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Abstract

In terms of behavior of fatigue cracks propagated after build-up around the artificial drilled
micro-hole, this study has been made of the build-up process of slips and micro cracks, behavior
of micro-crack propagation and the definition of fatigue limit under the rotating bending stress
with low carbon steel.

The results of this study are as follows:

(1) The fatigue limit is the repropagating critical stress for the nonpropagating cracks which
have grown to some limit around the micro-hole in regard of the magnitude of micro-hole.

(2) Behavior of the slips and micro-cracks initiation are occuring simultaneously in front and in
rear of micro-hole tips in the view of the rotational direction, regardless of the magnitude
of micro-hole.

(3) Behavior of fatigue crack propagation is diffrent from magnitude of micro-hole, its behavior
is propagation of single crack about respectively large hole, but about respectively small
hole, fatigue crack propagated joining phenomena of micro-cracks.

(8) The behavior of fatigue fracture is affected by the factor of its defects in the view of ma-
gnitude of micro-hole when the diameter of the micro-holes are smaller than 50 um, and this
is also affected with the size effect of micro-hole diameter.
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Table 1 Chemical composition of specimen

Material | Composition(%)
Materia H

c |si an‘P

S }CrlNitMol Cu

Mild steel 0. 170. 12[0. 53)0. 010. 01fo. 18]0. 230. 13}0. 14

Table 2 Mechanical properties of specimen

!
‘Tensile streng-

Elongation |[Reduction of
th (kgf/mm?)

(%) area (%)
Mild steel ) 69 l 12 46
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Fig. 1 Geometry of fatigue test specimen(unit: mm)
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Fig. 2 Illustration of micro hole. A.d.: Axial dire-
ction
3}

3 gee ook BUNEILY mTel B AW
Ao A48T Aol BREFEA a1 EE
14m 0|3tz %A dnbF 48shgsh

o o

2.2. EBAE

AY Y] BWEE Folv] st kel oldte o
A ATHvN HiLS =27 2 BEES g &5
ALBUNERS 27 2 BEEE7 4378 S97
(x100)el 4 ZAbsta REEZF B2 et FUES €
Anke R oz A4 Agshgeh =T GUNEALY
HKohell &% A4 Wil d=300 pm ol F 7t
0.8% A xelm2 FAd4ch. BERET ATEUNE
AL 2 REBA EHREMRS 2= EDd Y
EORES Fetd £ BE, BuRazds BA,
g 55 A3 oW EEIAEEE SBME
BERT 53 d4xor AAAYT ¥ 1 AHAF
<+ gy R4t K Bl AT BHRle o>
(DR T E%RBR(Ono’s type rotary ben-

152 KRR B

ding fatigue testing machine; 10 kg-m,

o

3000 rpm)o]

3. EBmRR % R

3.1. #EILe] Kol clE EBERES

& Iehpol A8 7 A EHREMRE Fig 3
o] Al Aok A HS 00)9] ESREYE 0.=31 kef/
mm? ¢ A9z ATLEPSEAS 2= & BB BS
BEY SNEHASe] d=50um@S50), 60 xm(HS
60), 100 £m(HS 100), 300 pm(HS 30002 JEFZ Guso
=30 kgf/mm?, guwg=230 kgf/mm? Cu100=22kgf/mm?
Ousn=18 kgf/mm? & v}, wlelA FEHRES Bub
Blfe] Hol A3 FiEHe EEREC BEstz g
& LY 5 Yk 2 2 o7 S-Ny il Lol A
FAs = EHEREY B YelAe KEY EHRE
kS BRFSTANAE BEDHNELFE 2 HRE
A}ol 9] f@e ForAx g AT veddh

9 Fig. 4 & #vNEAY Kel =tE EHRES
BEIE Es] B A BANEALY Z717F Zetd
5 FEEREY FEMY BEESREA d 282 =

ol Ry FHEM/F 4 JHAlz g BE KES
27 dAld ALBUNEAR d 35l BHERERED
<+ sl = Fubacte A AAksE deletn 4
ZEch vl =AAB 2 @AY +HRE &
B BRTEE o 50 um §igEyt 2 Aom 444
o,

dubd o ®, xx ] EHESFRERE Bl F& A
e 33, Bl € AS$E doh. Hilel e A%
+ Hio € ASur} 5 EHET =@ Ed ZAHE
Azo) w23 weld FHEEE dobd Ao| Btz

45
Ew
€
o
=
~—35
=]
@
hel
ECC o :HSw
—E ® : HS%
L & . HSeo
&25‘ © - HSwo
ﬁ Q. HS®w
2
15_, L . 1 " L " |
10’ 10 10’ 1) 0

Number of stress cycles to fracture :Nf

Fig. 3 S-N; Curve(rotary bending fatigue test)



HERFANA B EHa A2

20y !
1 \ \
"

\ Fatigue hirt »f smeolh snecimen !
- d oin FRenimen

S (kgfimmd)
] ¢ ~

Fatigue Limit

100 200 , 2l
Dirameter of micro-rate clu~)

Fig. 4 Relation of fatigue limit and diameter of
microhole

I & FERY @AY Aale 23R 4. F,
Hilel =2 Zfx [Hile] T A vuvy ZAFELR
w2 g3 EHREE Hile]l  Ffuct A2 A
+7k 238 el o=t A v BHEAL A
TR Gl B of Aol wide nnt #
MR Eot mEseh

e, EHRES BEE M s sk
% RErel REMEEGHN A 2R ERage —4
£ Fig. 5] AAe. @z BUNEALY Kol
A glol RBH RS FOHATHAA A3
2L RS FEes TN BAA BE 2%
e old AMEHSAWAA BUNEHALE 2% £
T AEE 5 e =% FEadY =25 2NE

(b) d=3C0 um

(a) d=50um

Fig. 5 Illustration of nonpropagation crack under
fatigue limit(N=107). A.d.: Axial direction

153

00~

8

I

&
_\Q.\
t

Nonpropagation crack length 1{um)
o~
B8
IS 1
|
\L\ N

8

8
|
\

de=42 um

0 7% Eo
Diameter of micro-hole {um)

35
o————T .
3N

Fig. 6 Relation of nonpropagtion crack length and
diameter of micro-hole

Lol Kb Hpiste 2 BNEA 27 BEEY Aol
Bkolz 24L& J|Fom 2 YTY /e 2=
Fadx FAHYPEW 2455 Fig 64 &4
oh, 28z 23 EY B 1EAA 2~3EAA £
o] EEF #Ed e 28 A2F 4 9ok

FH, Eyady HEEHE AL Add, £
HERe EEREANA F38E EZads 22 A
BAE Fk, 24 ESRENLEY EhudeA mEesR
Bs g 23, NEAFHA oln] HEds=m Y
= Egage B KEES 8 o itz
R o] mEadY #HiE ASdd el RE
L BREE =9 Ao BEsY ).

webd & EElA ESRE ste A2 #E
Lol Kopell A glo] B/NEARL T HAS ] EIB
A g HEEade] Mg BRENCR2A EH
& 4 vtz AAEc). el SURHAY =254 LA
st} g0 FiESE Hifd dsiA = A% #E5
o] et

3.2. #UMEILL Ko o2 23 U #iEa
2HO| %4 Eigy

Fig. 7€ #uvNEAY =77} d=50 pm, 60 zm, 100

e, 300 pm 2] IRFFE =014 35 N 5%
ra ra

AR Y T A, ¢ 9 HiRady EAEEd W
g JUREE A4S B2 BRY —floish. Nk B
HiEdol T N+ Ml ae 7E£os 3 £739 ES
REECITE. = old szl BHENHY =Z7E 4 R
Bhol Zx S-Niijge) HESMES Loz HYM
B 120%9] @8t fEHol .

<% 9 BRa2Ye, =4 #hEAL Fd EhH



NINi=0%  N/Ni=1°% N/Ni= 3%

N/ Ni= 5%/
Ad.

(a) d=50 um 100 um
W b

N/N=J %

(b) d=80 um

N/ Ni= 5%,
oum A.d.

NI/N=D NIN= 1/
(c) d=12Cum

NIN= 3%

ey e

e *1\ w,w

N/Nt= 0%, N/Ni= 3% N/ M 5%
(d) d=300um 200um _Ad.
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. 8 Relation of stress concentration and initiation
of micro cracks

o] JwKE H& Fig. 99 PEE i BHER
|4 I A=),

ol 4zl e WERREZ Y, #OEAY FER
AR T HrRe] T g¥loly Mz BA-E Eik
= 3‘101 ohlm, WES R BER B4 24
€9 BEL R RES U NE 9
ol BEHE €% 9 Ml ad Bide BEE
HEM o g FAodn Y& 4

33, 1

. BUNEIRLS) AhSb ST EIET
F:g 102 o] d=300 4m <) HNETL Fol4

(@) MisZ 0"
t= 55 um

(cIN=9x1C° gt S
U =280 pim ey
{dyN=25x 10
[=27C um

Ad._

l-3 5310°

= 1150 um

Fig. 10 Behavior of fatigue crack propagation at
same areca: o=45kgf/mm*(A.d.: Axial dir-
ection)

Brste EHady 424, SR 9% HA
Aol rl oF 1,150 pm A XY Aojuh o] A% fEiF
2o} WEHHGERA Fig 10 () $2)d4 2
2 @i #5959 FHAA e Fig 10 (©

%i), EEIYE IYEHITIN <3 ¢ BRIy
T @& glon oF Fo EEY Rl ZuEF
‘””oﬂ el =g o8y zud ERfICER=

Aoz R EETE.

Plbsl 2ol vt =ae] fEiE7F AEs T
o ol EAsle EHHERY 9F¢E BA Aoz =
A el Ga ZA kel Fhste [ESfHe) =#
& dF¥E nl;d 13 xﬂﬁ-‘qr’]'

x% Fig. 114 #0EAY Kb =& Eiia

HIEEES
Eo] d=60 pm 1

aiiieﬁ‘?& dal & AT HBNEAA
7o dMEEe €9 4 BR=
A5 Tl FiEd AL AH =t R =ei4
dolvte KE, #AEAAEe] 4=300 um gl 7 $e
2% EEE E-iﬂi«l Bl 3t deiviz 3l
< F2E + 9ok F, BNEAA G AAdFE
d=4 9 Aoyt dejua FUNEAR Fo] ol
=% U HiR=YS AT SHads] #EL ded
e HWE, frhEfe] FE5E BEREYS THA
o RERE #Eshets §TEe BRe HiEY Bt
£ 22 Y&E G448 stz 449

wtel4 BUNES =7)7F d=50 pm ue} A 5

e

(@) Diameter of hole: (b)Dzamete. of hoxe
60um 300 um

Fig. 11 Illustration of fatigue crack propagation
(A.d.: Axial direction)



S #NEAS ATHRE 24 B LEAE Bt
Az, Kgo=As FkE vy Bl H1, K
H, fNEAY =77 d=300 pm gl 754 BUMERL
L AtHRE e BALEA BRE Zodtn B
Hed duFoly B FEHEF = KENL ¥E
Foh FF olAd ddAd e R KEE 2%
=t

At o

4. BF B®

B AT AN BUMREE THd BEAE
S g ad e BEE Kl ddo, BEEY E
ATFAA EREE BELEH 2771 oL EEE
ALBNTEE Z€ 48 F59 gL |49z
ALBUNEA F9) Bhsle €9 9 Rz de] &
Byol ST 1232 EHEREY BRE FEYh
delxl FRE B o3 2

(1) EBREE fhEALY Kb et #/hEA
FHoll BEEZRD £ g HiFde BAENLE
EEE T

(@ FEH 2 HUNEAR Sl d=50 gm, 60 um,
100 pm, 300 um JEO = HEHEREE 0.=31 kgf/mm?,
Ouwso0=230 kgf/mm?, 0.s=30 kgf/mm?, 0u100=22kgi/
mm?, Guz=18 kgf/mm?® & d¢lot. = A3 fF/MEFA
o] Z&¢E FEHEEL TR EHREEA s
=, B2 d=50 gm M} 2ow X SZHRE
e HAozAE= Zoot gl KIFo 24 BihE 2
£t

3 #MEAL A B0l d=50um ¥} Fowd KEF
o2 A FEHEEH A9 n, AR AXA 24
R2E 2+ BAo=24 FEH5EE 7o %)

@ #hER F9d Bhdle €9 2 HilzgL
BUNEAS Kb A go] WEEGS 5% LAl A
Fckaridg

6) €47 #Ezde HUNEILY Xl A g
o] HEAAY EEHAS hloz HUMEAY §, %
el A RRp] AR

(6) BUhEA FHd BN EHEPLE <3 9
HAZA Y FEd REAY = #EHE Stz 2359
Fdoll = BIETE 0] ZEML RES &b

) HMERe 5, EHIIEEs <9 ¢
RN e Gl st dol vz, BUNEHLel AA
5 27-& B—ade Rl 9ste delndet

156 KHEL-RBER

®

X e BESHREMEY 1983 FE FRRL
o] o) sl Bioeslol onl BRI A=A o

2 £ X B
(D NI, $8, SFMoEEmFESRECkE JET
NEHORIR, SHOEE, BREREERE,

55294, #206%%, pp.1674~1681, 1963

(2) #HAE BELENTOELEL=AF vy A FE
o BEERLESBNEDO ®E, BRBRLH
#56 & 221358, pp.1737~1746, 1970

(3) ®k#Hi, HEX, BEEMOBIECSTINE
HoRE, AAMBEEGE, #£84 H3K o
152~162, 1970

(O KFFih, BOEEMTS ESET AT FR, KB
BWeest, #2158 #F 35, pp. 275~283, 1975

(5) D. Brook shank, K.W. Andrews, Stress Fields
Around Inclusons and Their Relation to Mechani-
cal Proiperties, Journal Iron & Steel Inst., 210-4
Series, pp.246~254, 1972

(6) RZ5L, BER, SEEHO I 7 v flRCET 5K
hEHAER, AREREGRE FOEE
334 5%, pp.1503~1510, 1974

() EERFS 3A, BRE<ATVHA P RRIH
OENEHMOBELEE BREBRERE, H3B
& # 1%, pp.70~82, 1970

(8) sk#bl, SRS EHED B KBRS
BIRTE, £ 348 B3, pp.116~123, 1979, £
4% 2 1%% pp.10~15, 1980

(9 BR, #7, ESFASEBBoREERRSEC X
Lka, BARABREGRIE, H465 H4025,
pp. 123~131, 1980

10) HAKREESN 4 A, BEEROENEECHE b
DS i oWT, AAEREBEHRCE $36
4% #5281 %%, pp.17~20, 1970

A1) &H#, dEE<~ALF VA PRCRTHEYA 7
NGRS 5y 7 OFE LEE, HAMHE, F208
pp. 1114~1126, 1971

(12) S.H. Song, T. Kunio etal, Fatigue Crack Form-
ation at High-Hardened Steels, Proc. 1st. Int.
Conf. Mech. Behavior of Materials, Kyoto, I,



KERFEAN A BEste = B 157

pp. 143~152, 1972.

(13) FEZELS 3 A, EBRFE~NVTVHA PEBOER
B s LIS TEART 74 VEGRREOKSE, H
REMEBGRIHE, H398 £ 3245, pp. 2201~
2298, 1973

(14) J.J. Bush, Microstructural and Residual Stress
Changes in Hardened Steel due to Rolling Contact,
Trans. ASM., Vol. 54, pp.390~398, 1961

15) Bzt 2 A, BAEDL Y LREROE BRI
T aWge, BARBREERIE #I8%E o
3059~3066, 1972

(16) #fk, @iE, EHBEECEJETRIKIBOEE
FEE, BABRERRTUE 495 H438H,
pp. 127~136, 1983

AN #k, EE S4CERILAORL IVEAECE

TETAIBINRIBEOEE, BHARBREOGCE,
AT B8 41558, Dp. 249~256, 1981

(18) FEf 3A, 7 3iEEL 7:3EEDEEIRE
s LI TEXK 40~200 4 ATHPNAOHE L 2 —
Frv IR, HRBBEBGRIE F48 %
424 %, Dpp.1293~1301, 1981

(A9 FEA 2 A, BEBRECS XETEERADME
BABBREBSRE, H44% 53885, pp. 4003
~4013, 1978

(20) HEE, HE, RSy 2 RETIPERNO-M
SRV, HARBWMEBEeRIE FIBE F2uTH,

Pp. 343~350, 1967

(21) ®ESF 3 A, BEBERACY » P 2FETHPEREE
D 2 BE5E Y s\t A ESHED, AABBEAEHRT
£, 55484 2 426 5%, pp.150~159, 1982



