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Characterization of superplastic material SPF8090 Al-Li
with the variation of the strain rate and the temperature

Ki-seok Lee and Hoon Huh

Abstract

A superplastic material, aluminum-lithium alloy 8090, was examined with uniaxial tensile tests to
investigate its thermomechanical behavior. The tests were carried out at the strain rate ranging from
2X10"to 1x10° and at the temperature from 480C to 540%C. The experiments produced force—dis—
placement curves which were converted to stress—strain curves. From the curves, the optimum condi-
tions of superplastic forming were obtained by determining the strain rate sensitivity, the optimum
strain rate, and the strength coefficient for various forming temperatures.
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Fig. 3 Tensile load vs. specimen elongation with the varia
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480 CT; (b)) T=500C; (c) T=520T;(d) T=540C
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Table 1 Strain rate sensitivity coefficient and material
coefficient obtained by curve- fitting with the 1st
order polynomial function

( rounded up values )

3 02]04]06] 08| 1.0 [mean

0.593[0.561(0.527|0.471] - 10.538
772.8 691.0 [568.5 370.1 | - |579.0
0.550)0.468/0.480(0.555] - ]0.513
347.9 275.3 309.0[560.5| - [358.9

0.501{0.514{0.484|0.497]0.542[0.508
209.9 298.4 |278.2 [323.5 466.6 {304.8
0.454]0.409(0.398(0.398|0.375]0.407
122.7 1130.5 |143.1 [159.2 [143.2 {139.2

540°C | 520°C | 500°C | 480°C
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0.8 T Table 2 Strain rate sensitivity coefficient obtained by
T E I curve-fitting with the 3rd order polynomial func-
04— ' tion with the variation of the strain :(a) € =0.2;
’ (b) € =04;(c) € =0.6;(d) € =0.8
0.0
g a4 Bl S logé | ag0°c | s00°c | s20°c | sa0°C
e -4.0_|-0.26429 0.17604 0.33045-0.21590
o8I | 540 'C -3.8 | 0.05373 0.30551] 0.37418-0.00084
) . -3.6 | 0.30959 0.41194 0.41283 0.17894
105 3 o -3.4 1 0.50319 0.49540 0.4464d 032346
-3.2_ | 0.63458 0.55584] 0.47502] 0.43271
-3.0_| 0.70383 0.59324 0.49851] 0.50669
(a) loge -2.8 | 0.71087 0.60772 0.51694 0.54540
-2.6_| 0.65574 0.5991d 0.53032 0.54885
08 -2.4_ | 0.53841] 0.56759 0.53864] 0.51703
R e -2.2 ] 0.35890 0.51303 0.5418Y 0.44994
04 ' . -2.0_ | 0.1172d 0.4354d 0.54004 0.34758
(a)
0.044
£ 0 G logé | 480°C | 500°C | 520°C | 540°C
-0.4 . 500%C -4.0_[-0.32002(-0.89405 0.40259-0.09276
A . 520 °C -3.8_ | 0.02952-0.39974 043198 0.08020
oyl 1 1o 540 *C -3.6_ | 0.30544] 0.00263 0.45774] 0.32255
10 T -3.4 | 0.50774 0.31305 0.47984 033428
-4 3 2 -3.2 | 0.63643 0.53154 0.4983d 0.41540
-3.0 [ 0.69151 0.65804 0.51322 0.46590
(b) . -2.8 | 0.67297 0.692684 0.52445 0.48579
loge -2.6 | 0.58087 0.63534 0.53205 0.47506
0.8 -2.4_| 0.41509 0.4860d 0.53602 0.43372
e -2.2_| 0.17564 0.24484] 0.5363d 0.36177
O R P - -2.0[-0.13734-0.08833 0.53307 0.25920
' (b)
0.0 AN
g . logé | 480°C | 500°C | 520°C | 540°C
0.4 480 *C
-0 . 500%C -4.0 _[-0.22644-0.55873 0.02590 0.01002
...... 520 °€¢ -3.8_ | 0.08287-0.14137 0.20119 0.15320
08— ] —mm 540 *C -3.6 | 0.3248% 0.1916d 0.32238 0.26934
1.0 T -3.4 | 0.49942 0.44019 0.44945 0.35846
4 3 2 -3.2 | 0.6066d 0.60438 0.52242 0.42054
( -3.0_ | 0.64654 0.68419 0.56129 0.45559
c) logs -2.8 10.6190d 0.67961 0.56605 0.46361
oge -2.6 | 0.5242% 0.59064] 0.53670 0.44460
-2.4 1 0.36203 0.41728 0.47329 0.39856
0.8 -2.2 | 0.13247 0.15953 0.37569 0.32548
= -2.0 |-0.16444-0.18261] 0.24402 0.22538
0.4 o
(c)
0.04=
g prw— loge [ 480°C | 500°C | 520°C | 540°C
0.4 T eere -4.0 | 0.00510-0.88851/-0.32431] 0.17230
SR R D 520 °¢ -3.8 | 0.22154-0.30519 0.03146 0.25589
osd L |___ 540 °C -3.6 | 0.38563 0.14966 0.30589 0.32312
1o ; -3.4_| 0.49739 0.47605 0.49897 0.37398
4 3 ) -3.2_ | 0.55680 0.67398 0.61070 0.40848
-3.0 | 0.56387 0.74344 0.64108 0.42661
() . -2.8 | 0.51860 0.68444 0.59011] 0.42838
loge -2.6 | 0.42094 0.49697 0.45780 0.41377
. . . . . -2.4 | 0.27103 0.18103 0.24414] 038281
Fig. 6 St'raln-r‘ate SenSlt‘lVlty coefﬁ.cwint (m) vs. loga}rlth 2.2 | 0.06874-0 263370 05087 © 33548
mic strain-rate with the variation of the strain : 2.0 |-0.18590-0.83623-0.42723 0.27178

(a) £€=02;(b) € =045(¢) € =0.6;(d) € =0.8

(d)
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Table 3 Average strain rate sensitivity coefficient
obtained by curve-fitting with the 3rd order
polynomial function within the variation of the

strain 0.6
logé | 480°C | 500°C | 520°C | 540°C
40| 27029-0.42557 0.25298-0.09955
38 | .055371-0.07853 0.33578 0.07752
36 | 31327 020204 0.40437 0.22361
34 1 0.50344 0.41621 0.45859 0.33873
3.2 ) 0.62584 0.56392 0.49860 0.42288
3.0 | 68062 0.64514 0.52434 0.47606
28 1 066763 0.66000 0.53581] 0.49827
26 | (58693 0.60838 0.53302 0.48950
24 1 43850 0.49031] 0.51597 0.44977
22 | 22234 0.3058 0.48465 0.37906
20 | 06153 0.05484 0.43904 0.27739
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Fig. 7 Material coefficient vs. logarithmic strain rate with

the variation of the strain:
(a) € =02;(b) € =04;(c) € =0.6;(d) € =08
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