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Modeling the Heterogeneous Microstructures of Ti-MMCs
in Consolidation Process

% . EEp
Soo-Yeun Lee, Tae-Won Kim

ABSTRACT

Vacuum hot pressing has been used for the development of titanium metal matrix composites using
foil-fiber-foil method. Heterogeneous microstructures prior to and following consolidation have been quantified,
and the relations to densification behavior investigated. As shown by the results, dramatic variations of the
microstructures including equiaxed «, transformed 3 and Widmanstitten o are obtained during the process
according to the fiber distributions. The dependence of microstructures on the consolidation then has been
explained in terms of the change in mechanisms such as grain growth and recrystallization that occur with
changing levels of inhomogeneity of deformation. Further, micro-mechanics based constitutive model enabling
the evolution of density over time together with the evolutions of microstructure to be predicted has been
developed. The mode developed is then implemented into finite clement scheme so that practical process
simulation has been carried out.
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Table 1 Specifications for SiC fiber and Ti-6AI-4V foil
SiC fiber Ti-6Al-4V foil
Name SCS-6 AMS941IF
Producer Textron RMI Int.
Dimension(zm) 140(diameter) 80~150(thickness)
UTS(MPa) 3450 1000
Modulus(GPa) 380 114
1200 H 7 i H T i i
1000 - 180
O RS, temperature -
B 800 4 @
2 ! pressure 160 g
P s
(El )’ 40 =
g 400 - /,, g
200 |’ -2
0 Lo ; 0
0 10 20 30 40 50 60 70 80
Time(min)
Fig. 1 Consolidation cycles for VHP test.
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Fig. 2 Consolidation processes with SiC fiber and Ti-6A1-4V foil using
FFF method.
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Table 2 Experimentally measured microstructural characteristics of Ti-6Al-
4V at 900°C under 30MPa 350 L
A
Part A | Part B|Part C @ 300 -
volume fraction of [ phase 027 0.27 0.27 ‘® 250 |- \
Initial mean grain size(/m) 2.04 2.04 2.04 .g’ 200 | \\
aspect ratio 1.66 1.66 1.66 =
: 3 150 - ! initial
volume fraction of [ phase 0.22 0.41 0.62 € \a—
3min mean grain size(zm) 422 5.79 6.15 2 100 - \\4/ 3 minutgs
aspect ratio 190 | 175 | 6.67 50 L /\\Km minutes
volume fraction of [ phase 0.27 | 0.50 | 065 0 I ~ s o )
[0min mean grain size(ym) 3.67 5.34 9.63 0 5 10 . ,15 20 25
; Grain size(microns)
aspect ratio 1.73 1.79 4.60
Fig. 5 Experimentally 1 distrib of a grin size of Ti-6AI-4V
at 900°C under 30MPa
Table 3 Summary of typical morphology with dominant evelution mechanism

Dominant microstructural

Location Morphology . .
evolution mechanism
. Dynamic recrystallization
A Equiaxed a 4 . 4
Grain growth
B Equiaxed a Static recrystallization

Transformed B

Transformed (3 .
C . " f Grain growth
Widmanstitten a

Grain growth
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