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The Effect of Fatigue Fracture in shot peening
Marine structural steel at stress ratio

, KYOUNG-DONG PARK* ,KUN-MO HAN**, YOUNG-BEOM JIN***

*Pukyoung National University DEPT. of Mechanical Engineering, Busan 608-739, Korea
“*Dong-A University School of Civil and Ocean Engineering, Busan 604-600, Korea
**Pukyoung National University DEPT. of Mechanical Engineering, Busan 608-739, Korea

KEY WORDS: Marine Structural Steel &%%-87}, Shot Peening 2-E 3]y, Crack Growth T¥E44, Stress Ratio -3-21], Threshold

Stress Intensity Factor 3}4H7 22 &thAl4, Fatigue Crack Growth 327244}, Stress Intensity Factor 22 &t #l4=, Compressive
Redisual Stress ¢=z7-3-8,

ABSTRACT: Rencentely, the request for the light weight is more incresed in the avea of industrial enviroment and machinery and consistenl
effort is needed to accomplish high strength of material for the direction of light weight. we got the following characteristic from crack growth
test carried out in the range of stress ratio of 0.1, 0.3 and 0.6 by means of opening mode displacement. At the content stress ratio, the
threshold stress intensity factor crack range AKy in the early stage of fatigue crack growth (Region I) and dtress intemsity factor range AK
in the stable of fatigue crack growth (Region IT) with an increase in AK. Fatigue life shows more improvement in the Shot-peened material
than in the Un-peening material. And compressive residual stress of surface on the Shot-peening processed operate resistance force of fatigue. So
we can obtain fallowings. (1) The fatigue crack growth rate on stage II is conspicuous with the size of compressive residual stress and
is depend on Paris equation. (2) Although the maxium compressive residual stress is deeply and widely formed from surface, fatigue life

does not improve than when maxium compressive residual stress is formed in surface. (3) The threshold stress intensity factor range is
increased with increasing compressive residual stress.
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Table 1 Chemical Composition of Specimen(wt%)

C Si Mn P & Cr

0.56 0.25 0.84 0.016 0.009 0.88

Table 2 Mechanical Properties of Specimen

. Hardness(HrC) : .
Tensile Strength = - Yield Strength Elongation
(MPa) . . = (MPa) (%)

X Quenching Tempering :
1236 - .'B5 47

1079 9
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Table 3 Condition of Shot-Peening(wt%)

Condition Shot- Peening
Impeller Dia 490 mm
Blades
90m
Width /Q’ty /8 pes
r.p.m 2200 r.p.m
Shot-Ball Dia. 0.8 mm
Time 24 sec.
Arc Height
(Alman. A:Stip) 0.375 mm
Coverage 85 %

Fig. 2 Fixture of specimen
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Fig. 3 Apparatus of fatigue test machine
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Table 4 Measuring condition of residual stress

X-Ray Diffraction Condition
Taget Cr-vV
Abay Volt 30KV
Source DR
Current 10mA
%3 0°, 15°, 30°, 45°
20 140°~ 170°
Diffraction Scintillation Counter

Fig. 4 Photograph of X-Ray diffraction machine
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Fig. 5 Relation between fatigue crack growth rate and stress
intensity factor range
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Fig. 7 Relation between material constant C and
stress rate R
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Fig. 8 Relation between fatigue crack growth exponent m
and stress rate R
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Fig. 9 Relation between crack length and number of cycle
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Fig. 10 Photographs of fracture surface

Shot-peening(RT)

- 142 -



CTAE®e) H2FAdReRL FANIAEUFEEM o
Bashech

Fig. 10& QH335-820] $oislx) gke AuYAIHe A
Wz 2 A9el £EFY JHEE Avd U g2 49
e g vlmalgch

Fig 11-12& FYADEARS] 300 i ARAA AHRlo]
o} izl Ale) Buis sEY A BEPye A
Aolg wolx gler, o] WAL LETYS ¢ YEHVFS
go] MzFANA ARl FAAG 2499¢ THane
szgddel AdHE e BF T 5+ Ak

Imm
Fig. 11 SEM photographs of un-peening(RT)fracture

Imm
Fig. 12 SEM photographs of shot-peening(RT)fracture
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Fig. 13 Picture point of fracture surface
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Fig. 14 Striation of fatigue crack propagation by SEM
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Fig. 15 Striation of fatigue crack propagation by SEM
(Shot-peening, RT)

= 148 =



42 B

£EIY 71EF AGTEEA(0IG SUPY)S 4E27-34

ol H2Fd AAT PxE Fe 2ASG o 1 AR

g3t 2ot ‘ O

(1) ¢=2RF2he] Qe sTUAS AKF 3 R=03
olatel Hgeulolg ZA Uehbe Aoz gadh

@ £EIY 71E o3 4EBFHo] R=030|5te] A&
Hulol e JzFIAAAT JFL Fol AN=FIAA
o tg F&eo] Al HNT AT, R=03cl4e] m
UM FEAFSYY oo F&3 PiHck

@) HzFddd gaue By AETYsLF o
AzAFLEo] PFIHGAIGYY BrAAYNT
o Zgste] MEFIRMe] Ak

@) E9% YEAFYo] FNY AYHY H=FIAA
Stage TMolA R=03c]ate] Alggeule HzaAAAL
% da/dNel 9% vIAA fgkn, R=030)e] 2]
dME da/dNo| 7HEEIAT

G) DzFddde) ANHQ e HEAe] SHuE R
=01, R=03, R=06°2 3slgon Fdo H4gdL
A# 9 ~EF |0l FANAT, T A £
gt thate] +3o2 APk

218

HAE, F3S (2002). “AxY7}e] MLeuzIY ARSA
w3 Hry, d}rIASHE FARR FASEUYSE, pp
49~56

ulAE, whto  (2002). “SUPIZS] ALwmzad AnpSAd
e A7, =SS A] AlY, A5, pp 80~87

AE, £HF (2002). “AEVCY 71EdE 2437 H=F
A mXE 129 FF, E7IASE FAANY &
Ag<=d 3], pp 30~34

uAE Ax7] (2001). “JISG4081 SUP7-DINSOCIV47Fe] 3=
ZAxe vlxle &LEFo|YY ¥, IdFA|FETHE =&
7, A154, 43, pp 66~72

o|fE, 1157, AN (199). “F=ZHe) 71=", ¥EZ, pp
99~125.

AAF, ol&3 (2001). “&£EIY 7FENE", AEBAL pp
612

A7), B73F (2002). “FEFFTHo] 2= 1287
4278 AAAS rlxle Y, F=HFTEAIA] A1
H, A53, pp 73~79

ASTM (1981). E647-81

ASTM (1998). E1426.

Gillespie, R. D. (1993). “Its effect on process consistency and

resultant improvement in fatigue characteristics”, Proc. of
the 5th international conference on shot peening, Vol 1,
oxford, pp 81~90.

Japan mechanic institute standard (1981). “Elastic-plastic

deformation Jic method of examination”, JSME S
001-1981
Kobayasi, H. (1993). “Fracture Mechanics”, National

publication corporation

Wohlfahrt, H. (1984). “The influence of peening conditions
on the resulting distribution of residual stress”, Proc, of
the 2nd international conference on shot peening, Vol 1,
Chicago, pp 316~331.

Gillespie, R. D. (1993). “Its effect on process consistency and
resultant improvement in fatigue characteristics”, Proc. of
the 5th international conference on shot peening, Vol 1,
oxford, pp 81~9%0.

_144_



