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Analytical study to the Brake Lever in Basic Brake System for Railway
Vehicle
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Abstract A brake lever in a basic railway brake system is an important safety device that delivers braking force
from the brake cylinder to the brake pad. The safety guidelines for designing rolling stock only qualitatively describe
that the brake lever should have sufficient strength. Each train has a different type of brake lever. One brake lever
that was designed with a factor of safety of 1.27 has failed, so the material was changed to increase the strength.
Therefore, the stress distribution and weak points of the lever were identified by theoretical analysis. and structural
analysis. Different brake lever designs were examined for KTX high-speed trains, which have a split-type structure,
as well as for electric locomotives, which use an electric multiple unit (EMU) with a unity-type structure. A fracture
test was also done to look at the relationship between the vertical stress and the bending stress during braking. The
results were used to find a safety factor to apply to each train and suggest quantitative minimum guidelines. We also
looked at changing the unity-type EMU brake lever to the split type under the same conditions and analyzed how
much the design change affected the factor of safety.
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Table 1. characteristics in the respective brake lever

classification EMU EL KTX
material SC450 GALP 900-8 SF590
lever ratio 1.6 1.4 0.976

fixed points 2 1 2
structure unity type unity type split type
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Fig. 1. basic brake assembly of EMU, EL
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Fig. 2 free body diagram of the basic brake assembly
for EMU, EL
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Fig. 3. bending moment diagram for EMU, EL
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Fig. 5. bending moment diagram for KTX brake lever
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Table 4. material properties of EL brake lever

classification contents
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TzHMS 93 3212 magFAe TalEy] et tensile strength over 900MPa
of 3D AlEelold =219l Solidworks 20129} 4] | SEGSenED o
270 Z23W o F Midas IT NFX 2014 R2E A-43} propertes | “"4Uenee Bt 10" cycle — 432MPa
o] 4944 YR ST 7 brake lever?] Lo ey

X
Mol AREE Q4 AAPHA Qh4o]a, A4z o
g 9 AAAL A71EA7F 91,70470, 142,45770, A
717182 242 23,1347, 40,1357, EH Ex}Eo)
7}7} 54,8937, 85,152708 A&}t wxutoz A
SAE EH¥oR 7MY & 971 6,3767H, 10,86370
t}.

Fig. 9. FEM model of EC brake lever

Table 3. material properties of KTX brake lever

classification contents

material SF590B
over 590MPa
over 360MPa

tensile strength
yield strength

Fig. 7. FEM model of EMU brake lever

g;:;:;?:swal endurance limit 107cyc1e — 275MPa
Table 2. material properties of EMU brake lever modulus of elasticity 205GPa
classification contents Poisson ratio 0.29
material SC450
tensile strength over 450MPa
yield strength over 225MPa
;::ei?;lcal endurance limit 107 cycle — 179MPa
modulus of elasticity 202GPa
Poisson ratio 0.30

Fig. 10. FEM model of KTX brake lever
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Table 5. result of structural analysis to the respective
brake lever

classification EMU EMU(split) EL KTX
Max. stress 90.1 83 2258 166
yield strength 225 225 600 360
safety factor 25 271 2.66 2.17
endurance limit 179 179 432 275
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Fig. 11. structural analysis result of EMU brake lever
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Fig. 12. structural analysis result of EC brake lever
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