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(a)—ﬁiiﬁﬁiﬁiﬁ%ﬁ;(b)—%ﬁu%iﬂﬁ%ﬁ;(c)El 1(b) 1 1807 Y 2805 (d)—Hr A

(a)—shape of the failed crankshaft; (b)—macroscopic morphology of fracture; (c¢)—the cr-
ack at the part of circle 1 in Figure 1(b); (d)—locally enlarged morphology in fracture A.
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Figure 2 Macroscopic morphology of crankshaft fracture
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Table 1 Chemical compositions of the crankshaft
YL S B ‘
i A S A
C 0.38—0.45 0.40
Si 0.17—0. 37 0.33
Mn 0. 50—0. 80 0.71
Cr 0.90—1. 20 1.06
Mo 0.15—0. 25 0. 20
Ni <0. 30 0.21
<0.025 0.011
S <0. 025 0. 002
Cu <0.20 0.006 8
2.2 &MBEAR

X i il DB 22 Ak A U 7B O o 7 < A R

G LN 2 s o BT 2 R L gl il 6 B R
IS REZ 0 2.3 mm , He G A 200 4 /N [ KR G
PR ZUIR O[] KR FpR + /i DL ERfA, [ KR
QA ZH AU L VA JZ R K

100 pm

L LN 50 pm
() — BB K R R IR AL, 255 5 (b)— &2 B 4141,
1000 5 (¢)—LrBLHEL, 200 X 5 () — L P fF AL, 500 X o
(a)—high-frequency quenching surface low-power structure,
25X ; (b)—surface high-magnification tissue, 1 000X ;
(¢)—cardiac tissue, 200X ; (d)—cardiac high-magnification
tissue, 500X .
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Figure 2 Optical metallography of crankshaft
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Table 2 Hardness values of the crankshaft

N o [N . AN [ o7 ) B A
HUURFRV &1 O EREE R (HB) VAR 2 A (HRC) EREER mm B (HRC)
1 285.2 49.3 0.5 47.2
2 255.7 44.7 1.0 50. 6
3 277.6 47.3 1.5 47.3
4 262. 4 47.2 2.0 38.5
5 287.1 50. 6 2.5 26.8
V- E 273.6 47.8 3.0 27.1
3.5 26.2
R A 240—320 55—68
4.0 30.0
2.4 hEmsk 2020 v T 32 Xt i 4 A8 B AY 3R UE AT v R s, ol

AR T 30 3R 3 A il Al A ool 0 S RE
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Table 3 Impact test values of the crankshaft

K H IBW-300 w5 i 56 #L , #% B8 GB/T 229—

T3 YK iy W RE B (K V,) /T O AR/ C)
1 42.0 44.83
2 50.5 45.01
3 45.5 44.92
FEH 46.0 44.92
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Table 4 Tensile test values of the crankshaft

T3 VR L sk g/ MPa FILRE YE I S 4/ M Pa Wi s %/ %
1 900 734 19.0
2 901 730 19.0
F-HH 901 732 19.0
BORE =800 =590 =14
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(a)— 1 1(c) MBS (b)— (o) — 32 95 HE B IX 1 24805 (D)—(h)—BEWF X BTE 5.

(a)—cracks in Figure 1c; (b)—(e)—cracks in fatigue striated area; ({)—(h)—morphology of transient fault area.
E3 BIOAMBPEBERRE
Figure 3 SEM photos of fracture A
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Failure Analysis of an Automobile Engine Crankshaft

XIE Yongxin,ZENG Qingzi", WU Wei, JIAN Sicong, DUAN Wei
(Center for Industrial Analysis and Testing, Guangdong Academy of Sciences, Guangzhou 510650, China)

Abstract: The engine crankshaft is one of the most critical components of an automobile, primarily responsible for converting
the reciprocating linear motion of the piston into rotational motion and transmitting torque. Additionally, it transforms the
work done by the piston into useful torque. During operation, the crankshaft is subjected to various periodic loads, including
gas inertia force, reciprocating inertia force, and torsional inertia force, making it prone to failure under these conditions.
Crankshaft failure is often abrupt and lacks significant early warning signs. Once a failure occurs, it can result in substantial
losses. In recent years, there has been increasing emphasis on stability and reliability of product quality. Therefore, it is very
important to carry out investigation and experimental analysis of early failure incidents of crankshaft and find out the causes of
failure. This paper investigates and studies a failure incident involving the cracking of an automobile engine crankshaft. First,
the initial conditions of the accident were investigated, focusing on usage and maintenance records. Next, experimental
research and analysis were carried on the macroscopic morphology of the crankshaft, the macroscopic and microscopic
morphology of cracked surface, chemical composition, metallographic structure, the depth of hardened layer on the surface of
connecting rod neck and the mechanical properties of the matrix. Finally, the causes of the crankshaft cracking were analyzed,
and the failure process was discussed. The diagnosis concluded that prolonged exposure to various periodic loads led to the
stress concentration and subsequent fatigue fracture occurred at crankshaft's weakest point.

Keywords: engine crankshaft; failure analysis; fracture failure; fatigue fracture; crankshaft fracture; metallographic examination;

stress concentration ; crankshaft
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