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Abstract

high-speed railway EMU ( electric multiple units) trains results

[ Objective ] The fracture of seat back bolts in

in the back support performance failure and the angle adjust-
ment feature malfunction. A high frequency of bolt fractures
with consistent fracture pattern in seatbacks is found in mainte-
nance inspections. Thus, it is necessary to identify the causes
of the bolt fractures and propose corresponding countermeas-
ures. [ Method] Chemical composition checks, tensile tests
and mechanical performance tests such as shear and hardness
tests are conducted on the bolts, to evaluate the mechanical
properties and verify the bolt quality. Metallographic analysis
and electron microscopy scanning are employed to examine the

macro and micro characteristics of the bolt fracture surfaces, i-
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dentifying the types of bolt fracture. Theoretical analysis of the
service conditions of the bolts is finally conducted to determine
the primary cause of bolt fractures. Structural modifications are
made, including the addition of auxiliary support brackets, to
improve the loading conditions of bolts. [ Result & Conclu-
sion] The bolt fractures are not due to inherent quality issues
but are identified as ductile fatigue fractures. The bolts are sub-
jected to asymmetric loads under cantilever structures, and the
resulted bending will lead to reduced fatigue performance and
subsequent fractures. After implementing the countermeasures,
no similar bolt fracture issues occurred during one year of high-
speed railway EMU operation.

Key words high-speed railway; EMU; passenger compart-

ment seat; seat back bolt; fatigue fracture
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Seat back bolt connection structure
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Fig.2 Photo of failure bolt and non-failure bolt in comparison
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Tab.1 Survey results of bolt cracking

M RAURE RAURR || ShAd RaiRe RAURE
His B/ W% || w5 BodsA L%
1 30 6.98 6 61 14.19
2 34 7.91 7 34 7.91
3 50 11.63 8 28 6.51
4 20 4.65 9 57 13.26
5 32 7.44 10 22 5.12
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Tab.2 Quality fraction inspection results of major

chemical elements in failure bolts

. 2 ANFRAERLAE 8512 e R ek
e 5 ik 4 BB I 1) O
i W2 TEE I
= Bl 43

GB/T 699—2015 GB/T 3098.1—2010

C 0.320 ~0.390 0.150 ~0.40 0.340
Si 0.170 ~0.370 0.190
Mn 0.500 ~0.800 0. 660
P <0.035 <0.025 0.012
S <0.035 <0.025 0.008
Cr <0.250 0.030
Ni <0.300 0.020
Cu <0.250 0.010
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Tab.3 Test results and technical requirements of failure

bolt tensile specimens

HiH PUhBRAE/  BVEEESR BRRUS A

B MPa WEE/MPa  K%/%
it imy W0 0 1o
ngjé’?i%iﬂa 946 898 15.5
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Tab.4 Shear test results of failure and non-failure bolts

L2YE ST B B /KN YR/ MPa
T 29.5 586
A IRNE
[958 20.8 568
FF3 27.5 547
284y 20.9 563
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PR AT 72 TR e, R A0 R A A B2 11 3
YR Z5 54357 2 302 HV (295 HV 300 HV, ¥ £F
4 GB/T 3098. 1—2010 H 8.8 g% M8 44 it i i L
3k (250 ~320 HV) .
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Fig.3 Diagram of metallographic cutting
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Fig.4 Enlarged view of section A-A crack at bolt root
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Fig.5 Enlarged image of section B-B crack at bolt root
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Fig.6 Screenshot of fracture surface macroscopic morphology
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Fig.7 Screenshots of microscopic morphology in fatigue

expansion zone 2 and transient fracture zone
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Fig.8 Diagram of seat back frame force arm
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Fig. 10  Stress nephogram obtained from simulation calculation
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Fig. 12 Photo of bolt structure test site after modification
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