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Failure Analysis of Connecting Rod at Small End

Dong-Kyun Min, Byung-Hee Jeon and Naksoo Kim
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Abstract

Failure of connecting rod in automotive engine may cause catastrophic situation. The corner
radius at small end has an effect on stress raising. To investigate the stress distribution in

connecting rod during operation, the finite element analysis was used by giving possible maximum

tension and compression. Excessive sizing after forging connecting rod may result in the tensile
residual stress which lower the fatigue life and cause premature failures. It was shown that when

the sizing amount is too large, the location of high tensile residual stress coincide with that of high

stress amplitude during operation through the elastic-plastic finite element analysis. The endur-

ance limit moves down due to the surface finish and decarburization, which combines with the

movement of resultant stress points to dangerous range. It was concluded that the precise control

of sizing and enough corner radius are necessary to a reliability of connecting rod.
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Table 1 Material and dimensions of connecting rod

Material

S48CM
Heat treatment condition 850°C (84min.) ~630°C (140min.)
M,, mass of piston assembly 936.9 gr

R, corner radius at small end

11 mm, 15 mm

L, distance between piston pin and crank shaft 158.0 mm
- -r Eﬁgth of crank arm— 47.5 mm
‘_b—i{ii;l;eter of piston 91.9 mm )
o A,, cross section area of connecting rod 290.0 mm?
M, mass of connecting rod 1015 gr

1, distance from piston pin to weight center of small end

3.98 mm(R=11 mm), 4.35 mm(R=15 mm)

Fig. 1 Dimensions of connecting rod
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Fig. 2 Kinematic diagram of connecting rod
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Fig. 6 Finite element model of connecting rod and

sizing die
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Fig. 5 Maximum compressive/tensile stresses acting
on connecting rod
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(b) R=15 mm
Fig. 7 Maximum principal stresses(qMPa} under com-
pressive force.(Maximum value : 180.7MPa at
large end side)

A
(@) R=11 mm (b) R=15 mm
Fig. 8 Effective stresses (MPa) under compressive
force
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Fig. 10 Effective stresses (MPa) under tensile force
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15 mm
81.8
390.5

200 GPa
400 MPa
850 MPa
0.17

0.33

7.9 gr/cm?®
R

=11 mm
91.0
444.0

R

near small end after sizing(MPa)

0.1 mm
0.5 mm

Young’s modulus

Yield stress

Strength coefficient

Plastic hardening exponent
Poisson’s ratio

Mass density

Sizing amount

Table 4 Maximum residual principal stresses
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(¢) R=11 mm, sizing=(.5 mm

Fig. 11 Residual stress(MPa) after sizing .
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Table 5 Measured brinell hardness and UTS

Temperature(°’C) HB UTS(MPa)

Room temperature 262 917
50 254 889

100 241 844

150 235 823

200 229 802

250 271 760

300 211 739
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