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Dynamic Calibration of a Multi-Component Force-/Torque  

Transducer 

 

Abstract 

Multi-Component Force-/Torque Transducers are used in applications where the direction of the force- and torque vec-

tors as well as their magnitude are unknown and time-dependent such as robotics, flow measurement or nondestructive 

testing. In contrast to the measurement task the calibration of those Sensors is only done statically in most cases. When 

the measurands are getting closer to the sensors resonance frequency, the usage of static calibration factors leads to de-

viations in the measurement. A dynamic calibration can be used to identify the frequency responses of the sensor and is 

the basis for designing an appropriate filter that compensates these deviations. In this paper the dynamic properties of a 

multi-component force-/torque transducer are investigated using a calibration system based on a voice-coil actuator 

which allows the application of force with different waveforms. The results of the measurements are compared with re-

sults of FEM calculations and results of a static calibration and a compensation filter is designed. 

1 Introduction 

Strain gauge based force transducers are often used in ap-

plications that require the measurement of static or quasi-

static forces. These measurements can be done using re-

sults of static calibration . In dynamic measurements, de-

viations caused by the use of static calibration coefficients 

increases when approaching the resonance frequency of 

the sensor. This paper deals with the dynamic force cali-

bration of a multi-component force-/torque sensor de-

signed for the application in Lorentz force velocimetry 

[1]. For the dynamic calibration a system is used that al-

lows the use of various test signals to determine the sys-

tem parameters of the force transducer [2]. Measurement 

results for the calibration of three force components are 

shown. Based on the estimated parameters, an inverse fil-

ter [3] is designed to calculate the dynamic input force 

from the measured output voltages of the sensor. 

2 Measurement Setup 

Figure 1: Force calibration of z-axis with voice-coil 

actuator 

The actuator generates a Lorentz force proportional to the 

current, applied by a U/I-converter which translates the 

test signals created by a dSPACE digital signal processing 

unit [4]. The current through the coil is measured to cal-

culate the acting force from the calibration constant of the 

actuator. The U/I converter has a constant transfer behav-

ior of 101 mA/V up to a frequency of 10 kHz. Additional 

to creating the test signals and measuring the coil current, 

the dSPACE unit is used for simultaneous sampling of the 

output signals of the six channels of the force sensor. The 

dSPACE unit is controlled by a computer, which is re-

sponsible for processing the measured data and receiving 

the measuring parameters, such as the measuring time and 

type of test signal from the user. 
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3 System Identification 

3.1 Signal Processing 

j
j

j

j j

 

 
Figure 2: Chirp signal 

 

Figure 3: Maximum length binary sequence (MLBS) 

 

3.2 Frequency response of the amplifier 

 
Figure 4: Frequency response of the amplifier (blue) with 

standard deviation over 20 measurements (red) 
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3.3 Parametric Identification 

Figure 5: Measured Frequency response of the sensors z-

axis (blue) and frequency response of identified model 

(red) 

 

 

 

 

4 Simulation 

Figure 6: Mode shapes of the sensor when excited by a 

force in y-direction 

 

 
Figure 7: Comparison of simulation results and 

measurement for frequency response of y-axis. 

10
1

10
2

-80

-70

-60

-50

-40

V
e
rs

ta
e
rk

u
n
g
 [

d
B

]

10
1

10
2

-270

-180

-90

0

90

P
h
a
s
e
 [

G
ra

d
]

Frequenz [Hz]

10
0

10
1

10
2

-100

-80

-60

-40

-20

Frequency [Hz]

A
m

p
lit

u
d
e
 [

d
B

]

 

 

10
0

10
1

10
2

-200

-100

0

100

Frequency [Hz]

P
h
a
s
e
 [

°]

Simulation

Measurement

64 Hz 

120 Hz 

166 Hz 



 AMA Conferences 2015 – SENSOR 2015 and IRS2 2015 49

DOI 10.5162/sensor2015/A1.4

5 Filter Design 

Figure 8: Sensor and filter responses for z-axis. The 

amplitude responses are normalized to a gain of 0 dB.  

Figure 9: Input signal (top) and corresponding sensor 

output (bottom) with static (green) and dynamic 

calibration (blue, red) 

6 Conclusion 
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Sensor Output

Inverse Filter

Inverse Filter + Lowpass


