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Effect of Compressive Residual Stress on the High Temperature
Fatigue Crack Propagation Behavior of Shot-peened Spring Steel
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ABSTRACT: In this paper, the effect of the compressive residual stresses was obtained at the fest conditions of the higher temperature
than the ambient temperature. The examination was performed with the CT specimen result of the material(JISG SUP9) which is being
commonly used for the marine engine parts and the ocean structures. As a result, the test conditions at the higher temperature were
acquired considering the peak values of the compressive residual stresses of the specimens and the effect on the fatigue crack propagation
speed da/dN in stage Il and the threshold stress intensity factor range AKth in stage I Also the material constant C and the fatigue

crack propagation index wm in the formula of Paris Law da/dN= C (4K) ™ were suggested to estimate the dependence on the test

temperature.
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Table 1 Chemical composition of specimen (wt%)
C Si Mn P S Cr Cu
JISG
SUP-9 056 025 084 0016 0009 088 -
Table 2 Mechanical properties of specimen
Tensile Hardness(HrC) Yield Elonga
Material Strength  after after  Strength  -tion
[MPa]  Quenching Tempering, [MPa] [%]
JIsG
SUP-9 1226 55 47 1079 9

per
i Heating
9707T
g
3 0il Quenching
S
8 Tempering
g 490°7C
8}
=
—~ 20min __ B80min__
-— Time
Fig. 1 Condition of heat-treatment
TR
\
i
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Fig. 2 Dimension of CT-specimen
Table 3 Condition of shot-peening
Impeller Shot Shot Ball Arc Coverage
Diameter  Velocity ~ Diameter Height 1%] &
0
[mm] [rpm] [mm] [mm]
490 2200 0.8 0.49 95
Table 4 Measuring condition of residual stress
X-Ray ..
Diffraction Condition
Target Cr-V
Voltage 30kV
Current 10mA
0 0915930045°
20 140° ~ 170°
Diffraction Scintillation Counter
1 !
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Fig. 3 Schematic diagram of high temperature fatigue testing
machine



2.3 Agiuny
#939 CINRY A2ARAGE WIFIAAL A
H7|(INSTRON 8501)of 2]3l 3lzAlo] Hoz AH3IdT.
HEAFARE FAAS S AFBENE R=0.3, Fad
1002 sher MERd golEFe AYAE of

3 Zzatoldag oz ASTM E647-95a 40 whel AL 87
C) 2-287(100T, 150°C, 180T)olA A& stgrt Fg 3
APGA 9 FdEeltt
A@Re 271FEe SHIAS B IKE 10MPaY m=
sle] 4K9] 95% WHeolA AKZ7PHoE APsga 27
TERAZC] 3~5mAHlA oA BRSNS JKAZY
2 stof v2dd o] FAE 7] dYPsAtE £ £
o AH&d SHIMAT W 4K AtAe A1)
(Tange and Takamura, 1990).

AP\/—a{

°.
4%
20

Ly

AK= 9.6 185. 5(—%,)

+655.7( W)Z—1017.o( —;ZV)S

4

)]
a€e FFFAAAM FEo

W= stesddne Agd
o} KEIG7El o9 AEIFSH
»:—;g ](RIGAKN -MASF2M) 2 Table 9}
Astel A AEH 20— sin oS HE3AT ¢
o] Zolg Hih= ﬁ‘?’igil‘f—lﬂ 20~30um ZolT]
350imzi o1 7HA] S48t

+638.9(

—_—
<

19

fr

aejsl, FH2dd FFehde] e FAR . A0

(SEM, HITACHI $-2150) 0.2 #2319t
3. Algzn o o

3.1 AgEe| A=FRSES|

Fig. 45 e(25C)olx EWogHE oo A%
HEZF-SEe| P L23H(100T, 150T, 180T)olA CT
A3 & wslE rEAF-EEY 228 veha ok H714
GEDFSHEE @A Bl 10T #FCA
45MPa(6%), 150C F73olx 88MPa(12%), 180T F7dol|A]
103MPa(14%)7} 7HAaBo =z %7l A4 q;%x&%%
He 7hAane Fo] #EEHIUC

419 A9 A2 FAARALEE da/ dNS}

S88  R=Pmin/Pmax= 030] Hth

SRR RS R I R ] ol

’6“}&7%] SH A {40l
()9} 2k

FUEEY

dal dN= C(4K)™ 2

H2aE AAATA A= 9% 75
0
-100
—o— 25°C (RT)
—0—100°C
© PO —a-150°C
= —v— 180°C
8 -300
)
3 %f
2 400 /
& //
2
@ 500
I
(=%
£
S -s00
b
-700 <] T,/D/
-800
0 50 100 150 200 250
Distance from Surface(um)
Fig. 4 Compressive residual stress distributions of specimen
Surface
Table 5 Experimental constants by da/dN = C(AK)m for the
fatigue crack growth
4K Range da/dN Range
[ MPa'm) [mm/cycle]
RT 1.80x10°< da/dN
25C 8.39< AK<17.22 <3.55x10°
; 1.73x10°< da/dN
100°C 6.26< AK <1812 £3.20x10°
o 1.66x10°< da/dN
150 583< 4K <17.68 <3.04x10°
o 1.69x10°< da/dN
180T 537< AK <1759 23.07x10°
A7 Ce AREFolr me IJ2IEIPAF7 Aot

(Paris and Erdogan, 1963).
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Photo 5 Striation of fatigue crack propagation by SEM .
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Photo 7 Striation of fatigue crack propagation by SEM
(Shot-peening, 1807C)
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