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Basics of Rotational 
Vibration Sensing

Polytec laser vibrometers are proven instruments for non-contact

measurement of surface vibrations. The 4000 Series Rotational Vibro-

meter is a variation on a standard vibrometer that allows engineers 

to measure rotational vibration directly. The instrument uses two non-

contact laser probes for dynamic acquisition of the angular vibration 

of rotating parts. Each laser probe is a separate laser interferometer. 

A special differential technique uses both measurement beams and

allows only the rotational component to be acquired, independent of 

the shape of the measurement object. At the same time translational

vibrations are virtually eliminated. The 4000 Series has a frequency

range of 0.5 Hz to 10 kHz, providing enough bandwidth for even the

most demanding measurement tasks. 
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Applications

Many familiar mechanical systems such as engines,
power trains and gearboxes are significant sources
of rotational vibrations. These systems generate
rotational motion and mechanically transmit the
torque, movement, speed and acceleration from
one place to the other. Besides creating  torsional
and bending vibrations in the generation of the
rotation motion there are many vibrations created
in its transmission to the point of usage.
Additional vibrations are generated by mismatched
gearing, unbalanced shafts, and poorly aligned
articulate joints. All of these unwanted vibrations
result in undesirable noise and premature fatigue
of the mechanical systems. 

Measurement Challenges

To minimize the rotational vibrations and their
harmful effects in the engineering design,
measurements are made to discover how torque
and kinematics are carried across the drive system,
and to describe the nature of the deviations in
terms of elasticity, inertia, torque and contact.
Traditional measurement of torsional and rota-
tional motion is not easy because the system
components are continually moving relative to
the sensor platform and large portions of the
system reside in inaccessible places.

There are both invasive and non-invasive sensing
techniques. Invasive methods use devices mounted
to the rotating part that transmit a signal to an
opposing receiver or sensor, for instance RF
telemetry combined with shaft mounted strain
gauges or accelerometers. While these techniques
give direct physical measurements, they are skill
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and maintenance sensitive. Conventional contact
transducers are also subject to wear and slippage.
In comparison, non-contact technologies, like
laser interferometers, are easy to mount even in
crowded places and are ideal for monitoring
purposes. The vibrometer’s large standoff distance
makes repositioning the laser probe fast and
convenient and enables the precision measure-
ment of operating machinery at several locations
without interruption. A specific advantage of the
Polytec design is its ability to measure anywhere
within the range of -7,000 RPM to +11,000 RPM
including directional changes, torsional transients
and rotational vibrations around the rest position.

The Rotational Vibrometer System

The 4000 Series Rotational Vibrometer includes
the OFV-400 Optical Sensor Head and the 
OFV-4000 Controller. Polytec’s long-standing
experience in the development of laser vibro-
meters has been applied to the design of the
OFV-400 Measuring Head, with a compact dual
interferometer whose high optical sensitivity
enables precision measurements on untreated
surfaces. Signals from the OFV-400 are processed
by the OFV-4000 Controller/Power Supply. 
The controller bandwidth is large enough to
handle fast transients such as sudden accelerations
of a shaft during gear changes. All instrument
settings are shown on the OFV-4000’s backlit 
display including signal strength from both 
laser beams and RPM. 

Principle of Operation

The 4000 Series Rotational Vibrometer uses two
parallel laser beams which exit the OFV-400’s
front lens and strike the rotating surface. Each
back-scattered laser beam is DOPPLER shifted in
frequency by the surface velocity vector in the
beam direction. This velocity is made up of
rotational and lateral components. Raw velocity
information from each beam is independently
sent to the OFV-4000 for processing. The dif-
ference between the two velocity components 
is a direct measure of the pure rotational velocity
of the object and eliminates lateral vibrations.
Polytec’s dual interferometer design has signif-
icantly greater optical sensitivity than competing
designs using only one interferometer operating
in an optically differential mode. This optical
sensitivity advantage allows measurements on
poorly reflecting surfaces, thereby increasing 
the range of applications and ease of use. For
measuring positive and negative rotations as 
well as vibrations around zero RPM, a BRAGG

cell is incorporated into the dual interferometer.



The Bragg cell produces a constant angular velocity
offset by frequency shifting the laser beams.  

Optical Setup

The OFV-400 Sensor Head contains two indepen-
dent laser interferometers cleverly designed into
a compact, lightweight package, utilizing several
shared components. Each of these two interfero-
meters emits a measurement beam through the
OFV-400 front lens. The two beams are parallel
and come to a focus at a specified distance from
the sensor head, where they strike the rotating
object with a separation, d. One beam strikes the
rotating object above the axis of rotation while
the other strikes it at an approximately equal 
distance below. 

Each point on the circumference of the rotating
part, with angular velocity �, has a tangential
velocity �t which is dependent on the rotational
radius R. This tangential velocity can be broken
down into two orthogonal translational velocity
components. In the figure, the vectors are shown
for one such break down of velocity for two points
A and B, where one of the velocity components
is arranged to point along the direction of the
measurement beam (�A and �B). 

As shown in the following, it is possible to
determine the angular velocity � by measuring
two parallel, translational velocity components.
By projecting the tangential velocity vectors
along the measurement beam, the following
formulas were determined:

�A = �tA cos � = � RA cos �

�B = �tB cos� = � RB cos �

As described above, the velocity components
along the direction of the measurement beam
produce the Doppler frequencies fDA and fDB in 
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the back scattered beams. According to the
drawing in the figure, the lower beam measures
a Doppler shift from the surface moving towards
the sensor head. The upper beam measures a
Doppler shift with opposite sign from the surface
moving away from the sensor head.

Here the following formulas apply: 

fDA = 2 �A / � = 2 (� RA cos �) / �

fDB = 2 �B / � = 2 (� RB cos �) / �

The geometrical relationship between the beam
separation distance d and the angles � and � at
given radii RA and RB, is given by:

d = RA cos � + RB cos �

and thus the following formula is is obtained for
the frequency difference between the two Doppler-
shifted beams that depends on the system con-
stants d, � and the angular velocity �:

fD = fDA + fDB = 2 d� / �

Hence, the angular velocity is

� = fD � /2d

Signal Processing

Signals from the OFV-400 are processed by the
OFV-4000 Controller to obtain the complete
angular velocity information from the frequency
of the analog output signals of both interfero-
meters and to separate the static component
(DC fraction) from the dynamic component 
(AC fraction) of the rotational speed. 

After separate signal conditioning, the output
signals of both interferometers are merged in a
mixer stage, followed by a preprocessing block.
Here static and dynamic frequency components
are separated and supplied to separate decoders,
which operate as frequency-to-voltage converters.
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Principles of Vibrometry
(Issue 1/2003) E1 – E4

Principles of Velocimetry
(Issue 1/2004) E5 – E8

Basics of Digital Vibrometry
(Issue 2/2004) E9 – E12

3-D Dynamic Analysis of Microstructures
(Issue 1/2005) E13 – E16

Rotational Vibration Sensing
(Issue 2/2005) E17 – E20

Each LM INFO Special contains a pull-out
tutorial section written to educate those
interested in the basic technology and 
application of non contact laser Doppler
vibrometry and other light-based
measurement techniques.

Please download previous issues at
www.polytec.de/usa/Lm-download

P O LY T E C  T U T O R I A L  S E R I E S

E 20

Interferometer I

Interferometer II

RF Preprocessing

D.C. Decod. A.C. Decod.

RPM

2d�F
Doppler 

= –––––
�

� = wavelength

�dt

�� ��

d

�

Mixer

After decoding, the static RPM and the dynamic
signal (��) are fed to separate outputs:

DC stationary rotation �DC: 
A constant component of the tangential
velocity which is proportional to the speed 
or RPM. The combination of both beams
yields the correctly scaled RPM information,
independent of radius.

AC rotational vibration ��: 
The fluctuating component of the shaft
rotation, which indicates the angular or
rotational vibration. 

The vibrational velocity signal (��) is also
sent to an integrator block to provide the
angular displacement ��. 

The gross, lateral movement of the shaft towards
or away from the sensor head is not measured
because it is common to the two laser beams,
that cancel in the differencing process. 

Data Processing

Angular vibrational velocity, angular vibrational
displacement and RPM are provided as analog
outputs via three BNC jacks. These outputs can
be examined further with signal processing
software, such as an order tracking analyzer. 

VSI Rotate is such a software package, provided
by our partner company Vold Solutions, for ana-
lyzing noise and vibration from time waveform
and tachometer signals. It is able to post-process
vibration data and provides high-resolution
spectral and order-based analysis that enable 
a detailed diagnosis of machinery problems. 
VSI Rotate features spectrograms, color contour
plots, phase plots, order tracking, 2-D and 3-D
plotting, and bode diagrams. 

Thus, measurements with a Polytec Rotational
Vibrometer, enhanced by data processing soft-
ware like VSI Rotate, can help identify individual
vibration frequencies solving problems in noisy
signals with closely spaced and crossing orders,
and creating impressive plots and tables to use 
in reports and presentations.

For more information about VSI Rotate from Vold
Solutions please visit www.vold.com. For more
information about Polytec Rotational Vibrometers,
please visit www.polytec.com/usa/rotvib.




