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Abstract The Electro-Mechanical Brake (EMB) is the next generation braking system for automobiles and
railway vehicles. Current brake systems for high-speed trains generate a braking force using a pneumatic
cylinder, but EMB systems produce that force through a combination of an electric motor and a gear.
In this study, an EMB operation mechanism capable of generating a high braking force was proposed,
and structural and vibration analyses of the gears and shafts, which are the core parts of the
mechanisms, were performed. Dynamic structural analysis confirmed that the maximum stress in the
analysis model was within the yield strength of the material. In addition, the design that maximizes the
diameter of the motor shaft was found to be advantageous in strength, and large shear stress could be
generated in the bolt fixing the gear and eccentric shaft. In addition, a test apparatus that can reproduce
the mechanism of the analytical model was fabricated to measure the strain of the fixed bolt part, which
is the most vulnerable part. The strain measurement results showed that the error between the analysis

and measurement was within 10%, which could verify the accuracy of the analytical model.
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Fig. 2. 3D models of EMB Power Transmission
assembly
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Fig. 3. 3D element mesh for structural analysis

Table 1. Material properties for structural analysis

Material Property Value
Elastic Modulus (MPa) 205,000
SM45C Poisson ratio 0.29
QM Density (Ton/mm’) 7.85E-9
Yield Strength (MPa) 490
Elastic Modulus (MPa) 210,000
SCM440 Poisson ratio 0.29
QM Density (Ton/mm?’) 7.85E-9
Yield Strength (MPa) 1,034
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Table 4. Maximum stress in Dynamic Analysis

Motor [Eccentrig
Shaft  [Shaft

YS @ 1,034 MPa YS: 490 MPa

Casel 339.5 810.7 850.4 318.1 290.2
Case2 337.0 330.7 346.7 259.4 259.9
Case3 183.0 723.2 756.3 201.1 2749
Case4 2229 812.9 853.4 321.7 2942
Case5 204.6 3328 349.4 260.1 261.6
Case6 130.8 725.1 758.9 268.7 279.1
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Fig. 12. Installation of strain gauge at Bolt surface



149

A8 A717AN AN FEAE 71720 A F2804

|

Q191 HARFZES} 7]o] 28 AdFE BE
o 2EdQI AoIAE t9 Fig. 129} o] Ax|s}o,
RE}Z9] B30 wet P E(strain)& &7g5tal, 1 2
IE AT} vlwstarat st

AgE AEFR] AlojRE &Y HBMAR 3/350
CLY41-4L-2M%lo™ A3gE 35002+0.35%0]12 Al
o]z WElE= 2.00+1.0%Act E AEH R AoX+&
EE9| HHA EE U HIES ST 5= 3
L& ufRotg o, AEF]] Alojx]9] HAE floto] &
ERHE FYotA 7ottt E3L 2E Fof 285t
£ E3E F45] fIsto] Fig. 133 Zo] B AlME
LE Zo AR5, ojdf AREH EF AAE FEe
gl9] CTSS-2000KCE2A] FA&EH2 1.5288 mV/Vo]
o, "HAFAL 03% oSl AZo|t},

232 AEHQ EHE S¢ ofldEy 45

29 Fig. 14= HEF0] ZH8sle EF 9] EE
5 ®2Ho AEQ] HZLE ANAne} s daE v
sto] Uehd Tfjaolot. oAl A%t vk} o] Aot
£ 2 EERHA BE S HPEC|EE, j8F
T BEERHAA LE12gt0] Hu7} " B 29
9] node #Z golAl ARESIAI

Fig. 149] Z3o|lA & & xol, A4 HEE &7
Ao} siAdart & dAsk= AS & 5 Aok HIE
EX A= Sl ATet @A17F 10% OIHE T 9%)Z A,
AREO] HEEE AT 4 Ao, olg HiFgoR
AAE EMBY] #2124 E/4Jo] FE5| FHEEIS E

¥ % gk

400.0
3500 | <©Experiment °
OSimulation a
3000
&
~ 2500 }
S
= 2000 |
B
2]

Z 1500 F

1000 F

Q
500 F
0.0 . . N
0 50 100 150 200
Torque (Nmy)
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