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Sensor-integrating Jaw Coupling
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Components - Gear Rim
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Modifications
= Counterbore
= Removing the Bridge

Functional Validation of a Sensor-Integrating Jaw Coupling for Torque Estimation
Arthur Ewert ¢ Folie 3

8 x Sensor Tooth

— Gefordert durch
-

SiIME DFG

4 x Sensor Tooth

MM

UHM




Components - Electronics
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Components - Sensor

Function

= (Capacitive Strain Sensor

= Designed as a multilayer capacitor
3\ = Base Material: TPU

e Ve . = Load-carrying function

R =
¢ o

. O (e . Non-conductive TPU
5 'f ‘ e

Conductive TPU

Contact surface

[Ewert et al., 2026]
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Components - Contact Caps

( Function
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Coaxial Cable
With AWG 36 wire
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Sensors
Can the sensors withstand the stresses

in the load path?

Mechanics
How does sensor integration
affect load-bearing capacity?

Regression Model
How accurate is the transfer function?




Sensors - Long-Term Tests
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Lastwechsel

Sensors are suitable for continuous use
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Sensors
Can the sensors withstand the stresses

in the load path?

Mechanics
How does sensor integration
affect load-bearing capacity?

Regression Model
How accurate is the transfer function?




Mechanics - Quasi-static Loading
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Mechanics - Influencing Factors

Temperature Creep Amplitude
A A Wear
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Mechanics - Endurance Test According to FVA 189 II
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5 Nm reduction per loaded sensor tooth
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Sensors
Can the sensors withstand the stresses

in the load path?

Mechanics
How does sensor integration
affect load-bearing capacity?

Regression Model
How accurate is the transfer function?




Measurement Chain
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Regression Model - Approach
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Functional Validation of a Sensor-Integrating Jaw Coupling for Torque Estimation ~—
< TUD . Foli =

Arthur Ewert * Folie 16 S- M E
I

PI

Visco

AC

At

PI - Prandtl-Ishlinskii element
Visco - Zener element
MLP - Multilayer Perceptron

e IHM
[THM]




Regression Model - Results
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Model runs on an MCU
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Test data from finite element simulations and predictions from the regression model

Root mean squared error = 1.30 Nm =+ 0.55, Runtime on the MCU: 0.2 ms per datapoint
[Menning et al., 2026]
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Summary

_Lﬁ \/Sensors

T - Sensors are fatigue-resistant under
normal operating conditions

./0 \/Mechanics
‘ ) « Functionality verified

« Reduction of the rated torque by
5 Nm for each active sensor tooth

\/Regression Model
* Real-time evaluation in 0.2 ms on the MCU
« RMSE = 4% of the rated torque
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Outlook
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Energy Harvesting
Testing the
Harvesting Module

Quantity
Increase in the ‘ﬂ
prototype count

Training Data
Creating Training Data W
and Extending Regression Models

Drift

Research on the influence of
time, and temperature drift
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