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INTRODUCTION

SENSONICS
PRODUCTS & COMPETENCES
Turbine Supervisory Systems

For nearly 30 years Sensonics has been supplying
Turbine Condition Monitoring solutions to the
power generation industry worldwide. Involved in
measurement definition through to supply and
final system commissioning, our experience within
the power sector is second to none.

Standalone Monitoring Solutions
Accelerometer, Displacement &
Seismic Transducers
Nuclear Infrastructure Protection

We have produced this guide to capture the
essence of that experience and to explain the
basics of vibration and expansion measurement
techniques relating to turbine and auxiliary plant
equipment.

Structural Monitoring Solutions
Turn-Key Design, Manufacture and
Project Support
ATEX & IEC61508 Capability

The guide starts with an introduction to the basic
transducers available for plant mounting with
associated options, and details the various
measurement techniques used as standard
throughout the power industry. This is followed by
typical equipment protection configurations for
safe plant shutdown. In the final part of this guide
the system components are introduced and
special measurement regimes discussed.

Installation & Commissioning

The guide aims to provide a balance of basic
theory and practical advice but obviously cannot
cover all measurement scenarios. For a detailed
discussion on any measurement issues you may
have, please feel free to contact Sensonics.
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OVERVIEW
Turbine supervision is an essential part of the day-to-day
running of any power plant. There are many potential
faults such as cracked rotors and damaged shafts, which
result from vibration and expansion.When this expansion
and vibration is apparent in its early stages the problem
can usually be resolved without any of the disruption
caused when a turbine has to be shut down. By
appropriate trending of the various measurement points
and the identification of excessive vibration or
movement, scheduled equipment stoppages or outages
can often be utilised to investigate and resolve the failure
mechanism.
It is for this predictive maintenance market that Sensonics
produces a wide range of sensors and systems specifically
for the power generation industry. With flexible and
configurable equipment, we can tailor our supervisory
equipment to your needs. In this brochure we aim to
give a brief explanation of why turbine supervision is so
essential and how Sensonics can provide the right
solution to protect your turbine.
The diagram on page 5 illustrates a generic configuration
of a set of Turbine Supervisory equipment. The steam
turbine shown is fairly standard with an HP (high
pressure) stage followed by a single LP (low pressure)
rotor section; different turbine configurations depending
on power rating, may have an intermediate (IP) section in
addition to a number of LP’s which finally drive the
turbine generator.This type of configuration is illustrated
in the adjacent picture. Although the equipment
configuration does vary, the measurement techniques
remain the same, with each turbine installation generating
its own unique set of measurements. Typical
measurement techniques include:-

Absolute vibration of bearing pedestals
Shaft vibration relative to bearing
Shaft eccentricity
Differential expansion or shaft movement
Valve position on steam inlet
Casing expansion, both inner and outer
Speed, including overspeed and zero speed
Temperature
Structural & foundation vibration monitoring

Each of the measurement techniques are used to monitor
the turbine during its operating cycle, some
measurements may be configured to provide warning
alarms as well as automated shutdown, although these
systems tend to operate on a voted principle to ensure
maximum system integrity.
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ATYPICALTURBINE SUPERVISORY EQUIPMENT APPLICATION

TRANSDUCERS & SENSORS
The Accelerometer
The accelerometer is based on the electrical properties
of piezoelectric crystal. In operation, the crystal is
stressed by the inertia of a mass. The variable force
exerted by the mass on the crystal produces an electrical
output proportional to acceleration. Two common
methods of constructing the device to generate a residual
force are compression mode and shear mode
respectively. A residual force is of course required to
enable the crystal to generate the appropriate response,
moving in either direction on a single axis. A shear mode
construction is illustrated below.

An accelerometer operates below its first natural
frequency. The rapid rise in sensitivity approaching
resonance is characteristic of an accelerometer, which is
an un-damped single-degree-of-freedom spring mass
system. Generally speaking, the sensitivity of an
accelerometer and the ratio between its electrical output
and the input acceleration is acceptably constant to
approximately 1/5 to 1/3 of its natural frequency. For this
reason, natural frequencies above 30KHz tend to be used.
The frequency response curve can be influenced by a
number of factors, mainly the mass, the stiffness and the
degree of system damping. The resonant peak of the
accelerometer can be eliminated by increasing the
damping. However, increasing the damping introduces a
phase shift in the linear range whereas un-damped
accelerometers have very little phase shift until near the
natural frequency. It is therefore usual to have un-damped
accelerometers with very high natural frequencies so that
the linear range is extended as far as possible. Typical
damping ratios are 0.01 to 0.05.

Shear mode construction

Shear mode devices which apply a shear force to the
inner and outer surfaces of a ring of crystal (as opposed
to a perpendicular force to a disk of crystal), offer a
distinct advantage over standard compression techniques.
When mounting the device to the plant, normally through
a stud & screw arrangement, the mechanical stresses
within the transducer assembly change. Compression
mode devices are particularly affected by these stresses,
which produce low frequency effects, compounded if
further integration is carried out. Sensonics shear mode
range of transducers are unaffected by base strain and
offer a true low frequency performance down to 0.4Hz.

This resonant frequency in combination with the
appropriate damping can be utilised to monitor bearing
impact. Several manufacturers, including Sensonics have
developed transducers that utilise the ‘ringing’ of the
transducer to mechanical impulses to measure the health
of roller bearings. This technique analyses the high
frequency response of the transducer (at resonance) to
determine an ‘impact factor’ normally in dB, which is
directly proportional to the quantity and force of metal
on metal impacts. This factor is normalised to an overall
health measurement by consideration of bearing
dimensions and rotational speed.

Although the piezoelectric accelerometer is a selfgenerating device, its output is at a very high impedance
and is therefore unsuited for direct use with most display,
analysis, or monitoring equipment.Thus, electronics must
be utilised to convert the high impedance crystal output
to a low impedance capable of driving such devices. The
impedance conversion electronics may be located within
the accelerometer, outside of but near the accelerometer,
or in the monitoring or analysis device itself.
Accelerometers with internal electronics are convenient
and can use inexpensive conventional plugs and cable but
they are limited to temperatures of typically 120ºC.
Locating the electronics in a cool location away from the
accelerometer allows the transducer to tolerate higher
temperatures.

Typical accelerometer frequency response
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For practical purposes, a typical velocity pick-up is limited
to frequencies between approximately 10 and 1500 Hz.
This has an advantage in certain applications where high
frequency vibration (generated from steam noise for
example) can saturate standard accelerometers with a
built-in integration function.

Accelerometers are available in various output
configurations. The industry standard drive utilises a 2wire current source interface operating at a nominal bias
voltage of +12Vdc typ., with an output sensitivity of
100mV/g. This configuration limits the dynamic range to
around ± 70g, which is suitable for most applications.
Larger dynamic ranges can be achieved through lowering
the sensitivity at the expense of signal to noise ratio,
10mV/g as an example, or utilising current output devices,
which can provide ± 1000g depending on sensitivity
requirements (10pC/g is typical).

It is possible to obtain moving coil type transducers
which operate in any axis.The high specification units
tend to be only available for operation in either the
vertical or horizontal plane due to the arrangement of
the sprung mechanism and orientation during factory
calibration.

Standard accelerometers are also available with velocity
outputs in either metric or imperial format, although for
these configurations the required measurement range
must be understood if the correct sensitivity is to be
selected (0-20mm/s, 0-50mm/s etc.). Since the integration
function to convert the acceleration to velocity is carried
out within the accelerometer, the low frequency
performance is typically limited to around a few hertz.
The limited complexity of the conditioning circuitry that
can be included within the accelerometer combined with
the integrated noise tend to be the limiting factors.

The ATEX Directive
The ATEX directive 94/9/EC defines the specification
requirements of equipment intended for use in potentially
explosive atmospheres. Equipments supplied to meet the
directive are approved by an authorized external body,
the manufacturer must also maintain a quality system to
meet with the standard. Sensonics produce a wide range
of ATEX approved accelerometers and eddy current
proximity probes for various intrinsically safe applications.

For direct integration with SCADA and PLC based
systems, most manufacturers offer direct 4-20mA outputs
covering a factory set range of either acceleration or
velocity vibration. This can be an extremely cost effective
solution (provided the required measurement range is
again well understood) since no signal conditioning unit is
required to drive the transducer or process the resulting
measurement. The resulting current loop output is
typically either a peak or an RMS representation of the
vibration signal and therefore signal frequency analysis is
not possible.

The accelerometer is of particular concern when
operating within a potentially explosive atmosphere
because of the self-generating nature of piezoelectric
devices and the high potential voltages that can be
generated under shock conditions. For this reason the
ATEX directive specifies complete encapsulation of the
inner transducer body and limited capacitive capability
within the electrical interface to minimize this effect. The
inner crystal construction is voltage limited through the
addition of diodes, as is the electrical interface. The
construction of the device and the internal features will
be specific to the approved temperature range and zone
of operation.

Velocity Transducer
The velocity transducer is inherently different to the
accelerometer with a conditioned velocity output. This
device operates on the spring-mass-damper principle, is
usually of low natural frequency and actually operates
above its natural frequency. The transducing element is
either a moving coil with a stationary magnet, or a
stationary coil with a moving magnet. A voltage is
produced in a conductor when the conductor cuts a
magnetic field and the voltage is proportional to the rate
at which the magnetic lines are cut. Thus, a voltage is
developed across the coil, which is proportional to
velocity.
This type of transducer can provide sensitivities of up to
20mV/mm/s and is convenient because it generates a
signal without an external power supply and the signal
usually does not require further amplification.
The sensitivity vs. frequency response curve of a velocity
pickup is limited at low frequencies by the optimum
damping of the first natural frequency; at high frequencies
its response is limited by the amount of motion necessary
to overcome the inertia of the system, as well as by the
presence of higher order natural frequencies.

The ATEX approved PZS4
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THE EDDY CURRENT PROXIMITY PROBE
The principle of operation, as the name implies, depends
upon the eddy currents set up in the surface of the target
material - shaft, collar, etc. adjacent to the probe tip.

In rotating plant, the variations in shaft/bearing distance
created by vibration, eccentricity, ovality etc. can thus be
measured by probes mounted radially to the shaft. When
the target is stationary the measured voltage can be used
to set the probe/target static distance. Shaft speed can
also be measured by placing the probe viewing a
machined slot or a toothed wheel.

The Eddy probe tip is made of a dielectric material and
the probe coil is encapsulated within the tip. The coil is
supplied with a constant RF current from a separate Eddy
Probe Driver connected via a cable, which sets up an
electromagnetic field between the tip and the observed
surface.
Any electrically conductive material within this
electromagnetic field, i.e. the target material, will have
eddy currents induced in its surface. The energy
absorbed from the electromagnetic field to produce these
eddy currents will vary the strength of the field and
hence the energising current, in proportion to the probetarget distance. Such changes are sensed in the driver
where they are converted to a varying voltage signal.
The whole probe, extension cable and driver system
relies for its operation on being a tuned circuit and as
such is dependent on the system’s natural frequency.
Thus each system is set up for a fixed electrical/cable
length. Eddy probe systems are usually supplied with 2, 5,
9 or 14 metre total cable lengths.
The probe types available are generally according to the
API670 standard (see later discussion). Three main
variants, straight mount, reverse mount and disc type
probes make up the Sensonics range. The main difference
between the straight and reverse mount is the location of
the thread on the probe body and the fixing nut. Reverse
mount tend to be used exclusively with probe holders,
while straight mount are the more common and are used
on simple bracketry or mounting threads where
adjustment to the target is achieved through use of the
thread on the probe body in conjunction with a moveable
lock nut. The maximum measurement range available on
this type of probe is typically 8mm.
The disc probe mounts the encapsulated coil on a metal
plate with fixed mounting holes, making a very low profile
assembly with a side exit cable. Larger coils can be
mounted on this plate; for example, the 50mm diameter
tip probe can provide a measurement range of beyond
25mm. However, care must be taken to ensure the target
area is sufficient to obtain the required linear response.
Note the relationship opposite – between linear range,
probe tip and target area.

System overview

Eddy current probe empirical relationships

T

ypical straight probe with driver
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THE LVDT
The LVDT is an electromechanical device that produces
an electrical signal whose amplitude is proportional to
the displacement of the transducer core.

The LVDT can be operated where there is no contact
between the core and extension rod assembly with the
main body of the LVDT housing the transformer coils.
This makes it ideal for measurements where friction
loading cannot be tolerated but the addition of a low
mass core can. Examples of this are fluid level detection
with the core mounted on a float and creep tests on
elastic materials. This frictionless movement also benefits
the mechanical life of the transducer, making the LVDT
particularly valuable in applications such as fatigue life
testing of materials or structures.This is a distinct
advantage over potentiometers which are prone to wear
and vibration.

The LVDT consists of a primary coil and two secondary
coils symmetrically spaced on a cylindrical former.

The principle of operation of the LVDT, based on mutual
inductance between primary and secondary coils,
provides the characteristic of infinite resolution. The
limitations lie within the signal processing circuitry in
combination with the background noise.
The principles of operation of the LVDT enables the
transducer to be configured in a variety of housings
depending on the degree of mechanical protection
required. The use of rod end bearings, linear rolling
element bearings and flexible conduit, helps the LVDT to
survive even the most severe environments.

Schematic of an LVDT

A magnetic core inside the coil assembly provides a path
for the magnetic flux linking the coils. The electrical
circuit is configured as above with the secondary coils in
series opposition.

The LVDT principle can also be applied to the
measurement of angular position; an RVDT (Rotary
Variable Differential Transformer) converts the rotation of
a shaft into a proportional electrical output signal.
Although the transducer is capable of continuous
rotation, a plot of angular rotation against magnitude and
phase of the output signal over 360º would result in a
complete sinusoidal wavelength response and therefore
two null positions. To avoid ambiguity, just one of the null
positions is chosen during calibration, providing a typical
measurement range of ± 60º.

When an alternating voltage is introduced into the
primary coil and the core is centrally located, then an
alternating voltage is mutually induced in both secondary
coils. The resultant output is zero, as the voltages are
equal in amplitude and in 180º opposition to each other.
When the core is moved away from the null position the
voltage in the coil, toward which the core is moved,
increases due to the greater flux linkage and the voltage
in the other primary coil decreases due to the lesser flux
linkage. The net result is that a differential voltage is
produced across the secondary tappings, which varies
linearly with change in core position. An equal effect is
produced when the core is moved from a null in the
other direction but the voltage is 180º different in phase.

Some key characteristics of the Sensonics LVDT range
are as follows.
Range
Core type
Signal connection

Mechanical conn
Operating temp
Specials

Core displacement characteristics

:2.5mm to 600mm
:Sprung, guided or free
:End or side exit connector
or cable with option of
conduit.
:Rolling, ball or rod end
: -40ºC to +220ºC
:Submersible (.100m depth)
:Short body to stroke ratio

A range of Sensonics LVDT devices

9

CHOOSING THE RIGHT TRANSDUCER
Each type of transducer has an area of measurement in
which it is particularly useful. In the figure below, the
relationship is clearly shown. Note that the velocity
curve is constant. Acceleration (the first derivative of
velocity) increases with frequency, while displacement
(the first integral of velocity) decreases.

Eddy Probe are used for low frequency measurements
(typically dc to 1kHz), and the velocity pick-ups cover the
mid-frequency band (10Hz to 2kHz). Accelerometers
generally have the widest frequency range and certainly
the highest (1Hz to 10kHz typically).
In practice, combinations of transducers are employed to
supply different types of information simultaneously. For
example, an Eddy Probe would be required to measure
shaft vibration relative to a bearing housing, while an
accelerometer (or velocity pick up) would measure the
vibration of the housing itself and the bearing.

At 2000Hz (or 120000rpm) this example shows that
measuring displacement would be impractical: the signal
would be too low. A velocity pick up would be adequate,
since the 0.3in/sec velocity produces a substantial voltage.
However, the highest voltage level would be produced by
an accelerometer.

TRANSDUCER

ADVANTAGES

DISADVANTAGES

Eddy Current probes

Static and dynamic displacement measurements
Immune to non-conductive materials such as
plastic, wood oil and water
Large linear ranges
Non-contacting

Requires power supply
Calibrated cable length between
probe and driver unit

Velocity Transducer

Self-Generating
Doesn't require an amplifier
Can provide displacement data via integrator
Good general purpose vibration transducer

Frequency response limits its lower
frequency to 5-10Hz
Moving parts make it prone to wear
Phase response varies with frequency

Accelerometer

Wide frequency range
High operating temperature (external electronics)
No moving parts
Can provide acceleration, velocity or
displacement data

Requires charge amplifier
Displacement information normally
restricted to greater than 10Hz due
to problems of double integration

LVDT

Infinite resolution
Robust
High temperature rating
Adjustable zero and gain controls

Contacting
Limited frequency response
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