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Evaluation of harmless crack size of laser-peened STS304

Department of Materials Science and Engineering, Dae-Jin Son

Directed by Professor Ki-Woo Nam

This study evaluated the threshold stress intensity factor AK;,
and fatigue limit o, according to the micro crack length when

micro crack exist in the STS304 steel. In addition, the
compressive residual stress was introduced by fiber-delivered

laser peening, and the harmless crack size (q,,,) was evaluated.

Ando equation and Tange equation were used for evaluation. The
threshold stress intensity factor and fatigue limit by the two

equations were almost similar. The harmless crack size (ay,,) Was

similar even when evaluated by Ando and Tange equations. The

harmless crack size (a;,,) was approximately a = 1.2 mm in the
residual stress of the o, direction and approximately a = 1.25 mm

in the residual stress of the o, direction.
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Fig. 5. Crack depth dependence of threshold stress intensity
factor(K,,) by Ando and Tange equations. (a) As=1.0, (b)

As=0.6, (c) As=0.4.

Table 1. Threshold stress intensity factor(k;,) according to

As=1.0, 0.6, and 0.4 at each crack depth (0.05, 0.1, 0.2,
0.3 and 0.5mm).

As=1.0 As=0.6 As=0.4
Depth(mm)| Eq.(1) | Eq.(8) | Eq.(1) | Eq.(8) | Eq.(D) | Eq.(8)

0.05 1.977 |+ 1.980 | 2.419 | 2.425 | 2.661 | 2.668
0.1 2594 | 2,600 | 3.094 | 3.104 | 3.350 | 3.362
0.2 3.240 | 3.251 | 3.744 | 3.758 | 3.984 | 3.999
0.3 3.5987 | 3.600 | 4.070 | 4.084 | 4.290 | 3.305
0.5 3.945 | 3959 | 4.391 | 4.406 | 4.588 | 4.602
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Fig. 6. Crack depth dependence of fatigue limit(s,) by Ando and

Tange equations in case of As=1.0. (a) Ando equation, (b)
Tange equation.
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Table 2. Fatigue limit according to each crack depth (0.1, 0.2,
0.3, 0.4, and 0.5mm) at As=1.0.

As=1.0 Eq.(2) Eq.(5)
Depth(mm) a c a c
0.1 228.49 221.89 229.10 222.55
0.2 208.99 197.83 209.71 198.56
0.3 195.83 180.87 196.54 181.54
0.4 186.52 168.07 187.22 168.67
0.5 179.81 157.96 180.48 158.50

Fig. 72 As=0.6%1 4%, ¢ ¢ Zold =& I=g=o|t. +4
Zlo] 0.Immell tiste] a®t c= Z4Z4 Eq. DolA 213.93 MPaz}t
222.69 MPa, Eq. (5)olA 214.64 MPa3} 223.35 MPac|t}. #<¥ Zlo]
0.3mmol| thdled a9l c= Z+2 Eq. QA 173.49 MPa3} 181.73
MPa, Eq. (5)ollA] 174.12 MPa¥} 182.40 MPao]t}. &< Zlo] 0.5mm
of thsle] a9} c= Z+H2Z Eq. (QDolA 155.09 MPa3} 158.27 MPa,
Eq. (5ol 4] 155.61.48 MPa®} 158.81 MPac]t}t. o]} 7ol As=0.69
BA¢e ad FJRFE7F cETE ot wWEA A4S As=0.6%

o7} o Wz Agals] wEe o

=
A Zol7h H wol A%ene Fd Zolo] HEaws) ok W

A zastg
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Fig. 7. Crack depth dependence of fatigue limit(s,) by Ando and

Tange equations in case of As=0.6. (a) Ando equation, (b)
Tange equation.
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Table 3. Fatigue limit according to each crack depth (0.1, 0.2,
0.3, 0.4, and 0.5mm) at As=0.6.

As=0.6 Eq.(2) Eq.(5)
Depth(mm) a c a c
0.1 213.93 222.69 214.64 223.35
0.2 189.15 198.79 189.85 199.52
0.3 173.49 181.73 174.12 182.40
0.4 162.77 168.69 163.34 169.30
0.5 155.09 158.27 155.61 158.81

Fig. 82 As=0.4%1 A%, #<€ Zolo =& =3=o|tt. ¥4
Zlol 0.lmmeol| ™sted a9t c= Z+HZ Eq. (4 205.05 MPa¥}
227.23 MPa, Eq. (5)ellA] 205.78 MPa#} 227.85 MPaolt}. #4¥ Zo]
0.3mmol| th3dled a9l c= Z+2 Eq. QA 161.27 MPa3} 188.76
MPa, Eq. (5)¢llA 161.83 MPa¥} 189.46 MPac|t}. & Zlo] 0.5mm
of thsle a9} c= Z+H2 Eq. (2)elA 141.96 MPa3} 165.43 MPa,
Eq. (594 142.39 MPa3} 166.02 MPao|t}. o]9} 7ol As=0.4¢] 7
9= a9 FJ2FEI} cR MEA A3tk As=0.49F 7ol As
7} ZolA W, #d Zo|7t WA AAstel w4 Aold FHsha,
a#w SA6 gdo] 1ASA Bk F, #E oyt 7l Aol
woh w2A AAstnz 74
ok wEbd Asyd BAHES4E 7Y ol yERIE AU wEA
UHERSE T
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Table 4. Fatigue limit according to each crack depth (0.1, 0.2,
0.3, 0.4, and 0.5mm) at As=0.4.

As=0.4 Eq.(2) Eq.(5)
Depth(mm) a c a c
0.1 205.05 227.23 205.78 227.85
0.2 177.87 205.11 178.53 205.84
0.3 161.27 188.76 161.83 189.46
0.4 150.03 175.93 150.52 176.58
0.5 141.96 165.43 142.39 166.02
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Table 5. Harmless crack depth (anm) by Ando equation.

As

1.0 0.6 0.4
o, 1.147 1.186 1.197
o 1.127 1.213 1.236
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Table 6. Harmless crack depth (anm) by Tange equation.

As

1.0 0.6 0.4
o, 1.147 1.186 1.197
o 1.128 1.213 1.236
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