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A Performance Evaluation of Control Method Using Force Sensor
Compensation of Electro-mechanical Brake
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Abstract Pneumatic brakes, which are mainly used in railway vehicles, apply a braking force to railway
vehicles through an open loop control of a predetermined pneumatic pressure according to each braking
step. Recently, with the appearance of electromechanical braking devices, a control method of an
electric motor to replace the function of an existing pneumatic actuator has been studied. Complicated
control is required because the braking operation using the motor is performed in the stall state of the
motor. In particular, pressure estimation control is mainly used because the sensor installation is difficult
due to the temperature rise of the friction surface of the brake disc. On the other hand, to accurately
control the clamping force according to the change of the friction surface and the hysteresis
characteristics of the motor, it is necessary to consider the installation of a force sensor.

In this paper, instead of measuring the clamping force applied to the friction surface of the brake disc,
a force sensor was installed in the brake pad bracket connection part of the caliper, and the sensor
feedback signal was used together to compensate for the control of the existing position estimation
control. The proposed method can increase the reliability of the braking system because it can be
controlled through position estimation control when the clamping force sensor fails. The performance
of EMB to which the proposed control method was applied was installed in the experimental jig, and
the availability was evaluated through static control performance evaluation.

Keywords : Brake-By-Wire, Electro-Mechanical-Brake, EMB, Clamping force Sensor, estimation control,
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Fig. 1. Sensor compensated control procedure for
EMB clamping force
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Fig. 2. IPMSM control concept of EMB system
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Fig. 3. Test installation for EMB clamping force control
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Fig. 5. Experimental result of clamping force using
estimation control (a) position control, (b)
d-q axis current control

Fig. 5& F8A01E Bige= A} 7oA A
o]’d5S HoET Fig. 5 (a)ollA YF-42 Fig. 39
A8 AR F0IA SHEHE dF-Ee UEdT,
A2 A Axtell mE groz A[PFgkol whet

FHAX7E AejE 1 S HojEeh g 4HE A
B2 54kNojm, 9j59] 2)70] MX|H A =RH
ZHEE dRHEZL 9F 53.5 ~54.0 kNOZ AlAME]A
Alol7} 3= 1 et

Fig. 5 (D& Hd gFg 2PA] PMSM Aol& gt
d-q% AFYS YePdh Fig. 5914 E5o0] AFA0]
ol Z8A FLL Yste] MTPA ARAC7F &P
on TEO 7L FE & gF2 oF 8A dE2 <F
-7A9] AR7F Y= QUrh

Position Control Clamping Force & Current

£ 60 60
3 LN N
s [ Foree < | Foree
= -
S0 / £ 40
S / 2 J
3 Refics | 3 1
E 0 /" \\| Z r‘ i
J /A : 2 -~ =
g / e et 2 .
20 <X —— 5 o i
Z Positifn : o Iy !
I~ T T i b
0 1 2 3 4 0 1 2 3 4
Times] Time[s]

(a) (b)
Fig. 6. Experimental result of clamping force using
sensor compensated control (a) position
control, (b) d-q axis current control
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Fig. 8. EMB up step position control pattern under
static condition (a) estimation control, (b)
estimation and sensor compensated control
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Table 1. Comparison of experimental result

Test Result [kN] Error [%]
Step
(reference |Estimation Sensor Estimation Sensor|Remark
IkN]) control |compensat” - lcompensat
ed control ed control
1 (20) 20.7 20.3 3.5 1.5
2 (26) 24.3 26.0 6.5 0
3 3D 29.3 31.3 5.4 1.0
4 (36) 34.3 36.0 4.7 0
5 (42) 41.3 42.0 1.6
6 (50) 50.0 49.7 0 0.6
7 (54) 52.7 53.7 2.4 0.6
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