained on
www.polytec.com/usa/vib-university.

The example in Figure 1 shows simultaneous
measurement of two movements of the pulley:
the rotational vibrations are acquired using the
Rotational Vibrometer and the axial movements
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of the shaft are acquired with a Polytec Single-
Point Vibrometer. The measurement data is
used to perform an order analysis. The orders
are multiples of the rotational speed. If the
engine is turning at 3000 RPM (50 Hz) then the
first order is at 50 Hz, the second order at 100
Hz and so on.
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If the signal power of the rotational vibration is llcgpel it

plotted against the rotational speed and fre-
quency (spectrogram shown in Figure 2), then
you can see that the maxima occur primarily at
a resonant frequency of 490 Hz.
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the 6th, 8th and 10th order are excited.

info@polytec.fr

Signal Quality

The Rotational Vibrometer offers you the
option of conditioning the input signal using a
tracking filter to improve the high-frequency
carrier signal. It is particularly suitable for
bridging short dropouts which can occur
during rotational measurements due to the
speckle effects of the reflected light. The SLOW
filter setting can be generally used. When trak-
king highly dynamic signals, the FAST setting
provides rates up to 100,000 °/s. The most Figure 2: Spectrogram graph of the
favorable setting is often found by trial and measurements on the crankshaft
error and varies from case to case.
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In Figure 4 the right picture shows how a
smoother signal progression is attained using
the filter setting FAST in which the discontinui-
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The Rotational Vibrometer prevents stoppage

time which occurs when using contact proces-
ses. In the car industry it supports the develop-
ment of torsional vibration dampers and helps
solve all kinds of rotational vibration problems.

For more information about the Rotational
Vibrometer and about automotive applica-
tions please contact your local Polytec sales
engineer or visit our web pages
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