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T
he development of a huge variety
of products is reliant on accurate
torque measurement. These range
from sub-sea turbines for tidal

energy systems and novel motors for
use in electric vehicles, to animal hair
clippers and thermostatic radiator
valves. To satisfy this need, many
methods of torque measurement have
been developed, the vast majority of
which actually measure the strain pro-
duced by the torque in a mechanical
element such as a drive shaft, and use
this measurement to calculate the
torque the element is experiencing.

Traditional approaches to strain
measurement have included optical
methods, such as Moiré and laser tech-
niques, and a variety of electrical
methods, including capacitive, induc-
tive, piezoelectric and resistive tech-
niques. However, many of these
methods are expensive or inconve-
nient for use outside of a laboratory.
Sensing using resistive strain gauges is
an exception and, for this reason, it is
widely used.

Not ideal
Despite their benefits, resistive strain
gauges are, however, not an ideal solu-
tion for two main reasons. The first is
that the changes in resistance that
reflect the strain applied to the gauge
are very small, which makes accurate
measurement difficult and leaves the
measuring system vulnerable to errors
produced by noise.

The other problem is that it is diffi-
cult to make electrical connections to a
strain gauge fitted to a moving element
of the product under test. This limita-
tion can be overcome by, for example,
the use of slip rings or some form of
transformer-based inductive coupling,
but these methods are both costly and
inconvenient. This is a serious limita-
tion as, in many applications, the prin-

cipal requirement is to measure the
torque in a shaft while it is rotating,
often at high speed.

The shortcomings of conventional
methods of torque measurement
have led to the development of an
entirely new technology based on
surface acoustic wave (SAW) trans-
ducers. These essentially comprise
two thin metal electrodes, in the
form of interlocking fingers, on a
piezoelectric substrate such as
quartz. When a radio frequency
signal of the correct frequency is
applied to such a transducer, surface
acoustic waves are set-up and it
behaves as a resonant circuit.

However, the key feature is that
when the substrate is deformed, the
resonant frequency changes. If the
transducer is attached to a drive shaft,
the deformation of the substrate and
hence the change in resonant fre-
quency will be related to the torque
applied to the shaft. In other words,
the transducer, in effect, becomes a fre-
quency dependent strain gauge.

Since SAW transducers operate at
radio frequencies, it is easy to couple
signals to them wirelessly. This
means torque sensors that incorpo-
rate the SAW transducer technology
are well suited for use on rotating
shafts and other moving elements,
and can provide data continuously
without the need for the inherently
unreliable brushes and slip rings that
are often found in traditional torque
measurement systems.

SAW transducer technology,
which is covered by patents, has
allowed the development of a new
type of torque transducer that offers
many benefits. These include short

shaft length, which means high shaft
stiffness; low inertia and high operat-
ing speed capability, as the electron-
ics are not fixed to the shaft; high
accuracy and resolution; excellent
noise immunity and a generous over-
load withstand capability.

Real time results
The new sensors are capable of
delivering results in real time, and
are currently available in standard
versions that, between them, are
capable of accurately measuring
torque from 1Nm to 13,000Nm.
Versions with even higher torque
capabilities can be produced to meet
special requirements.

While SAW torque transducers are
a relatively recent development, they
have been in use long enough, and in
a sufficiently diverse range of appli-
cations, for their convenience and
reliability to be well proven, even in
challenging operating conditions.
Users have, in particular, reported
that the accuracy of the results deliv-
ered by the sensors is an important
benefit, as is the availability of those
results in real time, which means
that the effects of modifications
made to the equipment under test
can be seen instantly.

At the present time, there is an
upsurge in interest in new product
development, driven by the quest for
greater energy efficiency, and for
companies to enhance their competi-
tive position by innovating in their
market. In many cases, that develop-
ment work involves torque measure-
ment and, as we have seen, this is
now easier and more convenient than
ever before, thanks to the introduc-
tion of non-contact torque transduc-
ers based on SAW technology.

A new way to measure torque
Measuring torque accurately can often be challenging, particularly in rotating shafts. However, as Mark
Ingham of Sensor Technology explains, there is now a new technology that is providing a better solution
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Left and right: the
robust design of
TorqueSense units
means they are 
able to withstand
the rigours of an 
industrial 
environment

Sensor Technology
www.sensors.co.uk
T: 01869 238 400 Enter 214

Above: machines
and systems
become 
progressively more
sophisticated as
they strive for
improved 
performance. Thus
the need for reliable
and accurate torque
measurement is
growing 
almost daily
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