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A Study on the Strain Rate and Temperature Dependence
of Yield Stress of Al-Li Alloy

Chang-Sup Oh*, Chang-Suk Han**"
*Korea Institute of Science and Technology Information, Reseat Program, Daejeon, 305-806, Korea

**Dept. of Defense Science & Technology, Hoseo University, 165 Sechul-Ri, Baebang-Myun,
AsanCity, Chungnam 336-795, Korea

Abstract The effect of strain rate on the yield stress of an Al-Li alloy has been investigated at temperatures
between 77 and 523 K and over the strain rate range from 1.77x10*s™ to 1.77x10%s™". At testing temperatures
below 373 K, the yield stress is almost independent of strain rate at any aging stage. At testing temperatures
above 373 K, the yield stress increases linearly with the logarithm of strain rate, and the strain rate dependence
increases with increasing testing temperature. The yield stresses of under-aged alloy at temperatures between
373 and 473 K at high strain rates are greater than the yield stress at 77 K. For the alloy under-aged or aged
nearly to its peak strength, the temperature range within which the positive temperature dependence of yield
stress appears expands to the higher temperature side with increasing strain rate. The strain rate dependence of
the yield stress is slightly negative at this aging stage. The yield stress of the over-aged alloy decreases mono-
tonically with decreasing strain rate and with increasing testing temperature above 373 K. The modulus normal-
ized yield stress is nearly constant at testing temperatures below 373 K at any strain rate investigated. And,
strength depends largely both on the aging conditions and on the testing temperature. The peak positions in
strength vs. aging time curves shift to the side of shorter aging time with increasing testing temperature. For the
specimens aged nearly to the peak strength, the positive temperature dependence of yield stress is observed in
the temperature range. The shift of peak positions in the aging curves are explained in terms of the positive tem-
perature dependence of cutting stress and the negative temperature dependence of by-passing stress.
(Received August 30, 2011; Revised September 15, 2011; Accepted October 4, 2011)

Key words: aluminum-lithium alloy, mechanical property, strain rate dependence, temperature dependence

XJ@HE]L ),b:}[l-4]. /‘eo:@l—%‘ Adstr] flsiA =2

slojol & Al A3S FIATIE FHOEA Fe,
Mg, Zr 53 2 A3Ya 37F Az A4,
7FsEA ] FolH, AL olske] LEHE 1 °F 500 K
Ar7tA| o] 2EHQol|x F38] HEE FAStoF
stk AL 2994 329 AEsade Sllcock[5]°]

XAE o|§3jo] H2E nue 25} Po] s
A5 ALL)->S(AILD] F8S AXH, el 4
’Correspondlng author. E-mail : hancs@hoseo.edu

goﬂ ofste] Askdnh s =

& THTES 2 3 PP ol
d BR2MNaThHE 737271 e Hgdoltt
ALLIRHEAIS] 733Pdel 873 e L1,3 1H3+%
£ e a5 2 3
A=} dsshe Seld *é%l(ﬁLE" E9E e
W6 =3, NiAR: 7[2o= she sijte 42
Ni7] 2HEshE 249] 7R ddes Hof
glor six U a3} 7|oiEct. Tamura
S[71& Al-9.5 mol%Li AR =S 77 K}
A2l g3 S vlusio] FE-SHe Jewe
o] Uehhe 218 Basigitt. 12 Noble 5

_—



312 o3y -

[81& 7mol% Ligraol thale] o] 523 Kol
gt A=e] 2EofEXS SHIGANY, JroE
e VERA] &3ttt o]9} Zo] ALY A=
o] EoE| #3H ATATE WEA] IA|EHA|
or, dxgzde] ol tEiy= A=l
A &t} mE B ATe ALY 71EER)
HYEAES wotslr] flste] ofe] A|B/dE]e] Al-Li
2997 TFA7gehaell thste] 77 K~523 K] 249
ool FE-SB WMIFLL I} 2 oEAS FARIE
e Ao i)
2. g4y

FFAAlE TEE AL99.99%)7 Li(99.8%)S At
g3l9om, =rEHE] QA4S I3y st
HIARHFY Ararc S3125 ARSI 83l
Li¢] ¥57} 11.1mol%S] YIES ASHAaL, =t
A2 FAE glol7] flate] 53] oY wiEsie] B3
st9Th BvE 25 B43% 23 Fe 0.0032
mol%, Si 0.026 mol%, Mg 0.0046 mol% ©] X1 T}.
YIEES 7t F Y719t eE 3mm FAIY
o7 71F3k] 3mmX3 mmXx5mme Z7)91 ¢
ZAFHS ALsITh AlES 823 KollAl 1.08X
10's@3 h) 8A3PA2Isle] dEol F8e F, 22}
9] A|HE 423 K~523 K9] 2504 SLeA)aAg)
£ BT Al EAE] §, 77 K~523 Ko %9
] Instron-type A1&71E ©]83f] HIPEE 35X
1077 2 1.77X107~1.77x107%s7'2] HjollA <
4% VYA FEAFE 31 FE-E2 (6,02 S
3I9tE 77K 2 213 KoM d=A1ES AAds
4 =gjojolo] g ER13 HELT ol A5
o A2 ool Al X FEE =
heating-systems ©]-83le] AAJstom, HPAZ
AHL A5 Fep3IAt

3.1 =330 st HE2zo| Ak

Fig. 1@~@)= 423K, 473K 2 523 KolA A
ax]2)8 Al-11.1mol%Ligt=-& 77 K~523 Kol A
HEET 35X 1072 ASAIES AABIIS wle]

A

[}

0.2% W& (cy)0 tigh AlEAE] A)RF 2 HIes
ofo] FAlo|t}. W] FAslaL AF2E S| %
Sk Holl oJgh vhHo] Z AJa deol] thgh 3HE-3-
o] 2r-olEAS Yehit), T A aAI7r Sl Hagst
31 ZF A=) whdo] Alg=adolc), Iy
NBAIZI] Bl AP LT 2o gjolo] gzt
UASFAIR T30l A 843Pt 2= dFs 4
Al Wk Qlthke el F=oJstedof gt o] d3ke
Fig. 1@l YRR 423 K] AEXEjollA 718 7%
S Vet Algex=rt 4291 A9, 423K A
F(Fig. 1@)IME 2x10°%0IM = Hulgks LR
A kom 473K AAFig. 1(b)elre < 10°s
A1 285 MPag] Htizhs e $ A &8} skt
523 K A& (Fig. 1(0)IAE 5x10°%0014 250 MPa
ol Hohzks YeRNAITE 473 KollA Alax)elsh g
of nlste] Zom, AA|EASAYE F5isith AlY
255 H3AZ] 7B, F3E-8=o] Huigks VR
= A EAIEE AT} dssle Al wet Ala
ARbe] e Fo = olFdt ASs & F ok F
473 K A &g Fig. 1)) 77K AFolXE <F 6
X10°s AlERTolA Holgks YepIAT, 473K
Aol = oF 6x10% AlEF-ZoA Highe: Ye}
Wt} o]9} e AFEE AFLEHT} Uil A
FARIE A EAIZRTE R F7) il o9} 22
G2 Al Toll Alazls)e] ek Ao wix] o
htkar AZre 4= ik weid W\ L
A Wisksle As & o T

Fig. 1@~ FE-Sg g 2ro&dLe
as-quench 8] = Algx7 A= Al 5 A
AR oJaf osl L olEAS LEhl7] wjEol
AEZI3Yo)| W Jgo] Fe 4
Hel Ao digle] AHEH, HuAEE Vep=
Fto] AlgeAleME 25 B2l sl (+)
o] LojEAS Yehdith, & 473 KollA 1.8X10%s
ANaxg3t gFFig. 10)9 02% WEe 77K
260 MPaollA] 423 Ko] 290 MPaZ A|HL% Aol
w2} oF 13% S7F kA LL,E aelA
B (+)250)E0] # gadiME veu= A
< ¢S Uk

Fig. 2= 2=9&4S s B8 Yeldl7] 9
sl Algo] AdE= Fokoll 225 FZ51A Ws}

I rlo

O



ALLigze) 53] ik Miads o emoliel #at 97 313

~_~
-]
~

£€=3.5 x 104!

0.2% Proof Stress / MPa

©

0.2% Proof Stress / MPa

(b)

£€=3.5 x 10!

0.2% Proof Stress / MPa

Fig. 1. 0.2% proof stress-aging time-testing temperature diagram of Al-11.1 mol%Li alloy aged at (a) 423 K, (b) 473 K

and (c) 523 K, respectively.
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Fig. 2. Variation of stress-strain curves of Al-11.1
mol%Li alloy by temperature change from 423 K to 290
K during testing. (a) as-quenched, (b) aged at 473 K for
1.8x10° s and (c) aged at 473 K for 1.2x10° s.
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Fig. 3. 0.2% proof stress-aging time-testing temperature diagrams of Al-11.1 mol% Li alloy aged at 473 K and tested
in compression at normal strain rates of (a) 1.77x10™s™ and (b) 1.77x107%s 7%,
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Fig. 4. The effect of strain rate on the 0.2% proof stress of Al-11.1 mol% Li alloy aged at 473 K for (a) 6x10%, (b)

1.8x10%, (c) 6x10%s and (d) 1.2x10%.
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Fig. 6. The effect of strain rate on the temperature dependence of 0.2% proof stress of Al-11.1 mol% Li alloy aged at
473 K for (a) 6x10%, (b) 1.8x10%s and (c) 1.2x10%. Dotted lines indicate modulus normalized 0.2% proof stress.
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