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Low Cycle Fatigue Characteristics of A356 Cast Aluminum Alloy
and Fatigue Life Models
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ABSTRACT

Low cycle fatigue characteristics of cast aluminum alloy A356 with a yield strength and ultimate strength
of 229 and 283 MPa respectively was evaluated using smooth axial specimen under strain controlled condi-
tion. Reversals to failure ranged from 16 to 10". The cast aluminum alloy exhibited cyclically strain-hardening
behavior. The results of low cycle fatigue tests indicated that the conventional low cycle fatigue life model
was not a satisfactory representation of the data. This occurred because the elastic strain-life curve was
not log-log linear and this phenomena caused a nonconservative and unsafe fatigue life prediction at both
extremes of long and short lives. A linear log-log total strain-life model and a bilinear log-log elastic strain-
life model were proposed in order to improve the representation of data compared to the conventional
low cycle fatigue life model

Both proposed fatigue life models were statistically analyzed using F tests and successfully satisfied.
However, the low cycle fatigue life model generated by the bilinear log-log elastic strain-life equation
yielded a discontinuous curve with nonconservatism in the region of discontinuity. Among the models
examined, the linear log-log total strain-life model provided the best representation of the low cycle fatigue
data. Low cycle fatigue life prediction method based on the local strain approach could conveniently incorpo-
rated both proposed fatigue life models.”
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Fig.1 Low cycle fatigue test specimen

Table 1 Mechanical properties of A356 cast
aluminum alloy

E(GPa) 70
02% offset 6,.(GPa) 229
6.(GPa) 233
of 274
% Elongation 35
% Reduction in Area 57
n 0.083
K(MPa) 388

Table 2 Chemical composition of A356 cast
aluminum alloy(Zweight)

Cu [Fe |Mn |Si |Mg {Zn |Ti |Al

001 | 001 | 001 | 725 | 0.36 | 001 | 0.02 | Base
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Fig.2 Hysteresis loops for Ae/2=0.003
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Fig4 Monotonic and cyclic stress-strain cur-

ves

Table 3 Cyclic stress-strain properties
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a2—-21 %2 (Loglog linear regression line)
o2XH gy BEa-1= A AFv) ®=2

43 2 (Log-log linear low cycle fatigue model)
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op b, 5 & BENIFE-FY 2 2HEFE
—44 delee] HF7] M2 SHoR2A o=
3] 274 Al 4= (Fatigue strength coefficient), b+
) 273 A 5 (Fatigue strength exponent), gi=
¥ 2 FAA 5 (Fatigue ductility coefficient), &
¥ 294 A4 (Fatigue ductility exponent) ¢l
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Table 4 Low cycle fatigue data

o | | Aesz | aesz | Ae
16 | 30836 | 00439 | 00561 | 010
38 | 31353 | Oos2 | 00558 | 010
74| 29644 | 00410 | 00200 | 007
12 | 30092 | 00416 | 00284 | 007
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Fig.c Conventional low cycle fatigue strain-life
curves

Table 5 Conventional low cycle fatigue proper-

ties
b -_0.124 .
U(’(MPa) 594
c —0.530
& 0.0269

A369] AF7) HEEAY R fEsy 29 135

AE JeEE 7189 48 2a1-23 g4
HE £34L HZHY doleE FEI 0F
AFA 23T UYL ¢ & Ak ol @
o2 gulgtel 4 (5)EF AMHEE WEAe
Hzfgye Ags) #Fe FH FhdMeg 2
el FtelA AA H24me] HEFEY
o] g8 d&g HEFHud gl AF7]
249 o2 2 Grid FFe 2371 FukE o]
99 H24,PAL AHET AS dHEHA Z§
AAE 2HEA Hne SAHYE -5 o
419 3 (Nonlinearity) ol g 7440l a7#rt.

.M 2027 SHEE T8 I

AF7 FEYE -9 A iRz A
PAAH N L ol 88l AAHARANE 6,658
W3t dolRle H(HE EAFHAD, o
Wz £ Figs(a® HE & F %ol 2
N=10? reversal +T9] #-2 % 797 2N~=>5%
10° reversal 9 71 £ FHolAel HA
Hzsgo] A FENG)E B dAANE
Ha2saig g4 g ol J2 £9& 1
2 714 2 F=E9 4AA ¥ 253 (Noncon-
servative) ©] . BAA R (Unsafe) 47} F4 3
A B g2t AF7] A=25E volEE F
23] 9% F = 249 29 (Fatigue life
modeD¢] &7 o] A,

£ Q7oA At FHFE FE(Total strain
amplitude, Ae/2)# ¥ 2= (Reversals to failure,
2Ny A% 2a-23 =¥ (Linear loglog
model)& 7 Zt}

%=C(2N,)" ' )
tog (5% ) =log C+miog(2) @

Aol X me &9 71&7101%, C 2N7} 1°]

-8 de FEYPECI BFEA A ARV M2

AYANE lg(Ae/D7t SYWUFTE AW, lg(2
)7t 35947} Ho) g A2 X, v3 B



136 I147)

Ge% e Aol dojad
ng(aN)=igc+Ling(BE)  ®
Y=A+BX ©)

AE7) SzHelEl 2a—21 AYrdy
@)z TdH A 4 e 9 Bgge 2(8)
9] AP (Linearity) T $7413 ¢ 4L sl
AEstoof ok A g FAH AP
F £ (F distribution) ol 7128 F3 o] Foj 7},
213 719} M2 G XA mole] vrE-28(Re-
plicate test) 22 V(¥ 249)7F dojydd, A
Q9 ue 7ML vl ALE ol Afx
m=1—2, n,=k—I F 2XZL 23 ¥y
Sl

> %79/ (=2)
F: l';l
>

=1}

m

(F=T)Yk—D)

-

A ke FAESL Ve 74 % (Estima-
tor), Y= ¥ B, Vi A 550 WEE
FAZX) A9 A wEE A2FF ()L 9
w) gkt

2 (9N A B, & 2(@)NA9 71&7] mi
AY CgS MY AY o2 T3k 4(10) 1A 9
Fat& Table 69 Zo.9, ¥ A& A4 A48
Fgtol 95% AZ T 7o A9] Fih, 2458 3}
A gornz EHYE-—FY e 4Y =
aA-2a4ez RIYT 5 gl 7} A9

AYEgE FHE46)S Figedl FAIHo 2lth

Table 6 Low cycle fatigue properties of linear
log-log total strain-life model and calcu-

lated F value
C 0.0148
m —0171
F—value 2.156
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Fig.6 Linear log-fog total strain-life model
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Table 7 F test bilinear elastic strain-life model

Strain amplitude Calculated | P-distribution
Ag/2 kil F value value
<001 |(48|7| 2601 245
< 0005 |41 5 10.08 287
<0004 [20]4| 102 338

*k : Total number of specimen
! I Total number of strain level

Table 8 Bilinear log-log elastic low cycle fatigue

properties
Ae/2 >0.004 Ag/25 0004
o/(MPa) 428 1010
b —0.073 —0.168
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Fig.7 Bilinear log-log elastic strain-life model
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