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Effect of Inclusion Size on Fatigue Properties in Very High Cycle Region
of Low Alloy Steel Used for Solid-type Crankshaft
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A study was conducted to grasp the fatigue properties, including the properties in a very high-
cycle fatigue region, of a low-alloy steel used for the solid-type crankshaft of a 4-cycle diesel engine.
Fatigue tests were conducted on specimens, some of which were taken from a solid-type crankshaft
and others taken from a round forged bar. The relation between the inclusion size at crack initiation
sites and the fatigue property was studied on the basis of fracture mechanics. The study developed a
relation equation between the fatigue life and inclusion size, as well as a relation equation between the
threshold stress intensity range and inclusion size, for fracture initiated from the surface and internal
inclusions. These equations show that decreasing inclusion size improves not only the fatigue strength
working against surface fracture but also that attributable to internal fracture.
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Table 1 Target of chemical compositions of test steels

mass%)
Material C Si Mn Ni Cr Mo S O
40CrMo8 0.38 0.25 0.90 - 2.00 0.25
34CrNiMo6 | 0.34 0.25 0.65 1.50 1.50 0.25 <60 <50
36CINiMo4 |  0.36 0.25 0.65 1.00 1.00 0.25 ppm ppm
42CrMo4 0.42 0.25 0.75 - 1.10 0.23
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Fig. 1 Preparation of specimens

2.2.2 BEYA VIVEHHR

T LS & PER OMB R T A 7 VIR E T O STHEE
OB Z HIC, F#Eb R mE T E SRR 217 -
7oo WRERAE, WhIESTRERR & FERIC 2 T 7 ikt 2
SERIL, /NG ¢ 4mm W EEEHRIEIR & L7z 3K
BRI P 03525 Hz & L, REATH YD 0 3K L EuZ10°
& L7ze b, RBoREd@ERE, $XTHIRAST
TAiT» 720
2.3 BEBESIUCNEDY 1 XOBIE

W L 7298 57 3B H OBk I % SEMIC & - THIZE L 72
W ERORMBNMENOYE N, TORRENET S
HHTEML, MHOWEREDYHRE2MFEWH 4 XN
Fflivarea & U7z varea \&, JESTREEICHS B AAEW
YA ZOFBRFMTHNGA—5 E LTHBTH S S
ERHSRTWA,

3. ABRER
3.1 BHA7IVESRBOKER

JINE X i P9 7 BRI & o TR 5 72 40CrMo8
I &, 40CrMo8 B X UMt od 3 4 & & Er hE sk
WD FTREE o, %, 800~1,100 MPa o i i #i P T He 5%
L7z R 2R 2 1R T i EHS L OEkM & b1
EH2&1EH 500, GRS AT % & 957 PRE
SHINT AEIARD BNz T2, E52EF D ERIE
TGS & LR CRRRETH LY, E5DOEDOTH
EEESEM OB Ao 720 Thbb, EiEEEHE D
O NITERINCHRTEE L THVE WL 5,

D EIZ, 40CrMo8 O i i E G 33 X OVE Sk 8 o> i )
TR R AR 3R T RB, HIIET R TIE,

600
<> Conventional Steel

550 | Q© Super Clean Steel (o]
< )
< od °
~.500 o
N ° aG° o Q-
o bytn o
% - ° §
2 —
_%400 P o —I= o0 —
p=] Lo —
E -

350

300

800 850 900 950 1,000 1,050 1,100
Tensile strength (MPa)
2 NTPSC IR U 57 AR ER O R
Fig. 2 Results of rotating bending fatigue tests
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Fig. 3 Results of axial load fatigue tests of 40CrMo8
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