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Abstract The damper oil seal of a high-speed railway vehicle is made from nitrile butadiene rubber (NBR) in order
to prevent lubricant from leaking into the damper and to stop harmful contaminants from entering the external
environment while in service. Oil leakage through the seal primarily occurs from fatigue failure of the damper.
Cumulative damage of the seal occurs due to the contact force between the rod and the rubber during movement due
to track irregularities and cants, among other factors. Thus, the design of the oil seal should minimize the maximum
principal strain at weak points. In this study, the optimal cross section of the damper oil seal was found using the
multi-island genetic algorithm method to improve the durability of the damper. The optimal shape of the oil seal was
derived using process automation and design optimization software. Nonlinear material properties for finite element
analysis (FEA) of the rubber were determined by Marlow's model. The nonlinear FEA confirmed that the maximum
principal strain at the oil leakage point was decreased 24% between the initial design and the optimum design.
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Fig. 1. Lateral damper oilseal of KTX bogie
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Fig. 2. Stress-strain curves of nitrile butadiene rubber

used for the oilseal

oF &7} A5 (suspension performance)2] #3lE Z gt

oA, F Qb 2 FAg] eledge nA w9

oy g

ol oo H

.—Qg,:J}l;I-ﬂrsﬂrﬂ
T .-
oft

=2

o
9

2. 71418 E4 ot

580

o|7] SfeliX=

He Qe

ot Hir

A4& oLg3hel 4 (1)
(HE T8+
U= Udev (71 ) + Uvu/ (Jt'/) (1)

L

A7 U, = BA WIE
strain energy density), U]

A A, 13}

ol
T o
I &

J,

el

deviatoric strain invariant),

A

LS Y

volume ratio)©]t}. ©]

=
FEazsae QY AreA s,

Oil pressure : IMPa

(b)
Fig. 3. Finite element model and boundary condition of
the oilseal, (a)assembly condition of the 1% step
(b) applied load condition of the o step
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8 Find X, X, X,
B Minimize Maximum principal strain at A, B and C
(Y — P 64 < X, < 74[deg]
10 11 12 13 14 15 16 17 18 19 20 X
Distance between rod and contact point [mm] Boundary 05 < Ay < 1.5[mm]
(© 55 < X; < 65[deg]
Fig. 5. Maximum principal strain distribution and Max. principal strain at point A < 0.394
histories of the original model, (a)finite Constraint Max. principal strain at point B < 0.281
element analysis result Max. principal strain at point C < 0.343
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Fig. 6. Design parameters for the damper oilseal
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Table 2. Comparison of the initial and optimum design

models.
Initial model Optimal model Decreasing
. Ma?(. . Ma?(' ) rate of Max.
Position | principal variables |[principal |  variables | rincinal strain
strain strain P
A 0394 | X |69 [degl|| 0377 | X, |72 [deg]|l 4 [%]
0.55
X, X, L/
B 0.285 5| 1 [mm]| 0252 2| mm] 12 [%]
C 0342 | X; |60 [deg]|| 0.260 | X |65 [deg] 4 [%]
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