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Optimal Design for Strength Improvement of Support Bracket for
Sanding Device of Railway Vehicle Using Topology Optimization
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The sanding device support bracket is part of the axle box and is one of the railway vehicles parts that must withstand
extremely harsh environments. Conventional welded structure type brackets were cracked at welds during operation,
requiring design changes. To minimize harsh environments and manufacturing errors, this review was conducted from the
design stage, and design changes were made through several trial and error. In this paper, the optimal design was derived
by performing topology optimization on the model designed and manufactured through trial and error and applied to the
actual vehicle. The comparison of the existing model with the empirically designed model confirmed the improvement of the
optimal design using the topology optimization. The optimized design was verified by the analysis and the vibration test of
IEC 61373 was satisfied. The test parts based on the optimal design were applied to the actual vehicle and the
performance was verified. In the optimum design process, the shape and material as well as the weight analysis were
performed and finally the brackets were designed to be light in weight and improved in strength.
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Table 2 Measured acceleration on axle box

Index (G) Max Min rms
Longi. 12.93 -13.32 0.62
Lateral 26.94 -24.4 1.12
Vertical 63.12 -41.2 1.75

Table 3 Applied force on extractor

Index Applied force (Kn)
. . . . Longi. 20
Fig. 4 Sanding device support bracket analysis model
Lateral 10
Vertical 10
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Fig. 6 Sanding device support bracket analysis result

Fig. 8 Lateral vibration test

Table 4 Material properties for sanding brackets' (Adapted from Ref.

1 on the basis of OA) utet AFe] o JFS W vh, Ak dAlY =
Index Values EfQJ o2 AZb SHoA] datd F4& 2HETE o= §l= o]-o]
ADI Ut
Material (Austempered ductile iron)
' (Standard: ASTM A897/A 897M-06) 3.2 JWAE RIEF 91 A3

Weight 151 kef WM OR SR PHES SISl on], AR g A o
Yield strength > 621 MPa Eo et A% Y AP oo Sasilct A% W

Tensile strength > 896 MPa NFL FAol| oAk A|FS 2=3)5}3ic) 2
Elongation =% 87) N 5 AREN el AR R/ vl gaks 5
Hardness 269-341 sto] 2 O] A% WA o5 2RI At mF 7% oy

B2 PAE SESAL Sle= T 4 9o, VI AlE 2

F(Ist2nd Type)e- 84 758 AlFo= 84 2 & Aol =

Table 5 Structural analysis results and varied design compare results

Index 1st Type 2nd Type Final type
Material $275J0O SM490A ADI
Tensile strength (MPa) 410 490 900
Yield strength (MPa) 275 325 650
Elongation (%) 22 17 9
Weight (kgf) 11 11 15.1

Measured acceleration: Longi. 13.32 g/ Lateral 26.94 g / Vertical 63.12 g

Analysis condition

External force on extractor: Longi. 20 kN / Lateral 10 kN / Vertical 10 kN

238

279

293

Analysis results
(MPa)

Safety factor 1.15

1.16

222
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1% Type Original Design Package FEA and optimization
Model Configuration settings

New Bracket Proposal
~__ Design Design

Fig. 12 Topology optimize process for sand bracket

\ - The bolted joint is modeled
as a non-design area, and the
other bracket is modeled as a
design area.

Non-Design space

Fig. 13 Topology optimize results for sand bracket

Fig. 14 Topology optimize analysis result (Material density)
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Fig. 15 Final design from topology optimize analysis result

Fig. 16 Compare results empirical model with analytical model

1t Type 21d Type

15t Type (material: $275J0, yield strength 275 Mpa)
- 20 Type (material: SM490A, yield strength 325 Mpa)
. Final Type (material: ADI, yield strength 650 Mpa)
. Optimal Type (material: ADI, yield strength 650 Mpa)

Von-Mises Stress

Fig. 17 Topology optimize vs. Empirical optimize results compare

.

Material Safety Factor

Table 6 Results compare table

Index 1st model Trial & Top.ol(.)gy
reference Error optimize
Safety 115 2.22 2.47
factor ’ (+93%) (+115%)
Develop 90 days 7 days
time 30 days (+200%) (-77%)
Develop 100 300 90
cost (+200%) (-10%)
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