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Abstract 'Electro-Mechanical Brake (EMB) is a novel braking system for automobiles and railway vehicles,
and research in this area is actively underway. The current braking system for railway vehicles generates
a braking force using a pneumatic cylinder, but the EMB system generates the force through a
combination of an electric motor and gears. In this study, the design of an EMB system that meets the
domestic standards was conducted through the finite element modeling and fatigue analysis of an
eccentric rotating shaft-based EMB system capable of generating a high clamping force. At this time, to
improve the accuracy of fatigue analysis, three types of fatigue test specimens, which were subjected to
the same heat treatment as the materials used in the prototype, were produced, and the fatigue tests
were performed for each material. The fatigue properties (S-N curves) were obtained from the fatigue
test results for each material and reflected in the analysis model. The results of fatigue analysis
confirmed that the design of the EMB prototype could satisfy the maximum commercial
braking/relaxation of 530,000 times, which was the endurance life condition for domestic railway
vehicles. In addition, based on this design, a prototype will be manufactured, and endurance testing will

be completed to demonstrate the durability characteristics of the developed prototype.
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Fig. 1. Drawing for Specimen based on ASTM E8
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(a) SM45C

Fig. 2. Test Specimens for fatigue test
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Table 1. Tensile test results for each material

Material Tensile Strength (MPa) | Elastic Modulus (GPa)

SM45C 921.63 212.25

SCM440 2113.53 206.99

SM490A 519.37 201.62
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where N denotes predicted number of cycle to
failure for stress range, S denotes Stress range, b
is negative inverse slope of S-N curve and c is

intercept of N-axis by S-N curve
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Table 2. Fatigue test results for each material

Material b c Fatigue limit at 10° cycle
SM45C -0.1443 3.4280 364.92 MPa
SCM440 -0.2498 3.7694 186.47 MPa
SM490A -0.1279 3.2666 315.65 MPa
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Fig. 3. 3D FEM Model and Boundary Conditions
for fatigue test specimen
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Fig. 4. Comparison between experiment results and
analysis results by fatigue S/W(fe-safe)

(a) Fatigue Test Results(SM45C)
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(b) Fatigue Analysus Results(SM45C)

Fig. 5. Comparison between fatigue failure location
and distribution of log life for specimen
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Fig. 6. Analysis Model and each component of
EMB Caliper
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(a) Cam Shaft

(b) Gear connected to Cam Shaft(Gear-2)

Fig. 7. Meshing Results of EMB model for Structrural
and Fatigue Analysis
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Table 3. Fatigue test results for each material

Load Condition Motor Torque Axis Force

152 Nm 52 kN (13*4)

Emergency Brake

114 Nm 39 kN (9.75*4)

Full Service Brake

2.3 EMB AMIZ Ui-Tolid Zat

2.3.1 YBZ(HMIS 5322 Lol Zut

stoll M drget Wi7sfA BdllS o]-gsto] Fxs4
ek, 1 ANE v R Tside +asto]
A Y et A A8 EdiAlEs =4
o] 7% =l Aol 53989 Als /sl Al EAI7H
glofop tar gstal ok AA uitsld 23t
Table 49} go] Fx3f40llA A &2(242.5MPa)°]
&Y Motor 0] ofd HA JHFA 7 22
%0 5719H8]9] o] S, YA FE2 7
T FR(10098] od)o] IS wEbA A
FE0] o] B 535 oo mA FEIt g
o] FHEJZE & & Atk ot Fig. 82 7M1
o] A2 F& w4 3ol et S # Ui
g s Aol

o

T

N

Table 4. Fatigue Analysis results for EMB at
Commercial Maximum Braking Force

A Maximum Stress| Fatigue Life
Part Material (MP2) Cycle
Fixation Shaft SCM440 36.3 Infinite
Motor Shaft 2425 Infinite
Cam Shaft 223.8 5,714,786
SM45C
Gear-1 87.9 Infinite
Gear-2 107.3 Infinite
Body Bracket 89.7 Infinite
Upper Body -
Plate SM490A 396 Infinite
Bottom Body 40.2 Infinite
Plate
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(a) Stress Analysis
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(b) Fatigue Analysis

Fig. 8. Stress & Fatigue Analysis results for Cam
Shaft at Commercial Maximum Braking
Force
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Table 5. Fatigue Analysis results for EMB at
Emergency Braking Force

. Maximum Stress| Fatigue Life
Part Material (MP2) Cycle
Fixation Shaft SCM440 48.4 Infinite
Motor Shaft 323.4 2,310,468
Cam Shaft 297.4 800,203
—_— SM45C
Gear-1 1213 2,049,274
Gear-2 1433 Infinite
Body Bracket 119.2 Infinite
Upper Body .
Plate SMA90A 53.0 Infinite
Bottom Body 53.6 Infinite
Plate
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(a) Stress Analysis
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(b) Fatigue Analysis

Fig. 9. Stress & Fatigue Analysis results for Cam
Shaft at Emergency Braking Force
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10. Stress & Fatigue Analysis results for Motor
Shaft at Emergency Braking Force

Fig.
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(a) Stress Analysis
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(b) Fatigue Analysis

Fig. 11. Stress & Fatigue Analysis results for Gear-1
at Emergency Braking Force
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