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Effect of Composite Armor Protective Materials on Their Anti-Ballistic Performance
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ABSTRACT: Composite armor protective materials are an important factor affecting their anti-ballistic effect. Therefore,
the reasonable application of protective materials can significantly improve the anti-ballistic capability of composite
armor under constraints such as weight and size. In response to the protection requirements of armored vehicles from
different angles, a composite armor simulation model composed of different protective materials was established to study
the ballistic performance of materials at different angles, and the effectiveness of the model was verified through target
test. For 54 type 12.7 mm armor piercing incendiary shells at 100 mm, the anti-ballistic performance of ceramic composite
armor was firstly higher than that of titanium alloy composite armor with increasing incident angle, and then gradually
decreased. When the incident angle reached 45°, the anti-ballistic performance of ceramic composite plate was close to
that of titanium alloy composite plate. As the angle continued to increase, the anti-ballistic performance of titanium alloy
composite plate gradually became better than that of ceramic composite plate. By conducting target tests on ceramic and
titanium alloy protective composite armor at a normal angle of 100 m/48°, the effectiveness of the established simulation
model is verified. Subsequently, the research on the ballistic performance design of composite armor can be conducted,

and the optimal packaging material and structure can be established based on the simulation model to reduce target test,
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improve design efficiency, and increase economic benefits.

KEY WORDS: ceramic composite armor; titanium alloy composite armor; anti-ballistic performance; simulation model
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Fig.1 Simulation model of titanium alloy and
ceramic composite plate at
48° incident angle
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Fig.2 Total energy attenuation curve of ceramic and

titanium alloy composite plate at
48° incident angle
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Fig.3 Displacement curve of ceramic and titanium alloy
composite plate bullet at 48° incident angle
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Fig.4 Velocity curve of ceramic and titanium alloy
composite plate bullet at 48° incident angle
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Fig.5 Simulation model of titanium alloy and
ceramic composite plate at 30° incident angle

Klo 45 ABHATERG S MIEE

S5 B HAR
Fig.6 Simulation model of titanium alloy and
ceramic composite plate at 45° incident angle
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Fig.7 Simulation model of titanium alloy and
ceramic composite plate at 53° incident angle

A7 EFAE, MR BE B el S L 2 B e 5
PRa SN E SR TAEAR ML T RHstEae, I e
BOMEARFEMAET 2 FRRIA S 5% P e
RERYZE 5, W 8 oo

M 8a Haf LUIFRH : 7EFHL 100 pus P, SOILLE

PR AR AR I E KR TERAE SR
SRR, FTTEIZE 100 m PR . 3000k MR 45
HF, FBRARE AW 54 3 12.7 mm 78 BB
FIBE R %5 = TR A AN E A, HILAESLAET
Jo7 FH Wi 5 B 47 AT T B I i A A5 2 R Bl B R

ME 8b R LI . FEEHE 100 us N, SRILEE
By 8 A0 %5 A A B R ) BB R R R TR A 4
AR, HBRALTE P & 4 R A A i B R
FEIRAE T BRI /N THE A ST 3000 % R Al
RS, IR NAE 100 m HPBE . 45912 M AT,
Ve s 20 5 A MR B 54 3K 12.7 mm 28 H R B R i B 47
BUes L TARA S AR G, HHPiPaias i 30°
A BH T R, DR TE L R T L P P 3 7 AT T e ke
RGP ERE

M 8c HIFTLIARH . FEAHE 100 us P, FRALAEER
B A R AP Y AR B T DA S OK TR P e 4
WE AP EIE, BT A7 100 m ST | 53°7k£k A,
A A BUE AT 54 2 12.7 mm 28 FFRBETR Y B
BN s WA T P B A U A, PRI G AE LG A T R K
B A2 R BRI B S R A B A R

0.035 0.035 0.034
0.030| B GRS AR BESEREAN |
l 0.030 0.030 GEi% R
0.025|
ﬂﬁ 0,002 i 0.02 g 0.028
w Q. | = 0.025} o9
) B T 0.026
0.015|
0020 FEBARS AR 0.024
0.010} P4 AR 0.022 H®EESHBE AN
0.005 0.015 0.020
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
I /s i 1] /ps I 1) /s
a 30°ASTA b 45° A Gt c 53° A5t
8 AR T P % ek & 4 52 A MU AL R BE 1 2 I (E i £ 1 (- T PR TR #0 )

Fig.8 Curve of total energy attenuation of ceramic and titanium alloy composite plate bullets at different angles
(semi-infinite thickness target plate)
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Tab.1 Target test record of titanium alloy composite plate
Y HE/m o S (mesT) IREAC) BGH

1 100 807.0 48 2%

2 100 810.8 48 24

3 100 829.6 48 25

4 100 819.0 48 25

5 100 841.2 48 2%
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Tab.2 Record of target test for ceramic composite plate

B BMHE/m B/ (mesT) BERMAC) B

1 100 813.0 48 2%
2 100 810.0 48 5%
3 100 814.6 48 3%
4 100 825.0 48 8 4
5 100 810.0 48 8 4
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Fig.9 Target test diagram of titanium alloy
composite plate at 48° incident angle
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Fig.10 Target test diagram of ceramic
composite plate at 48° incident angle
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