W43 % o wmOE 5 W & Vol. 43, No. 9
2023 4 9 A EXPLOSION AND SHOCK WAVES Sept., 2023

DOI: 10.11883/bzycj/2022-0477

SRR AR 25 (oA S ER IR AR B A

KEALHE NLBBE, ERA XFL, K O#
(1. Jb B TR ER 2 S HARE R E 3=, Jb st 100081;
2. TEELSRAI5E R, LT 100089;

3. WPEYLBHAL TAFRA ), v K 030041)

FHZE: N T 31 % kB I (polyether ether ketone, PEEK) {F {5 B 5 8¢ 405 I 2k 5 5% 1A R 10 1T 4T Pk, ¥ v T 465 )5 i
5% Tk G ) 5 7 D 2A 12 47 601 55 0 1 D9 M I Sk B 40 7 o B I A R T ot LU AR B, O 4 1 W R R % i A B
R, SRR L Ll R AT SR A T I SR e Y A [ 5 A TR R R T R A 3 S 2A12 4R R R
SEER B T 2 LA b, XA B R S R LT — B, R EE I 5 R A S R A 2 Rk b e A, HLBE
% Lt BE 2 1 m, Ll i T 2A12 45 B TR TR 7 14 70 MR XE B 1 PR BB T BN B, 00U A [ Wi B — At 4 e
T BRI F o T AR F YN E AR 2 P 0 L v TR R A R e, T R I R 5 AR P A R W, T TR AR A
AN S T SR P B TR TR R B R, A 4 ) A0 9 R, 9 A TR R R U PR S OB R R

BRI AT 5 AP 5 5 e ok U 5 R R R

FESES: 0389; TG156 EfRFRARE: 13035 XHAFRRERE: A
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Abstract: In order to lower the collateral damage of warhead in urban warfare, the new material, polyether ether ketone
(PEEK) was used as the warhead shell in this work, by which the fragments could be eliminated while the killing range of
shock waves was maintained. The comparison between the warhead using PEEK shell and the one with 2A12 shell and
identical shell thickness was conducted, in which the overpressure, specific impulse and fragment velocity were analyzed, the
acceleration of fragment was recorded by high-speed camera and the fragments were recovered for further investigation. The
results show that the warhead using PEEK shell possessed a 54% lower weight than the one using 2A12 shell and an identical
overpressure damage radius. By using PEEK shell, the energy converted into shock wave is more than the case using 2A12
shell, thus the specific impulse is also higher as the proportional distance increasing. Few PEEK fragments were recovered
since the tiny PEEK fragments formed under the blast loads were completely burned during the acceleration driven by high
temperature detonation products. Therefore, the lethality of warhead using PEEK shell was limited to shock wave and was
easily controlled to meet the requirement of low collateral damage in urban warfare.

Keywords: lethality of warhead; low collateral damage; shock overpressure; PEEK shell

« I fs HEA: 2022-09-28; 1&[E] HHA: 2023-05-04
E—1EH: KA (1989— ), &, +H0F5EE, 10140528@qq.com
BEEE: M (1966— ), B, HF5E 5L, hil8611@126.com

091414-1


https://doi.org/10.11883/bzycj/2022-0477
https://doi.org/10.11883/bzycj/2022-0477
https://doi.org/10.11883/bzycj/2022-0477
mailto:10140528@qq.com
mailto:hll8611@126.com

543 4 TKIEH , 4. REEREERTON R R %9 1

B2 22 2R 1146 T8 A7, TR b e K b A BB B AR [, 237 AR R i i SR R, AT LU
TG 9 A% 1O, ABAE Sl A b, S e e, PRI AR T AR BT B8 A3 R AR BB -
F LA p b I St o, MR B0 B AR A, 8 ek o R 24, 3R B B i R AT 4R H Y, Bl AN B
B B 7 o 7N B R AR | SRR ST B B2 i Sl T PR v, A el R T Y TR I R AEROGT B I R AR K 18t %) B
G- TS s RPN S B g o N s R S B I e A 2 Tt i W O e i)

H AT, SR B B 43 9 2 S A SR FHAVR % B BOR Sl e L K25 40 208 0 4 I ks 3R FHAE 4
JBFERAE . FRZETF AV MG M2 5 B B ORIIR 5 8 BURT Y S G e 2 S, RS T AR 4 R S AR X
W) s 3R A) T (18 S5 e A 5 A 2 ) ek I SR AN (] 5 (A Rk A R 31 S a0, A IR B B 4T 4 R 2 2
GbRRE A AE R IR B3 SR 25 A S AR AR BT RR A YIRS B R 4 SR BRI B R BE B /AT R Y
FE WO AT T 09, S 0E TR A s 0 B 1) OB 28 MR AU 3l ik BB 5 L 5 SE B A A4 A it
5%, R IRAR BN HT B 3 5 24 v B by ) 48000 B 5 1 2 /8 b o i L AR AR L b 3 G R B R HE 2/ R T i
Pl AT A7 230 DR Ry 1) T 5 A SR ot A5 1) A 02 AR BRF A B 4 590 245 17 T 465 i AORE 22 i I AT M 8 B
g3, B 13 v R X S SR AN 5 TRk AU R [ SE AR 2B 24 7 5 SRR B 130 b ) AR O RO A%
HEAT T BUE R KA IG5, e B RIAE R 2515 B0 T B 4F 4k 52 5 M RE ST A e 2 S8 KR 77 A6 1 o o 0 8 s s
T D6A FFe A de 28 W SCatk S0 5@ 2ok iR R X L, A5 AR 2SR S A R e e 25 AT TR 1Y OF
FEAE IR A 2538 A4 505 G55 IR i A% 0 51 S e S 00 52 36 4317, A5 380 140 35 Ze AR 285 48 R b R
5 J3E PR 3R A0 B ) 8 =X A s U @ U R R U ARG T Bk 2T 4E 3 5 &2 5 B4 B (carbon fiber
reinforced polymer, CFRP) 75 B iy e 31 7S (A (14 7, A 58 S BATR B iy 52 - 350 1 S8 mT 428

SR, AR B 58 47 55 S 38R AR £F i e AR, IS T 3 U I s8R, (RURR 27 2 52 R i i B AT B . LAl
"L AEES, —8hEE, Rk ERE R IW AR, MELL T IZ W H . Bk R (polyether ether ketone,
PEEK) & 43 T A BHE A S HUBGR BE . S hi by . W e mhss ol S EEAR . B TAEL R ke, A
B AR S A B 5 3 RS 5 AR A L, T I A 0 B X SR Tk ik T AR RS e R Y 3 R P R AT
Bk

AR S A FH SR Tk Tk A R 4 e R SRS R AR, 38 Ak R T X L, S AR AS 1 e AR
AR ot R e L b R A S e R, X R EA T [RIAL, W T R T Tk A A DA AR B Y B AR -
HRFE A G M

1 MEEsE D

SR Mk ik ) 2 — o 2 1 5 A I o 0 T AR, T AR T T Rk A AR R T R Rk I T 3k
260 °C, BEIEALHE AR T3k 143 °Co FE5RE 71, SEEERE IR AL = vEL T T O s ol B, R Ik R E0DN, 200 <C
F 174 25" i1 5 B2 7T 3K 24 MPa, 7E 250 °C T & M@ B2 W 3K 12~ 13 MPa.  7EEE 1 J5 T, 2R ik Tk fl 4% i i
LA S (R TR S B 5 AN B s R 45 M, BEAE 250 °C T AR50 van 0 TR I35 e R 050 K 110 BB 488 2R 50 AR e Tk
5 TAT, 3R ik ik T A 2 A PR AR A, R VR B RR AN JLF- i BT A5 Ak 235

2 RIGIEIT

2.1 ZHHE

TEFE R PR PR S8, k038 A A R AR, SRR SR A HE Gl b 48 3 AL 20) I,
WA E W 1 AR . 3w 0 B v Sk, Hb i B TR AL S A A B 2 B, B G AR I A R
2 MBS, RIS £ 90°, A B A RO 2 LI B 20 0N 2.0, 2.5, 4.0, 4.5, 9.0 F19.5 m,

091414-2



543 4 TKIEH , 4. REEREERTON R R ER ]

Sample warhead

EHighfspeed camera

B R
Fig. 1 Experimental setup

22 REAHR

(& 2 J s R ik S F B s B, GRS 362 | s . e R AR . R 2 AR 98 mm,
e 215 N 120 mm, SEARBERE Ky 2.5 mm, b 35 A U w5 5 BE X0 6 mm, 226 2 0R FH R R R S AR
25, KT 7800 ki/kg, KEZS 4 R 7780 m/s, H BN 4 R B ERK 4 B BRI, B2 o
1.656 kg, I, T M BLER H 2A12 87, 52 Ap0RE R B SR Bk Fk /], (W) s 4 iR ) JR B 1 2412 BRI AR}
BBAE A X e R0 M T R 1 m

SR E SR 1 R, AT 2A12 57, FE AR FH SR Bk k1 A4 ) ] Vs 54% .

120 .
Unit: mm
777 U777, 7
(/4 N
K
K
K
K
K
K
X
S
o 8 X
= g 5
K
K
k
K
K
K
98 X
K
V/é}///// rrrrrrsirrrs e
103

K2 A ek e Al

Fig.2 Housing and end cap assembly drawings

091414-3



943 %

TKIEH , 4. REEREERTON R R %59 4

®1 HAREESH
Table 1 Main parameters of the tested product
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Fig. 3 Time dependent curves of shock wave overpressure in aluminum shell warheads
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Fig.4 Time dependent curves of shock wave overpressure in PEEK shell warheads
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Fig. 5 Peak Overpressures at different scaled distances from the explosion center
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Fig. 6 Specific impulse at different scaled distances
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