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Abstract: The paper deals with the issue of calibration of an analogue force sensor with a voltage output. For 
measurement, the force sensor uses a deformation member with a tensometric bridge and a measuring amplifier. This 
measuring chain must be used for force measurement, but the measurement uncertainty of this measuring chain is not 
known. Force sensors are planned for use in intelligent traumatological external fixation systems. 
 
1 Introduction 

Force sensors are always based on the measurement of 
external force effects such as deformations, dynamic 
effects or pressure changes of the pressure measuring 
medium. It is therefore always an indirect measurement, 
which means that the sought information about the force 
must be determined indirectly by calculation from 
experimental measurements [1-5]. This process brings with 
it a number of factors related to the implementation and 
evaluation of the process of measuring and identifying 
force action. From the point of view of feasibility, it is 
possible to create a deformation body with your own hands 
[6-10]. This study deals with a force sensor with an "S" 
shaped deformation member, where the deformation is 
determined using a strain gauge measuring bridge 
(Figure 1). 

 

 
Figure 1 Force sensor 

 
The measuring chain (Figure 2) contains a filter and a 

measuring amplifier of the output signal from the 
tensometric measuring bridge of the force sensor. An 
important part is also the reference power supply of the 

tensometric measuring bridge, which can also significantly 
affect the force measurement errors. The output signal of 
the measuring chain is an analogue signal in the form of 
electric voltage or electric current. Alternatively, the signal 
can also be in the form of a digital signal. For the 
mechanical attachment of the force sensor, hanging screws 
are applied, which are intended for measuring the tensile 
force. If it is necessary to measure the compression force, 
it is recommended to use silent blocks, which can partially 
dampen sudden dynamic changes in force action [11-16]. 

Force sensors are planned for use in intelligent 
traumatological external fixation systems, where the force 
exerted by this device will be measured. For this purpose, 
it is necessary to carry out verification and calibration of 
selected force sensors. 

 

 
Figure 2 Measurement chain with force sensor   

 
2 Transformation and calibration 

characteristics 
Verification and calibration of the force sensor was 

carried out by two methods. The first method was a direct 
method, using reference weights that were directly applied 
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to the force sensor for tensile stress and compressive stress. 
For forces that were outside the range of the applied 
weights, an indirect method was used in which the weights 
were applied to the force sensor using a lever mechanism 
that increased the magnitude of the force applied to the 
force sensor. 

The output value of the force sensor was the analogue 
electrical voltage at the output of the measuring bridge for 
this force sensor. 

The transformation characteristics were evaluated from 
the measured values, where the sensor output voltage 
values were displayed depending on the force acting on the 
force sensor. Calibration characteristics were then 
processed from these measurements, where the 
dependence of the applied force on the value of the sensor 
output voltage was evaluated. These dependencies were 
approximated by a linear model, which can then be used to 
convert the measured values of the sensor output voltage to 
the values of the applied force. 

Figures 3 to 10 show the processed transformation and 
calibration characteristics of the verified force sensor for 
both tensile and compressive stress. A mathematical model 
of the approximate dependence is also presented for the 
calibration characteristics. 

The regression coefficients have a value very close to 
zero and this means that the linear approximation is a 
suitable mathematical model for the mathematical 
description of these experimental dependencies. 

 

 
Figure 3 The transformation characteristic of direct tensile 

measurement using the force sensor with range 500N 
 

 
Figure 4 The calibration characteristic of direct tensile 
measurement using the force sensor with range 500N 

 

 
Figure 5 The transformation characteristic of direct 

compressive measurement using the force sensor with range 
500N 

 

 
Figure 6 The calibration characteristic of direct compressive 

measurement using the force sensor with range 500N 
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Figure 7 The transformation characteristic of indirect tensile 

measurement using the force sensor with range 500N 
 

 
Figure 8 The calibration characteristic of indirect tensile 

measurement using the force sensor with range 500N 
 

 
Figure 9 The transformation characteristic of indirect 

compressive measurement using the force sensor with range 
500N 

 

 
Figure 10 The calibration characteristic of indirect compressive 

measurement using the force sensor with range 500N 
 
Each point shown on these characteristics is the result 

of a set of measurements under the same conditions, where 
the minimum number of replicate measurements was ten. 
An estimate of the mean value of the measured quantity 
was then determined from these measurements. 
 
3 Measurement uncertainty 

The process of verification and calibration of the sensor 
also includes the evaluation of measurement uncertainty. 
Measurement uncertainties describe the extent to which the 
obtained data can be trusted, and at the same time it is 
possible to determine the level of random errors, which we 
consider as a component of measurement uncertainty. In 
the direct measurement, standard deviations of a series of 
measurements were used. For indirect measurements, 
standards for determining measurement uncertainty (EAL-
R2, GUM, VIM3) were used, and from these values, the 
combined measurement uncertainties for the calibrated 
force sensor were determined (Figures 11-14). 

The standard deviation (1) of a series of measurements 
was determined from the measured data: 
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Where n is number of measurements, FM is estimate of 

the mean value of the force determined by the force sensor 
and FMi is measured value of force sensor. 

Then, from this standard deviation, the standard 
uncertainties determined by Method A were determined 
(2): 
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The standard uncertainty determined by method B was 

obtained from the relation (3): 

k

MPE
uB = .                                             (3) 
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Where MPE is maximum permissible error of 
measured value and k is coverage factor. 

Then the combined uncertainty was determined from 
the standard uncertainties determined by method A and 
method B (4): 

( )22
BAC uuu += .                                (4) 

 
This relationship for determining the combined 

measurement uncertainty can be used for direct 
measurement. For indirect measurement, it is necessary to 
analyse the measurement model and determine the 
measurement uncertainty for the measured force values, 
including the covariance. 

The mathematical model of the measurement is defined 
from the calibration characteristic, where the 
approximation was realized by a linear model. 

However, even the values of the standard deviations 
already have a certain informative value, because they 
determine the degree of dispersion of the measured values 
around the estimate of the mean value. From Figures 11 to 
14, it can be seen that the values of the standard deviations 
are very small compared to the nominal values, so it can be 
concluded that the force sensor is usable for practical use. 

 

 
Figure 11 The combined uncertainty of output sensor voltage for 

direct tensile measurement 
 

 
Figure 12 The combined uncertainty of output sensor voltage for 

direct compressive measurement 
 

 
Figure 13 The combined uncertainty of output sensor voltage for 

indirect tensile measurement 
 

 
Figure 14 The combined uncertainty of output sensor voltage for 

indirect compressive measurement 
 

4 Conclusion 
The process of verifying the functionality of the force 

sensor and its calibration provide a mathematical 
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measurement model that is the first starting point for 
assessing the state of the force sensor. In any similar case, 
it is also necessary to analyse the uncertainty of the 
measurement in order to determine how it is possible to 
trust the measured values. 

In further future research, measurement uncertainties 
will also be analysed for indirect measurement, where the 
situation is more complex than for direct measurement. 
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