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Prediction of Effects of Cold Rolling Method on Fatigue Strength Under

Combined Loading
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The cold rolling method is adopted to improve the fatigue strength of crankpin fillet for marine diesel engines. Under
working conditions, combined bending and torsional loading occurs in crankpin fillet; therefore, combined axial and
torsional fatigue tests under tensile or compressive mean stress were conducted to distinguish among the three
methods of fatigue strength evaluation. Modified IACS and Findley criteria were confirmed to be methods on the safe
side. By evaluating fatigue strength by these criteria, it was confirmed that compressive residual stresses from the cold
rolling method improve fatigue strength on the pin fillet surface of semi-built crankshafts under working conditions.
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(b) Small scaled cold rolling test
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Fig. 1 Outline of small scaled cold rolling test using ¢ 10mm sized
specimens
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Table 1 Chemical composition of “Throw Grade3”

C% | Si% |Mn% | Cr% | Mo% | Ni% | V%

Spec. * * ¥ *
“Throw Grade3” 0.25" | 0.35 1.0 <0.50 | £0.30 | £0.50 | 0.08
* nominal
K2 20— 3OS
Table 2 Material property of “Throw Grade3”
Tensile . . Reduction
Specimen strength ﬂ?ﬁg;)mt Elo?,ga)tlon of area
(MPa) 7 (%)
Spec.
“Throw Grade3” =530 =310 =20 =45
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Fig. 2 Effects of surface work hardening and residual stress on
fatigue strength of ¢10mm sized specimens after cold rolling
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Fig. 5 Measured residual stresses on pin fillet surface
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(b) Torsional or combined loading fatigue test
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Fig. 6 Dimensions of fatigue test specimen
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Fig. 7 Results of Axial and torsional fatigue test
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Table 3 Fatigue test results under combined loading

Axial-torsion Axial stress Torsional stress Result
fatigue tests Amplitude | Mean | Amplitude | Mean

without mean 143.8 0.0 115.0 00 runout

stress 149.9 0.0 120.0 0.0 failure

with tensile mean 130.0 130.0 65.0 65.0 runout

stress 1400 | 1400 70.0 70.0 | failure

with compressive 200.0 —200.0 100.0 100.0 runout

mean stress 2100 | —200.0 | 1050 1050 | failure

AONETHE > 724t % R U7z, AHOMIEN 7 1273 Lz |
Tl T O 57 e B RO IS IRIE & FIWCEHR L 7=, 1
AOMIMRIEA ISR 2 TH D . Il e O3
T HEMMEIIRE L K5,

W7 RPE R S BOR S AR IL, IR T & BT A
TIX 8 OFfEfl A 1.0 % A% Z & Th %, KW FT
23 1.0 2 T2 A RREMMOGHETH 2 &V Z S,
X 8Izks L, FHIEHE LD EFIED G &
D DOEHTIEONThOF LS REMORH L 72 - 7228,
FERHD S HI5 1 & © O 44T 13 “Sines” D FFAll 13 Kl 1=
fE bR O GEAfli & 7 5 72, “Modified JACS” & “Findley” ®

26 RsD KOBE STEEL ENGINEERING REPORTS/Vol. 60 No. 2 (Aug. 2010)



1.4 T T 1.4 T T
12+ 4 12k d
1.0+ e 1.0+ .
= 08} ﬂ 1 < o8t 1
~ 06 = ~ 06F A
0.4r M runout b 04rf M runout ]
02+ [ failure * 0.2+ [ failure 1
ool T, - oot 1. -
S S @ £ S S 3 £

(a) without mean stresses

(b) with tensile mean stresses

1.4 T T

12F B
10F B
- 08 B
~ 06+ :
04r M runout b
0.2} O failure 1 %D
LT R=(RHS value)/ (LHS value)
0.0 - o in each equations
& ] k) Modified IACS using equation (2)
= QO ]
s] g k= Sines using equation (3)
£ 7 = g eq
s = Findley using equation (4)

(c) with compressive mean stresses

8 MIAHEH A BN U 72007 M sk i

Fig. 8 Comparison of criterions under combined loading
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Table 4 Particular of studied engine

Type MITSUI-MAN B&W
8K98MC-C
Output kW 45,680 (62,080HP)
MCR rpm 104.0
Cylinder number 8
Cylinder bore mm 980
Stroke mm 2,400
Firing order 1-8-3-4-7-2-5-6
Throw material Grade 3 (Cast steel)
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Fig. 9 Surface stress history of pin fillet (No.8cyl. pin fillet angle=
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