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Application of Masing Friction Model to the Improvement of Electronic Power Assisted Steering System
in Terms of On-Center Steering Feel

Masaaki Minakawa

Miki Kohso

Masayoshi Kimura

Masing friction model is indispensable as the physical model of hysteresis phenomena in vehicle dynamics area, such as ride comfort, noise,

and vibration. Another phenomenon in vehicle dynamics area, which is supposed to have much to do with friction is the inferior on-center

steering feel of Electronic Power assisted Steering (EPS), compared to that of Hydraulic Power assisted Steering (HPS). The paper proposes a

method to improve the on-center steering feel of EPS beyond that of HPS by the application of Masing model to EPS control algorithm.
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Fig. 1, Friction characteristics of EPS and HPS
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pinion angle, during on-center driving
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Fig. 3 Simplified steering system model

Table 1, Steering model parameters

kt 2.65  [Nm/deg]
krl 0.863  [Nm/deg]
assistratio 1.0 (-]
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Fig. 4 Simulation input steering wheel angle waveform
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Table 2, Masing model parameters for Coulomb-like friction

FTINm] K INm/deg]

1 0.9500 2280.00
2 0.0395 82.3691
3 0.0325 17.1254
4 0.0329 7.8351
5 0.0349 47770
6 0.0381 3.4352
7 0.0427 2.7739
8 0.0494 2.4570
9 0.0297 1.1913
10 0.0262 0.0105
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Fig. 5, Coulomb-like friction-rise-up waveform
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Fig. 6, Pinion angle vs. steering wheel angle plot
for Coulomb-like friction waveform
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Fig. 7, Steering wheel torque vs. steering angle plot
for Coulomb-like friction waveform
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Table 3 Masing parameters for rounded friction-rise-up waveform

FINm] K [Nm/deg]

1 0.2500 200.0000
2 0.1169 30.7920
3 0.0957 6.3502
4 0.0960 2.8654
5 0.1002 1.7126
6 0.1071 1.1992
7 0.1169 0.9356
8 0.1305 0.7934
9 0.1491 0.7218
10 0.0875 0.3500
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Fig. 8, Rounded friction-rise-up waveform
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Fig. 9, Pinion angle vs. steering wheel angle plot
for rounded friction waveform
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Fig. 10, Steering wheel torque vs. steering angle plot
for rounded friction waveform
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Fig. 13, EPS system with desirable friction characteristics
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