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Anti-lock Brake System based on The Maximum Sliding Frictional Force
— Estimation of the Optimal Slip Ratio by Using an Accelerometer —
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Abstract:The conventional ABS controls the slip ratio so that the sliding coefficient of friction or the braking effort
becomes the maximum. However, the slip ratio from which a coefficient of sliding friction becomes the maximum changes
with road surface condition. Thus, when the relation between the coefficient of friction and the slip ratio which is measured
beforehand is used, the slip ratio given as a controller reference is not necessarily the optimal. In this paper, ABS based on
the optimal slip ratio estimated by using the accelerometer is proposed so that the negative acceleration of vehicles becomes
the maximum. Simulation results show that the stopping time and distance of the proposed ABS become shorter than those
of the conventional ABS in the cases of four kinds of controllers, namely, P, PD, PI, PID controllers. Though there is no
large difference between these four controllers on stopping time and distance, velocity change of vehicles is abrupt in the
cases of P and PD controllers. Thus, PI or PID controller is suitable for implementation from a passenger’s safety.
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Fig. 1 Vehicle and wheel velocity after sudden brake
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Fig. 2 Quarter car model
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7 Response of ABS in the case of PID controller
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. 8 Response of ABS in the case of PD controller
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Fig. 9 Response of ABS in the case of PI controller
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Fig. 10 Response of ABS in the case of P controller
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Table 1 Stopping distance in the case of conventional ABS

’ Controller H Stopping time [s] | Stopping distance [m]

- 3.46 46.50
P 3.11 43.85
PI 3.20 44.90
PD 3.11 43.85
PID 3.20 44.90

Table 2 Stopping distance in the case of proposed ABS

’ Controller H Stopping time [s] | Stopping distance [m]

- 3.46 46.50
P 3.01 42.84
PI 2.99 42.86
PD 3.01 42.84
PID 2.99 42.86
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Fig. 11 Vehicle position in the case of PI controller
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Fig. 12 Comparison of vehicle position



