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Analysis of ballistic performance on varied content of

alumina/zirconia FGM
C.Y.Huang!, Y. L. Lhen-

1School of Defense Science, Chung Cheng Institute of Technology, National Defense University, No.75, S 5 ist., Taoyuan 51, Taiwan
Dept. of Power Vehicle and Systems Engineering, Chung Cheng Institute of Technology, National Defense University, No.75, Shivuan Rd., Daxi Dist., Taoyuan City
33551, Taiwan

In this study, four-layer FGM specimens with three different compositions, that is AL O./(0, 5, 10, 15%)ZrO,, AL,0,/(0, 10, 20, 30%)ZrO, and
Al 04/(0, 15, 30, 45%)Zr0O,, were designed. The ceramic specimens were hexagons that are 60 mm long in all sides and 11 mm thick. The sintering
temperature of those specimens was 1550 °C. Accordingly, 6061-T6 Al (200 mm x 200 mm X 1 mm) was used as backplane. The ballistic test showed that
the ALOy/ (0, 5, 10, 15%) ZrO, FGM had the best impact resistant performance. The microstructure investigation through SEM observation did not find
delamination in the FGM interlayer after impact. Furthermore, the abrasion ability between the ceramic and the projectile may increase. The XRD
analysis verified the phase transformation of ZrO, from the tetragonal phase to the monoclinic phase. This transition delayed crack growth and increased
the material toughness, thereby promoting the impact resistance capability of FGMs.

Functionally graded materials (FGMs) are new materials characterized by continuous and monotonic variation in elements (composition and
structure) over thickness direction, which results in corresponding changes in material properties and functions. Tests have verified that the impact
resistance performance of the FGM structure is superior to that of the ceramic/metal composite armor. Therefore, improvements on the impact resistance
performance of materials introduced by a functionally graded design would definitely make FGM one of the future leading trends. Literature shows that
many researchers have already applied the toughened ceramic composite and ceramic/metal FGM design to the impact resistance field using experiments
and simulations. Therefore, the present research manufactures'an FGM with different AL,O; and ZrO, contents to analyze the impact resistance
performance.

Fig. 1. Specimen of ballistic test. Fig.2. Finite element model.
Ball test and simulation 2 =

This study used Al,O; and 3mol% Y,0;-stabilized zircomnia (3YSZ)
ceramics. The FGM impact-resistant specimens with various zirconia
percentage contents included ALO,/(0, 5, 10, 15%)ZrO, FGM(5%FGM),
ALOy/(0, 10, 20, 30%)ZrO, FGM(10%FGM), and Al,0,/(0, 15, 30,
45%)Zr0O, FGM(15%FGM) (Fig. 1). The 1/4 finite element model was
adopted to construct the ceramic composites (Fig. 2). The total number of
model grids was about 60,000-75,000.

Fig. 5. Absorptive energy of

Fig. 3. The microstructure of FGM after impact :
(a) \n“l GM, (b) 1“‘.”“ M, (¢) 1 test and simulation.

Results & discussion

@ Microstructural analysis
3 illustrates that every

interface bonding between the layers is !
integrated after impact without severe (*
cracks or delamination. The toughening
mechanism can be characterized as the
generation of strong energy and stress
under impact, which leads to the ZrO, 4. XRD spectra of FGM specimens:
phase variation from the tetragonal (a) before impact, (b) after impact.
phase to the monoclinic phase (Fig. 4).

shows that the absorptive energies obtained from test and simulation are in N 3
agreement. Fig. 6 shows that all specimens have the highest energy absorption in the i i 4 o |
second layer. Zirconia is added into the ceramics starting from the second layer to ‘ L o

L e

improve toughness, reduce the ceramic crack growth beyond the second layer, dels / A L U U L

resistance performance. The ZrO, content gradient of the 5%FGM is the smallest.

small gradient could decrease the wave impedance difference, reduce the tensile wave Fig. 7. Ceramic cone of the FGMs under impact:
strength caused by the reflection wave, decrease the ceramic damage, and improve the 4: 5%FGM, (b) 10%F 1.\[ (c) 15%F (-\1
ceramic energy absorption. Fig. 7(a) exhibits the smallest fracture zone. After ceramics is

impacted, the backplane begins to bear the ceramic impact damage even before the
projectile moves to the backplane if the ceramic cone is rapidly formed with an H
excessively big volume. Therefore, early deformation can happen, and the ballistic

resistance performance of the entire structure will be negatively affected. Fig. 7(a) shows
that the 5%FGM structure delays the ceramic cone formation and reduces its volume.
Therefore, the 5% FGM design has the optimal ballistic resistance performance.

Fig. 6. Internal energy of the FGMs:(a) 5%FGM, (b) 10%FGM, (¢) 15%FGM.

results of this research veri
is a major factor affectil
performance. Future worl
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