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Shape Optimization of a Bogie frame for the Reduction of its Weight

Hyun-Su Kim', Chan-Woo Ahn’, Kyung-Ho Choi , Jeong-Ho Park™

ABSTRACT

As industry is developed, the faster transportation of freight train is demanded. The optimum design of a
structure requires the determination of economical member size and shape of a structure which will satisfy the
design conditions and the functions. In this study, it is attempted to minimize the dead weight of bogie frame.
From the numerical results in the shape and size optimization of the bogie frame, it is known that the weight can
be reduced up to 17.45% with the displacement, stress, first natural frequency and critical buckling-load
constraints. The first natural frequency and the critical buckling load of the optimized model is larger than that of
the lowest design value. Stress and displacement conditions are also satisfied within the design conditions. From
the results, the optimal model is stable and useful for the improvement of railway carriages.
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Table 1 Material properties of SMASOA

Material property Value

21600 kg /mm?
0.33

E(Young's modulus)

Vv (poisson's ratio)
P (density)
yield strength

7.95 kg - s?/mm?*

38 kg /mm?
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Table 2 Loading conditions

Loading Magnitude
. Remarks
Conditions | of Load (tonf)
Static =( Wi+ Wo- W]
oad 33,75 [P=C Tt e Ho)
Vertical load |—22¢ 2
Dynamic| 1 ¢8| pyopax( g+1
load ' w=Pax(g+1)
Lateral load 10.13 P. = Pa x 03
Longitudinal
10.13 Py = Pa x 03
load
Torsional
33.75 P. = Pa x 1.0
load
Breaking
42 P=4x( Bx )
load
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Table 3 Range of design variables

Range .
Initial | Lower | Upper
D.V
ti(mm) 12 4 20
to(mm) 16 8 24
t3(mm) 12 4 20
ts(mm) 16 8 24
ts(mm) 9 5 13
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Fig. 2 Design variables of bogie frame (1)

Fig. 3 Design variables of bogie frame (2)
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- Estimate a starting design x©@
- Set iteration counter k=)
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- Calculate the gradient of Ax)
as ¢ =vAx®)

m True

False

- Let the search direction at the
current point x‘® be d(’f)z—c(k)

- Calculate a step size @, to
minimize Ax® + ad®)

- Update the design as
x(k+1) =x(k)+akd(le)
- k=k+1
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Fig. 4 Maximum stress of initial model of bogie
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Fig. 5 Maximum displacement of initial model of

bogie frame
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Table 4 Result of size optimization

D.V | Initial | Optimum| S.V [ Initial | Optimum
t1 12 8.06 Oy |168.78| 215.14
t2 16 10.64 | Ul 237 3.42
t3 12 10.16 fie | 68.54 65.59
t 16 14.02 | P | 19.92 14.99
ts 9 7.11 - - -
Volume Reduction of 17.45 %
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