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Impact Absorption Performance of Multi-layered Composite Structures based on
Material-Structure Optimization

+

Byung-Jo Kim™ and Tae-Won Kim™~

ABSTRACT

Total thickness, areal density and mass moment of inertia of materials are important material factors for
structural characteristics. In this work, a material-structural optimization was performed up to the maximum
ballistic limit of multi-layered composite structures under high impact velocity followed by the investigation of
the influence of these factors on an impact absorption performance. A unified model combined with Florence’s
and Awerbuch-Bonder’s models was used in optimizing the multi-layered composite structure consisting of
CMC, rubber, aluminum and Al-foam. Total thickness, areal density and mass moment of inertia were used for
the optimization constraint. As shown in the results, the ballistic limit determined from a newly developed
unified model was closely similar to the finite element analysis. Additionally, the ballistic limit and impact
absorption energy obtained by the optimized structure were improved approximately 16.8 % and 26.7 %,
respectively comparing with a not optimized multi-layered structure.
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Fig. 1 Diagram showing the Florence’s model [7].
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Table 1 Material-structure characteristics of a general and optimized multi-layered structures

General multi-layered structures Optimized multi-layered structures
Layer | Materials Th(i;lﬁ:;zss dﬁﬁiﬁ; Mass igec;g::ntz of Th(ir%kmn;zss dﬁrﬁg?tly Massigec;?:ntz of
(kg/m°®) (x10™ kg-m°) (kg/m°) (x10™ kg:m°)
1 AD-90 20 69.8 3.070 15.6 54.44 2.642
2 EPDM50 3 3.60 0.013 7.4 8.87 0.045
3 Al7039 2 5.48 0.098 6.3 17.26 0.268
4 Al-foam 254 11.40 0.063 211 9.47 0.046
Total 50.4 90.28 3.244 50.4 90.04 3.001
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Fig. 2 Finite element model for the ballistic impact analysis.

Table 2 Summary of material properties [4, 12]

e | gy | ot T Smon o
Projectile 7.83 E=200 -
é:DMgc(; 3.60 G=113 \((Ozgi/so)z
%g&"é';? 1.20* G=1.361* ;
AI7039 2.70 G=28.19 \((:701,‘/‘30
Al-foam 0.449% E=0.631% Y(zs%o?)iff*

* B ool A Ay, E: elastic, G: shear, Y: yield
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Table 3 Analytical and numerical ballistic limits for the general multi-
layered structure

. Thickness Analytical Numerical
Materials (mm) BL (m/s) BL (mis)
AD-90 20
349 485
EPDM50 3
384
AI7039 2 24 40
Al-foam 254 20 28
Total 50.4 393 553 384

Table 4 Analytical and numerical ballistic limits for the optimized multi-
layered structure

. Thickness Analytical Numerical
Materials (mm) BL (m/s) BL (mfs)
AD-90 15.6
367 423
EPDM50 7.4
432
AI7039 6.3 75 67
Al-foam 21.1 17 29
Total 50.4 459 519 432
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Fig. 3 Impactor velocity change against penetration depth in (a) general

and (b) optimized multi-layered composite structures.
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