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Chol K. Syn and Bruce J. Cunningham 

Lawrence Livermore National Laboratory, Livermore, CA 94551 
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roduct'm. Laminated metal composites 
(LMCs) consist of alternating metal (or 
metal matrix composite) layers that are 
bonded together. In many cases these 
materials can provide fracture toughness 
and impact properties that are superior to 
those of the component materials. These 
properties are a function of component. 
material properties, laminate architecture 
(including component material vol.ume 
fraction and layer thickness) and interface 
properties. Within limits, LMCs can be 
designed for desired performance 
characteristics. 

Fracture tow hness, The improvements in 
. fracture toughness associated with 

lamination result from extrinsic toughening 
. mechanisms such as crack blunting, crack 
'deflection and crack bridging. All of these 
extrinsic mechanisms, which are 
influenced by local delaminations at 
interfaces, improve the fracture toughness 
of LMCs by reducing the local %tress 
intensity at the tip of the crack. The 
influence of lamination on the fracture 

.toughness of a LMC consisting of 
alternating layers of a metal matrix 
composite (A16090-T6/SiC/25p) and 
monolithic aluminum alloy (A15182) i s  
shown in Fig. 1 as a function of the-global 
percentage Sic. The composition of the 
component layers is the same for all data 
points in Fig. I ;  the increase in global 
percentage SIC was obtained by 
increasing the relative per'centage of the 
6090-T6/SiC/25p layer. The component 

materials differ significantly in fracture 
toughness. Remarkably, however, the 
fracture toughness of the laminate 
increases with increasing volume 
percentage of Sic up to a component 
volume fraction in which the LMC. is almost 
100% MMC. The fracture toughness at a 
global volume percent-age of 24.3% Sic 
(97% MMC component) is approximately 
35 MPa ms and particularly noteworthy, 
since strength and stiffness of the LMC 
would essentially equal those of the MMC 
component. 
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Figure 1. Fracture tough ness 
versus global volume percentage 
silicon carbide for a laminate 
containing 6090-T6/SiC/25p and - 
5182 layers in the crack arrester- 
and crack divider orientations. 
The fracture toughness of 6090- 
T6/SiC/25p is shown for 
comparison. 

* This work was performed under the auspices of the U.S. Department of Energy by the 
Lawrence Livermore National Laboratory under contract no. W-7405-ENG-48 



Crack growth in the A16090- 
T6/SiC/25p//A15182 laminate was 
simulated for the crack arrester orientation 
using a finite element model. This study 
showed that local delamination at 
component interfaces followed by through- 
thickness yielding and plastic rupture of the 
thin aluminum layers took place ahead of 
the advancing crack. The advancing crack 
was thus severely blunted at each thin 
aluminum layer and subsequent growth 
required re-nucleation of the crack in the 
MMC layer. This blunting, re-nucleation 
process resulted in a significant increase in 
the amount of energy required for crack - 
growth. 

Specific strength and toughness properties 
are compared in Figs. 2 for seven 
lightweight structural materials including 
two LMC.s, two ceramics, two metals and 
an MMC. One laminate consists of 50% 
Al6090-T6/SiC/25p and 50% AI51 82 while 
the other consists of 97% A16090- 
T6/SiC/25p and 3% A15182. The figures 
show that LMCs. have very attractive 
properties for weight-critical applications. 
The laminate containing 97% MMC is 
particularly impressive, since it has a 
specific toughness greater than any other 
material in the figure. The figures show 
that the LMCs presented here can be 
particularly effective for applications 
requiring lightweight materials with high 
strength and fracture toughness. 

Jmpaa. Lamination c a n  increase the 
amount of energy absorbed during impact. 
The extrinsic mechanisms described in the 
previous section increase the amount of 
energy required for crack growth and are 
significant sources of improved impact 
properties. However, our studies have 
shown that lamination can also change the . _- .. .. . 

mechanism of failure during impact. These 
mechanism changes can dramatically 
increase the amount of energy absorbed. 1 

The A16090-T6/SiC/25p//AI5182 laminates 
described above provide a good example. 
Typically during ballistic impact, monolithic 
aluminum alloys and MMCs fail by shear 
localization or some other low energy 
failure mode. However, in laminate form, 
these materials can undergo local 
delamination at component interfaces 
during impact. These local delaminations 
reduce the stiffness of individual layers, 
which allows them to bend and increases 
the volume of material absorbing energy 
during ballistic impact. The result is 
significantly more energy is required for 
penetration and perforation. 
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Fig. 2. Specific toughness versus  
specific strength for a number of 
structural materials including a 
laminate containing 50% 6090- 
TG/SiC/25p and 50% A15182 and a 
laminate containing 97% 6090- 
T6/SiC/25p and 3% A15182 


