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Steer-by-Wire Overview

3 of 12

M1

M2

ENC1

Power

Converter 1

Power 

Converter 2

 µC

Unit 1

 µC

Unit 2

ENC2

Digital Data 

Communication

Handwheel Side Machine
Provides Torque Feedback to the driver

Steered wheel Side Machine
Replicates the position at the handwheel

Handwheel

Mechanical arrangement
Aligns wheels

Figure 1: Steer-by-Wire System Diagram



Generation of Torque Feedback
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Experimental Steering Dynamics 
Monitoring
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Experimental Steering Dynamics 
Monitoring

Figure 3: Speed with a speed setpoint of 35 km/h and +/-

30 degree steering changes. 

Figure 4: Steering Wheel Angle with a speed setpoint of 

35 km/h and +/- 30 degree steering changes. 

Figure 5: Steering Wheel Torque with a speed setpoint of 

35 km/h and +/- 30 degree steering changes.

Torque opposes the direction of 

steering
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Simplified Torque Generation 

Torque 
Reference [Nm]

Handwheel Position 
θh [degrees]

+2 Nm

-2 Nm

-20° 

+20° 

Torque 

opposes 

Handwheel 

Linear 

Range

+/- 20 

degrees

Saturation 

to +/- 2 Nm 

outside 

Linear 

Range Figure 5: Torque Reference [Nm] vs. 

Handwheel Position [degrees] 7 of 12



Experimental Setup
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Figure 6: Steer-by-wire handwheel 

side setup illustration

Figure 7: Steer-by-wire handwheel side 

PMSMs on experimental setup
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Experimental Setup

Figure 8: Experimental 12 V 500 W Inverters
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Experimental Setup

Figure 9: Rotor Flux Oriented Control Topology
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Experimental Results

Figure 10: Handwheel Shaft Position set by position 

controlled driving machine.

Figure 11: Feedback Torque generated by the reaction 

current controlled machine.

Figure 12: Synchronous frame Stator q axis currents of 

the Reaction current controlled machine.

Figure 13: Three phase stator currents of the reaction 

current controlled machine.
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Conclusions

Similar torque 
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