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a. structure of the initiation circuit (mm) b. the 3D diagram
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Fig. 1 Schematic diagrams of typical rigid three-piont initia-
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Table 1 Material parameters and material models
materials c/izn.mct?/n_} ;tqr(t)a(r;eglth :g:;non of
45% steel 7.83 Johnson Cook Linear

air 0.001225 None Ideal Gas
LX-10 1.865 Hydro JWL

8701 explosive 1.667 Von Mises Lee-Tarver

Material Location

AR

8701

LX-10

STEEL 45#

2 FFERE

Fig.2 Calculation model
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Fig.3 Pressure-time curves of the measured points
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Table 2 Pressure values of the measured points under differ-

ent thickness of substrate

pressure/GPa
H/mm

gauges 1-7 gauge 8
1 5.35 19.37
2 4.21 19.40
3 3.32 20.43
4 2.76 20.92
5 2.38 21.34
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IR AT LA Y 7 R R N 4% 3 A o v A e
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a. pre-detonation
B4 bR bkt i

Fig.4 Parent plate explosion resistance verification

b. post-detonation
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Fig.5 [Initiation circuit synchronicity error vs charge density

a. no pressed
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Fig. 6 Three-point initiation circuit finished product maps

b. pressed
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8 HMX/NC £ 18251 SEM &
Fig.8 SEM image of HMX/NC booster

ultrafine HMX
— HMXINC
p
=
.‘ﬁ
93 W
10 15 20 25 30 35 40 4
20/ ()
9 41 HMX F1 HMX/NC [ XRD F&"]ﬁg

Fig.9 XRD patterns of ultrafine HMX and HMX/NC
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Table 3 Impact sensitivity and shock wave sensitivity of ultra-
fine HMX and HMX/NC

impact sensitivity = shock wave sensitivity

samples -

Hso/cm S card gap thickness/mm S
ultrafine HMX 26.3 0.10 20.7 0.12
HMX/NC 40.3 0.11 9.2 0.13

Note: Hy is the characteristic drop height. S is the standard deviation.

4.3 RKATE

0 SN 2 24 T S PR % R Al 1Y T 2 7 B 1 Rl
2 m, R SRR V) BRI 24 i A A ke 25 iR
P 30 5 0 i 24 T S VA R 2 R R IR EE H TR
B2 R R R 2RV, i % B R A SR R
YIS VAR RE 2 R R I P AR T 4 Lk 4 s
MR LR T, R R 2 22 iR R ) 2% e 2 0% Ol
1.17 g« cm™ JEZ5 LG e K3 1.47 g - cm ™,

R4 I RURIBR AL
Table 4 Charge density of three-point initiation circuit
v — —
n my/g m;/g m/g Vv, /cm’ H/cm : 3 o -3 P . P2 -3 P2 _
/cm /g - cm /g + cm /g cm /g - cm
1 337.027 337.659 0.632 0.04 0.436 1.19 1.45
2 338.077 338.701 0.624 0.05 0.412 1.17 1.51
0.533 1.17 1.47
3 337.980 338.606 0.626 0.05 0.412 1.17 1.52
4 337.658 338.275 0.617 0.04 0.436 1.16 1.42

Note: mand m, represent the mass of patent plate before and after charging. m represents the mass of charger. V, and V,, p,and p,, p, and p, represent the vol-

ume, the density, and the average density of charger before and after pressing, respectively. H represents the charge drop distance after pressing.

4.4 IR NN

SR P00 U 1 o i 1) 2% 2 4B 1 0 347 00 3
B ETERMR i E =4~ @10 mmx10 mm [ 8701 J&
A (BN 1.70 g - ecm ™) RS LEZ AL L3 iCE
AL AR DO 2% i Ak R R AR D 4% 1 3 o g 3
XFUE = A2 Rt o DA Ak T T A v A
2, 0 S W S Y R A3 AR 1 B A 2GR b v R R
A, U0 P AT A b BT A K TR R ) D R ) 5%
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JIBGR o PR IHG o R R ) 245 2 245 R AT T 2547 1) 7 4 e
H 0 245 )RR T SR L TRT 10 O =l A R I 4% K RE AN
AEA R Ha e 3 24 1 Jm B A B T AR o

5 =R 2R A R i 4
Table 5 Measurement results of three-point initiation circuit

detonating capacity

no pressed pressed
T2 3 4 5 6 7 8 9 10
test result O O O «x 0O O O O O O

n

Note: O and x represent detonation and detonation failure respectively.

TN T RO IV TP . 10,
Wl e i

b. detonation

a. detonation failure
10 = R P 25k 5 8701 251 )5 AR A T IR
Fig. 10 Traces on the steel plate after circuit initiation 8701

cylinder explosive

4.5 EFIREMR

fifi FH PXIS-2508 % i 18 = 3 20 & M3k R 4 1
PXI-14712 i 45 P xof i ki M 4% 1 [ 28 M i 47 D & o
TSR FH 7 -3 32, (8 4 MR AR, 2 B 0 1727
3UHREE IE 11 R

11 = R AR R 2 [ 20 el
Fig. 11 Experiments on synchronicity of the three-point initia-

tion circuit
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B Al R AR T TS Lk o T BT I B 5 R
RV RT 2 S k10 2% 1) [) 20 4 IO I die 20 ) — A A
PRUEQE , FA A5 15 AR 22 LU A B35 6 Fp B A X i
], R AR M 2 R R PR 22 . WL 6 T LU ORI
21 L I I 2% [ 251 25 7E 300 ns LI L, T % Sk Al 1) 34
Rl 4 25 AT TR 25 LA TR AP RG BE 29 29 150 ns,,

R6 RN LR [E DR 2

Table 6 Synchronicity error of the three-point initiation circuit

delay time/ns relative time/ns

method n
t, t, t, At At, At
1 7576 7216 7336 360 0 120
no 2 7352 7048 7200 304 0 152
pressed
3 7224 7072 7408 152 0 336
4 6436 6284 6396 152 0 112
pressed
5 6212 6148 6300 64 0 152

5 EEMEMLL

5.1 BEMZMMLIZIT

Xof HE A 6 1 24 R AT I 24 LU, R R 2% 1Y [ AP
Ha BEBOR TR 258 i & B[R 2B R 22 290 150 ns {588
BOR o 3X AT R Hy T A A5 a9 4% i o e 24
FIRE LA BE AR ), S BUR R W K R DR 2=,
SR A IO 2 2 2 A R R AT TN AT 12 et i,
DR TE B H% 150 2 i 114 i 4 24 %8 B i) — Bk, [ I O T B
PR P EE VR OR B NS RE 5 mm AR SR 105 s
=AM (p,=1.70 g - cm™), RF %
@6.5 mmx4.0 mm BJE % JH-2 25 8 7F b H v 2%
2o M TR R 2 5 v 2 24 0 3 2 U7 2K, 7R i
2y Ly PR e 1.0 mm (925 5] i HMX/NC 4% 5 24 451
FE, W DR TR R 2 24 R A 1 o 24 3 e B, B R R
PR A AT SEE o f el FHRR A A T 2 A5 B X I A rp i
HMX/NC A% 5 25 $E A7 F 1 A3 ke 2 %5
HMX/INC

12 = R 4 AL 45 1

Fig. 12 Optimization structure of the three-point initiation circuit
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H, BRI, SME, A, Ry, kAL, B30, ERS

7 ATLAE AR (0 L 4 0 45 14 ) 2 5 22 fie
KA 104 ns, /T4 Ak i 48 9 45 ] 28 3% 22 150 ns,
PRIt SR FH 01 2 2 1) 24 A A R i o i e 24, LA AR H 24
PR P 2 245, PO s 24 A5 5L 0] 2 A8 O 4% 9 Al 2 2
PEAT 25 RE A 11 B3k A% 5% 24 Rt S 24 4 22 1) 1) 1 25
SR, G0 T AR T SR [ I A R 242 2
JE RO 1R R0 45 1 [R] 204

R 7 ARG = R AR R 4 00 R 2D P R 22
Table 7 Synchronicity error of the optimized three-point initi-

ation circuit

delay time/ns relative time/ns

t, t, t, At At Aty

1 6246 6144 6194 102 0 50

2 6208 6132 6226 86 0 104
6 #& it

(1) BIF T — A=l B89 = 5 R [R] 20 5 k)
%o LREHIE T IR L R ek DL R IR
PR PERE , B2 LU 41 HMX/NC =95 @ 5 (B 254y
TR 20 il S % I 248 BEARREJE O 5.0 mm,

(2) Xfrs pO 45 [ 2 4 47 BEIE 20Hr , A R 42 ke
HE I 245 PRI 2 24 T2 R B v ) 20 PR A R A I g
RALKIIRELG BN 1.17 g - cm™ BnF| 1.47 g - em”
Jei , A 28 B[R] 25 A 300 ns [# K F] 150 ns,

(3) SRR 1 25 5 245 HOR S 13k ) 45 ¢ 2 % )
WO, AT R4 S A T 45 1 [ 2B 15 2 BRI, Ak B T
PR

(4) DA JH-2 He & 25 AE AR O i i) o 5% 24, LA 40
HMX/NC ki 24575 16 R 2 245, SR FH {6 M T 2 4 25 4
AR AT LAl A A% 19 2% 14 % 552 U5 B ) [ 254 249 54 100 s

£ X3k
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Experimental and Performance Test of a Multi-point Initiation Synchronicity Charge

LI Rui', LI Wei-bing', GUO Xiao-de’, HUANG Yin-sheng’, LIANG Li*, ZHANG Dong-dong’, LI Wen-bin'

WANG Xiao-ming'

(1. Ministerial Key Laboratory of ZNDY, Nanjing University of Science and Technology, Nanjing 210094, China; 2. National Special Superfine Powder Engi-
neering Research Center, Nanjing University of Science and Technology, Nanjing 210094, China; 3. School of Chemical Engineering, Nanjing University of Sci-
ence and Technology, Nanjing 210094, China)

Abstract: To study the effect of multi-point initiation circuit charge on detonation wave output synchronicity and initiation capabili-
ty, a rigid three-point synchronous initiation circuit was designed using ultrafine Octogen (HMX) as main explosive, nitrocellulose
(NC) as binder, 95/5-HMX/NC as groove booster charge. The synchronicity error of initiation circuit at different charge density
was theoretically analyzed and experimentally measured. The groove press loading charge technique was compared and tested.
The booster explosive was characterized, the detonation performances related to initiation circuit were tested and the initiation cir-
cuit charge structure was optimized. Results show that increasing circuit charge density can increase the initiation reliability and re-
duce the synchronicity error. The synchronicity error of initiation circuit decreases from 300 ns to 150 ns when the charge density

increases from 1.17 g- cm > to 1.47 g - cm™

. Taking pressed JH-2 cylinder charge as output charge and ultrafine HMX/NC as
groove booster, use of groove press loading charge technique can make the detonation wave output synchronicity of synchronous
initiation circuit as about 100 ns.

Key words: multi-point initiation circuit; initiation synchronicity error; press loading charge; ultrafine Octogen ( HMX)

CLC number: TJ410.51; O385 Document code: A DOI: 10.11943/j.issn. 1006-9941.2018.05.003

%(Lﬁks'kﬁleé'kﬂeﬁk:sleglé

FRH - MEE - W K

Az 25 78 78 7= o o

(ESREMED “MHBE RN TR

GCRABEFRGRES A KIBAEMARKA N BAANONIRGREG D FRE Z2REREAKTHIEY
MAEZETLRMBERNELEN, ARSI —FRHR T AN FRRR, RATIFR L RE AR, TREE
MEEMED BARNELRMHNREANE ZRERERA ERGOAMTE ERSSTHSHRHREMAE BT E5HA
MECE)AER B RE B BEAK UL ERBTHNEHET ANEAET LT, RFFEA BT S
KT E R

CHINESE JOURNAL OF ENERGETIC MATERIALS A A A 2018 % #2644 %54 (390-397)

=
o



