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Motivations
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EV and HEV features Electric Propulsion and Enhanced
Mechatronic Subsystems, such as brake-by-wire

Driver Input\

@ The coordination between conventional and electric brakes
(@) * has to occur without driver noticing
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Brake-by-wire: EHB

1) The brake pedal travel is measured and the
pedal simulator creates the required feedback
force to the driver

2) The VCU calculates the demanded brake
pressure for each caliper and transfers the data
to the EHCU

3) The EHCU realizes the actuation of wheel
brake cylinders by setting the demanded
pressure level in the wheel calipers through the
proportional valves
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Brake Controller
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Objective: BLCF compensation
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Virtual Sensor of BLCF
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Wheel Torque Observer

1st order Euler
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Wheel Torque Observer
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Simulation — IPG CarMaker
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BLCF Estimation — Dry Road — No blending
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BLCF Estimation — Changing road conditions — No blending
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BLCF Estimation — Blending

Vo, = 72 km/h
T, = 150 °C

Spedal = 60%

The estimation accuracy deteriorates
for lower excitation levels
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BLCF Compensation — Constant deceleration level
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BLCF Compensation — Improved brake pedal feel
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* In the under-braking case (dash line), higher brake pedal travel must be applied to realize the
same deceleration level.

* In the over-braking case (dash-dot line), the same pedal actuation produces higher
deceleration levels.

+ The compensation algorithm detecting a friction loss event aligns the pedal travel-
deceleration curve to the ideal profile reducing the driver workload
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Conclusion

« A state observer based on Kalman Filter is implemented to estimate the
friction coefficient

« The observer features a compensation capability against changing road
conditions and is easily tunable in case of variation of plant characteristics

« The knowledge of the current BLCF is necessary for enabling the
compensation function within the EHB control unit

« The BLCF compensation allows to attain a constant vehicle deceleration level
with simultaneous improvement of brake pedal feel.
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