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ABSTRACT: In order to put forward improvement measures, the causes of the failure of spiral springs for vehicle suspension
are researched. The failure behavior of spiral spring is concluded based on the analysis of several tests such as chemical compo-
nent test, hydrogen content test, non-metallic inclusion test, mechanical property test, fracture morphology analysis and micro-
structure analysis. The maximum shear stress is in the inner side of the specimen, where the stress concentration is easily caused.

The elongation after fracture is low, and the brittle fracture can be seen. The decarburized layer and other original defects on the
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surface are not completely removed by shot peening, so the possibility of forming fatigue defects on the surface is increased.

Due to shot peening, there are deep pits on the surface of the spiral spring, and obvious convex edges are formed on the edge of

the pits, resulting in stress concentration. Under the action of stress, the end of the fold defect in the pits becomes the crack ini-

tiation area. Under the action of cyclic stress, the crack continues to expand and finally causes fatigue fracture. The shot size and

pressure should be reduced, to avoid deep pits and sharp convex edges. In addition, the removal depth of surface layer in shot

peening process should be increased appropriately. The heat treatment process should be adjusted to reduce the strength and im-

prove the toughness of the material, so that the elongation after fracture can be more than 10%. The rolling process should be

improved to eliminate the folding defects, and the detection of material defects also should be strengthened.
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Fig.1 Macro-appearance of fracture area
1 UEHTENER

Tab.1 Chemical component test results

%
TR C Si Mn Cr Ni Cu P S
HARBR 0.52~0.59  0.17~0.37  0.70~1.00  0.70~1.00 <0.25 <0.25 <0.020 <0.015
SEE 0.55 0.31 0.94 0.94 0.128 0.091 0.004 0.004
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Tab.2 Hydrogen content test results
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Tab.3 Mechanical performance test results
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Tab.4 Hardness test results (HRC)
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Fig.2 Non-metallic inclusion assessment diagram
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Fig.3 Average grain size assessment diagram
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Tab.5 Non-metallic inclusion test results
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S A 0.5 % 0.5 % 0.5 % 0.5 % 14

WL K 3 SERUETEYIRI N L, AT 0 H ORI N 8
2% . B=F GB/T 33164.2—2016 ¥LEM 6 FER,
N HIB S P PSS R S EURR R KR,
26 SHARKEBNE

S ARZHEUNIE 4 Fr7s. HE 4a wT0L, 30
o FR A I R R+l A iR AR, HEU8 5T /N,

a .

c EKFE2

M 4b wT 0L, R ZE R, a2 2
0.08 mm, FZAKYIEAWALMGT, HIEl 4c 7] 0L,
2 U G Aol o LA PR ) P S R o &5 A AN
R Z NI AN W AT R SNz R b7 5 (TN i = S i)
ZE R EL TS R AP B b O A 4 T e
A, R ERAS . I 4d AT, FRZ ML
HZHrE, Prs R 1a LAl i i 4 /N R,

b EE1

dE£ZE3

K4 R e Mg

Fig.4 Metallographic structure of fracture sample: a) core; b)-d) surface
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Fig.5 Sampling positions of EDS test
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Tab.6 EDS test results
%
JLHR Fe C Si Mn Cr Ni Cu 0
& A 94.12 0.79 0.19 0.84 0.7 0.09 0.05 3.22
i B 95.73 0.73 0.21 0.96 1.15 0.14 0.07 1.01
'8 C 90.35 0.8 0.39 0.86 0.94 0.29 0 6.37
i E D 96.98 0.53 0.27 0.9 0.99 0.12 0.11 0
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Fig.6 Fracture micro topography of sample: a) crack source; b) crack expansion area; c)-d) instantaneous fracture area
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Fig.7 Fracture micro topography of sample without paints
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