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Prediction of Fatigue Crack Propagation Path from a Pre-Crack
under Combined Torsional and Axial Loading
Keisuke TANAKA**, Yoshiaki AKINIWA,
Takuya KATO and Hiroki TAKAHASHI

* Department of Mechanical Engineering, Nagoya University,
Furo-cho, Chikusa-ku, Nagoya-shi, Aichi, 464-8603 Japan

Fatigue tests of crack propagation from a pre-crack in thin-walled tubular specimens made of
a medium-carbon steel were performed under cyclic torsion with and without superposed static or
cyclic axial loading. The stress ratio of cyclic loading was —1. The experimental path of fatigue
crack propagation from a pre-crack was compared with the predictions based on the maximum
tangential stress criterion. The direction of fatigue crack propagation was perpendicular to the
direction of the maximum of the range of the tangential stress, 4dimex, near the crack tip determined
from the stress intensity factor which was calculated by considering the contacts of crack faces at
the minimum load. The stress intensity factor calculated from the actual crack path by using the
body force method showed that the mode II stress intensity factor range quickly got close to zero
after a small amount of crack extension. In other words, fatigue cracks propagate to satisfy the local
symmetry of the cyclic components of crack-tip deformation.
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Fig.1 BFM model for crack propagation in infinite
plate under tensile and shear stress

& — R(I+IDESH KRR 2L DG IEE=9
MPa.

(3) ¥yY—AC NN R=—10#ELHAUDHIE
MBIz Lok & S O BIRYEL A 05 3R EFE IR I IRIE (R
=—1) 2FAHETEB S LZESE— F (] +IDE
FEER., L0 IEiRE =100 MPa,

TIT, r—AA L BREEY TV, ¥ —2C
S 11T o T R T 5. XBOBES &
VEHREIOPE I, FBRPcERLv ) 4 %,
SRR D TR B L7,

3. WHERERNYIaL—Par

31 BIETFINL BrEFr el Tid, K1(a)
WWRT & D R MERRE TR BRICTT & ¥ ARG % 3%
2 HIHAE S 2¢(=1mm) O 2 WUBEFEEST 2 HEBR %
W), &HPLOERS L L TEENBOEEL S
Z, PEHAEPODABE L STERA O L Lz, E
BCIEAARERBRRF 2EALTWEY, ¥ ar—
¥a VIR TITY, EOISHIERBRBA~DOFE L
EZTwRy, SRMERL L SOIIIEAREE
AT 771k (Body force method : BFM)® % B> T
MEIT-o 72,

32 WHEWOLEEE UL CFRT L
WEAOKIED (0, 1) THLREERFEZ, 2Ok %
DEHODE—VF 1 BLUCUDIGHIELRFEE % K, Ki
£33, IOLEDEREROBBISHIIRA L
5.

Go :%coég((sz—a) -3 \/g% cosz(%>sin<a—20>

ZD 0 BERADHRIZRRTEZ o5,

o)+ o

ERD g BHEDO— A4 70 TEAT B, KX T
X, REE—F T TOE SHEROER R OELE
ELT, BRERmOILIIGEEIC LT MTS E#EZ Y
L, MR EFRETCO S OO0 Y ARFD
HRBICE YD, ROZOERE LS,

(1) Abomax ¥ EHEOEELIGCIIEAcs
BERRELLAACEAPERT L LT LEETH
5, DFED, BHETY SRBEALC R WEETHET 3
iz b,

(2) Adhax ZE# BRI O AP & HERE I
E5h72 L L, EDISTIIE AGHnax BEKIZ K 5 HHEN
EAUNERTLLTHHEUETDH B,

(3) Achex BHH¥E  WEOVFET TR, SHEXH

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

WRELRLD - BEEAHET TOT 2y 5 O = SEFRE O TAl ‘ 609

BEAFETEHDOL T 528, B/IMTE TIREAL
TWb, ZOEEER L TR/INDIS LRI K
D5, ZOWRETIE, T—FIESORME Kin=0

LD, AKF=Kmax &2 %, —H, T— FIESIE
K F 003 ok, SHOEMOFTE b BFM
HETITo s, SHEITEFCERIIZwbDLEL
C Kifnn ZEFE L7, DLW LTRDI AKF &
AKE 2R (2)D K, Ku BB Z T, Ade WA L%
251 66 BRIz,

3.3 EHEILERN IaL—ar FEHE
FUMEREDY 3 2 L —¥ 3 v T B (step-by-step) IZ
For. MI(D)EFTSHEIS1AT v TITHEAR
EZERT, SHRWOMBER (21, ) T, FERI
W HEHMOMERLTHS, ZOEHIFLT,
KRS K & Kn % BEM CRko 5, Tk,
FRowFhroHE Iz L > TEHERFH 60 &K
B35, BB R(2DBBLbNB LS, HORA

Axial direction

(a) 7.=100 MPa, 6s=0 MPa, R=—1, N=1.89X10° (case A)

Axial direction

(b) 72=90 MPa, ¢s=90 MPa, R=—1 (case B)

(¢) 7.=100MPa, 0,=100 MPa, R=—1, N=3.84x10" (case C)

Fig.2 Micrographs of not arrested cracks
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Fig.5 Scanning electron micrographs of under fracture
surface of pre-crack (case A)
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Fig. 7 Change of maximum stress intensity factor with
crack length
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Fig.8 Change of stress intensity factor range with
crack length (prediction based on do¥ max
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Fig.9 Change of stress intensity factor range with
crack length (case B)
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