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Abstract

In this paper, fatigue crack propagation behaviors were investigated experimentally for the
materials, carbon steel forgings (SF45A, SF50A, SF60A) which are used in the marine pro-
peller shaft. The results obtained are as follows : The number of cycles required to grow crack
length 1.30mm from microcrack initiation was about 60% of the total fatigue life. Fatigue
crack propagation rate was expressed by the equation d(2a)/dN=B 2a/N; and the result was
agreed well with the experimented data. And the equation d(2aYdN=Co,™ (2a)" was evaluated
also. Obtained material property m and n are 3~5 and 1~ 1.5 respectably, and the result was

reasonably agreed to the data obtained from experiments.
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Material C | si ‘ Mn P ‘S J Cu Ni Cr

SF45A 0.19 0.25 0.81 0.020 | 0.009 L017 004 | 006 |
[ SF50A 0.26 0.29 051 0.015 0011 | 016 0.05 0.06

SF60A 037 0.31 0.82 0.015 0.008 0.08 0.04 0.05
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Table 2 Mechanical properties of materials

Material Yield Streng. Tensile Streng. Elonga. Reduction of Area Hardness
(MPa) (MPa) (%) (%) (Hp)
SF45A 272.7 475.8 27.2 56.8 134
SF50A 338.4 531.7 26.4 55.6 147
u SF60A 379.6 622.0 22.2 52.0 174

SF 60A
Photo. 1 Micro - structure of transverse secition
for experiment materials(x200)
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Fig. 1 Geomety of fatigue test specimen
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Table 3 Fatigue limit and applied stresses for exp-

eriments
Materials ! Fatlgue llmlt( MPa . Applid stress level(MPa)
Smooth | 156.1 |
SF45A i — oy 1756 195.1: 214.6
i Dnlled hole 126.9 | | ‘
. Smooth 175.6 '
SF50A  ——— b 1 175.6. 195.1° 214.6
Drllled hole ! 136 6
- Smooth o "195.1 P -
SF60A ¢ — S 175.6 195.1: 214.6
Dnlled hole 146.4 |

(% Size of micro drilled hole : =300um, h= 300pm)

i

sb= w77 sdeta) g 498 gadez
Batglioh. & d@elr Atgg ddse e Fig 3
o] S-NAEZEE AAEH o, o] g+e Table
3% Zoh S-NAEA & = e vt 2ol
SF45A, SF50A % SFE0AMS] v 29l & A st
Aol et H2eE Ao vssic}, wapa], 4
ol A& HdedLe nE fao s 23
SF50AZ 9] 2825 7)F6ta] 1.29, 1.43 &
L57¥) 224 175.6MPa, 195.1MPa, % 214.6MPa
o dd FEE S VY

FAAY A2ad A Agd BP AT 39

3. &gZn ¥ 13

3.1 mz3ge] MAHS

Fig. 4,5 9 62 SF45A, SF50A 2 SFG0A Alg
"ol glolM Zzte] AR o] g 2P o5}

aatrtea 175,6MPa

Crack length, 2a (mm)
T

0 T T T T T L
10°
Number of cycles (N)
Fig. 4 Relation between crack length and number

of cycles for SF45A

00000 175.6MPa

=]
{

Crack length, 2a (mm)
T

Number of cycles (N)
Fig. 5 Relation between crack length and number

of cycles for SF50A
8
Ge880 175.6MPa
. o oessa {95.1MPa
g wanes 214 6MPa
g 6+
o 4
3N
g 4+
&y
a
g
g 2+
«1
I
Q ~ wst?
0- et . T

Number of cycles (N)
Fig. 6 Relation between crack length and number
of cycles for SF60A

(121)



40  WEMEERINSeE, $19%8 B2, 1995
24 #A S Y g Zolt}. o] 1 = Fig. 394 vehd A3 o] 927 E Aol
A ok 4 Q& Bke} Zo] SF60AA7F 2712 9 o 2] gtr}. 1A Photo. 19l % & = 9l vhe} 2

1 o zsd s b 4o o o] =2 F4 KS D 0209 7+ (1964. 4. 9 A

Longitudinal direction of specimen : --

(a) Slip band N/Nf=0.13

(b} Initial crack(0.5mm) N/NF=0.22

(d) Growth crack(3.9mm) N/Nf=0.87

Photo. 2 Behavior of slip band, initial crack and long crack in SF50A
(0,=195.1MPa, N;=230000cycle, (2a)=6.8mm) x 100

(c) Growth crack(1.3mm) N/Nf=0.60
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Fig. 9 Relation between crack length and cycle
ratio for SF60A
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