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THE TORQUE SENSOR: A VERSATILE USE 



Torque sensors can be found in many areas of 
everyday life and in the manufacturing indust-
ry. The history of torque measurement is much 
older than most people would expect. But it is 
the new and modern technology that makes the 
torque sensor so flexible and versatile in its ap-

plication and allows the most diverse proces-
ses to be controlled by torque measurement. 
Let‘s take a look together at the possibilities and ap-
plication areas of torque measurement and the de-
velopment from the simple torque sensor to today‘s 
sophisticated and technically valuable models.

THE TORQUE SENSOR: VERSATILE IN USE 

THE HISTORY OF TORQUE MEASUREMENT
It is well worth taking a first look at history. The 
foundations for torque measurement were laid 
back in 1678. This year Robert Hooke described 
Hooke‘s law, which described the proportionality 
between material strain and the associated mate-
rial stress. In 1833, however, Wheatone‘s stress 
bridge was discovered, invented by Wheatstone 
and Hunter Christie. This is a bridge circuit which 
was and is able to measure and display the smal-
lest voltage changes. Shortly afterwards, in 1856, 
Lord Kelvin discovered the connection between 
the mechanical strain of a resistance wire and the 
associated change in resistance. These inventions 
and discoveries still form the basis for modern tor-
que measurement today.  However, the first real 
torque sensor was not developed until 1938. This 
was a strain gauge developed by Prof. A. C. Ruge. 
From this point on the development of the torque 
sensor could no longer be stopped and changed 
parts of the mechanical production until today. 

MODERN TORQUE SENSORS AND THEIR DEVELOPMENT

The first torque sensors used in industry had to 
struggle with a very high susceptibility to faults. 
This was mainly due to the analog signal outputs 
used, which were very susceptible to interference 
from adjacent components and drives. Since the 
signals during torque measurement were usually 
very weak and therefore difficult to determine, the 
signal level was increased so that a better and more 
effective interference immunity could be achieved. 

But only the use of digital sensor electronics 
made it possible to achieve this immunity and 
thus raise torque measurement to a new level. 
Various approaches were used to optimally ad-
apt the torque sensor and its measurement re-
sults to the component and the area of appli-
cation and thus achieve higher efficiency with 
simultaneously lower interference tolerance.

STATIC OR ROTATING TORQUE MEASUREMENT

The first torque sensor was therefore a strain 
gauge and therefore purely static. But the most 
important field of application for torque measure-
ment was found primarily in the measurements in 
the rotating shaft train. Therefore a torque sensor 
had to be invented and developed, which allows a 
rotating torque measurement. Shortly after 1945, 
the first rotating sensors were developed based on 
an inductive technology for torque measurement.  
Although the technology was far from mature 
and often error-prone, the technical develop-
ments and the triumphal march of torque sensors 
could no longer be stopped from that point on. 

The use of measuring amplifiers and the resul-
ting compensation of the measuring signals 
made it possible to obtain ever more accurate 
measurement results and thus effectively cont-
rol many areas with the torque sensor. The mi-
niaturization of the technology has ensured that 
nowadays almost every torque sensor is already 
equipped with an integrated measuring ampli-
fier. But let‘s first take a look at the different 
areas of application for torque sensors over time.

TORQUE SENSORS AND THEIR VARIOUS APPLICATIONS

Torque sensors are not only becoming increa-
singly important in industry and industrial pro-
duction, but are also becoming increasingly im-
portant due to the new and modern electrification 
of motors. Thanks to the various electric drives 
in cars and e-bikes, the torque sensor is beco-
ming increasingly important. For this reason, it 
is important to know why torque measurement is 
so important in this area and how it can be most 
effectively integrated and implemented. The con-
dition and performance of an electric motor can 
most effectively be determined by torque mea-
surement. Thus, this form of measurement re-
presents a kind of control variable for the many 
different sensors in such an engine and can th-
erefore have a lasting effect on the performance 
and safety of the entire system. Even though the 

technology is still in its infancy and therefore not 
yet mature for series development, many tests 
have already shown good to very positive results.
It remains to be seen what kind of torque measu-
rement will be used in the future, but Magnetic 
Sense is currently focusing on the segment of 
contactless magnetic inductive torque technolo-
gy, which promises the highest possible accuracy 
and simple control. Thanks to our various labo-
ratory tests and direct field trials at the custo-
mers, we can already see that this technology of 
torque measurement promises the highest pos-
sible efficiency and can be very well integrated 
into the various systems. This is because such a 
torque sensor with contactless magnetic induc-
tive technology offers the user various advanta-
ges. These would include, among other things:

      Contactless and simple measuring principle
 Insensitivity to mechanical overload
 Digital literarized output signal
 High robustness against interference fields 
 No mechanical or magnetic processing of the measuring point necessary 
 No specific requirements on the material of the shaft due to the torque sensor
 Simple integration of torque measurement into a wide variety of systems
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DIFFERENT MEASURING METHODS FOR TORQUE SENSORS
Even though strain gages are still one of the 
most common applications in the field of tor-
que measurement, there are many different 
methods and torque sensors on the market 
that can be used depending on the application. 
Especially with high rotation numbers and the 
correspondingly acting forces, it is often diffi-
cult to transfer the measurements. Let us the-
refore first look at the various processes which 

can be convincing not only under laboratory 
conditions, but also in industrial applications.
Some of the processes are so susceptible to failu-
re or complicated to be installed that their indus-
trial use will remain questionable in the future. 
It is important to always select the process that not 
only promises the highest possible precision, but 
which can also be used safely and cost-effectively.

OPTOELECTRICAL METHOD OF TORQUE MEASUREMENT

In optoelectronic torque measurement, vari-
ous sensors are used that not only measure 
the torque, but also the angle of rotation, the 
speed and the direction of rotation of a shaft.
This form of torque measurement is convin-
cing in many areas of application, but due to 

its size it cannot be installed in all systems. 

A torque sensor of this type is particu-
larly effective at low torques, as there is 
also a very low susceptibility to failure.

STRAIN GAUGE AS TORQUE SENSOR
Strain gauges are among the oldest methods 
of torque measurement and offer very accura-
te and good results in many areas. Due to the 
necessary high accuracy during installation and 
the high maintenance intensity of the systems, 

strain gages are currently only used permanent-
ly in a few areas. Much more often it is shown 
that a modern torque sensor can be realized 
much easier by other alternative technologies.

MAGNETOELASTIC: A REAL ALTERNATIVE
A special physical property of ferromagnetic 
materials is used in magnetoelastic measu-
ring methods. The volume and the macros-
copic magnetization of such a material are di-
rectly related. Thanks to modern technologies 
and further development of the passive process 

into active torque measurement, very accura-
te results can be achieved at low cost pressure.

PIEZOELECTRIC TORQUE MEASUREMENT IN FOCUS
Although the piezoelectric effect was disco-
vered many years ago, its use in measurement 
technology is of much more recent origin. When 
measuring by means of piezoelectronic effects, 
crystals under pressure will generate an elec-
trical charge directly proportional to the force. 

This charge can be converted into a proportio-
nal output voltage by an amplifier. This type of 
torque measurement is extremely effective, but 
is also very susceptible to interference and ge-
nerally has a lower linearity. However, such a 
torque sensor is very small and easy to install.

THE SAW PROCEDURE: EFFECTIVE AND SAFE
The abbreviation SAW stands for surface acoustic 
wave and describes a structure-borne sound 
wave that propagates planar on a surface. The 
sensor generates a sound wave which propaga-
tes over the surface of the measuring medium. 
Changes in the material or the physical proper-

ties also change the signal and thus the result 
at the torque sensor. This process therefore of-
fers maximum comfort, but is also susceptible 
to faults and can therefore only be implemented 
to a limited extent in some areas of application.

CURRENT AND TARGET-ORIENTED MEASUREMENT METHODS IN SE-
RIES APPLICATION
In total, there are four sensible and target-orien-
ted methods according to which torque measure-
ment can be guaranteed in series applications. 
Some of the methods mentioned above, for ex-
ample, are only possible under controlled labora-
tory conditions, while others have been in use for 
years. The four methods of torque measurement 

for series production are torque measurement 
using strain gauges on the measuring shaft, tor-
que measurement using a strain gauge measuring 
flange, the passive magnetostrictive torque sensor 
and the active magnetic inductive torque sensor.
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STRAIN GAUGE ON THE MEASURING SHAFT
For more than 40 years, torque measurement 
using strain gauges has been developed and 
improved. A torque sensor of this kind is par-
ticularly convincing due to its simple integ-
ration, but it also has disadvantages that can 
only be eliminated by appropriate know-how. 
For example, the exact alignment of the strain 
gauge with respect to the direction of rotation and 
alignment of the measuring shaft is necessary in 
order to achieve high accuracy and low error tole-

rance. A further weak point of this system is the 
interface between the measuring shaft and the 
strain gauge, since changes in the adhesive cau-
sed by time also change the measurement results.
In principle, the systems are nevertheless very po-
werful and operate with low tolerances, but are very 
expensive both in installation and maintenance 
and therefore only interesting for a few industries 
and areas of application in series applications.

STRAIN GAUGE MEASURING FLANGE
A measuring flange is mounted between two shaft 
ends and thus lies in the direct force flow of the 
transmission shaft. This can lead to very accura-
te and exact results. However, the effort for the 
integration of such a system is very high, since 
the shaft has to be interrupted and prepared for 
installation. In addition, the parallelism between 
measuring flange and measuring shaft must be 

very high with this method, since deviations can 
already massively and significantly falsify the 
measurement results. In series applications, this 
technology is hardly used for torque measurement 
due to the great effort and high costs involved.

PASSIVE MAGNETOSTRICTIVE TORQUE SENSOR
Torque measurement using magnetostricti-
on exploits a property of ferromagnetic mate-
rials to enable effective torque measurement. 
There is a correlation between the volume and 
the macroscopic magnetization of different 
materials. To enable an effective measure-
ment with different sensors like Flux Gates or 
Hall sensors, the shaft is pre-magnetized. 
This makes the measurement signals larger and 
easier to determine. However, this method also 
has clear disadvantages. It is extremely suscep-

tible to interference and therefore particularly 
complicated and expensive to install. The en-
tire sensor field must be protected against ex-
ternal interference. In addition, the wave must 
always be pre-magnetized, which means ad-
ditional expenditure in terms of time and mo-
ney. Nevertheless, passive magnetostrictive tor-
que measurement is also used in various areas.

ACTIVE MAGNETIC INDUCTIVE TORQUE MEASUREMENT
With this principle of torque measurement, the 
shaft does not have to be pre-magnetized, but 
the magnetic field is actively generated during 
each measurement and coupled into the shaft. 
Even with this type of measurement, the shaft 
must be made of ferromagnetic material, but 
this system offers some advantages. For examp-
le, the magnetic field does not age, so that the 
strength of the magnetic field does not weaken 
and change over time. In addition, active mag-

netization makes the magnetic fluxes much lar-
ger and thus easier to measure, which signifi-
cantly increases the error tolerance due to noise. 
This form of torque measurement can also be im-
plemented in the smallest of spaces and is therefo-
re particularly popular and practicable in customer 
applications. The use of planar coils and high-qua-
lity circuits results in a reliable torque sensor 
which is convincing in many areas of application.

FIELDS OF APPLICATION OF TORQUE MEASUREMENT IN MODERN IN-
DUSTRY
Modern torque sensors have become an in-
dispensable part of life and industry. Without 
a suitable torque sensor, many areas can hard-
ly be controlled and certainly not monitored. 
This becomes particularly clear when you look 
at just one part of the range of applications for 

torque measurement. It is impossible to ima-
gine everyday life without the torque sensor.

The areas of application for torque measurement 
include:

  Electric motors
  Combustion engines
  Test benches
  Gearbox
  Pumps
  Measuring equipment
  Rehabilitation
  Control and regulation in industrial manufacturing
  Adjustment of bearing preload, play and spring preload
  Tightening and loosening torque in screw technology
  Function testing of crank torque, pumps, conveyor belts, seals and bearings
             Wind turbines for power and torque
             Drilling rigs
            Actuators
             Ship waves

As you can see, there are very few areas whe-
re torque measurement using a torque sensor is 
no longer required to achieve the highest possib-
le efficiency. It is only through modern and er-
ror-prone torque measurement that many of the 
current developments on the market have been 

developed and brought to production maturity. 
The torque sensor ensures higher safety and 
a permanent inspection of the system and 
thus higher efficiency in the many application 
areas. So it is no wonder that the torque sen-
sor has been able to prevail in so many areas.
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EFFECTIVE SENSORS FOR ECONOMIC SAFETY IN PRODUCTION

Many of the processes presented are not yet sui-
table for direct use in production or series pro-
duction. Although such a torque sensor often 
provides very accurate results, it cannot be in-
stalled in an economically viable manner due to 
the process used. The measurement of torque by 
means of strain gauges is therefore still extremely 
widespread, even if the circumstances often lead 
to particularly expensive and error-prone systems. 
Currently, the use of conventional strain gages is 
widespread. In series applications, on the other 
hand, the use of torque sensors on a magnetic 

basis is increasingly propagated, as these are 
both much more robust and easier to integra-
te into the various customer applications. It re-
mains to be seen whether the SAW process will 
sooner or later outstrip this technology and can 
be effectively integrated into series production. 
Currently, the torque sensor is always selected ac-
cording to the process used and is often difficult 
to adapt to the customer‘s areas of application.

TORQUE SENSORS AS EARLY PROBLEMS DETECTORS

Modern torque sensors are now used in the most 
diverse areas of production. Particularly in the 
field of predictive maintenance, precise sensors 
for torque measurement play an important role. 
Such a torque sensor is so fine and detailed in its 
measurement results that, for example, the wear 
of a bearing can be recorded by the torque sen-
sor. This is because changing the bearing also 
changes the friction and thus the direct efficien-
cy of a system. If this process can be measured 
by the torque sensor, maintenance and necessary 
replacement can be detected much earlier, so 
that it does not have to lead to greater damage 
or lower production. The torque sensor thus de-
tects problems so early that the component can 
be replaced at a normal maintenance interval.

The data is recorded and processed by the tor-
que sensor. The result of the torque measurement 
is then used to calculate the failure probability 
of the components used and thus to determine 
the optimum point in time at which a replace-
ment of the component appears economical-
ly expedient. Thanks to the magnetic inductive 
technology of modern torque sensors, these can 
be integrated into the various production pro-
cesses without a great deal of effort and without 
excessive costs. Thus it is possible to use such 
a form of predictive maintenance in many new 
areas and thus to improve the economic efficien-
cy of the machines and the means of production.
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