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Stress amplification effect of PBX charge under multi-pulse loading

HE Yang, HU Qiushi, ZHONG Suyang, LIAO Shenfei, LI Tao, FU Hua
(Institute of Fluid Physics, China Academy of Engineering Physics, Mianyang 621999, Sichuan, China)

Abstract: A charge is usually subjected to multi-pulse loading in the process of projectile penetration. A multi-pulse loading
device for charge was proposed, and the stress amplification effect of the charge under multi-pulse loading was studied. An
equivalent spring model of the multi-pulse loading device was established based on the lumped mass method. The
amplification effect of the equivalent model was studied in the time and frequency domains. Based on the finite element
analysis of the multi-pulse loading of the charge, the conditions for generating stress amplification were discussed. The results
show that the system resonates when the multi-pulse load frequency matches the natural frequency of the charge, and the
charge produces amplification response. The presence of gaps causes the main resonance frequency of the system to deviate
towards the lower frequency range. The amplification factor decreases with the increase of the structural gap width. When the
impact occurs near the moment when the T-shaped transmission bar and the limit block have just separated, the optimal
amplification effect can be produced. Under three pulse loading conditions, the optimal amplification factor for the second and
third impact is 1.7 times and 2.1 times, respectively. Multiple pulse loading experiments were conducted on Teflon and PBX
explosive simulation materials. The relative motion of bullets, limit blocks, and T-shaped transmission bars was observed using
high-speed photography technology. The sample pressure was measured using a PVDF (polyvinylidene fluoride) pressure
gauge. The results show that stress amplification occurs when the bullet and the T-shaped transmission bar collide in the same
direction, but there is no amplification effect when they collide in the opposite direction, which is consistent with the numerical
simulation results. Under the condition of constant total length, the stress amplification factor of the combination of Teflon and
PBX simulation material is smaller than that of Teflon due to the presence of interface gaps.

Keywords: penetration; multi-pulse; stress amplification; lumped mass method; PBX explosive

« WS HEA: 2023-08-02; &= HHEA: 2024-02-28
ESWA: T E TR BB 34 (YZ1IZL2023014)
F—1E&: T H(1996— ), &, Wit WF5E5E >3] 5L, heyang0820@163.com
BEESE: ABSE(1984— ), B, 4, Pi#AF5E5L, qiushihu@126.com

062301-1


https://doi.org/10.11883/bzycj-2023-0267
https://doi.org/10.11883/bzycj-2023-0267
https://doi.org/10.11883/bzycj-2023-0267
https://doi.org/10.11883/bzycj-2023-0267
https://doi.org/10.11883/bzycj-2023-0267
mailto:heyang0820@163.com
mailto:qiushihu@126.com

544 T %, 5. ZBKkeling T PBXCE 2 M 1RO, 5% 6 0

FRA i rh e 2 () 2 AR ) — 32 B2 5 Tz O . R AR Z 2 R, Wiy
Rb T IR - 3 B A 2 2 BRSNS AR R, TR 2 5 AR SE AR B P 25 SR, WA IB Bl R
LIRS AR, S i A 2B 25 R R L 28 T3 22 U 48- 0 4810, ply T4 0 0 v e v, — I, AE
e RE 22 Dk 2 fr VR T, 2 25 75 ) th R O B IR Ry 38 S 805 g — T T, a0 24 22 ik v 28k g A4 2% 55 206 2
(i A5 WA A AT, 2 2 77 A LR R, S B 7 DX el B 2 S T B I R T 38 B SR, g1 A A UK
PRIt , 5% 22 Ik el 8y T 2 245 004 2 e g AR, A o) 1 00K 2 247 1 i XU, o o e i e 2k 24 42 10
AP e A EEE X,

SRS 22 ko A T 2 24 19 0 2% B sl iy AR 5 S 22 K im 2 SE S H R o Luo S5 Nie 481
Xf 43 1 20 5 4 % H AT (spit Hopkinson pressure bar, SHPB) SZ 5 5 A& B 2% B 647 1 ok, B 03T A1 ok
1 A —E [ B AR T 54T, BE5E T SURK oo 280 e f fik P 5 . B Ak 2 66 38 308 1) 3 A8 e 4 1“4 P
Xia 512 ZEsp st S FERE INAT AT ECE 19 2508 T, SR TR 22 JE 0 S5 40t 52 B0 1 XUk o 20 285 .4 fin
o D HEY DUINEE T & A, Bt T — R 2 ng st s ke |, Sl 1 S A N
WE{E 400 MPa, ki [EIB% 1 ms., ki 58 0.5 ms, BRipk %L 4 B 2 0 nh s 2 mg in a2k, iF58 7 = & HE = A
FEIK(1,3,5-triamino-2,4,6-trinitrobenzene, TATB) ¥E 25 7E 22 UK il FE 45 T AW i 4k . 2R s ARSI Je K
R P& BRI AT 65, %k 2448 1 o P o A A A T 0, e e Sk ) R o RN LR R R 45 TR 2 2 Yom K, Y
T CL-20 5 BRI TE 2 IR WK vh 2807 25418 B 9% 4P . Chidester %' ST T Steven i35 HhHE 2 9 2 ik
wWom#k, & BADT Tk 1, B 5864 (cyclotetramethylene tetranitramine, HMX ) % 24 £ Y 8 5 it 45
KCHEE B AR ZY 10%. Huang 5517 X SHPB V-5 1Y & 57 R e kA7 elatt, 38 2k 2 i iy e A0 28 488 I B
SRR i i O 5K, SEI T R T R T M 2 kb s A m k.

R TAER R 7 27 T 22 Wkpon 28 55 35 02 AR, {HUR 51X 22 ok o Jin 28 2 245 7 3 R R0 A
WF ST A6 DLARGE . =550 1, Y N8 M0 5 5 2R G0 11 A A0 e 42 i s, S AR N A iR U200, gt BV n 486
R0 Ay MR (ELIZE IR T S5 A0 58 B, I K S R Gt AT i A ROMEME IR o X P IR 5 ke A= E 5 A e 24 v, D)X
g KE 245 0 07 R B RS UK . T I, ARSCrh, B et — R e 2 2 ik b ke B, B T AE T ik
HENT 22 Ik PN AR B SRR BRI, o D AR AN B AR 0 0 R - A 1 R 2 SR S X 2 ko n 8
AT AT BR 0 AR, 388 Ao BSOS ADL AR B = ik b 28R 7 A B D TSR AR 1 43 o Jan 28 ek ) DX ) 5 e Jis
PBX-3 KE LA %) = Jhk i 8 5 56, T o 7 T30 K i 2 24 1) i AORURS: 2R 4T 0 A o

1 MR MIBIE T

1.1 RE®IT

KRB IO TR G5 A U AT S 24 22 Bk o fer 2, H, RIS TR AR IR 2
b, W AZ 35 HE 25 R N T TERCR BN o A T SE B B, R 2 B B AT DL A — e R SR
PR3l o SR, — 5T, KELG PP REE F 2 I ME MR, BRI AR BN 51— 7 L, KEZ bR B /T
FE 45 BE, I ik 72 v B S A 804 25 B 185 KR 245 A A HR B i A o DALk, S ORI KR 28 AT DR 32 Z2 3 i)
B HA KA KW 018 S s 8, TEi i 5 ME 250 G 2 (13 7 St BR A 53, WniEl 1 s .

ME AT LLE Y, B ON B3E AR EZGRE S, b, M e VEHTE T JEA% 14T (T-shaped transmission
bar) I, BRl TIBAL AP R4E KE2Y o 85 )l i) BRASE i — > P 25 B9 BR A8 3 (limiting block) #4 i, T JEAL )
FF52 205 AT DAAE BR A $ 5 K 245 2Z (8] >k Mz 3y, 3@ 2 98/ T IR AR J1AT 5 BR A B RN A 24 22 1] iy 1] B 5 2, AT
PRUEKE 254 SR & A R R Il S fVAS Y, NERHLR S KF &R T2, Ao R AR RN . % it f
T AL JIAT FKE 2540 LAY R GEREAS DL — @ W03 7= A R IR 30, AR B, G SR e il i BR3¢ 1F, W) T JBA% )
FFAE 32 805 1 & A ROst, K2t 2 i) K, R B A fE Rl T SO AR AR A B R MR 2T R R AR
WA, TCR TR 32 Z N 2 . 38 3 228 T IR AL T3 T B9 RS L AL K 55 BRAS B 22 ) g [) 7 5 B, T 90
REAEN RGN A R B

062301-2



5 44 45 i A, S5 ZBIoina T PBXHE L Y 0 ) RN, %6

Limiting block
Sample
Nested projectiles
R | Base
T-shaped

transmission bar

Confining pressure constraint

1 Rk &
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Fig. 14 Physical diagram of experimental device
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B BEAL, =18 mm, AL,=20 mm, 5§ 5 %k [6) 5 N
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MIE 15(a) AT LA ), 3 SR Wk PR 20 38 K, Bk 582928 0.7 ms, 55 1 AN 7 ik i E A 240 MPa,
55 3 AN S Bk I AE A 460 MPa, i RA5ELZ M 1.9, M 15(b) AT LLA H, DU L@ +PBX-3 K 25448
R At 7= A ORI, 25 1 AN ) Bk sp il (E ok 253 MPa, 55 3 /R i ik Il 425 MPa, i K A5 5k
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F T, 1 e B A N2k AR 2R T R B . AR YR 1.3 I BT, (RIB A A AR B T R Bh A% a8, TR
R AGECE /N o L 15(c) AT LA 1, He 7 Bk i (il A 5RS 1 AN Bk b 9 300 MPa 380 /N 8156 3 A ik o i)
200 MPa; Ml 15(d) 1T LA i, F T3 Bk Ig(E A ER 1A Bk i) 302 MPa Jdi/NEI 26 3 Ak ) 228 MPa, ¥
TR o 1E RGEEE AN FH Y T A WA ) B 00T, A3 AT 3 ASLE, J5 2 RS 5
TGN 17 m/s $2 55 2 T 21 m/s, S0 T30 A S B8 AH 24 088 T 2y A50R ol 28 far IR B AR
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400
< 400+ =
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= = 300
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= 5
2 2
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0 i 0 L L L
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(a) Amplification case: No.1, No.2, teflon (b) Amplification case: No.3, teflon+PBX-3
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(c) No amplification case: No.4, teflon (d) No amplification case: No.5, teflon+PBX-3
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Fig. 15 Experimental results of pressure-time history of samples
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Fig. 16 High-speed photographic picture of the relative position of projectiles, limiting block and T-shaped transmission bar
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