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Stress simulation and failure analysis of forged connecting rods for
automobile engine

Li Zhijie
(School of Traffic and Transportation, Dongguan Technician College, Dongguan 523460, China)

Abstract: In response to the failure problem of automobile engine connecting rods caused by insufficient material properties, for non-
quenched and tempered steel C70S6, stress simulation and failure analysis of automobile engine connecting rods were conducted. Firstly, the
macroscopic and microscopic structures of the fractured connecting rods were observed, and their mechanical properties were tested. Subse-
quently, the equivalent stress, equivalent strain and equivalent elastic deformation of the connecting rods were simulated by software
ANSYS Workbench, and the stress concentration area was determined by establishing a three-dimensional model and setting reasonable
boundary conditions and loads. The results show that the connecting rod exhibits ductile fracture characteristics, mainly due to the high hard-
ness and insufficient toughness of the material, and the maximum stress and strain are concentrated in the part of the small head away from
the rod body of connecting rod. By optimizing material properties and structural design, the reliability and service life of the connecting rods
is effectively improved, providing a theoretical basis and practical guidance for the improvement of key components for automotive engines.
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Table 1 Chemical compositions of non-quenched and tempered

steel C70S6 for connecting rod ( %, mass fraction)

C Si Mn P S Cr

0.67~0.73 0.10~0.40 0.45~0.060 =0.030 0.055~0.070 0.10~0.20

Mo Ti Cu Al \4 B

<0.10 =<0.010 <0.25 =<0.050 0.030~0.060 =0.0005
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Fig. 3 Organizational structure diagrams of connecting rod
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Fig. 2 Photo of automobile connecting rod
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Fig. 4 SEM images of connecting rod fracture
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Fig. 5 Distribution of sampling points for hardness testing
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Table 2 Brinell hardness values of connecting rod
surface (HB)

G5 1 2 3 4 5 6

HH 306.4 295.7 302.7 306.4 301.9 298.3
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Table 3 Mechanical property requirements of non-quenched

and tempered steel C70S6 for connecting rod
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Fig. 6 Engineering stress-engineering strain curves
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Table 4 Tensile test results

ke PN F /KN PLHISEE R, /MPa FAPERAE/ MPa
1 14.24 1120 22668. 57
2 14. 56 1150 22429. 68
3 12.98 1020 20758. 48
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Table 5 Comparison of sample sizes and properties before and

after tensile fracture
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SN P SN 18 ’al /% /9,
/mm mm? FE/mm mm?>
10 15.4330 11.03 12.2847 10.3 20. 4
2 10 15.2388 10.98 12.0387 9.8 21.0
10 15.2272 11.01 12.0599 10.1 20. 8
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Fig. 7 Equivalent strain nephgrams of connecting rod
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Fig. 8 Equivalent stress nephgrams of connecting rod
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Fig. 9 Equivalent elastic strain nephgrams of connecting rod

(a) Front view

M AT HEAT S S B R B, AR T N A
TERSC, AT, T il ol A PR BB, AT

(b) Sectional view

P4 O Y SR E R R T I ) G R TR SN QAP I
R R RV G R EI VR T W NS G A
TIN5 A A5 250 A A 49 B AE S AT /DN Sk 30 20 1Y
G A0 5 0 A B — M 0 SR T, 3 AT BT B A
e /N TR 43 B4 1N g 0 AR A B B BOR AR, AT



24

s SN

5 50

PR T il 45 g LA AR I 7R 52

CibN:I)iN

Ty AL

S 3k

(1]

/. FETF ANSYS workbench M754- % ShLi%
SrpT (1], filiElk A 31k, 2014, 36 (4):
Hu X Q. Mechanical performance analysis of automotive engine
connecting rod based on ANSYS workbench [ J].
Automation, 2014, 36 (4): 107-109.
HIEM. UM TR T (M), dext.
2010.

Zeng 7. M. Mechanical Engineering Materials Handbook [ M].
Beijing: China Machine Press, 2010.
B, M. A AR P
5 [J]. BRIEHA, 2010, 35 (6): 1-5

Miu T S, Jiang P. Application research on non-quenched and

ERT )24 R RE
107-109.

Manufacturing

HLAR T s st

TR A L N

tempered steel forautomotive forging ofcrankshaft andconnecting rod
[J]. Forging & Stamping Technology, 2010, 35 (6): 1-5
ZEHF, ksl ﬁﬁ%% 5. IR 35MnVS I8 5 34 AT
BAFAZURIBE R A9 52 [J]. BT T2, 2023, 52 (1)
101-103.

Li X P, Xiong J, Zhao H F, et al. Effect of thermal specification
on microstructure and hardness of 35MnVS non-quenching and
tempering steel connecting rod forings [ J]. Hot Working Technol-
ogy, 2023, 52 (1): 101-103.

NERFS, BBH, B5E, . JETA RICE AT E W R ZhpLiE
Fralig sttt (1], BUREEARNE:, 2024 (4): 171-177.
Ying TS, Yang Y, Zeng X H, et al. Dynamic and static charac-
teristics of connecting rods in agricultural vehicle engines based on
finite element method [ J]. Modern Agricultural Science and
Technology, 2024 (4):. 171-177.

T2EAE, AW, SCE. AIFEBEUE PR R SIS A R4
[J]. BLMRIT, 2021, 38 (2): 152-154.

FuSY, Zheng B, Wen C. Finite element analysis of engine con-
Journal of Ma-

necting rod with different material properties [J].
2021, 38 (2): 152-154.

chine Design,

(9]

(1]

[13]

NB/T 10068—2018,
MIE [S].
NB/T 10068—2018, Specification for post-weld heat treatment of

B IUR A G W AR S Ak

stabilized element-containing stainless steel piping [ S].

DL, 2=, W%, 55, BET Ansys Workbench [ 8IS 1 %
FREABEIT (], WLbRALSD, 2023, 47 (6) . 57-64.

Kuang C, LiJ, HuJ F, et al. Optimal design of the connecting
rod of vibration grinding mills based on Ansys Workbench [ J].
2023, 47 (6): 57-64.

Journal of Mechanical Trausmissiou,

SRAURE, FEERE, VRGE, A = TRHLER & AT B 57 5 BE O B
[J]. DLMBIHS0F5E, 2019, 35 (2): 127-131.

Zhang C K, Jiang D K, Xu J, etal. Fatigue analysis of the alu-

minum connecting rod of air compressor [ J]. Machine Design and
Research, 2019, 35 (2). 127-131.

GB/T 228. 1—2021, &JEH K Sl
eIk [S].
GB/T 228. 1—2021,

AR Eil

Metallic materials—Tensile testing—Part 1 .
Method of test at room temperature [S].

WARHE, e, Vs, . AR EREF IS
(J]. ﬂLWI*ﬁEEﬁJ’{’K, 2017 (2): 55-56.

Fan D X, FanJ H, Xu KW,

S H

et al. Modal analysis of connecting

rod of different characteristic materials [ J]. Mechanical Engineer-

ing & Automation, 2017 (2): 55-56.

AKwr, ek, BB, . ZETHE R RS E A S EL

MR [J]. BUMRAES), 2021, 45 (3): 75-81.

Zhu Q, Long H, ZhouZ H, et al. Link group parametric model-

ing and optimal design in multi-arm mechanical arm system [J].

Journal of Mechanical Transmission, 2021, 45 (3). 75-81.
EHL RERSHLEF Mt [D]. Bt KB

2, 2019.

Wang Y M. Optimal Design of Automotive Engine Connecting Rod

[D]. Nanjing: Southeast University, 2019.

BUEESC, IME, AR, SF. EFER L2280 [J]. #®

FEHA, 2024, 49 (2): 1-13.

JiaD W, Sun Y, Deng W, et al. Optimization of die forging

process parameters for connecting rod [ J].

Technology, 2024, 49 (2). 1-13.

Forging & Stamping

(E#EF 6 M)

[9]

[10]

T, S, ¥, %F HzAET ZXEAW
Cri2MoV AIZVRIPERERY i [T]. BIELLA, 2024, 49
(5): 226-234.

Wang Y J, Zhan K Q, Pei W, et al. Influence of vacuum gas
quenching process on microstructure and properties of Cr12MoV
die steel [J]. Forging & Stamping Technology, 2024, 49 (5):
226-234.

HE, IR, TERI, 4. Q460GID ME £ 1n i i R HA kb
IEJ‘EH%L{—‘E"JQ@EEWEEI*C{ijﬁj‘? [J]. MU TR2MRE, 2022,
46 (10) . 44-48, 55.

Zhang Y, Sun X W, Ning A G, et al. Austenite grain growth be-

havior of Q460GJD steel during heat treatment after multidirectional

[11]

[12]

forging [J].
(10) . 44-48, 55.

T, ZEMEME, MR, SDP1 BRI LA 1k i AR 4] 4
ARRERAL, [J]. BEHAR, 2023, 48 (2): 16-28.
Wang X C, Zuo P P, Wu X C. Numerical simulation of micro-

Materials for Mechanical Engineering, 2022, 46

structure evolution for SDP1 plastic die steel during forging process

[J]. Forging & Stamping Technology, 2023, 48 (2):. 16-28.

ié%m JEIE RS, HB I R X T AR IR 4 PR T BRI S
G )], SBIREOR, 2024, 49 (2): 31-36.

Zhang H L, Zhou Z N. Influence of forging temperature on per-

formance of magnesium-based hydrogen storage alloys for new ener-

gy vehicle battery [J]. Forging & Stamping Technology, 2024,

49 (2): 31-36.



