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The Effect of Temperature on the
Characteristics of Fatigue Crack Propagation

for Structure steel

Jae-Ug Park

Department of Mechanical design
Graduate School of Pukyoung National University

Abstract

Effects of temperature variation on fatigue fallure characteristics in
low temperature range for shot-peened spring steel were studied
experimentallyv. Faugue test was done wunder the condition of
compressive residual stress of -666.86MPa(2200rpm), -stress ratio of
0.05, and the surrounding temperature of 25C ~ -1207T.

The results of the test are summarized as follows by analvzing
crack propagation characteristics, low-limit stress intensity factor

range, fatigue crack growth length versus number of cycles at fatigue

failure.
(1) Fatigue crack propagation characteristics for temperature variation

1s that linearity of da/dN log scale to 4K log scale was slightlv

decreased with decreasing temperatures. The linearity was kepl up

- i -



(2)

(4)

to 4x10° mn/cycle at room temperature 25°C and up to 9x10° m

/evele at ~1507C.

Low-limit stress intensity factor range was stable under the
surrounding temperature of 25C ~ -40T, but it was rapdly
increased under the temperature of -40C —~ -100TC and then
moderately increased under -100 C below. This may be attributable

to low temperature brittleness of the material under -40TC ~ -307T.

The wvariation of stress intensity factor range was 8 ~ 133
MPaV m for shot-peened material and 85 ~ 138 MPavm for
un-shot-peened material under the surrounding temperature of 25T
~ -1507T. Crack propagation was getting slower and the low-lirmt

was icreased with decreasing temperatures.

Number of cvcles at fatigue failure was decreased with decreasing
temperatures. This phenomenon 1s probably effect of the low
temperature brittleness on fatigue crack length and number of
cvcles at fatigue failure. Fatigue life of shot-peened material is
longer than that of wun- shot-peened material for every
temperature. Improvement of fatigue hife comes from that

compressive residual stress on  sub-surface generated by

shot-peening keeps the crack faces closed on the surface.
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Nomenclature

stress intensity factor range
stress intensity factor

load range

stress ratio

maximum Stress intensity factor
minimum Stress intensity factor
fatigue crack growth rate
material constant

fatigue crack growth exponent

crack length of width ratio
compliance

effective specimen thickness

net thickness

elastic modulus of material

crack opening displacement(C.O.DD)
load on specimen

normalized K-gradient
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Table 1 Chemical composition (wt. %)

C Si Mn P S Cr
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Table 2 Mechanical properties
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Table 4 Measuring condition of residual stress

X-Ray diffraction condition
target Cr-vV
X~Rav N
voltage 30 KV
source
current 10 mA
Y ; 0", 15" . 30° | 45°
26 ; 1400 ~ 170°
diffraction scintillation counter

Fig. 7 Photograph of X-Ray diffraction machine
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Fatigue crack growth rate, da/dN(mm/cycle)
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Table 5 The value of fatigue crack growth threshold 4Kth (Mpa Vm)
temperature 25T -30C J)O T 70T 10T 180T

shot peening 80 8.5l 94 104 122 13.3
unpeened 85 91 10.0 11.7 126 138
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Table 6

crack growth{shot peening)

Experimental constants by da/dN=C(A4K)™ for the fatigue

AK range da/dN range
tem. B m C
(MPavm) (II]II]/CYC]C)

-5 - 7

5C 10G< gk<mpg o0 “da/d]\ 2515 2.71%10 "
<5701 %1077
~0 '6< ’ H

-307C 1049< AK <2151 8762%10 _da/df\r 2635 1.72x10°
<5721%10"
51 % —63 FINT

S0 1101 gK<mes CPITEdAN o et
<6.022x%10"
— *6< H

-70T 11.82< JK<21 37 6.551 %10 _da/d]\_ 3001 300x10 °
<5081 x10°
23510 * <dg/dN

-100T 1292< JK<20.19 6:923>10 da/dA 2421 1.12x10"

<336%10°

e '(ig FANT

130T 14.02=< AK <547 6016 10" =da/dh 3612 475%10 Y

<551 x10°




Table 7

crack growthtlunpeened)

Experimental constants by da/dN=C(AK)" for the fatigue

AK range da/dN range
tem. m C
(MPa =) (mm/cycle}
D ) ) 2801 %10 °<da/dN .
BT 15%< JK<2151 L2631 181%10

<5443%107

5362 %10 * < da/dN N

T 1001 gk=py o 0TEAAN g g 0000
<5702%10°

37 W *(ig INT .

ST 1041 gK=pg  SeA0TEAAN ey S
<6667%10°

2 Gg 7 Y

C 1By gk=me SO0 da/d]\, 3223 201%10°
<5872x10°

51 % '(ié 7 ’

oot 153 gk<mas SO da/d]\_ 3743 306x10"
<6.332%107
— 5 AN

S150°C 1676 < SK <2468 8015 %10 "=dadN 2246 16610

<4538%107
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