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THE FORCE SENSOR:
A POWERFUL EFFECT WITH MANY 
MEASUREMENT METHODS
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The force sensor is used in many different areas and normally measures the force 
through the elastic deformation of the test object. Over time, different variants and 
forms of force measurement have been established, which have different advantages and 
disadvantages and vary in accuracy. Ideally, each force sensor is adapted to the respective 
field of application in order to provide optimum and reproducible measurement values. 
 

A load cell is a force sensor that 
measures a force acting on the sensor or 
test object. As a rule of thumb, elastic 
deformations, pressure and tensile forces 
are measured. In addition, there are other 
variants with which the force can be 
identified and measured by sensors. The 

right type of force transducer for each 
application depends to a large extent on 
the desired and required measuring range 
and the expected accuracy.  The more 
precise the measured values and the 
smaller the measuring range, the more 
susceptible the force sensors become to 

What is a force sensor?

POWER SENSOR: A POWERFUL EFFECT 
WITH MANY MEASUREMENT METHODS
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Before dealing with the different force 
sensors and their areas of application, we 
must define the concept of force more 
precisely. Force is the original cause of a 
change in the motion or shape of a body 
in a system. Force is therefore a physical 
quantity and can be represented in a 
direct value reference. Force results from 
the mass and acceleration of a body. In 
this way, the physical quantity of the force 
can be determined very precisely using 
different measuring methods. The degree 
of measurement accuracy depends to a 
large extent on the requirements of the 
respective machine or production area.  
However, there is a large number of force 
sensors on the market that are capable 
of detecting even the smallest changes in 

force. This is because force is a vectorial 
and mechanical quantity that can act in 
the three directions of space. However, as 
in many applications force can only act 
effectively in one direction, it is measured 
using the so-called one-component force 
measurement. For example, tension 
and compression are determined. With 
modern technology, the force acting on 
the force sensor is converted into electrical 
voltage and converted into an analogue 
or digital signal by means of a controller. 

interference. For this reason, non-contact 
solutions are especially useful, since the 
sensor is not directly integrated in the 
force flow and therefore many influences 
caused by such interferences are eliminated.

The definition of force
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How to apply force sensors in the field of 
production

Force sensors and load cells are used in 
many areas. It is surprising in how many 
areas the force sensor contributes to the 
safety of machines and systems. Most 
sensors are used in motorization and 
process control, biomechanics, traffic 
engineering and testing. In industry, for 
example, these force sensors are used to 
accurately dose the forces required during 
assembly, testing or pressing to ensure 

Overview of the different force transducers

Depending on the field of application and 
the manufacturer, different variants of the 
force sensors are used. Over time, various 
techniques and technologies have been 
developed that measure the prevailing force 
accurately and reliably at different locations 
and measurement requirements. Some of 
the force transducers presented below are no 
longer frequently used, as better and more 
efficient solutions are now available. New 
sensors, such as inductive or magnetically 

inductive force transducers, are increasingly 
convincing due to their flexible fields of 
application and replace many alternative 
solutions. For this reason, many companies 
opt for this technology because it offers 
good and reproducible measurement results 
with the lowest possible error potential.

the functionality of production processes. 
Another field of application is reference 
measurement technology, in which sensors 
are responsible for comparable measurement 
values nationally and internationally.
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DMS force transducers in detail

A force sensor, which determines the force 
produced by strain gauges, is still the most 
common force sensor on the market today. 
One reason for this is that the manufacture 
of strain gauge force sensors is relatively 
straightforward and therefore the different 
measuring ranges can be covered by a 
small strain gauge setting. The design of 
these load cells is simple and consists of 
a deformation body in the form of an axial 
load rod. When a force is applied, and 
therefore the sensor is under load, this rod 
is compressed so that its circumference 

increases. This deformation changes the 
resistances, resulting in a change in the 
wheat measuring bridge. Thus, the tension 
changes due to the force acting on it. The 
predominant force can be determined alone 
or in relation to each other. These force 
transducers can be used in many other 
variants and are therefore suitable for many 
fields of application. However, as a rule of 
thumb, such a force sensor must always 
fit exactly to the measuring range and 
the maximum force and is therefore only 
suitable for extreme operating conditions. In 
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Magnetoelastic force transducers in direct 
use
Magnetoelastic force sensors are used in 
many areas and offer very high accuracy 
and low error tolerance. In addition, we 
can find two types, active and passive 
magnetoelastic sensors. In both force 
transducers, part of the sensor consists of 
ferromagnetic materials that change their 
permeability due to tensile or compressive 
forces acting on them. For example, a 
magnetoelastic force transducer very often 
consists of a measuring body made of 
ferromagnetic material, which is connected 

addition, the effect of other forces on the force sensor must in any case be excluded, otherwise 
incorrect or inaccurate measurement results may be obtained. In addition, this type of sensor 
is one of the oldest force sensors on the market and is therefore widely used. Thanks to the 
wide range of sensors, it is possible to use them without problems in many production areas.

centrally to a coil. The effect of the force 
produces a change in the inductance, 
which the controller converts into an 
output signal. The great advantage of 
such a force sensor is the wide measuring 
range and the possibility of using the 
sensor in series applications at low cost.
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Piezoelectric force transducers in the 
spotlight
Piezoelectric force sensors are mainly used 
when dynamic or quasi-static forces have 
to be measured. These force transducers 
are generally less suitable for static forces 
and are therefore rarely used in these 
areas. This is mainly due to their design 
and functionalities. In a piezoelectric 
force sensor, quartz crystal discs serve 
as measuring elements for active 
measurement. When force is applied to the 
force sensor, proportional electrical charges 
are generated on the surface of the quartz 
crystals under this charge. These charges 
are always generated exactly when the force 
is applied. Depending on the structure of 
the sensor and therefore the position of 
the quartz crystal discs, the sensor can 
measure both tensile and compressive 
forces.  In addition, it is also possible to use 
several differently cut quartz discs on top 

of each other to obtain a multi-component 
force transducer, which can determine both 
compression and shear forces. In order to 
make the resulting loads measurable and 
therefore controllable, a load amplifier is 
connected underneath the force sensor. 
This simultaneously converts the load 
changes to the corresponding voltages, 
which can be displayed or transmitted. The 
advantage of these force sensors lies above 
all in their small size and high sensitivity. 
Thanks to the force transducers, small and 
dynamic load components can be detected 
and determined very easily. Because the 
load cell has a rigid behavior, and suffers 
only slight deformations, it can be used in a 
wide variety of production areas. However, 
static charges or static forces cannot be 
detected due to the design, since electrical 
charges only occur when the load changes.
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The vibrating wire force sensor and its 
applications

The vibrating cord force sensor is also used 
very frequently, but is mainly used in the 
area of several scales for the determination 
of the calibrated weight. In addition, the 
system is primarily designed for static 
measurements, as the measurement cycle 
time is too long for fast and dynamic 
measurements. This system is also suitable 
for tensile stresses. A measurement chain is 
used whereby its natural frequency changes 
due to the change in tensile stress. During 
measurement, the chain is picked up by an 
electromagnetic circuit and the frequency 
is converted into an electrical voltage. By 
using resonance amplifiers, this effect 

The inductive force transducer - the best 
solution in many areas

Inductive force sensors are the most 
commonly used. They are in high demand 
as they are suitable in many different fields. 
With inductive force measurement, the 
change in the distance between two points 
of a deformation body is determined. The 
effect of the force on the deformation body 
can be precisely determined by changing 
the distance. In this context, the measuring 

can be amplified and further clarified. 
However, as the description quickly makes 
clear, such a force sensor is used in very 
few areas and very specifically. Vibrating 
wire force transducers implemented in the 
market are generally not commonly found 
and are not suitable for series production.

elements are inductive displacement 
transducers, such as differential reactors and 
differential transformers, which provide fast 
and extremely precise measurement results. 
The inductive force sensor also impresses 
with its low measurement tolerance and 
high accuracy, and is often used in many 
and varied applications, especially in the 
field of small forces. Another advantage 
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of magneto-inductive force measurement 
is its high measurement accuracy and 
its great adaptability to different areas 
of application. The modular design of 
the sensors allows very precise force 
measurement at a wide variety of measuring 
points. In addition, the integrated controller 
allows signals to be optimally digitized and 

efficiently prepared for output. These force 
sensors offer the same performance as 
the strain gauge force sensors mentioned 
above without their disadvantages being a 
problem. This high flexibility and usefulness 
of the load cell allows it to be used in 
many different areas and applications.
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Areas of application for force sensors

Our force sensors are used in many 
different work areas. An important aspect 
is, of course, force measurement in the 
manufacturing industry, where force 
transducers are often used to determine 
force in the production process or for 
weight measurement. However, industrial 
use only covers a small part of force 
measurement. Force measurement in road 
traffic also plays an important role. For 
example, force sensors are currently used 
in trucks and will continue to be used in the 
future. This means that the axle load can 
be determined precisely and permanently 
to enable fast and efficient control. Several 
force sensors are already in use in normal 
cars. For example, force sensors in the area 
of the trailer coupling offer the possibility to 
determine the load on the trailer and thus 
adjust the static information in relation to 
the dynamic driving behaviour on the road. 
This means that the control technology 
inside the car can react more quickly and 
effectively, as well as supporting the person 
behind the wheel actively and steadily.  
Force sensors are also used in many 
railway applications. For example, they 
can determine the weights of freight and 
passenger carriages and the towing forces 
on the trailer hitch. All this information can 
be collected and made available to ensure 

trouble-free and safe operation, within 
established parameters. However, force 
sensors are not only used in the railway 
itself, but also in the track systems. These 
sensors determine, for example, the number 
of wheels moving on the track section, can 
block or unblock the track section and thus 
sustainably improve safety in rail traffic.
Force sensors in the area of cranes or 
bridges have an important effect on safety 
technology and user safety. Here the 
actuating force and the load are determined 
by means of force transducers in different 
areas and are always related to the limit 
values. In this way, damage or structural 
problems can be detected at an early stage, 
which considerably increases safety at every 
step. In the case of cranes, several force 
sensors can be used not only to determine 
the centre of gravity of the crane, but also to 
continuously check the weight of the trailer. 
This ensures more efficient working with 
heavy equipment and greater safety at work.

In addition, force sensors are used in all 
areas where hydraulic cylinders are used. 
As a rule, these devices are controlled by 
hydraulic pressure, which, however, is prone 
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The right load cell for serial applications

Force sensors that cover the widest possible 
range of applications and can be easily 
and simply integrated into a wide variety 
of production processes are particularly 
suitable for serial applications. Furthermore, 
compared to many other solutions, these 
force sensors are very economical for 
companies and can therefore also be used 
without problems in series production. 
Inductive force transducers quickly offer 

to errors due to friction losses. By using the appropriate load cells, these errors can be avoided 
and work can be carried out more efficiently. As you can see, the use of force transducers 
is widespread and easily applicable in many areas. However, in the future there will be many 
more areas where it will be possible to incorporate force transducers and their use will become 
increasingly important. Especially as a result of automation, both in industry and in everyday 
life, the multitude of information used and its accuracy will play an increasingly important role.

new possibilities in many applications thanks 
to their design, non-contact principle and 
above all their high load carrying capacity. 
In addition, these force sensors are so 
flexible that they can be easily integrated 
into a wide range of applications. This is 
an additional advantage over many other 
systems, which require a lot of space or must 
be protected against external interference.
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Comprehensive advice on all aspects of the 
use of force sensors

We are happy to advise our customers on 
the performance possibilities of our force 
transducers and load cells as well as on 
the different fields in which they can be 
used. Please contact us quickly if you 
would like more detailed information about 
the inductive force transducer and its 

specifications in more detail. Our experts will 
be happy to inform you about the different 
possibilities and options that will open up 
for your company with the use of our force 
sensors. Our force transducers and load 
cells convince with their high measuring 
accuracy and precision.
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