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Abstract

A micromechanical model is presented for superplasticity in which heterogeneous microstructures are
coupled with deformation behavior. The effects of initial distributions of grain size, and their evolutions on
the mechanical properties can be predicted by the model. Alternative stress rate models such as Jaumann rate
and rotation incremental rate have been employed to analyze uniaxial loading and simple shear problems and
the appropriate modeling was studied on the basis of hypoelasticity and elasto-viscoplasticity. The model has
been implemented into finite element software so that full process simulation can be carried out. Tests have
been conducted on Ti-6Al1-4V alloy and the microstructural features such as grain size, distributions of grain
size, and volume fraction of each phase were examined for the materials that were tested at different strain
rates. The experimentally observed stress-strain behavior on a range of initial grain size distributions has been
shown to be correctly predicted. In addition, the effect of volume fraction of the phases and concurrent grain
growth were analyzed. The dependence of failure strain on strain rate has been explained in terms of the
change in mechanism of grain growth that occurs with changing strain rate.
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Fig. 2 Simple shear model for Al-Zn-Mg at 788K. (a)
Stress responses for elasticity, and (b) shear
stress versus shear strain for elasto-viscoplasticity

0, =Gsiny To] FALANE oj&d FX 3
A A9 dAFE & 4 Ut olnf AggHL
AP EY F7k w2l WHE S H(oscillatory
response)°] WEIEE & = gloy o]l HuHy
E9 F7tel @& Y% 7Hmonotonically increase)
He dgedy Ea] A&t e At
& HAFa gl Hige) wg FAU
4o EeA %"éﬂr @3t Jaumann &

XO
qo0w
35_/;:

of  AH§A o Prager(zz’c’ﬂ o3 AMAFUAL,
kinematic hardening & 72-¢- WF#+-&8o A9-gEAy
T2 FUIHog Wstgte uha 4 AAAE
& ol Ze &V\“’] Ftslx] gk & Fig
2009 AFANAM & F R At gyh
A eiMe] A HEgo] s we} dHg o
HEgsA St e B 5 dd. o A% &
AP ESEE TAAYANY SH97s 4 AR
g Aol s A=Y webM gdad
Aoz FEHE 2a24AFY A 9l

O
-

Jaumann &l AHH o FE AlLFo] HG &
4 ok HeEFEEE, Ti-6Al4V, 927°C o B-d4
A 2d N Aoy 2dg"%9 v Fig 3 3
#ok ¢RuEdEe F4Y BdsA @3 ¢
& TAYAAE o) &3 Hart A3
o A 2 AgAn BE, ZUiEH: QY ES
=o] g 5%

o] TUHEe &+ AU o]
24 gFs5n dedd BAY g4 S B8 A

25[ ) oon\pu{ed(uniaxial and T
0 muttiaxial) 1x10%"
. E symbols: experimental™® |
£ |
s 15 .t r
‘é 2x107s
210!
[ I i
I
5 5x10%"]

S - ' S S RS AU
0 02 04 O 6 0.8 1 12
Strain

Fig.3 True stress versus true strain for Ti-6Al-4V at
927°C in fully elasto-viscoplastic model
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Fig. 5 Model validation: grain size versus time curves
obtained by using two functions represented and
a uniform grain size model™
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Fig. 6 Diagram showing the test specimen geometry
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Table 1 Experimentally measured and predicted mean
grain size(microns) for Ti-6A1-4V at 900° C

initial 1x10™*s™! 1x107%s7! 1x107' s
Experimental] 7.50 10.76 9.19 7.94
Predicted | 7.50  10.50 9.44 7.70
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Fig. 11 (a) Experimentally determined distributions of
grain size in a test-piece for Ti-6Al-4V at
900°C, (b) schematic diagram showing finite
element representation, (c) predicted loading
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variation of mean grain size
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Table 2 Experimental and predicted failure strains for
Ti-6Al-4V at 900 °C

Strain rate Experimental Predicted
(1/s) failure strain failure strain
1x1075™! 1.72 1.81
1x107357! 155 1.17
1x107's™! 0.55 0.66
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