% & #@ Vol 79 (1993) No.8

Sk SBAHELDIE SS TRIE DR Y 2

M

B

IR e BREE HeHTe

Mechanisms and Mechanics of Fatigue Fracture of Steels

Keisuke Tanaka, Yoshikazu Naxal and Yoshiaki Axintwa

Key words : fatigue ; steels; fracture mechanics; crack propagation; small crack ; notch ; inclusion ; grain size ; residual stress;

environmental effect.

1. XUHIC

MuRME T TOMEOBSE IZEHSE LR 3 b, EO
BHRIR R DO0% LI Ex i 3 EEbNTH b Y, Humiikss,
BEYOEMLZ M P RIET 2 120 S I3EH B OBk »°
RERTDH 5, HATBRBETOENERESLTFHOTMILD 0
TR, 3 TEHERTOLOEDCT L REBGTHMRES
HEOMEIYLE I N T 5, EF, HEEEBEDOXST TR
BLD 5 v ldmEll, SEFREVHIEA N TE Y, fEkHt
BLERELSIHEYHLIERShS2H 5, 2L,
BENE, B3, ML EoME L LT, fERDIKREIK D
> THEBIMOERPEBINT V3, 2O, fERD
BB ATIIAILT 53, BRI THIL 7o AT 5%
EFEOMRYEI NG, 2 2TR, S%EMEOEY %
Woiks, 23, HHFOI 2zl r 3 Lotk EHS
FURXDO NN T 7 a—FDHFEL, 2% b Lo LIk
BHiHS, KFE, FRRIGT, RBEOEFRE I RIE T s
DTN T 5,

2. BHBE

BIBOE BRI, B, SRREL SEBETER L o
Johd, 205 LHEHSHORBERATSEN L BEEE
LEoTHIs#I 3555, sHORERIFEC AR
Whict-> TR %, 7254 MADEIR T FTTIXM4RE
ERBRICT RO TH B, T 0B SRARERBETIE, T
NRYDPDHLEIEPCAEL, IOEHT Y IS BB
BillloTbiHRlLvZ o, BTN H (PSB:
Persistent slip bands) ¢ #5335, ML, = v rv iy
k) 3 PSBOEEMERE 2L L T3k (Ladder structure)

T, BUPEECHESSHCEELL-TEY, THOHE
FELLGTIEP LT FORETIE M MY ERES
L, DR EHELOYRERPHGET A, COSH LMY
DEMI T ~2umizhbrL5TH5BY,

IS HIRIGD K & ©HA, Ry ER L,
BOBCOBHT oI RV SHRERBIL 25,

ISP EERE TV I AE T, UIREBRENEHM
B O KT S HORERBT L K 2 PAP £, T
DEE, Y, BM, REOBEOKRNMILY, KDO=
DOMRER L B (1) T TICREIZ L EED 5 BN
MO HEF Lo TTSLT OB ERIAS, (2)
N TRy 2 ik L 2 Deh®Ed i & > THfEwD
s, (NENTCLCNEHTOIRHERIZLI->TT
ST _"OBCESHEMVAL,

FTROWPRFICRE L SZ D T b R
EoRKSRFHNLETET S, 20T, sRIRALEBL
OB AYVBRERPRU P o2 Fae2E L, o
CIZRERNMCEESMCERT 5, SEVILCEL
AL, MEYNAIEZL NG e O NEERET B,
2T, 3HOVMHOMMEOREE P AT -1, Bh
MICEERERXP AT ERT 29, 387 —V10
DIREDELHE L, SERWMTOBEMILESifbic L b
BITROSBET, BHEIZRA ML T —2 3 YIRS
N5, Ot IDOHEEHMTOMBERORE LIRS (@Y
FEAEMERIT H 5, T DMRIRBm, ~ SBskE, 71 >
e EDEFBRmIZED o b,

EROEH RGO 27 0fEZCFCT, FAITYRIE
TOSHRRERHF, 2N PERBRAE 2L 20
R icE L e kLT, S-Nli#RCoffin-Mansonf]®?
FHAT A, 20T, YIRSIOHEPIBRIRGT ISR,

PRk 4 F12H 1 BRMS P53 A5 B2 (Received on Dec. 1, 1992 ; Accepted on Mar. 5, 1993) ({KEEAZ)
¥ BEBRFETHHEIR (Faculty of Engineering, Nagoya University, Furo-cho Chikusa-ku Nagoya 464-01)

* 2 MK THHMBEIR (Faculty of Engineering, Kobe University)

* 3 BEBRFZTHEHEIR (Faculty of Engineering, Nagoya University)

12



KIZRT & S CHEEE 12s b L0 8 SERIETHE DD
H#KARE (SIF : Stress intensity factor) OB#%E L T
Bo, ZNEESTAILEDS SEUEERGLYED 29,
=70 I3 PIEMOEFRRE SHURERGLEALIND
P, EBRCI RO T L UG S HORIEGERLFHEM
RADOREI P LD T Y, Coffin-Mansonhl H M/ &
HOELHEEZRITHIEPLESRINTVB, 20D
f, B s BOEIEHFFHFELXE L T 25607,
L D10FER DR FH S EFORKDOWIT —~D—D L k-
TWwv 3,

3. BHFERRIEDHZ

31 #EYERRITEE CICHILRFRE & DR

Fig. 1 I3ZIX®E da/dN & e HIERIREGEEH AK DRI
T, I OBARIE ZREBUC A 6 N, PRI (BRRIR)
T ldParisBI 2’ HRILT 5,

da/dN=C(AK)™

2 ZTParis'®idm= 4 #WE LY, 20HOFT—2 T
BFLL4TREL 2~4%2 LB EDZCY, AKD/PNS
12 3 b da/dNIERBCIEA U, TR I35 K 4R Ekst b
AKy UTFTI, EERCSHPRIE L EALINDG (A
FEI%) . —FH, AK DRSS R5 Eda/dN#EMmL, Dvic
AT ERIE I VT2 5 (CHEER) . AL EBIEDRML, Knax
DL L AERMETHRE Y, I DOKpax BIXES SR
EHansg, sEABECRIETHERTOBEORE XX
URTIICRER Lo TREL S,
3.2 zZORE/MAN

FEPOWEH SR AFMAEIFIRTH 5Dz, DY
BAOT 52 L5519, 20D L SHEHICHILRBREE AK.

S B OB ITHEOME - H 09 Wl

PISRRLEEL BT 557 A—&X L5,

AI<ef1° = Kmax o Kop

22T, Kop WEHBOBROKTH 5, EH SHOMODOE
R, FREWMEMC (Plasticity-induced closure) '?,
BEE DM (Roughness-induced closure) 235 & (FEE{b4
(Oxide-induced closure)'¥D 3 2TH 5%, D, KB
(Transformation-induced closure) LITREVI/RKIZIRD & &
DififE (Fluid-induced closure) »¥FZRER & L TGS
T 519,

SEABRTRAES (A S THETH Y, F
BN e MRS SIS EE LRI T REORR L - T
W B Rig 219032 DRjA — R 74 MR & U5
3R LIBEORASH (SNCM439) ioxt 3 2R TH 2 7,
Fl— AKTIZRRED /NS AR E, SR LIBEEK I
Eda/dND L 8 b, DAL, AKeyy TEHET 5 L2
ITH—DBRL 2 5,

3.3 WhEBNEILEEY

IEOMMBZEOKM (7254~ - %=1 M) F
B D S-N Hi#E # Fig. 3 (o T8, XA 228 % O &
N, O, TEH T XY HOREN, FIORFR 2B sH
{RIX DRAMERRR UIN #2787 N2 X U TRIARRIRIZ 2w
%, No Neb b CR—I0HRE TIERED K S »id 5 230
B, N IEN; DHFIA0~50%T D 5 EHIRE 6o 12 b RIF
BIERDD Y, owe ¥ d DPHBROHEEBIIFH KT 5
PetchB DBR LI b LD,

SEURIETIE SEEVRRA —ZTh b, R
BOBERLZV, SZIABRMEET 35, IhnPiti
FHERAID 3 3 (Microstructurally small crack) & %7
%, Fig. 4 £ 5 I3F R 6 19200{KA &8 (SCM435, 600°C
BESRELM) SBT3 aRORIEFEHL, 20L5D5H

16°
= Primary Mechanisms ki
© ' ] %
. H . ! "
> Regime A ! Regime B ' b
(&) H — ' \
~— ] ] : FAILURE
E NON-CONTINUUM : CONTINUUM MECHANISM :
~4 MECHANISMS H (striation growth) '
z 10 + : ' —
'
=] large influence of: : little influence of: ' C P
1] rd
? i. microstructure : i. microstructure ' =
s o] ii. mean stress 1 ii. mean stress : ‘,./
iii. environment. ] 1ii. dilute environment 1 ""Paris law
Q_)ﬂ H iv. thickness. H 4 a
- ~6 : « 7 da/dN = C(AK)
< 10 [ ! 1
— ! :
= H i Regime C
) H H o=
- p—) 1 :
"[-'5 H + "STATIC MODE" MECHANISMS
20 168 ! 1 \(cleavage, intergranular
< . i : £ibrous) ]
' '
% % 1 large influence of::
= H : i. microstructure
(a8 ! '
i H ii. mean stress
LY : H iii. thickness.
'
‘% -10 i : ; little influence of:
= ‘IO [ | H : .iv. environment. n
o THRESHOLD AK,p{ H 1
Y H H

Stress intensity factor range,

log AK

13

Fig. 1. Relation between crack propagation
rate and stress intensity range.
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2. Relation between crack propagation rate
and stress intensity range for low-alloy steel
(SNCM439) under R=0.1.
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Fig. 3. S-N curves for low-carbon steel with vari-
ous grain sizes.
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Fig. 4. Propagation behavior of small cracks in
low-alloy steel (SCM435).
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Fig. 5. Relation between crack propagation rate
and stress intensity range for low-alloy steel
(SCM435).
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Fig. 6. Crack-tip slip band model interacting with
grain boundary.
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Fig. 9. Relation between fatigue limit and inverse
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(1)Ymhefi=7 v (Point stress model)

(2) €7 v (Mean stress model)

(3)R#E s z=7 v (Fictitious crack model)
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100 Fig. 19. Relation between threshold stress

and crack length for metals.
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DIRFAHEFE D HHE V area (um) & ¥y H— RABES Hy
(kgf/mm?) CZBMRT 52 EEHREL T 5,

On=1.43(Hv+120)/(J area ) Vo -rereersremesennn: (16)
AK,,=3.3x10-3(Hv+120)/(/ area )3

Table 1. Description of materials for symbols in
Fig. 21. Number is Hv value.

A : S10C(annealed) 120 Notch |I-1 : S50C(quenched 378 Notch
Hole and tempered)
B : S30C(annealed) 153 Notch |I-2 : S50C(quenched 375 Notch
C : S35C(annealed) 160 Notch and tempered)
Hole |J:70/30 brass 70 Notch
D-1:545C 180 Notch Hole
(annealed) K : Aluminum alloy 114 Hole
D-2: S45C 170 Hole (2017-T4)
(annealed) L . Stainless steel 355 Hole
E : S50C(annealed) 177 Notch (SUS 603)
Crack | M : Stainless steel 244 Hole
F : $45C(quenched) 650 Hole (YUS 170)
G : S45C(quenched 520 Hole |N : Maraging steel 720 Vickers
and tempered) hardness
H : S50C(quenched 319 Notch indentation,
and tempered) hole and
notch
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Fig. 21. Threshold stress intensity range as a func-
tion of varea for metals.
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Fig. 23. Relation between crack propagation rate
and stress intensity for SNCM439 in NaCl
solution.
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