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A Evaluation of Emergency Braking Performance for Electro
Mechanical Brake using Interior Permanent Magnet Synchronous
Motor
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2 % EH =FE2 H77AXASHAEMB : Electro Mechanical Brake, ©]3} EMB)Q A% ¥ H(clamping
force) Aol 3t AEAIEAH (dynamo test equipment)s L83 Al5d5 B7HEol disto] th&Ect. EMBS
At A= AsA; Eopol A thRE = Qlon, theket AojHo it FAAJEH] dEY A FEAE F2 FD
Qo E =52 FAHAH A H5H7ME FHoIt. EMBY 5 Yol 34 wWidE A 571HE57I
(IPMSM : Interior Permanent Magnet Synchronous Motor, ©]3} IPMSM)7} A-&E o™ {3t AM(FEM :
Finite Element Method, ©]3} FEM) 3§14 AZE0]9l IMAGS 55o] A4 D A4S +=F3lct. EMBY LH-HA|
ol sl HFA], &=Al Ed HXAo7 FYP=HJoH, HFA = DAAFT HWEIAC(MTPA
Maximum Torque Per Ampere, ©]3} MTPA)7} &&= 9tt A7t U4 ASGA Y vdAE B5AE
Az} 5L oz £y om AFA o] AXHE IEHEATFO ES 110 km/h, 230 km/h ¥ 300 km/h
2 Ak dEolA Zzbe] £ 270 ©E EMBE] Ale dEHE QUlete 4485S skt H145%(300
km/h) FEjoll A vl4AE A A= 7329 AZto] A8 Eor At 1&HE EXRFHEMU-430X)0] 489 3%
A AsZAY JAE 2} BuE S5t Aeais AT 2 AEYEY |FAE gRlsk

Abstract This study examined the clamping force control method and the braking performance test
results of an electromechanical brake (EMB) using braking test equipment. Most of the studies related
to EMBs have been carried out in the automotive field, dealing mainly with the static test results for
various control methods. On the other hand, this study performed a dynamic performance evaluation.
The three-phase interior permanent magnet synchronous motor (IPMSM) was applied to drive the
actuator of the EMB, and the analysis was verified by JMAG(Ver. 18.0), which is finite element method
(FEM) software. The current control, speed control, and position control were used for clamping force
control of the EMB, and the maximum torque per ampere (MTPA) control was applied to the current
controller for efficient control. The EMB's emergency braking deceleration performance was tested in the
same way as conventional pneumatic brake systems when the wheel of a train rotates at 110 km/h, 230
km/h, and 300 km/h. The emergency braking time, with the wheel stopped completely at the maximum
rotational speed, was approximately 73 seconds. The similarity of the braking time and deceleration
pattern was verified through a comparison with the performance test results of the pneumatic brake
system applied to the next generation high-speed railway vehicle (HEMU-430X).

Keywords : Interior-Permanent-Magnet-Synchronous-Motor(IPMSM), Maximum Torque Per Ampere(MTPA),
Dynamo Test Equipment, Emergency Brake, Brake-By-Wire, Electro-Mechanical-Brake.
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Fig. 1. Appearance and Dynamic Mechanism
of EMB
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Table 1. Design requirements of IPMSM and reduction

gear
Item Unit | Specification | Remark
Rated Output 4 600 Minimum
Rated Speed r/min 2500
Maximum Speed |r/min 4000
Motor
Rated Torque Nm 2.5 Minimum
Rated Current A 20
Supply Voltage \ 727100
Reduction Ratio - 100:1
Gear Output Torque | Nm 180
Fig. 2= A7AE IPMSMO] 29 &4 4435 Yt
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Fig. 2. Torque output of IPMSM
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Fig. 3. Dynamic characteristic according to speed
(a) torque Vs efficiency (b) torque Vs input current
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Fig. 4. Relation of iy, igs and (3 for IPMSM
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Fig. 5. IPMSM control concept of EMB system
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Fig. 6. d-q axis current control reference
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Fig. 8. Deceleration control patern for HEMU-430X
pneumatic brake system using
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Table 2. Clamping force reference according to axle

Fig. 7 (c)2F o] QoA AAFAIE ol-&ste] A ofst
€ dHer Ade

Sagstelcy.

velocity at Emergency braking.

Initial Clamping force reference [kN]
axle velocity Axle velocity [km/h]
llm/h] 300 230 160 110
300 31 42 50 54
230 - 42 50 54
110 - - - 54
Table 2= H3AlS XFAIES A9l Fig. 8o &

GdEE b =48 vehdoh B4 Ho] XEFO|
300 km/h £E2 3HA] Iz As 452 31 kNojA]
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Pk coukrol

Modar & Gear

()
Fig. 7. Installation for EMB Performance Test L T T
(2) equipment for braking performance test (b) EMB s
installation (c) brake control and monitoring

(a) b
Fig. 9. IPMSM control results at 110 km/h speed

(a) d-q axis current control (b) position control,
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Fig. 10. IPMSM control results at 230 km/h speed

(a) d-q axis current control (b) position control
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Fig. 11. IPMSM control results at 300 km/h speed

(a) d-q axis current control, (b) position control
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Fig. 12. IPMSM speed control according to the
position control at 300 km/h speed
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Fig. 13. Comparison of Emergency brake curve between
pneumatic brake and EMB at 300 km/h speed
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Fig. 14. Emergency brake test at 300 km/h speed
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