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1. INTRODUCTION

• In this work we introduce a physics-informed neural network approach for 

modeling friction, positioning it as an effective method for friction estimation.

• Experimental data from a double torsion pendulum system, featuring 

discontinuous dynamics, is utilized for training.

• The results highlight the network's superiority, providing a more precise 

representation of stick-slip phases at the contact zone.

• In summary, the presentation includes a case study showcasing the network's 

ability to predict dynamic models and estimate planar friction in a double 

torsion pendulum system, demonstrating its accuracy and efficiency.
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2. MODELING THE INVESTIGATED DYNAMICAL SYSTEM

Fig. 1.
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2. MODELING THE INVESTIGATED DYNAMICAL SYSTEM
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3. NUMERICAL SIMULATION OF THE MODEL
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3. NUMERICAL SIMULATION OF THE MODEL

Fig. 2.
K11: 11. March 2025, 12:00, Room 2M334



3. NUMERICAL SIMULATION OF THE MODEL

Fig. 3.
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4. DATA-DRIVEN FRICTION MODELS
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4. DATA-DRIVEN FRICTION MODELS

5.2 There are several standard concepts of data-driven modeling:

System excitation

Time-domain and frequency-domain data

Closed-loop and open-loop system identification

Online and offline identification

Data pre-processing
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4. DATA-DRIVEN FRICTION MODELS

4.1 Black-box friction modelling

Fig. 4.
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4. DATA-DRIVEN FRICTION MODELS

4.2 Black-box friction modeling – physics-informed neural networks (PINN)

(3)
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4. DATA-DRIVEN FRICTION MODELS

4.3 Black-box friction modeling – physics-informed neural networks (PINN)
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4. DATA-DRIVEN FRICTION MODELS
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5. THE ROTATIONAL CONTACT SURFACE: TORQUE ESTIMATION

Fig. 5.
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5.1 THE EXPERIMENTAL TEST STAND

Fig. 6.1 – the disk

2 – stop pin

3 – frame

4 – elastic beams

5 – the column

6 – cam forcing the 

first end of the spiral 

spring attached to the 

column

7 – base 

8 – microcontroller

9 – ball bearing
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5.2. DATA ACQUISITION

Fig. 7. K11: 11. March 2025, 12:00, Room 2M334



5.3 MODEL ESTIMATION USING NELDER–MEAD SIMPLEX
DIRECT SEARCH ALGORITHM
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5.4 MODEL ESTIMATION USING PINN ALGORITHM
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5.4 MODEL ESTIMATION USING PINN ALGORITHM
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6. RESULTS AND DISCUSSION

Fig. 8.
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6. RESULTS AND DISCUSSION

Fig. 9. The estimated non-symmetric friction torque characteristics
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CONCLUSIONS

A physics-informed neural network is suitable to predict the dynamic model and estimate 

planar friction law of a torsion pendulum system. The model was trained using time-

series experimental data, and the results showed that the PINN model was able to 

accurately predict the angular rotation of the disk pendulum, while also estimating the 

planar friction between the pendulum bodies. The PINN model was able to identify the 

frictional loss in the system without using any pre-existing friction models and only relied 

on a simplified physics model with two estimated parameters. The approach based on the 

PINN algorithm proved to be faster and more accurate than the older Nelder–Mead 

method but requires further refinement due to the need for acquiring a broader 

knowledge of the friction model.
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