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ABSTRACT: In this study, CT specimens were prepared from spring steel(SUP9) which was used

in suspension of automobile for

room temperature and low temperature survice. We got the following characteristics from fatigue crack growth test carried out in the
enviromment of room temperature and low temperature at 25T, -30C, -50C, -70C and ~-100 C in the range of stress ratio of 0.05 by
means of opening mode displacement. The threshold stress intensity factor range AKth in the early stage of fatique crack growth (Region
I) and stress intensity factor range AK in the stable of fatigue crack growth (RegionII) was decreased in proportion to descend
temperature. It is assumed that the fatigue resistance characteristics and fracture strength at low temperature and high temperature is
considerable higher than that of room temperature in the early stage and stable of fatigue crack growth region.
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Table 1 Chemical composition (wt. %)

C Si Mn P S Cr

0.55 0.22 073 011 0.05 0.02

Table 2 Mechanical properties

Tensile strength Elongation Hardness
(kg/mm) (%) (HRB)
177.8 114 275
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Fig. 1 Configuration of CI-specimen (unit:mmy)
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Table 3 Conditions of shot-peening

Condition Shot- Peening
Impeller Dia 490 mm
Blades
Width /Q'ty 90mm/6 pcs
r.p.m 2200 r.p.m
Shot-Ball Dia. 0.8 mm
Time 24 sec.
Arc Height
. 0.375 mm
(Alman A-Stip)
Coverage 85 %
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Table 4 Measuring condition of residual stress

X-Ray Diffration Condition

X-Ray
Source

Cr-vV
30 KV
10 mA

Taget

Voltage

Current
k3 0°,15°,30° 45°
20 140°~ 170°

Scintillation Counter
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Stress Ratio : R = 0.05
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Fig. 5 Relations between fatigue crack growth rate and stress
intensity factor range(257C)
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Fig. 6 Relations between fatigue crack growth rate and stress
intensity factor range(-307)
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Fig. 7 Relations between fatigue crack growth rate and stress
intensity factor range(-50C)
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Fig. 8 Relations between fatigue crack growth rate and stress
intensity factor range(-707C)
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Fig. 10 Effect of Threshold stress intensity factor and
temperature(C)

Table 5 The value of fatigue crack growth threshold AKth
(Mpa \/;/l)

Temperature 25T -30C 50T AT -100T
Shot 80 851 94 104 122
peening,
Unpeened 85 91 10.0 11.7 12,6
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Fig. 11 Relation between fatigue crack growth exponent m and
temperature(C)
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Fig. 12 Relation between material constant C and
temperature(C)
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Table 6 Experimental constants by da/dN=C(AK)m for the
fatigue crack growth(Shot peening)

4K Range da/dN Range

Tem.
e (MPavVm) (mm/cycle) m ¢
o L131x10 <da/dN
25T 1095<4K<2091 . 2515 271x10°
<5701x10
o 8762x10°<da/dN
-30C  1049<4K <2151 L 268 172x10°
<5721x10
. 7.051x10° <da/dN
-50T 11.01<4K<23.06 L 2721 101x10°
<6.022x10
o 6.351x10° <da/dN
0T 11.82<4K<21.37 L3000 302x10°
<5031x10°
. 6.923%10° < da/dN
100C  1292<4K<20.19 o 3421 512x10™°
<3.36x10

2] Unpeenedzie] ztzte] Atolg & AH(25T)olM
9.2x10°Cycle, -30CollA 7.3x10°Cycle, -501CollA 6.3x10°Cycle,
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olMF ABT)MM AL -10CTE 255 AlolF 57t
&3 AE B 4 %13 Shot peeningl7} Unpeened#l K.tk
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UnpeenedAj 2.t} =m¢] tf Zojxl Aoz mudrh

Table 7 Experimental constants by da/dN=C(AK)m for the
fatigue crack growth(Unpeened)

AK Range AN Ran
Tem. ot 8¢ C
(MPav ) (murycycle)
2.801x10° <dg/dN
BT 1595<AK<2151 2631 181x10°
<5.443x10°
5.362x10° <da/dN
-30C 10.01<4K<23.21 g . 2761 9.42x10°
<5.702x10°
3.821x10° <da/dN
50T 1041<AK<249 AN 081 509x10°
<6.667x10°
8.513x10° <dw/dN
20T 133<AK<A65 AN 558 2 01x10°
<5.872x10°
8.351x10° <dg/dN
100C  1532<4AK<2546 X107 <daf 3743 3.05x10™
<6.332x10°
32
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Fig. 13 Relations between crack length and number of cycle
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Fig 14 2Z#7% SUPYe| tdte] A& 25T} -30T, -50
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2000).

{c) Shot peening (d) Unpeened
Temperature : -307C

(h) Unpeened
Temperature : -70C

(i) Shot peening () Unpeened
Temperature : -100TC

Fig. 14 Fractography of fatigue crack growth surface at 25C,
-30C, 60T, -80T, -100T and -120C for R=0.05
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