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State of the art → ISO 376 static

→ DKD R 3-9 continuous

Aim → A practical description of a force

transducer for continuous forces

• Sensitivity

• Time dependent behaviour

• Temperature sensitivity
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Equation y = Intercept + B1*x 1̂ + B2*x 2̂

Plot GTM KTN - Com - 1 GTM KTN - Ten - 1 GTM KTN - Com - 2 GTM KTN - Ten - 2 GTM KTN - Com - CEM

Weight No Weighting

Intercept 0 ± -- 0 ± -- 0 ± -- 0 ± -- 0 ± --

B1 2,77887E-4 ± 6,39061E-5 -5,31239E-4 ± 9,25689E-5 1,82486E-4 ± 5,91126E-5 -4,2754E-4 ± 1,00895E-4 -2,51851E-4 ± 8,90517E-5

B2 -1,76837E-5 ± 3,93912E-6 3,38061E-5 ± 5,70587E-6 -1,16128E-5 ± 3,64365E-6 2,72071E-5 ± 6,21907E-6 1,60269E-5 ± 5,48907E-6

Residual Sum of Squares 3,49716E-6 7,33772E-6 2,9922E-6 8,717E-6 6,7907E-6

R-Square (COD) 0,69129 0,79593 0,53022 0,68016 0,48645

Adj. R-Square 0,62269 0,75058 0,42582 0,60908 0,37233
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• applications in 

industry→

single criteria

coefficient →

Linear 

sensitivity

𝑋𝑎 = 𝐴 ∙ 𝐹3 + 𝐵 ∙ 𝐹2 + 𝐶 ∙ 𝐹

𝐹𝐶𝐷 = 𝐴′ ∙ 𝑋𝑎
3 + 𝐵′ ∙ 𝑋𝑎

2 + 𝐶′ ∙ 𝑋𝑎

Strain gauge Piezoelectric

• force traceability

from National 

standards →

Polynomial 

function
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Time dependent behaviour - Investigation
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Creep behaviour of class 00 

strain gauge transducers

• Relative loading creep from

0 to 300 seconds after 

loading

• Positive creep behaviours

• Magnitude below 0.005 % !

• Significant differences when

loading time is different

• The direction of the creep

can change in the first

seconds after loading (~15 

s)

• Filter of amplifier influences

the values directly after 

application of the load (~1 s)



Time dependent behaviour - Investigation
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Loading creep behaviour of

class 05 strain gauge and 

piezoelectric transducers

• Relative loading creep from

0 to 300 seconds after 

loading

• Negative creep behaviour

• Piezoelectric shows same 

kind of time dependent

behaviour as strain gauge



Time dependent behaviour - Model
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𝐹𝑐𝑟𝑒𝑒𝑝,𝑟𝑒𝑙 𝑡 = 

𝑘=1

𝑘=3

𝑎𝑘 ∙ (1 − 𝑒
−
𝑡
𝜏𝑘)

𝐹𝑐𝑟𝑒𝑒𝑝,𝑟𝑒𝑙 𝑡 = 𝐷 ∙ 𝑡 +

𝑘=1

𝑘=3

𝑎𝑘 ∙ 1 − 𝑒
−
𝑡
𝜏𝑘

Creep and 

relaxation behaviour

can be sufficently

described with a 

sum of three

exponential

functions

Creep and relaxation

behaviour can be

sufficiently described

with a sum of three

exponential functions

plus a linear term

caused by the

charge amplifier

Strain

gauge

Piezo-

electric

• Viscoelastic behaviour

of foil and glue

• Thermoelastic effect

spring element

• Material creep (atomic

place changing

processes)

• Drift of Charge 

amplifier

• Pre-loading of the

sensor

• Capacities (Sensor, 

Cable)

• Triboelectric effects



Time dependent behaviour - Correction
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Strain gauge Piezoelectric

Time dependent behaviour is good

reproducable

Time dependent behaviour is not 

reproducable



Time dependent behaviour - Correction
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• DC Amplifier – Dewetron

DAQP STG

• Filter: 300 kHz

• Samplerate: 1 kHz

• Load change time:  2.3 

seconds

• Stabilization time:           

< 0.3 seconds



Time dependent behaviour - Correction
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Rheological Model
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Temperature
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• Linear dependency on sensitivity

• Zero signal compensated

• Creep behaviour subsides earlier with

increasing temperature



Agenda

17 ComTraForce – WP 2.1 Advanced practical model for static and continuous forces

Introduction

Sensitivity

Time dependent behaviour

Rheological Model

Temperature

Practical model



Practical model
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𝐹𝑇𝑟𝑎 = 𝑅′ ∙ 𝑋𝑖𝑛𝑠𝑡𝑎𝑛𝑡
3 + 𝑆′ ∙ 𝑋𝑖𝑛𝑠𝑡𝑎𝑛𝑡

2 + 𝑇′ ∙ 𝑋𝑖𝑛𝑠𝑡𝑎𝑛𝑡

𝐹 = 𝐹𝑇𝑟𝑎 ∙ෑ

𝑖=1

N

𝐾𝑖

𝐾𝑖 = 1 +
𝛿𝑥𝑖
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BACK UP



Time dependet behaviour - Investigation
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Unloading creep behaviour

of class 00 strain gauge

transducers

• Relative unloading creep

from 0 to 300 seconds after 

unloading

• Creep behaviour slightly

different than loading creep

• Magnitude same as loading

creep!

• Filter of amplifier influences

the values directly after 

relieve of the load (~1 s)

• Less disturbance than in the

loading creep

measurements



Time dependent behaviour - Investigation
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Unloading creep behaviour

of class 05 strain gauge and 

piezoelectric transducers

• Relative unloading creep

from 0 to 300 seconds after 

unloading

• Creep behaviour slightly

different than loading creep

(strain gauge)

• Creep behaviour differs

strongly from loading creep

(piezoelectric)

• Magnitude same as loading

creep! (strain gauge)



Time dependent behaviour - Correction

23 ComTraForce – WP 2.1 Advanced practical model for static and continuous forces

• Creep error is subtracted

from the raw signal in 

each time step

• Creep error is estimated

in each time step

iteratively, considering

the creep history!

• Prerequisite: Before the

correction the creep is

either at an exactly

known value or zero!

𝐹𝐴3,𝑐𝑜𝑟 𝑡𝑖 = 𝐹𝐴3,𝑟𝑎𝑤 𝑡𝑖 − 𝛿𝑥creep 𝑡𝑖

𝛿𝑥creep 𝑡𝑖

= 

𝑘 = 1

𝑘 = 3

𝑎𝑘 



𝐹A3,cor 𝑡𝑖−1

− 𝑒
−
𝑡𝑖
𝜏𝑘 

𝑗 = 0

𝑖−1

𝐹A3,cor 𝑡𝑗 − 𝐹A3,cor 𝑡𝑗−1 𝑒
𝑡𝑗
𝜏𝑘

𝑤𝑖𝑡ℎ: 𝐹𝐴3,𝑐𝑜𝑟 𝑡0 = 𝐹𝐴3,𝑟𝑎𝑤(𝑡0)
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Hysteresis
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𝑥𝑚𝑎𝑥

• Three different force
time profiles
• 1 second dwell
• 30 second dwell
• 600 second

dwell at max
Force

• with three different 
maximum forces
• 30 % max Force
• 60 % max Force
• 100 % max Force



Hysteresis
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Hysteresis

27 ComTraForce – WP 2.1 Advanced practical model for static and continuous forces

0

0,005

0,01

0,015

0,02

0,025

0 20 40 60 80 100 120

H
ys

te
re

si
s 

ν
in

 %
 F

SO

Force in % FSO

ν in % FSO νa in % FSO

𝜈𝑎
= 𝐴 ∙ 𝐹6 + 𝐵 ∙ 𝐹5 + 𝐶 ∙ 𝐹4+ 𝐷
∙ 𝐹3+ 𝐸 ∙ 𝐹2+ 𝐺 ∙ 𝐹 + 𝐻

Hysteresis error may be
fitted with a 6th degree
polynomial



Time dependent behaviour - Correction
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• Designed for dynamic

calibration of dynamic test

stands

• Nominal capacity of 20 kN

• Full brigde for force

measurement


