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Prediction and Evaluation of Stiffness of Chevron Spring
for Rail Vehicle
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Abstract

A chevron rubber spring is used in primary suspension system for rail vehicle. The chevron
spring support the load carried and reduces vibration and noise in operation of rail vehicle. The
computer simulation using the nonlinear finite element analysis program MARC executed to
predict and evaluate the load capacity and stiffness for the chevron spring. The appropriate
shape and the material properties are proposed to adjust the required characteristics of chevron
spring in the three modes of flexibility. Also, several samples of chevron spring are
manufactured and experimented. It is shown that the predicted values agree well the results

obtained from experiment.
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Fig. 2 3-D Model of Chevron Spring
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Table 1 Ogden Constants of Rubber

Hardness 44 Hardness 50 Hardness 60

#;(MPa) a; #;(MPa) a; #;(MPa) a;

1.15E-2 |049E+1 | -1.24E-6 | 0.11E+2| -419E4 |0.61E+1

342E-1 | 024E+1| 268E-1 |034E+1} 3.62E-1 | 0.33E+1

2.40E-14 |-0.23E+2| 3.23E-14 |-0.23E+2| -2.90E-14 |-0.22E+2
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Fig. 3 Stiffness and Force Diagram
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Table 2 Specifications of Chevron Spring

Passenger Train
Unit Tare Laden Crush
(41.7kN) | (48.1 kN)|(54.9 kN)
Vertical C1ne an Ciro
Stiffness kN/mm|[1.02=10%(1.01 =10%|1.00 =10%
Longitudinal =, 0 11 12,0 10% 12.5-10%| 135 1.10%
Stiffness
Lateral
+10% +10% 1 10%
Stiffness kN/mm|4.9+10% | 5.0£10% | 5.2 £ 10%
Vertical
Displacement mm 4 48 55
Vertical
Load (F2) kN 20.85 24.05 27.45
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Fig. 4 Vertical Deformation and Maximum
Principal Total Strain Distribution
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Crush (27 45 kN) =@t
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Fig. 5 Vertical Load-Displacement by FEA
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Table 3 Vertical Stiffness by FEA

Loading Vertical Rubber Hardness
Condition Properties 44 50 60
Displacement 471 441 35.8
Tare (mm)
(41.7kN) Stiffness
(KN/mm) 0.89 0.95 1.16
Displacement
Laden (mm) 52.7 48.0 399
(48.1kN) Stiffness
(kN/mm) 0.9 1.00 1.21
Displacement
59.0 54.0 44.2
Crush (mm)
(54.9kN) Stiffness
(KN/mm) 0.93 1.02 1.24
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(b) 2.5 mm Tension

Fig. 6 Longitudinal Deformation and Maximum
Principal Total Strain Distribution
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Fig. 7 Longitudinal Load-Displacement by FEA
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Fig. 8 Free Body Diagram of Longitudinal
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Table 4 Longitudinal Stiffness Analysis by FEA

Longitudinal Stiffness (kN/mm)

Loading Condition 44Rubber Hardness50
(4:; rliN) 11.0 12.8
(42??3\1) 12.1 145
(Si;ui(};\l) 13.9 175

(a) Deformation

(b) Max. Principal Total Strain

Fig. 9 Lateral Displacement and Maximum
Principal Total Strain Distribution
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Fig. 10 Lateral Load-Displacement by FEA

Table 5 Lateral Stiffness Analysis by FEA

Lateral Stiffness (kN/mm)

. - Rubber Hardness
Loading Condition v 50
Tare
(417 kN) 5.00 5.96
Laden
(8.1 kN) 554 654
Crush
(549 kN) 6.04 7.50
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Fig. 11 Maximum Principal Strain Distribution
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Fig. 12 Load-Displacement of Each Model by FEA
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Table 6 Effect of Chevron Angle on Stiffness by FEA

Stiffness Loading Chevron Angle  |Reduction
(kN/mm) | Condition 106° 116 (%)
Tare 0.95 0.76 20.0
Vertical
Crush 1.02 0.87 14.3
Tare 12.8 11.4 10.7
Longitudinal
Crush 17.5 15.8 9.6
Tare 5.96 3.99 33.0
Lateral
Crush 7.50 494 341
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Fig. 13 Disassembled Die of Chevron Spring
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