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Abstract : The lightness of components that was required in automobile and machinery industry requires high strength
of components. In particular, manufacturing process and new materials development for solving the fatigue fracture
problem attendant upon high strength of suspension of automobile are actively advanced. In this paper, the effect of
compressive residual stress of spring steel(JISG SUP-9)by shot-peening on fatigue crack growth characteristics in high
temperature(100°C, 150°C, 180C)was investigated with considering fracture mechanics. So, we can obtaint the followings.
(1) Compressive residual stress is decreased with increasing the test temperature.

(2) The effect of compressive residual stress on fatigue crack growth behavior in high temperature is increased below

AK =17~19MPa+/m .

(3) It was investigated by SEM that the constraint of compress residual stress for plastic zone of fatigue crack tip was
decreased in high temperature as compared with room temperature.
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Table 1. Chemical composition of specimen (wit%)
material C Si Mn P S Cr

JISG SUP-9| 0.56 0.25 0.84 | 0.016 | 0.009 | 088

Table 2. Mechanical properties of specimen

Tensile Hardness(HC) Yield
material strength After After strength
(MPa) quenching tempering {MPa)

1,226 55 47 1,079

JISG SUP-9

Table 3. Condition of shot-peening

Shot Velocity| Shot Arc Height
Diameter(mm)]  (mm)

Impeller

0,
Diameter(mm)|  (m/sec) Coverage(%)

490 70 0.85 0.49 0.95
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Fig. 1. Condition of heat-treatment.
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Fig. 2. Dimension of CT—specimen.
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Fig. 3. Compressive residual stress distributions of specimen
surface.

Table 4. da/dN at AK=10MPa/m

Temp(C) Unpeening Shot-peening
25C 8.54x10° 4.11x10°
100°C 8.27x10° 5.82x10°
150°C 9.01x10° 6.14x10°
180°C 1.01x10° 6.30x10°
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L - T Orientation§
25°C(RT), 10Hz
|

28

Crack length, a (mm)

24

<V,
v v % © < Unpeening >
4 o 25°C(RT)
o 100°C
& 150°C
v 180°C
20 8o 000 < shot-velocity=70(m/s) >
o O 25°CRT)
a4 100°C
B 150°C
® 180°C

‘ 12)‘ 1;)’ 1;)“ 12)’
Number of cycle, N
Fig. 5. Relation between crack length and number of cycles.




HIHE, AYE

k= ;_l

Table 5. Number cycle at the crack length of 28rmm 35. TdaaddXIMacito] okAl
Tem;z(oc) UnpeeninSg Shot—peeniéng CT A|¥He mz27Faxd sHe] opabe g
S e o s e oy
150C 4.50x10° 7.32¢10° el BesTY sEs £ dgel 4=
180T PYTTS PN W 7beE Al tig e @4 A3 sang v
WAk Fig. 7& A9d Al o) 42873 ddut
33. D20IM T=F Holot Ajojg 4 SEIUWAHEA BIAT AW % £EAE A
Fig 5% #Q714700] ag} 3127170 812 Nae) 2EeHA Aol U 2ddA e dEAL
B L) o], Table 5 W2 AT Yo| a=28 23 daddEE R 308 S A=A AR
mmoll ] 31574 3152 Sx)7 n|aslth 924w olth. =g AW T HEMY AIHS] A
& &= Ao AA) A e osTel)  FEE BAL AT molw gom, of RYE &
98%, 100°Col A 39%, 150Tol A 63%, 180Tel =030 I A=A Azdddd 4%
54%7} =719t} 7)o} ARes} 100 CAFool & oA TEAG AP E TEIER JEdEd
2a5e Aol Fpde) B4Y gaag O ALHT ARS AL @ T 3100 SEI A
AALEIE uglon Ll SR Foe B0 SRS M2TEdd AU atad a2
QA S} owte paEde megddd 2 Cood AU G¥S 38 97 v=adad

Ao gy Wg71Te] 802 180T 0]
100CF3nn} 5 2ol S7hd Aee Addr:

34. c2l me 2xof|9] oM

Fig. 6& C¢ me] #A o]t} Table 60 12
2olA¢] Cs} makel 42942 ek 100T
ol Lxele] 4ol FA s Lepgr,

1E6

L. - T Orientation
Stress Ratio: R=0.3 .
E7E Un—peening(RT)
€ ‘
1] N
@ Esp L !
8 :
g A
b Shot-peened Un-peened :
2 gL © 25°C ¢ 25°C :
o 100°C <« 100°C i
~ 150°C 150°C
v 180°C e 180°C s
1E-1 L : N : 1 $ L ¢ ¢ 2 L @aLa
150 1.75 200 225 250 275 300 325 350 375 4.00 425 450 X
Fatigue Crack Growth Exponent (m) Shot-peening(RT)
Fig. 6. Correlation between C and m in Paris Law da/dN = C ’

(AR

Table 6. A Material Constant and Fatigue crack growth ex—
ponent in high temperature

Temp(C) C m
25C 1.648x10™° 4.289 x
100°C 1.501x10° 2.639
P -8 .
150C 2.041x10s 2462 Shot-peening(180°C)
180°C 2.371x10° 2372 Fig. 7. Photographs and SEM Photographs of fracture surface.
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Fig. 8. Striation of fatigue crack propagation by SEM (Un-
peening, RT).
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Fig. 9. Striation of fatigue crack propagation by SEM (Shot-
peening, RT).
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Fig. 10. Striation of fatigue crack propagation by SEM (Shot-
peening, 180°C).
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