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An Optimal Design Method and Evaluation of Geared Motor Driving
Unit for Electro-Mechanical Brake
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Q % T AREE AV 7|AA ASHAX(EMB : Electro-Mechanical Brake, ©]3F EMB)= 9F 50 ~
60 kN 29 Ae¢FdS YAZ 3ith ZEF AMEEE EMB 755 1ET £32 A5 w2 #4508 482
st that DA 2 QIgE I Q1 Aok wfZo] 43t A 9 &3 F AFSHRERE YA IF0 & AT W8
7FAoF gt} whebA], 471 QAP EE(GM  Geared Motor, °sF GM)2] AA 4 A&7&2 AE=AFE EMB 15
9] AF FS o 283t 7|&oltt. B =72 GME A% ZE JFAAH 9 L7 28 OFUH 1
= widd IR 57145 7|(IPMSM : Interior Permanent Magnet Synchronous Motor, ©]|5} [IPMSM)E A&
stRom HHHA7HOE Plackett-Burmann(PB, ©15} PB)9] W E B4 53 SESEHEAH(RSM : Response
Surface Methodology, ©15F RSM)& A-&sto] HASHEAE +Pstutt. AE71+= +743710le Hd7|o19] 23S &
3 BAY 217 447 FHE B HAE(fail safety) B8 7152 ZEE AQtetgch IPMSMO H A3t 4AE
Boto] 7] AAAY tiH] SYEIE 12% 45teH, BE ST 447]9 54% A4S Boto] o= 25% T4,
FHL 50% TAachke Z2FE Yo GME EMBO| AX[ste] 7|2 5AEE &5 7H848E BUkori

Abstract An Electro-Mechanical Brake (EMB) mounted on the bogie of a high-speed train (HST) requires
about 50 ~ 60 kN clamping force for braking. The EMB driving unit using a motor needs a high
reduction gear for high torque output. In addition, the EMB driving unit must be compact owing to the
space constraints and need to withstand the vibrations generated from under the vehicle while it is
operating. Therefore, the design and manufacture of a geared motor (GM) for improving the reliability
of the EMB driving unit for HST are necessary. This paper deals with the motor optimal design method
and reduction gear structure of the GM. As part of the design, an Interior Permanent Magnet
Synchronous Motor (IPMSM) is used, and the optimization design was performed by applying Response
Surface Methodology (RSM) using the Plackett-Burmann (PB) sensitivity analysis. The reduction gear is
proposed to have a safety function through the concentric shaft perpendicular reducer using the
combination of planetary and bevel gears. Through the optimized design of IPMSM, the output torque
increased by 12% compared to the initial design. Simultaneously, the volume and weight had decreased
by 25% and 50%, respectively, through the integrated connection of the motor shaft to the reducer.
Finally, the GM was installed in EMB, and its availability was evaluated through a basic performance test.

Keywords : Geared Motor, Brake-By-Wire, Electro-Mechanical-Brake, Interior-Permanent-Magnet-Synchronous-
Motor, Response-Surface-Methodology, Plackett-Burmann, Optimal-Design.
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Fig. 1. RSM using PB Optimization procedure
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QA A(FEA Finite Elements Analysis)
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Where, =« denotes characteristic variable  [PMSM AAA E39} At AA WS} ofd 7 &4

according experimental condition, « denotes
coefficient of design value, ¥y denotes design
value after experimental result, € denotes error
value and k denotes number of characteristic

variable.
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Fig. 2. Sensitivity analysis results
(a) torque output (b) ripplerate
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Table 3. FEM result according to CCD

No. Torque Ripplerate Remark
1 3.436316 0.043338
2 3.468958 0.042571
3 4.155315 0.052487
4 4.184637 0.054621
5 3.372034 0.038959
6 3.403949 0.036425
7 4.081998 0.050221
8 4.111043 0.048885 Selected
9 4.428834 0.061544
10 4.39911 0.066784
11 3.737666 0.058134
12 3.70385 0.058035
13 4.503915 0.060102 Selected
14 4.473423 0.070214
15 3.812303 0.062095
16 3.777863 0.061614
17 3.952053 0.05645 Before Opt.
18 3.720983 0.044697
19 4.187079 0.064176
20 4.005806 0.062034
21 3.904799 0.047184
22 3.423482 0.046642
23 4.422628 0.057028 Selected
24 3.924734 0.059293
25 3.96848 0.051247
FEA result
5.0 T
Chse2s Case 13
4537 Case8 N e T 1
2 4.0 = - ', -
g 35F ., . Beforeoptimizafon :
gﬁi 0F 8
o
25F ]
20 001 0.06 0.08
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Fig. 3. FEM Simulation result for torque and ripplerate
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Table 4. ANOVA table

Regression Residual
Fator L o Sum

variation variationF
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k n-k-1 n-1
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Fig. 4. Torque output of optimized design for IPMSM
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