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Abstract: To enhance the damage efficiency of fluoropolymer-based reactive fragments and broaden their application range, a
novel core-shell composite structure active fragment has been proposed. To improve the strength of the matrix material, carbon
fiber was introduced via a wet mixing method. Under specific sintering conditions, two types of samples were prepared:
PTFE/AI/CF tungsten powder and PTFE/AI/CF tungsten ball. The basic mechanical properties of these samples were tested.
The addition of tungsten powder was found to increase the dynamic compressive strength of the composite. Penetration tests
were conducted on 3 mm+3 mm+2 mm+2 mm multi-layer interval aluminum targets using both types of fragments. The
experimental data were automatically processed using a Python-based program, yielding the perforation area, deformation
volume, and reaction light intensity for each layer of the target plate. The damage characteristics of the multi-interval target
under different velocity and constraint conditions were compared and analyzed. The results show that the core-shell type
fragment exhibits superior penetration ability. It can penetrate all four layers of the target plates at low speeds, although the
perforation area is relatively small, with a perforation diameter approximately 0.95 times the fragment diameter. In contrast, the
homogeneous fragment has a larger perforation area but weaker penetration ability. Its perforation diameter is about 1.21 times

the fragment diameter, and it can only penetrate three layers of target plates at high speeds. The steel shell constraint
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significantly enhances the punching and penetration capabilities of the fragments. The primary active reaction of the fragment
occurs during impact with the second layer of the target. The energy release reaction has a limited effect on improving the
punching effect. The differences in damage characteristics are mainly attributed to the mechanical properties of the fragments.
These findings provide valuable insights for the structural design and damage effect evaluation of reactive fragments.

Keywords: mechanics of explosion; core-shell composite reactive fragment; spaced target; damage effect
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Fig. 1 Schematic diagram of the structure of the reactive material sample
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Table 1 Formulation of the matrix material

for the reactive material test sample

w(PTFE)/% w(AD/% Ww(CF)/% PSR K /(g om ™)

72.0 26.0 2.0 2.270
REE 2 BN 3.6 g, Horb fir A A Bk
FEFTE 2.016 g CHIEMER - PTFE/AL JiT F2 W2 WREEL
R 76.5/23.5, oA Bk £F 4 T i 8 EE 2.0% A9 Table 2 Formulation of sample 2
FERN b T AT S R AR R BH  wPTFE)%  wA)%  w(CEY%  w(W)%
U5, B PTFE/AICE/W AR BTRAC L, WAk 2. bR 30.1 109 20 57.0

F B M RS PTFE, % 2.152 g/em’;
BRIZ AR, B4R 25 pum, 1EHEER LR T 98%; 985, Ride <5 pm, 4l KT 99.98%. k4T 4 (carbon fiber,
CF) M 1. 3 mm WYV 4E; 2545 £ FR, HAEH 6 mm,

1.3 EHIRESHERE
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TR BB AR Y S DT TR RS S8, (F R RSk IR AT aE 4750 1 B B il e ifil 56 i fa B AT, 761t
FE I B BROE MR 460, 8 B 71 2 Bk
RN IR N 58 i R AR K 2 A
POEMEI AR, SR FH V- 3k FEFF7E 500 MPa [ 1 F
AT R . BEX “BE5E” A A YEM
RHAFEAE RS, 1 A8 v 5 TF AR REE, 5 A Bk X LA o
LT ARG IEAR AT B TRBE, DA ET 4E 1 B 1 mm, (a) Sample 1 (b) Sample 2

PS5 350 °C bR ER IR el S5 f . bedh B2 IEERRHRRE
SE AR A E 2 s . Fig.2 Reactive material sample
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S R IER, 0 Y A AP Zh A5 LR 38 BE A 342 T
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(a) Physical target board (b) Reactive fragment samples and sabot
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Fig. 4 Images of target plates and reactive fragments
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Table 4 Design of penetration and damage tests

(L] AR R G JFiie/g A H AR /mm % 5K S mm K% J1/MPa W/ (mes™)
1-1 3.60 10.02 10.04 3.0 549
7 1-2 3.61 10.02 10.03 5.5 606
13 3.55 10.02 10.02 8.0 759
PTFE/AVCF/#3%}
1-4 5.24 11.10 10.03 3.0 538
4 1-5 5.22 11.10 10.03 55 673
1-6 5.18 11.10 10.01 8.0 725
2-1 3.59 10.02 10.04 3.0 533
7 22 3.61 10.04 10.02 5.5 673
2-3 3.56 10.02 10.00 8.0 736
PTFE/Al/CF/453k
2-4 5.20 11.10 10.50 3.0 565
) 2-5 5.22 11.10 10.50 5.5 653
2-6 5.21 11.10 10.50 8.0 745
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VA8 2R FH B R B BE | 2 F LR sl BB A7 T AR OR S A MBS 1 A S8 B T, ok 28— Al — RS AL
Tk 56 A FAEFUAR (14 BB 13 AL A A B, 78 ST b e b 7 ol FH RS 1) 28 22 AR BRI A = 4R A B A o #E AR 19 78
LR AT SRS A2 ek 20 A o A A AR IO AR ) T AR AR, SR G B — MO SO SR A AT
i, BOEHI R R2E/NT 0.1 mm, & HUEEH A S 285 P A5 20 9.5¢10° 4> i

i3 Python 2 55 45 5 SCIF A AL BEAR ), MR- 0 JCR0 A0 5 2= K008, ) B 8 A o 2R, 58 B, 2= 080
0 BERL A B 38 i T AR B 2 B B AR A AR I R A, TR 5 PR

Volume/mm?
22.00

19.25
16.50
13.75
11.00
8.25
5.50
2.75
0

(‘_\

(a) Damaging physical images (b) 3D point cloud model (c¢) Deformation cloud diagram

5 FUBUMEIRR R S A0
Fig. 5 Typical target photos and processed images
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(9) Geit 2 AL B0 2 LB XA B A0 40 M ML T SCR [16] 48 A TR BE A Jo 8 R Bk A JBAR, 5L
XS HO AR ZE AL & AL IR Ae 1T .

PL 17 emx17 em BYSEAR A ], ZE80 M b & 4 A EAR S0 2.0, 2.5, 3.0, 3.5 em I [RIfL . h 5 5EFR
FH 0 05 XL, AR B R SO 9.5%10° AN EiE A5, LR BEML > A, B air FLATAR (14 = 2 55 = B8
S HGRIEFET b, 0T DL 2 A B A REAR AR TE = 1B, W 6(b) iR . SR A SR T, Ab AR
FPFaRAS 0 2R LI AR 5 R T AR T R Y 1R 25 e KAV 5.19%, TE3EZ 1R 220 N . (R IR R P 16 1T
BALE 9.5%10° AN EHs B FOAR 1 = SCHFI HA RAF R TR B .

Volume/mm?
22.00
5 19.25
4 16.50
3E 13.75
2 g 11.00
I W
0 8.25
-1 5.50
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(a) Original state point cloud map (b) Processed deformation cloud map (c) Target after completing deep search

Ko SERHATRER RS AR

Fig. 6 target before and after the evaluation procedure
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I

Plastic deformation zone - Cylindrical perforation zone - Spherical-shaped punching-out zone

7 A R

Fig. 7 Schematic diagram of target plate deformation
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SR ARG 151 2 A2 5 B AR A 5 FLO/NAH G, K B AR A 2 L IRT Ak D Bkl 9 RS [, 2 LI AR A, BRI A T8 T
L, PR BRIt G B 1 S5 2 A
Ay

r=1/— 4
T

X T BRI 1 JEE o, 308 2o XA I WACHE 4 R AR o SR T A B, e ZE R R RN, (HHR
PRI B —E B AR, e 4 e R R I SRR AR A LU B o — AR, B ~ 0.45r ¢
2.3 HIWERR T
231 #ARZMiEAE

% BB B AR RS AN R re 27 TR A A v ey T A9 AT D 22 S, e AR R AR R ) SH Y
2 MBS AEAR R T i 2 2 R R AL . P 8 FNIAL 9 23 3y Y B s PR i RN “A% e TR R TE A
YR AL A M B IR o BB PR A R 5E s IR PR R AR AR 1 R R
PRSI A IO IFFESS 1 RBEARG T7, 2 Bl PR R AR R, 0 ) R ol AR SR 2 SR
Me o BIBH PR R B R A R BB ERE R R S G ], “A%5ea” T TER R o B ER AL T 2 i,
Jo 5 2 SRR A A, PR AL, s B BORE R e — AR e iE A R Bk i 5 AL
kS ATz 8l 75— AR e kS i 2 2 JREEAR, X REARGE B o TS B P R SR T 2 S i
5 2 JRYEAR, SRA IR ALk St T A . TR B RE B AR 2 JREEAR N, 2 R R B JOETE N B,

PHBEA R A — 2P R

0.18 ms

7.29 ms

11.43 ms

P8 SR B R (PTFE/AVCE/W 43, 751K, 538 m/s)
Fig. 8 Typical high-speed photography image (PTFE/Al/CF/W power, with shell, 538 m/s)
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7.20 ms 11.70 ms

o s ER (PTFE/AVCE/W Bk, A58k, 565 m/s)
Fig. 9 Typical high-speed photography image(PTFE/AI/CF/W ball, with shell, 565 m/s)

232 ¥ARF @R
R E G U 0 25 T 00T SR B S LT AR A T 5, THE A R LR 5, R e LI AR AY 22 5 ILIAT 10,
By 43 e RN, sl e R 2 ad 2 MOy UL i — R S BORARM R A A R I 46 AN B VIR IR,
IR AL R A R S A B S AR R ) A . S LI R B AR AL L R SR R, B
SR, BRI SR LR RO 2, P fL I B Rl 3

x5 BLAMNHERERRHZFILER

Table 5 Perforated area of each layer of the target plate for each operating condition

AR ZEFLTE A/ mm?
K B/ (ms™) SEEFLTEAY mm’
H1Z £y k)= a4
1-1 549 116.06 0 0 0 116.06
12 606 116.18 79.76 0 0 195.94
1-3 759 132.82 128.32 110.86 0 372.00
1-4 538 159.99 366.57 0 0 526.56
1-5 673 148.66 33038 22.43 0 501.47
1-6 725 170.16 202.30 80.46 0 452.92
2-1 533 39.42 22.77 24.16 24.85 111.20
2-2 673 111.21 25.55 24.16 24.51 185.43
2-3 736 157.22 25.09 22.08 22.89 227.28
2-4 565 138.60 111.09 24.04 23.81 297.54
25 653 155.71 176.64 25.32 24.04 381.71
2-6 745 140.45 206.46 20.00 26.24 393.15

WA N RBIE LT, SR o LI B IR 2R 1 R, o TR B B A0 45 R 5 B AR X 45AIR, 78
fi il R 5y A W AL A A AR B RE o 5 2 JRAUARAY o AL U 2 2R B AR R AR A Bk A —
W REAE I, WA (R 27 5 1 JRFUARGE P vh M AR AR 3 sl e, HHIR B854 & A 1 W1 2 ) 8 PRI R
WEo G, SR ALRE ) RAERRAR . 77 AR X — B A R B R Ry 7E ) IR o B B B s F Sl B, fE
AR TR TR IR, AR 1 RO s R LI A . 7EMITC AR OL T, f R AL T AR
BUAESS 2 2400, B A 2 B b 2 3 2, HR IR WAR B T — 5 YR T, 52 I 2 A REE 8 A
R AR R, R A A o o R R S M DR AR A R e B, NI AE 270 5 1 2 R0, 5 R A B Y
(RIRETT, 1E55 2 JRHUAR LA it R 2 AL THIAR, eI & 7 Sl gg
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800 800
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E 600 ‘B 600
g E
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.5 400 E 400 -
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% 300 ¢ % 300
& 200+ £ 200F
100 ¢ 100 -
0 0
-1 12 13 14 15 1-6 2-1 22 23 24 25 26
Test No. Test No.
(a) Homogeneous reactive fragment (b) Core-shell composite reactive fragment

10 SEEFLTI AR

Fig. 10 Total perforation area

“Brge” KE GGG R 095 LI AU /N T3 ST A5 A B PR, (RS AR R G v T
L AEBA TR OL T, LA 533 m/s (048 o oS L ARG AE B 40 4 J2 B0, TR B 45 A 3 Ml e A
LRTE LT, LA 725 m/s AOHE s A7) R BE BT SR 3 2 #0AR .
W BUEER R AR ARORES T, 55 1 R FEm AL A e 4 ol S By wh ZE IR, &l 11 (a) ~ () B
N, BB 1R A B 5 LT B BE B AR AN R, LA AR N 121 AR AR, ST 2
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Fig. 11 Comparison between experimental results and program calculations of the first target plate deformation
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Fig. 12 Damage morphology of the second-layer target plate
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Table 6 The deformation volume of the deformed target plate under various working conditions
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Fig. 13 Total deformation volume
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Fig. 14 Comparison between the deformed volume and perforation area of the first two layers of target plates
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Table 7 The brightness integral results before the deformation target plate under various working conditions
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Fig. 15 Total reactive light intensity
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