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Fig.2  X-t diagram of stress wave propagation in elastic bar

under the first impact load
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Fig.3 Schematic diagram of nonlinear amplification experimental device for charges under continuous multiple impacts
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Fig.4 Image of nonlinear amplification experimental device for charges under continuous multiple impacts
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Fig.5 Schematic diagram of the relative position relationship

of three strikers
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Table 1
surface spacings of strikers

Test conditions of incident velocities and impact

number velocity / m-s™' AL, / mm AL,/ mm
1-1# 12.4 10 10

1-2# 12.4 12 12

1-34# 12.4 13 13

1-44 12.4 14 14

1-5# 12.4 16 16

1-6# 12.4 18 18

2-1# 14.1 13 13

2-2# 14.1 15 15

2-3# 14.1 16 16

2-4# 14.1 17 17

2-5# 14.1 18 18

2-6# 14.1 20 20

3-1# 15.9 12 12

3-2# 15.9 14 14

3-3# 15.9 16 16

3-4# 15.9 17 17

3-5# 15.9 18 18

3-6# 15.9 20 20

& f A 2024 % #3244 %124 (1343-1351)



1346

TR E BUIR K BIRKSE , 2 (4R

12.4 m-s™', 2-1#~2-6# 1 # A G 3 & H 14.1
3-1#~3-6#F T A HEE R 15.9 m-s™',
1.4 PBX-3%ZAMMA JEL&L MM KR ALl
W 5T S 5% O VA T A 2 AR T
PBX-3 2 24 i i AF 2k PR R B 2 5 o 7 S o 2he
LSRG T JE 2R IS PR AR R S A AN R
UL @5.5 mmx8 mm B[ FL, i 6 fif s . 73
W Kl A i T E) PR A0 R 2 R, o g S 4-1#~
A3# TG EE N 24.2 mesT, 4-4# 1 PR S
H27.6m-s,

m-s™',

input bar base

PEX

hollow structure

sample chamber

Bl 6 KF 24 fi 22 v SRy AR AT 7 B
Fig.6 Schematic diagram of the local cross section of charge
sample installation position

F2 PBX-3 %I AL M
Table 2

surface spacings of strikers for PBX-3

52 0 45 3 TR 1) B 2%

Test conditions of incident velocities and impact

number velocity / m+s™ AL,/ mm AL,/ mm
4-14# 24.2 18 17
4-2# 24.2 18 18
4-3# 24.2 14 12
4-44 27.6 14 15

2 GRS

2.1 EWHEWIE

Bl 7 FEMBERTHTFHERE 124 mes KM
™, Klﬁﬁﬁﬁwﬂﬂﬁxﬂ‘PTFE#mﬁjJF?&B’J%Hm Ak
KBRS DL BB AR S Bkh S — A R
Jik w8 B AR AR — 3, W (H 2 175 MPa, ik 58
290.6 ms, 1M 25 A FEE = A Tk i g {5 Ak 98 45 R AE
MWL F I A 25 5% 0 76 1-1#, 24 AL=AL,=10 mm i,
S RS AN K b R ) W S R T T B A T A
T-44, 4 AL =AL=14 mm I, 55 = 55 = bikob & g
(B2 0 T e, o 7 S B R B e i — D L 1-6#, Y
AL=AL=18 mm i}, 25 = 55 = Ak b L 0 2 0254
JE 77k v 0 (8 G B B8 A8 A . Fl e AT L A DR R A

300F AL, AL=10mm 300f AL,AL=12mm 300} AL, AL=13mm
2501 250 1 2501
© © ©
< 200 % 200 [ % 2001
g 150} é 150 é 150
B 100t “ 1001 “ 100t
50¢ 50 F 50
0= 3 3 0= 2 3 07 2 3
time / ms time / ms time / ms
a. 1-1# b. 1-2# c. 1-3#
300} AL, AL=14 mm 300} AL, AL=16 mm 300f AL, AL=18 mm
250 250 2507
€ 200} g < 200f
= < 2007 =
g 15 g 150] g 150/
100} 3 400 3 100r
50 50+ 501
0 1 2 3 0= ) 3 4 0= 2 3 4
time / ms time / ms time / ms
d. 1-4# e. 1-5# f. 1-6#
B7 T 124 mes ANFEFRREEA AT PTRERE &R 7 D

Fig.7 Stress histories of PTFE samples with striker velocity of 12.4 m«s™
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Fig.8 Stress histories of PTFE samples with striker velocity of 14.1 m-s™" and different striker spacings

r - 1 400 ; ; . - i
400 AL, AL=12 mm AL, AL=14 mm 400 AL AL=16mm
L | @ 300 |

o 300 a o 300
= 2 =
2 200 g 200 g 20
@ k7

100t 100 - 100

g 1 2 3 0 1 2 3 0 1 2 3
time / ms time / ms time / ms
a. 3-1# b. 3-2# c. 3-3#

4007 AL AL=17 mm 1 4007 AL=t8mm ] 4001 AL, AL=20 mm
o 300 o 300 o 3007
= = =
g 200+ g 200} g 2001
k7 % k7

100+ 1 100} ] 100t

1 2 3 O 3 3 0= 2 3
time / ms time / ms time / ms
d. 3-4# e. 3.5# f. 3-6#

B9 L 15.9 mesT FUN[E 5 A B A CF T PTRERE &) T ) I
Fig.9 Stress histories of PTFE samples with striker velocity of 15.9 m+s™" and different striker spacings

CHINESE JOURNAL OF ENERGETIC MATERIALS N XK 2024 % H 324 %124 (1343-1351)



1348

TR E BUIR K BIRKSE , 2 (4R

DI . 3 B S G 48 S R AE RS R 12,4 mes™!
ﬁ'ﬂ‘%‘/ﬁﬁﬁu SN Z NN SR A 8 S L ST A SR ¢
L = N S R NS RS QUL 7 12 | i (T e
FIVES = A~ T b e (R F U] 522 B0 ) b 1 22 5% Y 0
T8 — F Jy kool A B9 B i K . il an , 7 2-34#
S, T BE N 14.1 mesT HOAL=AL=16 mm
L5 S AR R e 2 IR E . R
o, 7E 3-5#5CHh , F i EE R 15.9 m-sT H AL =AL,
=18 mm W], OULEE BN 55 = 58 =N ik ol s g 04 i 3% W
R B4 o 3 5 56 45 L v Jik o 0 AN BB T o
B HE— 2R BT T ST ) S8 U vk e A A R S LR
L I N K
2.2 AE LR MM R AL K AL 4 4T

Ry 43 B AR S PR e Ry R AL e S K A A
n=p,/p,(p, R i DBk b 78 ) | 507 35 6] BE
AL=(AL+AL,)/2, 8 $E BUE 7~9 & 45 50T 1y 0
1B 3 B0H  3RAT T A ) 550580 B2 A% 0 T R ) WA ik
KALEEL n Bl 7 5-F X R FE AL AL 6 2, B 10 R .
WEEEE 10, 7] DL & S, Bifi 5 3R] B AN O 384 K, 4 b i
ER RN ON R B e | DER AN (R A |
P, HARFTE M, X = Wi LA AR SO A A TE Bl
& 1R Y B I, BAT RAE FOR A O R 8 SF
(] AL A AE A W

BT F o KR DL R st U o AR RRAE S 4L, AT
TS RT3 548 AP REREAE R o i — 20 R
FH PR L 28 35 07 92 (FFT) X6 22 ik ol fim 8% 6 JH sk )%
HEATRCHE AL B, ARAT T AN R 55 B0 R 0 2% 2 fer 1) —
B R AE AT, AN s 11 Pros o B 1T AT DL A i
ARG LT XL FTIAF IR — B RRAE AR B ALY
BT R /N s AH A AL LT, S R R in 2k

(18,1.76)

(14,1.66) (16,1.66)

== V=124 ms" |
== V=141 ms"
=M= V=159 m-s’ |

1I0 1I2 1I4 1l6 1I8 2I0
AL/mm
10 A [A) 3 9 B2 1 B0 T T g W (D I R A 8 n i1 5L F- 2
[ BE AL S fb OG5
Fig.10 Relationship between the peak stress magnification n

and average spacing AL of strikers with different velocities
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Fig.13 Stress histories of PBX-3 charge samples under the conditions different velocities and spacings of strikers
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Nonlinear Amplification Effect and Ignition Experiments of Confined Charges under Multiple Impacts Loading

ZHONG Su-yang, LIAO Shen-fei, HU Qiu-shi, LI Tao, FU Hua
(Institute of Fluid Physics, CAEP, Mianyang 621900, China)

Abstract: In order to study the potential mechanism of unexpected ignition of confined charge in the process of penetrating
multi-layer target, by integrating the designs of multi-layer nested strikers and bidirectional limited structure, a nonlinear amplifi-
cation experimental method of confined charges under continuous multiple impacts loading was established. The effectiveness of
the experimental method, and the intrinsic mechanism of nonlinear response amplification were analyzed. The influence of non-
linear response of charges under multiple impacts loading on ignition behaviors was studied. The results show that the experimen-
tal method can implement multiple impacts loading with sub-millisecond pulse width, and 100 MPa-scale peak stress value.
When the characterized frequency of loading is close to the intrinsic frequency of confined charges, structural nonlinear re-
sponse amplification emerges, and the stress amplitude increases gradually. For the same striker velocity and mass, while vary-
ing frequency of loading, the PBX-3 charges could be ignited if structural nonlinear response is amplified and could not be ignit-
ed if structural nonlinear response is not amplified. It is found that the structural nonlinear response amplification effect is an im-
portant factor leading to charge ignition.

Key words: confined charge;continuous multiple impacts;nonlinear amplification;ignition
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