creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

[UCI]1804:21031-200000225339

SR

.
5

)

o

gyl

8

2019

o] A 7



9 =

o}
of

A )

.
5

)

o

gyl

8

2019

o] A 7



dlo
2
AN
o

o] AT B A B9 E

2019 8¢

A4 FsEA A B3 od RD

N

A FHWA A F F Q)

=
i

g @ FHEA E S QD



L2
Abstract

1. AJE crerssrensseensennsssnssssnsnuesssessnssonssssnssssnsssnsnnessesssnsssnnssasasssssssrsnsasansesasssasssasasseres 1
2. §5% 9] veld FAFLY HIHTFA A ceeerervererensesesersaserenens 2
RIIR: I o L T L1 6
VR [ M= R [ 12
41 FEA HZFE(07) 9} TG TA creverseernsserssrsssensssrsssssssenss 12
42 FIAY HIASHSNAF(AK (., FEA TG BA oveeeees 27
B. ZAE cercesreressesssessesassnsussrsesnssesasseesnssassesassssessssasassssessssssnssasassesssnesassssassssesassenes 40



The evaluation of threshold stress intensity factor and the fatigue limit of
surface-cracked specimen considering the surface condition

Weon-Gu Lee

UR Interdisciplinary Program of Mechanical Engineering, Graduate School,
Pukyong National University

Abstract

This study evaluated the threshold stress intensity factor and fatigue limit of
surface cracking materials according to the variation of stress ratio and aspect ratio
with reference to fatigue limit of gentle grind specimen, severe grind specimen and
shot peened severe grind specimen. Surface cracks in the gentle grind specimen,
severe grind specimen and shot peened severe grind specimen could evaluated the
threshold stress intensity factor and the fatigue limit according to stress ratio and
aspect ratio using the equivalent crack length. As the surface crack length
increased, the fatigue limit decreased rapidly as a small stress ratio and a large
aspect ratio. On the other hand, the depth of surface cracks decreased rapidly as a
small tress ratio and aspect ratio. As the surface crack length increased, the
threshold stress intensity factor rapidly increased at a small stress ratio and a large
aspect ratio. On the other hand, the surface crack depth rapidly increased at a
small stress ratio and aspect ratio. The reduction ratio of the fatigue limit at the
surface crack length of the same stress ratio is more larger than 0.4 in aspect ratio
0.1. However, the surface crack depth is larger than 0.1 in aspect ratio of 0.4. On
the other hand, in the surface crack length of the same stress ratio, the rate of
increase of the threshold stress intensity factor is smaller than 1.0 in the aspect
ratio 0.4, but the surface crack depth is larger than 1.0 in the aspect ratio 0.4. This
is because, when the aspect ratio became large, crack propagates in the depth
direction than the surface direction, and propagtes at the same time when it
becomes similar to the surface crack length.
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Fig. 1 Schematic illustration of a finite plate containing a semi-circular

crack
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Fig. 4 Fatigue limit according crack length and crack depth on gentle
grind specimen. (a) Crack length, (b) Crack depth
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Fig. 5 Fatigue limit according crack length and crack depth on severe
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Fig. 6 Fatigue limit according crack length and crack depth on shot

peened severe grind specimen. (a) Crack length, (b) Crack depth
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Table 3 Fatigue limit reduction rate of gentle grind specimen (%)

surface depth
R=0 R=0.4 R=0.8 R=0 R=0.4 R=0.8
crac As As As As As As
length 1.0/04/10/04110/04/1.0/04/1.0/04]10]04
01lmm | 27 [ 1219 8 | 8 | 3 [27 4019 [31] 8 | 15
1.0 mm | 67 | 49 | 58 | 39 | 38 | 20 | 64 | 75 | 56 | 68 | 35 | 50
20mm | 75 | 61 | 68 | 52 | 50 | 31 | 70 | 80 | 62 | 74 | 42 | 58

Table 4 Fatigue limit reduction rate of severe grind specimen (%)

surface depth
R=0 R=0.4 R=0.8 R=0 R=0.4 R=0.8
crac As As As As As As
length 1.0/04[1.0/}04110/04]110/04]1.0/04]10]04
01lmm |20 9 [14] 6 | 6 | 3 2133|1424 6 |11
1.0mm | 60 | 41 | 51 | 32 | 31| 15 | 58 | 69 | 48 | 62 | 28 | 42
20mm | 70 | 54 | 63 | 44 | 43 [ 25 | 64 | 75 | 55 | 69 | 35 | 51

Table 5 Fatigue limit reduction rate of shot peened severe grind

specimen (%)

surface depth
R=0 R=0.4 R=0.8 R=0 R=0.4 R=0.8
crac As As As As As As
length 1.0/04/10/04/10/04/10/04/1.0/04]10]04
01mm | 41 |22 [ 3215 | 15| 7 | 42 |55 3246 ] 15| 26
1.0mm | 77 | 63 | 71 | 54 | 53 [ 33 | 7583 | 68 | 78 | 50 | 63
20mm | 83 72| 7865|6346 | 79 |8 | 73|82 | 57| 70

_20_



o

mmol A ¢F 67%(As=1.0) L 49%(As=0.4), 2 mmolA °F 75%(As=1.0) %
61%(As=0.4) A= ZAstATE SYHl R=04% A= FHALZ]
0.Immel A F 19%(As=1.0) 2 8%(As=0.4), 1 mmol| A <F 58%(As=1.0) 2
39%(As=0.4), 2 mmollA] °F 68%(As=1.0) 2 52%(As=0.4) A% Z+A3S
. a8l &¥¥] R=0.8%1 A$= FHLELe] 01lmmelA <k
8%(As=1.0) F 3%(As=0.4), ImmeollA °F 38%(As=1.0) ¥ 20%(As=0.4), 2
mmoll A ¢F 50%(As=1.0) 2 31%(As=0.4) A= Z+A3ste], R=0 @ 0.4xHT}
ZAaZo] Atk Thgol FMFdzol ARIJE FAE(l,/0N)E
ARzt &¥H] R=0%1 A9-9 HJ=IE=+ FHTEZo] 0.1mmeol A
ok 27%(As=1.0) 2 40%(As=0.4), 1mmeolA < 64%(As=1.00 =
75%(As=0.4), 2mmol A ¢F 70%(As=1.0) 2 80%(As=0.4) A% ZrA3sIHT
580 R=04% A= BHIFLEZoOl 0.1mmoA I=ZId=Es oF
19%(As=1.0) 2 31%(As=0.4), ImmoA] T ZIE=+= <F 56%(As=1.0)
68%(As=0.4), 2mmol A <F 62%(As=1.0) 2 74%(As=0.4) A% Z+rA3IH T
+gH] R=0.8%1 ZAt= FHAEZol 0.1lmmolA °F 8%(As=1.0) %
15%(As=0.4), Immo| A 2= oF 35%(As=1.0) L 50%(As=0.4), 2mm
o Al eF 42%(As=1.0) ¥ 58%(As=0.4) A= Z+A3IA T



Aole] FARAE TFAaE(of,/of)E AHrA FHn] R=0%] 452 T
23 e FHTEde] 0.ImmeolA oF 20%(As=1.00 Z 9%(As=0.4), 1
mmeol A4 ¢F 60%(As=1.0) 2 41%(As=0.4), 2 mmol A <F 70%(As=1.0) =
54%(As=0.4) A= AT &8P R=04%0 A= ZHFIEZL0]
0.Immoll Al oF 14%(As=1.0) 2 6%(As=0.4), 1 mmol A ¢F 51%(As=1.0) 2
32%(As=0.4), 2 mmolA <F 63%(As=1.0) L 44%(As=0.4) A= TAstH
o 3¥H] R=08% A= ALl 0.lmmoAAl ¢F 6%(As=1.0)
3%(As=0.4), Immeol A <F 31%(As=1.0) 2 15%(As=0.4), 2 mmeol4 <F
43%(As=1.0) 2 25%(As=0.4) AE ZAstH, R=0 F 04HT ZAhFo]
Zhoktt. ool FHAFEZ 0l HAEIJE TS (0l /o) E AHRAL
<=nH R=0%1 A9 I=2IEE FHILEZo] 0.ImmolA oF
21%(As=1.0) % 33%(As=0.4), Immol| A <F 58%(As=1.0) 2 69%(As=0.4),
2mmoll A oF 64%(As=1.0) B 75%(As=0.4) AHE ZrA3FHAct. SN
R=0.42] A9+ A7zl 0.lmmolA I E23F=+E= oF 14%(As=1.0) 2
24%(As=0.4), Immoll A I 23IF S+ 9F 48%(As=1.0) ¥ 62%(As=0.4), 2mm
ol 4 ¢F 55%(As=1.0) ¥ 69%(As=0.4) A= ZrAastATh. 551 R=0.8%
A5 FRIEe FHFEel 0.ImmelA oF  6%(As=1.00 H
11%(As=0.4), Immo| A I Z3== <F 28%(As=1 42%(As=0.4), 2mm
off A oF 35%(As=1.0) & 51%(As=0.4) H= 7+

a
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FUFEZEolY FARFE Fa&Of,/08)E AHEA &En] R=0<
Ao dEIdEE FHILEZol 0.ImmelA  oF  41%(As=1.0)
22%(As=0.4), 1 mmel A 2F 77%(As=1.0) Z 63%(As=0.4), 2 mmol ]
83%(As=1.0) = 72%(As=0.4) A= zrasATh Sl R=049 A=
FAFgdol 0.1mmollA oF 32%(As=1.0) 2 15%(As=0.4), 1 mmolA F
71%(As=1.0) 2 54%(As=0.4), 2 mmoll A °F 78%(As=1.0) Z 65%(As=0.4)
Ao ZastRth $8Hl R=08%1 A9e FATEZo] 0.1mmolA oF
15%(As=1.0) 31 7%(As=0.4), Immell4] ©F 53%(As=1.0) 3 3%(As=0.4), 2
mmeoll A oF 63%(As=1.0) 2 46%(As=0.4) HE ZrAd}te],

Pl
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R
ZFaaZol gt thgo| FHFdole I2IE 2808, /08NS
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oF  42%(As=1.0) = 55%(As=0.4), ImmellAd °F  75%(As=1.0) =
83%(As=0.4), 2mmoll A <F 79%(As=1.0) = 86%(As=0.4) A= 723
581l R=04% ZA$= HEHTEZol 0.1mmoA IA=2IIdE= 9
32%(As=1.0) 2 46%(As=0.4), ImmollA ¥ ZIAEE oF 68%(As=1.0) 2
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594l R=0.8%1 A5 I=EIE+= FUAEZo] 0.ImmolA <o
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Surface, ¢ Gentle grind specimen
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Fig. 7 Fatigue limit reduction rate on surface and depth crack length

of 0.1 mm, 1

Surface, ¢ Shot peened severe grind specimen
- As=1.0 04
R=0 W1 S
R=0.4-@ -O- /4/
-R=0.8 A -/ %
i /Q
X 4 <
L / A
L © YA Depth, a
% As=1.0 04
P R=0 -y ¢
e R=0.4 -0~ 3%
. . R=0.8 < 3~
0.1mm 1mm 2mm
Crack length (mm)
(©)

mm and 2 mm. (a) Gentle grind specimen, (b) Severe

grind specimen, (c ) Shot peened severe grind specimen
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Fig. 8 Threshold stress intensity factor according crack length and
crack depth on gentle grind specimen. (a) Crack length, (b) Crack
depth
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Fig. 9 Threshold stress intensity factor according crack length and

crack depth on severe grind specimen. (a) Crack length, (b) Crack

depth
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Fig. 10 Threshold stress intensity factor according crack length and

crack depth on shot peened severe grind specimen. (a) Crack length, (b)

Crack depth
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Table 6 Threshold stress intensity factor growth rate of gentle grind

specimen (%)

surface depth
R=0 R=0.4 | R=0.8 R=0 R=04 | R=0.8
crac As As As As As As
length \ 1070410041004 /1004 1.0[0410]04
0.1 mm | 68 | 47 | 58 | 38 | 38 | 23 | 68 | 80 | 58 | 72 | 38 | 51
05mm | 90 | 76 | 84 | 67 | 67 | 47 | 89 | 94 | 84 91 | 66 | 79
1.0mm | 94 86 91 | 79 | 78 | 60 | 93 | 97 | 89 | 95 | 76 | 86

Table 7 Threshold stress intensity factor growth rate of severe grind

specimen (%)

surface depth
R=0 R=0.4 R=0.8 R=0 R=0.4 R=0.8
crac As As As As As As
length 1.0/ 04/10/04/10/04/10[04]1.0/04]10]04
01mm | 60 | 40 [ 50 | 32 | 32 | 19 | 60 | 74 | 23 | 65 | 32 | 44
05mm | 8 | 69| 79 | 60 | 60 | 40 | 85 | 92 | 78 | 87 | 58 | 72
1.0mm | 92 [ 80 |87 [ 72 | 72152190 | 95|85 | 92| 69 | 81

Table 8 Threshold stress intensity factor growth rate of shot peened

severe grind specimen (%)

surface depth
R=0 R=0.4 | R=0.8 R=0 R=04 | R=0.8
crac As As As As As As
length ™ 107041004/ 1.0/04]10/04 1004 1.0]04
0.1 mm | 81 | 62 | 73 | 52 | 52 | 33 | 81 | 89 | 73 | 84 | 52 | 66
05mm | 95 | 87 | 92 | 80 | 80 | 62 | 94 | 97 | 91 | 96 | 79 | 88
1.0mm | 97 93 96 | 89 | 88 | 74 | 97 | 98 | 95 98 | 86 | 93
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Fig. 11 Threshold stress intensity factor growth rate on surface and
depth crack length of 0.1 mm, 0.5 mm and 1 mm. (a) Gentle grind

specimen, (b) Severe grind specimen, (c) Shot peened severe grind

specimen
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