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Abstract

To realize the lightweight of EMU bogies, a buckle-type composite leaf spring for EMU bogies and a
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joint module suitable for heavy loads were designed. The stiffness matching design of the compo-
site leaf spring assembly for the bogie was carried out. The stiffness calculation model of the
buckle-type composite leaf spring and the reliability theoretical model of the hinged joint were
established. The finite element model of leaf spring assembly was established by Abaqus software
and its stiffness and strength were predicted by CAE analysis, and its reliability was analyzed. The
fatigue bench test of the trial sample was carried out. The results showed that the error between
the predicted results and the experimental results met the requirements of engineering applica-
tion, and the sample performance met the design requirements. The correctness of the matching
design of the buckle-type composite leaf spring and the reliability theory of the hinged structure
were proved. These provided a reference for the application of composite leaf springs of EMU bo-
gie.
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Figure 1. The diagrammatic drawing of the buckle-type composite leaf spring
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Table 1. Main design parameters of leaf spring
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Figure 2. Three-dimensional model of the buckle-type leaf spring assembly
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Figure 3. Force model of composite leaf spring

E 3. EAaMRERNZ HIRE

B EAERAT FAEH N s, MIXHNE SRR IR K -
=
S 2s

€]

DOI: 10.12677/m0s.2023.126519 5715 A ()


https://doi.org/10.12677/mos.2023.126519

XK &

R 4E EN13298 2hig B - B RGiAHChRiE, Btk FE NI FE Y 1000 N/mm,  FEANER I FE A

2000 N/mm. MR HEERERSE A [LS]MIAF 7L, ik foxt s a0E &M BHR RS S804 2 FioR . thah AR

B TR E AT SN EGT, EARENRTRE 6 mm EEN G [ N - R 847 5 500
I A MEWBIENEN, MEMRKE A RIE G180 .

Table 2. Size parameters of the buckle-type leaf spring
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Figure 4. Diagram of the axis pin and ear plates
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Table 3. Related performance parameters of metal materials
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Table 4. Size parameters of pin shaft and ear plate
= 4. HEMERHR T2

SR H{E/mm
TEREE t, 56
THAREE t 28

m

DOI: 10.12677/m0s.2023.126519 5716 e RSE TR


https://doi.org/10.12677/mos.2023.126519

XK &

Continued
L. THBRRIMER c 0.1
BRI 1 112
SEATFAE 7 ) i L BE A 2RI BE B 1 4
AR P2 2 55 5 LB PR 45+ BB 1, 4
AL EAE do 18
GEE RN A 18
HiRKE a 34
HATEE b 26

Hrh B/ NE AN T AL 5210 116, BITH BARJZ BE R A2 [19] -
2b

L2 @)
BEAL O TR T EAR P LR b, B Z R A KT 1.0 mm, Bl
d, —d <1 ®)

A A T Y A RS BE DT TP AE AN ST R I N 7, 5 B3 b R B AR S 0 b 2B AR T I A A 3 )
WILZ L. 5] 5 Rl A v 5 fa &I [20] o

0.5N| | 0.5N

| 05N 05N |

Figure 5. Axis pin bending moment calculation diagram
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Table 5. Related parameters of unidirectional glass fiber
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Figure 6. Given material’s properties
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Figure 7. Setting the loads
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Figure 8. The stress cloud of composite leaf spring
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Figure 9. The stress cloud of metal parts
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Figure 11. S-N and E-N life curves
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Table 7. Some parameters of bolt life calculation
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Figure 12. Fatigue life calculation results of the end bolts
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Figure 13. Failure pictures of bench tests
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Figure 14. Stiffness comparison curves
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