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Changes of Low Cycle Fatigue Behavior of Al-Mg-Si Alloy with Severe
Plastic Deformation and Heat Treatment

W.H. Kim, S.I. Kwun'
Department of Materials Science and Engineering, Korea University, Seoul 136-701, Korea

Abstract The effects of severe plastic deformation by equal channel angular pressing (ECAP) and subsequent
heat treatment on the low cycle fatigue behaviors of Al-Mg-Si alloy were investigated. The specimens which were
peak aged at 175°C after solution treatment showed cyclic hardening at all strain amplitudes, while the speci-
mens ECAPed after solution treatment showed cyclic softening at all strain amplitudes during fatigue. The spec-
imens aged at 100°C after ECAP showed slight cyclic hardening. Various changes of cyclic fatigue behavior after
severe plastic deformation and/or heat treatment were discussed in terms of the microstructural changes and pre-

cipitation conditions.
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Table 1. Chemical composition of 6005 Al alloy [Wt. %]
. Elements
Material - -
Si Fe Cu Mn Mg Cr Zn Ti Al
6005 Al 0.9 0.13 0.008 0.008 0.52 0.01 0.005 0.005 Bal.

Fig. 1. Microstructure of 6005 Al alloy (a) SS + PA (b) SS + ECAP (c) SS + ECAP + PA.
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Fig. Z.AVariation of the mechanical properties after ECAP and heat treatment (a) the change of the hardness with the
aging time (175°C) (b) the change of the hardness with the aging time after ECAP (100°C) (¢) stress-strain curves

under the various conditions.
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Fig. 3. The cyclic stress response curves for the 6005 Al alloy (a) SS + PA (b) SS + ECAP (¢} SS + ECAP + PA (@)

SS + ECAP + AA.
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Fig. 4. The change of microstructure of SS + PA before and after LCF (a) f” morphology before LCF (b) B”

morphology after 40 cycles of LCE,

s

Fig. 5. The change of microstructure of SS + PA with LCF under strain amplitude of As/2 = 0,6% (a) before LCF (b)
after 40 cycles (c) after 180 cycles (d) after fracture.

Fig. 6. The change of microstructure of S8 + ECAP with cycles of LCF (a) before LCF (b) after 500 cycles (c) after

fracture.
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Fig. 7. The change of microstructure of SS + ECAP + PA with cycles of LCF (a) before LCF (b) after 80 cycles (¢)
after fracture.

Fig. 8. The change of microstructure of S8 + ECAP + AA with cycles of LCF (a) before LCF (b) after 640 cycles (¢)

after fracture.

ofl

3| AABIAS-S #E T 4 Sk ol#d wiAlz
W37} Fig. 3ol Hol= SS + ECAPAS] oF
HHEAS S-S Awsial Atk & 4= Slth

SS + ECAP + PAR|S] #2859 wHg=d0] Fig.
3l YeRt 2t SS + ECAPAl Hlste] F2
g REASPT WEka e & 4 Ut Fig
7(ay= SS + ECAP + PARe] AF7] A2Ag #Heo
uldjEz]oln] A Uiel te) 97t EAge
g 4= 9k, Fig. 7(b, oy A5 H2E Z7}
80 cycles, FHAARA] gt o] vy FzZelt),
SS + ECAPAIe) wigle] H23e]] Aejd=r) o] §
o] vholxlo] wle} Y Rl Bt Z3tE] e
S ERIF F vk F A8 AFY] H2ZAF o]
%o ulx2S Hlawsk] By SS + ECAP + PA
o] 97} SS + ECAPA]| v18le] 23y 49
A7t Hom HEgh ZGUAE 7HAe e 29
g A} olH3 Aols T AFTL FHE 4E
B9 AFEAolo] 7RIgtia A ZhE eSS+
ECAP + PARJ2] 7%, SS + ECAPAle] wisle] w

o

P

o
=

o} B AR MEES VM AloE JdEe A
Roluh, A EH HEEo] [ PaAHAgAe
2 Z2A gl wet AF7] H2AE F 199 A
o] B} £4A WA Hol A KekAE
& Bk dgkgold), o] 514 AR A
A3 7V olEE 71 Aot HiEslE Belth
= 7189 A+t & YXFITH10]

Fig. 3 () SS+ ECAP + AAX|e] 9232 wb
el A TgelEs 7 tE sl
HHEAElE wol=H WSl SS + ECAP + AAARE
okst WHE S & I3l Holw QLS o 4
U}, o) Ak 718 o)F peak AlERZI0A 0] A
5o A5 2AYE WlEld A5 =
A1 A Asle] HEAAA T ] e
2 drgi), ol we} Aje] ApiEE Welske
Ax7} 71 Zbsled (Fig. 8 232) 9HEAsly L dofut
A ka1 9352 WSk} dofdrial Azt

Fig. 9= B <lrollA AR 24159 Foldl &
AR E (Ae /2810 FHBE (Ae/2)310049] 9

o
ies




222

B3

293 - B4l

0013

o2 W & [ 14

oote

ont | I

00003

00 & 0 &Y

oI seePA

» SSHCAP

omey ES [ ] LR
T H
0 1000

2N,

Fig. 9. The comparison of the fatigue life before and after ECAP and heat treatment.
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