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INFLUENCE OF COMBINED MEAN STRESSES ON TORSIONAL FATIGUE OF
CARBON STEEL WITH CIRCUMFERENTIAL NOTCHES
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As a result of torsional fatigue test with static combined tension-torsion loadings in smooth and notch

specimen of medium-carbon steel, the more proportion of static tension increased, the more lifetime was
reduced. On the other hand, the longest lifetime resulted from application of static torsion. The crack

behavior was significantly different depending on the type of static combined loadings. The influence of

static loadings on cracking was discussed quantitatively, divided into crack initiation, Mode I and Mode 1

growth phases. It was found the effect of static loadings on the lifetime can be evaluated, employing an

equivalent stress acting on the crack growth planes.
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Tablel. Stress condition

O /O eqn| T (MPa) o (MPa) T (MPa)
Cyclic torsion o 170~220 - —
Cyclic torsion with static tension 1 100 180 210 0
Cyclic torsion 0.707 180~210 127 73
with static combined loads 0.383 69 96
Cyclic torsion with static torsion 0 0 103
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Figl. Effect of notch on torsional fatigue life
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Fig.2 Effect of combined loads on torsional fatigue life

e 15}
< 1
Z [
0.5F
o
1.5F
[=] [
Z 1
< 0.5 o
O ! o _! n 1_18:0M|$a5
91.5:— 1K7=2.514,Kg =15 A £2=190MRa ]
z 1 , E @ .= 210MPa_f
: ;
ot '

Combined stress ratio
A=o m,notch/ 0 egm,notch
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Fig.6 Distribution of microcracks in smooth specimen.
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Fig.7 Crack behavior in smooth specimen SM(t,=190 MPa):
(a), (b)pure torsion, (c), (d)with static torsion(A=0),
(e), (f) with combined loads(A=0.383),
(g), (h) with combined loads(A=0.707),
(i), (j) with static tension(A=1)
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Fig.8 Crack behavior in notch specimen NA(t,=190 MPa):

(@) - (d)pure torsion, (e) - (hywith static torsion(A=0),
(i) - (1) with combined loads(A=0.383),
(m) - (p) with combined loads(A=0.707),
(9) - (t) with static tension(A=1)

Fig. 9 Failure crack in notched specimen NB (t,=190 MPa):
(a),(b) pure torsion ;(c),(d) with static torsion (A=0);
(e),(f) with static tension (A=1).
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Fig.11 Elasto-plastic shear strain vs. crack initiation life.
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Fig.12 Comparison of observed and predicted initiation lives.

RO BLEZ -T2 ThirEEZLND.
TRBIREAT o THER, T RO FA IR O IR
LB RELZITH2D, UIREDFESCHATH
BB S DR AR T, BB A Ol 7 i 5 ke
AW ATTIC EICHRAE U2 2 203 2 o g AW R
A U 28 AT O B R ONR S AT O A2 L &S
D EREL, EREAFEmMEWBETAKOT A
YimVatkiv Vim? + €2 /3DBRE Ty M L7 b DR 11
ThH5b.
TARNFX—HEVE[LNC LD, BT ABOT 2y, §#
HIE AWTOT Dy e ORI IRE O e, W L, A
WS IR T D TOXZEFMICKIETHRED
BEZKE L, SMEAKOT Ay L LTERLE. AT
DIEHLOXETHLIBOD, 20X RFEEHNDZ L
2L, IR EOFESHAETFHNIE OB
T, MUY comEFER T ey RIS,
SRS SM Diffida U0 T o & U545 & BME S5
AW O Iy E AT S 2 LIk D LR
AWV EALE RSSOV TENENLTER
EEHL, EBROEHEAFGORBRER LKLY
ONBK 12 ThH . THIFm L EEOFHm L ORBRIREK
3 OFPEICA->TNDZ L2 D, YIREDFESHEAY
FHIG I OFINK S TIRIEFMZ TRITE TS 2 &
DIIID.
b) & 2D AR BN T D E BT
74=190MPa 2% Aflif: /10 qm =180MPa D& HiHI G
NEMIMUTZHA O SM K OWIR &4 NA O X%
R 2 X 13(a) . ' O)ICFENZFHRT. AN L
7S AR CHRERY LTERLE. FWMIZEMNRLY
(A=0)&2AMLZ5E, MRty oAk L TER
DEENREL 2oTWD I ENDD. BIHEAE(A
=0.383) & Afif Lo HA b [AERICEHOMEN R 2o T



WD Z ENSND. FHRMAE(L=0.787) &N L =54
TiX, Ml v oga L ik L TERHOREITHE TIEL
o TND I ENGMD. ALY (1=0)ZFINL 7
BA, TROKEFMAT Y L0 b REICELS 2o 724
KEM NADBE G FIBH SM OBAE, MAEEHIISH
DFREFNAR B ERE 1T /A%, L L 7= AE i 2ok L7,
Sk D & HOBEREREND, FAE LS 2UTB IR
DB %2 CRE T OB 7 i ABTELE — R TRl
BLIEH, RRFERELEZSEYROE— N CTHRET
Z. FRIBIER Y 2N LI2GA I DR, P10 x24T
B O FENCEIEYHE— R CRETL.INHDEH
REZFICESE, AN KOOSRV EE— FOZh
ZFNOREBEBEICBOTEMAEHNE ST
N3 DI 2 MR LIS & EBIE I OB IERS G & L
TEAE AT ST R OSB3R U 15 S0, 2 3R 2 1%
NENEZR L TRLE. kK LUk 138 AW K O55E D
LD R B TS I N E RO EICE ST 5 RE
DREIERIHREE LTERLE

X 13 D & ZLERR B B A I RT O AW E— FR DY
Gy IR DB 0 RE — RO BPECORRRE 257 %

A
1} T
E T
€ 0.5F ' ]
< . A
< [ JAREETAY 1
2, A" T =190MPa, 0 ¢qr=180MPa
S 0.1f —@—Pure torsion E
- [ - = ]
< 0.05; - -2=0.383 ]
IS -3 1 =0.707 1
) ~O—-1=1 N
0.0 @ ARV ¢ Crack branching |
0 605 ' . (B)SM
0 1 2 3 4 5
Number of cycles X 10°
.A,A—v-
e I 3
€ 05f E
(&)
8 I
E 1
=2 0.1 © ;=190MPa, 0 ¢qn=180MPa |
o Tk —@—Pure torsion
x 0.05 -2 =0 .
] -0--1=0.383
o - 1=0.707 ]
@) —0—-1=1 .
0.011 @ ARV ¢ Crack branching .
0.005 . (NA
0 1 2 3

Number of cycles X 10°

Fig.13 Crack growth curve:
(a)smooth specimen(SM),
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