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Abstract

Ceramic/metal plate is one of the most widely used light weight armors, especially to protect ar-
mor piercing (AF) bullet. Experimental investigation of projectile penetration mechanism into the
ceramic/metal plate requires costly sensitive equipment L0 capture impact phenomenon that
completes within microseconds. Alternatively, the impact mechanism can be effidently investi-
gated using numerical simulations. Among recent investigations on the protective capability of
this ceramic/metal plates, few only discussed the influence of the boundary effects on the ballistic
protection. This smdy thus aims to examine the effect of houndary conditions by changing shapes
of the plate, border constraints and bounded materials in numerical simulation. Material models
af the ceramic and the backing metal plate made of aluminium 2017-T6 are selected. The 7.62 AP
projectile’s core was modeled by a solid cylinder. The initial projectile velocity was 940 mys The
plates are represented by either a square or a hexagonal tile. The edges of the plates were fixed or
enclosed by a soft epoxy. To investigate the effect of backing plate, a small gap was introduced
hetween some of the ceramic and aluminum interfaces. The results showed that the hexagonal
tiles reduce the deformation of the backing plate. The plates bounded by the epoxy exhibit inferior
performances compared to the fixed plates. Finally, the small gap between the ceramic and the
aluminum interfaces significantly increases the time to stop the projectile.
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1. Introduction

e classical armor material is monolithic steel i Rolled Homeopeneous Armar {RHA). This material dispesses
the impact energy from projectile through its plastic deformation. The limitations of steel armors are their high
density, maximum deformation and low protection agamnst Armor-piereing (AF) bullet, Faor these reasons, corm-
posite armars have been developed. Ceramic/metal is one of the widely used composite armor materials. i
ramic/metal armor has less areal density compared with the monolithic steel. As 3 result of increasing capabiliy
of payload and vehicle mancuverability. the armor vehicle performance is improved. Besides, the hardness of
ceramic face help 1o erode the AP projectile head, reduce its stbility and slow devwm the projectile specd. The
penetration efficicncy of the blunted AP projectile was also reduced because the enerpy disperses 1o the backing
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whers Ji, represents the thickness of the ceramic as illustrated in Figure 1. € is the longitudinal wave speed in
the material and ¥ e 15 the speed of radial crack growth.

2.2, Mumerical Model

To investigate the impact mechanism, non-linear dynamic simulation with high- deformanon and shor-duration
has to be implemented. The materinl models used in this study were selected from public articles. The CERIMmIS
material mode] is described by shock equation of state with Drucker-Prager strength model [6]. The aluminium
2017-T6 was chosen for backing plate which has Steinberg-Guinan strength moddel [3]. The epoxy resin which i3
widely used in ceramic and metal adhesive was set for bounding material and applied with Cowper-Zymonds
strength model [3]. Finally, the default data of tungsten material properties in software’s library was selected for
the peajectile which also has Steinberg-Guinan strength model. Figure 2 depicts the finite clement model of the
ceramic/metal plate with the cylindrical projectile. The material damage was defined by the geometsic strain
lienit and the material’s maximum plastic strain.

Ax shown in Table 1, there are cight cases of ssmulation mode] in this study in order Lo investigate influences
of tiles' geometry, boundary conditions and bounding materials. In order 1o define the tile size, the basic simula-
tiom was performed first, From the results of basic simulation supported by the data taken from Paul J. Hazell o
al. [4], the appropriate ceramic tile size wsed for investigating the boundary effect is 30 = 30 = 9 mm. for square
tile and 15 mm (side length) = 9 mm for hexagonal tile. The aluminium plate has the same size 25 the ceramic
tile but it has & mm thick. The solid evlinder with outside diameter 5.5 mm and 21 mm length was created to
represent 7.62 AP Projectile’s core. The thickness of epoxty is 2 mm around the tile.

3. Results and Discussion

The results from numerical simulation are illustrated in Table 2 and Figure 3. Figure 3 shows the stress plot
when the projectile was stopped in each case, For fixed boundary constraint, the hexagonal tile can reducs the
aluminium deformation compared with the square tile, This can be the result from the shorer distance from the
center of the hexazonal tile 1o its boundary which gives the smaller tile’s deflection. The model bounded by
epoxy showed the lower protection performance as the deformation of the aluminium increased. This cam be ex-
plained that the epoxy allowed small backward displacement of the ceramic file after impact which caused more
deformation on the aluminium plate, The study on the effiect of the backing plate showed that small gap between
the ceramic and aluminium increases the time to stop the projectile, Besides, it also reduces the strength of the
coramic file as the maximum deformation increases when compared 1o the same boundary conditiens, From the

Figure 2, Finite element medels of squars tile and hexagonal file.

Tabde 1. Mumerical simulation boandary conditions,
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plate on lerper area. With the same amount of eneray, plastic deformation of backing plate hit by blunied projec-
tile has somall depith compared with that of the sharp one which decreases damages behind the backing plate.

Failure of ceramic tile under the high velocity impact is caused by the stress wave in the materal. When the
projectile hits the ceramic face, the shock wave, which is compressive wave, will transfer from the ceramic front
surface 1w its back, A the conpecting surface between the ceramic and the backing plate, some of the shook
wave will continue moving into the steel and the remaining shock wave will reflect back to the ceramic. This
wave reflection creates tensile wave in the material. Since brittle materials hawve low tensile sirength, the ceramic
starts to crack under the tensils warve.

The grack from this impact has conical shape which is called conoid. The dimensions of the conoid have been
widely stsdied because the radnes of the cone base bag an elTect on the energy dispersion from the ceramic to the
backing plate.

The ballistic performance of the ceramic protection depends on variows parameters. PJ. Hazedl e al [1]
found that increasing the density of the ceramic compact for given thickness yields better result in ballistic re-
sistance than increasing the thickness of a given density.

The thickness and properties of adhesive lyer in ceramic/metal armor also influences the ballistic protection
[2] [3]. Paul and Colin er af. [4] hove shown the optimum design of ceramic tile size on ballistic performance,
However, there are a limited number of publications on the boundary effects on numerical ballistic simualation,
This work shows the mfleences of ceramic tkes’ boundary conditions on ballisue performance wsing numerical
sunulitaon.

2. Impact Mechanics
2.1. Ceramic Fracture

Ceramic fracture under impact has different physical characienstic compare to other armor steel materials be-
cause of its brittleness. Ceramic has high compressive strength but low tensile strength. For these reasons, if can
resist the compressive shock wave afier the impact. O the other hand, it stanis 40 crack because of the tensile
shock wave generated by rarcfaction wave, When the stress is higher than ifs strength limit, the tile is broken
inbo pieces known as spallmg, To prevent the danger from the spalling, ceramic armor bas o be supported by
backing sheet such as steel and fibers.

The fracture of ceramic armor with the backing plate is different from the characteristics previoushy de-
zoribed.

Oz important behavior is conical fracture or the conoid. The interest of the congid is that it increases the area
transferring kinetic energy from the projectile o the backing plate. For a larger area, the impact energy can be
bener distributed 1w the rear plate as chown in Figure 1. In general, the wme thar fractore conowd developed ean
be caleulated by Equation (1) [5]. Howewer, it is essential 10 note that this equation dees oot take into aceount
the material properties of ceramis, velocty of impact and the tles™ boundary conditions,

Fipure 1. Fracture coneid in eorgmic manerial (Modsl of Zacra and Sanchesz-

Gialvez) [4].
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Figure 3. Siress plol a1 the final siabes.

Table 2. Muneracal sesulls of different baumndary condilions

Cire | Came 2 Caze 3 Creee 4 Caze & Case & Case 7 Coae B
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Ahminnam deformation (mm} 141 224 2z 3-8 4.4 G - 510
Ceramic penciration ‘e s = Y Yiex es o= Yes
Steel penstrmion Hia T Hin Mo Mo Mo Ve Mo

animation results, the model with gap creates the crack on the ceramic tile faster than the model without gap.
This iz because the siress wave from the impact face reached the free surface behind the ceramic before the
muodel with no gap and then the reflection wave was created and it cansed the crack on the ceramic.

4. Conclusion

From this study, it shows that the boundary conditions affect the mmpact mechanism. Further study with smaller
time step that can capture the impact behavior needs to be conducted for more accuracy. The different types of
bounding material are also required for enhancing oor anderstanding regarding the offects of different marerials.
Im bricf, the numerical simulation approach with element erosion setting is highly czscotial in explaining the
damage behaviors of the ceramic.
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