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Abstract: The paper deals with the issue of calibration ofamalogue force sensor with a voltage output. For
measurement, the force sensor uses a deformatiotbenevith a tensometric bridge and a measuring ifierplThis
measuring chain must be used for force measurerbanthe measurement uncertainty of this measuaivain is not
known. Force sensors are planned for use in igéeititraumatological external fixation systems.

1 Introduction tensometric measuring bridge, which can also simtly

Force sensors are always based on the measuremergftgct the force measurement errors. The outputasiof
external force effects such as deformations, dyeamin€ measuring chain is an analogue signal in the fof
effects or pressure changes of the pressure magsuﬁelectric voltage or electric current. Alternativetlye signal
medium. It is therefore always an indirect measerm can also be in the form of a digital signal. Foe th
which means that the sought information about dreef mechanical attachment of the force sensor, harsgireyvs
must be determined indirectly by calculation fronre applied, which are intended for measuring énsite
experimental measurements [1-5]. This process bivigy ~ force. If it is necessary to measure the compradsiwe,
it a number of factors related to the implementatimd it is recommended to use silent blocks, which cantigly
evaluation of the process of measuring and identify dampen sudden dynamic changes in force action§].1-1
force action. From the point of view of feasibility is Force sensors are planned for use in intelligent
possible to create a deformation body with your thands ~ traumatological external fixation systems, wheeeftrce
[6-10]. This study deals with a force sensor with"g" exerted by this device will be measured. For thippse,
shaped deformation member, where the deformation ifsiS necessary to carry out verification and aaliton of
determined using a strain gauge measuring brid§élected force sensors.

(Figure 1).

Figure 2 Measurement chain with force sensor

2 Transformation and calibration

The measuring chain (Figure 2) contains a filtet an characteristics
measuring amplifier of the output signal from the Verification and calibration of the force sensorswa
tensometric measuring bridge of the force sensar. Acarried out by two methods. The first method waéect
important part is also the reference power supplthe method, using reference weights that were direxilylied
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to the force sensor for tensile stress and comipeesBess.
For forces that were outside the range of the agpli
weights, an indirect method was used in which teaglts
were applied to the force sensor using a lever av@sm
that increased the magnitude of the force appliethe¢
force sensor.

The output value of the force sensor was the aoalog
electrical voltage at the output of the measuririddge for
this force sensor.

The transformation characteristics were evaluatad f
the measured values, where the sensor output eolte
values were displayed depending on the force aotirthe
force sensor. Calibration characteristics were the
processed from these measurements, where
dependence of the applied force on the value o$¢hnsor
output voltage was evaluated. These dependencies w
approximated by a linear model, which can thendezluo
convert the measured values of the sensor outjtaigedsto
the values of the applied force.

Figures 3 to 10 show the processed transformatidn a
calibration characteristics of the verified for@nsor for
both tensile and compressive stress. A mathematicdel
of the approximate dependence is also presentethéor
calibration characteristics.

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

Force sensor 500N - Transformation plPSe
characteristics of direct tensile

measurement

Ter?sile force loading of the
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Figure 3 The transformation characteristic of direct tensile
measurement using the force sensor with range 500N
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Figure 4 The calibration characteritic of direct tensile
measurement using the force sensor with range 500N

Force sensor 500N - Transformation ﬁ
characteristics - direct compressive

measurement

-40

Compressive force loading of the

sensor (N)
Figure 5 The transformation characteristic of direct

Sensor output voltage (V)

compressive measurement using the force sensor with range

500N
. 9 =
Force sensor 500N - Calibration n
‘e characteristic direct compressive
= measurement
© 3
@ = -15 -1 -0.5
8 T: y =49.867518x + 1.873387
g 2 R? = 0.999992 -20
0= S |
A e o e S 30 -
‘" @
"
=
o= -40
£
o
£ -50--
]
U &0

Sensor output voltage (V)

Figure 6 The calibration characteristic of direct compressive

measurement using the force sensor with range 500N
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Force sensor 500N - Transformationi P
characteristics of indirect tensile

measurement
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Figure 7 The transformation characteristic of indirect tensile
measurement using the force sensor with range 500N
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Figure 8 The calibration characterigtic of indirect tensile
measurement using the force sensor with range 500N
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Figure 9 The transformation characteristic of indirect
compressive measurement using the force sensor with range
500N
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Figure 10 The calibration characteristic of indirect compressive
measurement using the force sensor with range 500N

Each point shown on these characteristics is thdtre
of a set of measurements under the same conditidrese
the minimum number of replicate measurements was te
An estimate of the mean value of the measured tyant
was then determined from these measurements.

3 Measurement uncertainty

The process of verification and calibration of $e@sor
also includes the evaluation of measurement uriogrta
Measurement uncertainties describe the extent ichwhe
obtained data can be trusted, and at the sameitimae
possible to determine the level of random errofrsclvwe
consider as a component of measurement uncertamty.
the direct measurement, standard deviations ofiassef
measurements were used. For indirect measurements,
standards for determining measurement uncertaify. {
R2, GUM, VIM3) were used, and from these values, th
combined measurement uncertainties for the catibirat
force sensor were determined (Figures 11-14).

The standard deviation (1) of a series of measunesne
was determined from the measured data:

(1)

Wheren is number of measuremensy is estimate of
the mean value of the force determined by the feetesor
andFy; is measured value of force sensor.

Then, from this standard deviation, the standard
uncertainties determined by Method A were deterthine

(2): 5.
= 2
U, In (2)

The standard uncertainty determined by method B was
obtained from the relation (3):

_ MPE

Uy == 3)
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Where MPE is maximum permissible error of Force sensor 500N - Combined
measured value arids coverage factor. __uncertainty of output sensor voltage -
Then the combined uncertainty was determined from = direct compressive measurement

the standard uncertainties determined by methochd\ a 2
method B (4): = 0.003
_ /(2 2) £ 0.0025
U =4/lUy +Ug ). (4) § 0.002
This relationship for determining the combined D15
measurement uncertainty can be used for direct 5 0.001
measurement. For indirect measurement, it is necgts € 0.0005 I
analyse the measurement model and determine the S 0 . H m =
measurement uncgrtainty for the measured forceesalu © & o & ®
including the covariance. ,,;\ & ,,;oq D Qq,'\'
The mathematical model of the measurement is difine o® o¥ g¥ 97 ¥ M
from the calibration characteristic, where the
approximation was realized by a linear model. Sensor output voltage (V)
However, even the values of the standard deviatiof$gure 12 The combined uncertainty of output sensor voltage for
already have a certain informative value, becahsy t direct compressive measurement
determine the degree of dispersion of the measiaies
around the estimate of the mean value. From FiglLtae Force sensor 500N - Combined
14, it can be seen that the values of the stardiandtions S  uncertainty of output sensor voltage -
are very small compared to the npmmal value_sl; can be = indirect tensile measurement
concluded that the force sensor is usable for ipedaise. £
‘®= 0.03
Force sensor 500N - Combined E
__ uncertainty of output sensor voltage - e 0.02
& direct tensile measurement d
g ? 0,01 II
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S 2
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o 0.003 1.4561 3.3033 4.8768 7.964 9.493
£ 0.002 Sensor output voltage (V)
E 0.001 I I I I Figure 13 The combined uncertainty of output sensor voltage for
o o 1 11 I indirect tensile measurement
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indirect compressive measurement
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Figure 11 The combined uncertainty of output sensor voltage for
direct tensile measurement
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Figure 14 The combined uncertainty of output sensor voltage for
indirect compressive measurement

4  Conclusion
The process of verifying the functionality of therde
sensor and its calibration provide a mathematical
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