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Effect of Cast Microstructure on Fatigue Behaviors of A356 Aluminum
Alloy for Automotive Wheel
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Abstract

Recently, automotive industry is attempting to replace steels for automotive parts with light-weight alloys such as aluminum
alloy, because of the growing environmental regulations governing exhaust gas and the engine effectiveness of a vehicle. The low
cycle fatigue (LCF) and high cycle fatigue (HCF) properties as well as the microstructure and tensile property were investigated on
the low pressure cast A356 aluminum alloy wheel, which was followed by T6 heat treatment. The cast microstructure of the alloy
influenced significantly on the low cycle and high cycle fatigue behaviors. The rim part of cast aluminum alloy wheel showed
higher low cycle and high cycle fatigue strength compared with the spoke part, which should be caused by higher cooling rate of
rim part. The spoke part of the wheel showed coarser dendrite arm spacing (DAS) and wide eutectic zone in the microstructure,
which resulted in the partial brittle fracture and lower fatigue life time.
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Table 1. Nominal chemical composition (wt%) of used A356 aluminum alloy.

composition Mg Si Ti

Fe Cu Sr Al

wt.% 0.26 6.21 0.11

0.25 0.001 0.0052 Bal.

Fig. 1. Photograph of a vehicle wheel indicates specimen sections
for tensile and fatigue test.
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Fig. 2. Specimen geometry used for tensile test.
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Fig. 3. Specimen geometry used for high cycle fatigue test.
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(b) Spoke DAS region

(c) Spoke eutectic region

Fig. 4. Photographs of Microstructure at the Rim region (a) and Spoke region (b), (c) of Al-alloy wheel.

Table 2. Results of tensile test.

Rim Spoke
YS [MPa] 168 170
UTS [MPa] 271 243
El [%] 5 4
Table 3. Values of parameters in Basquin's equation.
Fatigue strength Fatigue strength
coefficient (Gy) component (b)
Rim 585 -0.10595
Spoke 969 -0.17228

E7F5(Yield strength, YSy= 3¢ xlo]& UFERA] 3ttt
ARHASl Al EE AAY Pt Aodas Aot S7kst
£ Hall-Petch A 2o] gt & AFo|A = rimF-7F
spoke- .0} DAS7F &7 22 Zo g ek ou oj#g 2
7t Aol A= G ol mekslslth. A3563ES] 73
T FAE ZA0lA DAST SUVEE et moAle A
e B IEATH6]. ey ©]¢} 7o) Hall-Petch @A) with
o] YJehe A48 DASS| F7|A}e)7} o] vxe 9%
ojeloll = WA WA= TR T B 22K 59
Fo] B og | Eojolt ZoE A7ZMHA £ Aol
spoke F-FoM= Aoz =d Y& o3| FHoksl ¥
7 (eutectic) 2] o] FHIsHA LA A o]F0] rim*e]
HI3) YIS A Yloletar AzkEy o)l w27}

(48)

Eo= Al

2]

b

&S A "o

3.3 DFI|LZ(HCFAE

Aoz BRAEIFH 2 MAFEHE 9] Fas)
WA A%HoR Wzsol F7keke FAe] Pejg nolw]

Y| 23 (Fatigue limit)= F38H] Ueh A &= 2o &
HA UTHT). & FJEA PN = 3 Y= T 3~6 714
A& 3l prediction bandS =AIBIY L o179 Basquin 42
A&t dub o g F&e tigk 324 (Number of
cycle to failure, Np)3} True stress amplitude(c,)2] A= 2
1 €] Basquin‘s equation 2 WE1[8], Table 3> HCFA 2
A3E Basquin 2o #-&-3 Zlojt},

(M

el A=A (o't A= A(bys AP Aol
Fig. 62] S-N AX 7 A}-(Open symbol)ol| 4] &A1& 4=
0] spokefoll A= rimioll Hlste] TR oA A
Agt AzE #AZT 4 Qi) o]= spoke-oll A HAISH ¥
ZAo] og Aoz Aztert HZ3eEs SN A% 33
(Close symbol)ellxle] 3] 2A1P-&2 ] Hdgko s efsisitt.
Y2 Fohs T 2] AR (N= 107)y5 <0
FAEAS ® G- §E olfolA A, 28] Agh vt
oA S ER] 9Rgks 73 Y878 flolld AlEske
staircase 2.2 FSIATHI). & A-7olA staircaseH o=
St rim%-9} spoket-2] ¥ Z3 == 7z} 95MPa, 75.4MPazE

EoZiL‘?J

H
L

g

a



AFeAHEE A3S6 EFlE Eel TR 0] JRSAC vl ¥ - $H - A - <k -49-
20 4
] o gde
mn—- a * Rm
180
Z 0] 3
= 1607 i o o o
_O,E 140 _ ' ettty
g X
B - da ¢ oo 0
E 1204 %‘ 24 n .I n
g £
: s
2 1004
@ 95MPa T
L ]-
80—y TreT T 0
10* 10’ 10 10’ 10’ '
Number of cycle to failure, [N ]
. T N L | T R T ¥
(a) Rim 10 10 10’
200 Nurrber of cyde to failure, [N]
180
160.] Fig. 7. Plots of porosity vs. number of cycles to failure.
— 1 3.4 XMF7|oZ(LCFAIE
S 0+ Fig. 8& rim%¢} spoke-©] LCFAIE A#2 Uepla 9l
o 100 T} LCFAIE 9] A A HCFA oA o dst vpe} 7o)
=~ o rim¥-e] ¥ 24o] spokeol Hla] EA UERITH BAT
Z w0 Fme OTON o HAHQ $EE 3579 2A B SRR Basquine]
E . LS4 Aok Aog FAY & Yor] F2sun 2 WPEL)
% . ZHAl= Coffin?} Manson[12]0] #|tst 2o 7 FHHALH =
Z old I2FHNpolAe] MAE FF(Total strain amplitude)
o PPN SR FEre Ty WS A
40 e - — - HEE] domA A F ok 2 H¥E 52 g2 9=
0 0 i 0 g e 71 Wl ANYE Po] SASL, 4L WEE
Number of Cycle to filure, [N,] 2 2 F2FEE /K ele edERE o) sk of
b) Spok - - s
(b Spoke 49 771w zARe) BAE 4 22 BART2
Fig. 6. Plots of maximum shear stress amplitude vs. number of cycles
to failure for A356 aluminum alloy subjected to high cycle Ag,  Asg, fg B G} by
fatigue test. > T &7 7+ 2 E(ZN/’) Jrgf(sz)C @

rim%-7} spoke-oll ¥]&) °F 20MPa =7 UERGT.

F2 A AREE 71Fel 2578 EAE AT WA 9
& A7) 918k rim-2} spoke-2] 715-E (porosity
ety F2A43 F e dA8H 99049
A e

(3

=

1.
O O

| Wk ole} 2FEAe] HAE ST

Al AR F3olA T2edo] AR wjiel] 1=
FAaAIIT AL dE A ATH10,11].

Fig. 72 71583} 49 #AE Yepd Aolt} £ A7
A9 7158 SHAAH imF} spokeF EF 71T ES 3%
oo MZ FEE 2olE HolA] kAL, 7FEEE}
v257ge] AT & AAE FAsHE Rk wEA
B A ollA spoke B rimF-2] 7)EEL] o]} QAEA
9 I 2EA vA= T F3] v efsitia AekE

y |

8 =Y
ol g
o N o Ay oZ

oy BN

=

(49)

714 Ag/2= FHEE FZ(Total strain amplitude), Ae/
2= YW EE X F(Elastic strain amplitude), Agy/2v 443
WY E A F(plastic strain amplitude), oi= I ZZ=AF, b
£ YRR, ¢ JRZAAS, & JEAAGoIT)
P B A HYPEY Fo] ZoRle METHE Holw
(transition fatigue life : 2Np)2F 34, ©] Hol+H e &4
2 A WY ER Rl wxlske FHolth Mol
2120|415 2] 33} o] FEY & loH, £ AFT|HZAIE
olX€] rimTF-2} spokei-e] ol Z7}; 420cycle, 141cycle
ojt},

, 1
e E\7—
_ | % b—
(2Nf)t—(—c,] ‘
f

Hol5rg olste] & WEE 52 & 9 short fatigue life)

[e2

&,

i)

uu

(€)



-50- 7z 2837 A304 A 13 (2010.2)

a n  Plastic b = Plastic
10" o Hastic o Hastic
4 Total 10" 5 4 Total

Total strain amplitude, [Ae/2]
Total strain amplitude, [Ag /2]

10"
Ke [2=he [2+e [2-0.006132N) " “H0.1432N) ™ Ae/2=e [2+Ae [20.004T42N) “*+0.1022N)
10° 10°4
e T T
Nurrber of cycle to failure, [2N] Nurber of cycle to failure, [2N]
(a) Rim (b) Spoke

Fig. 8. Plots of total strain amplitude vs. number of cycles to failure for A356 aluminum alloy subjected to low cycle fatigue test.

(b) Spoke

Fig. 9. Scanning electron fractographs of broken LCF test specimens of (a) rim, (b) spoke part of Al-alloy wheel.
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