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Influence of eccentric initiation on energy distribution gain
of a warhead charge

DENG Hai, QUAN Jialin, LIANG Zhengfeng
(Xi’an Institute of Modern Chemistry, Xi’an 710065, Shaanxi, China)

Abstract: In order to study the influence of different ways of eccentric initiation on the energy distribution and the gain of
explosive charge, a theoretical model of eccentric initiation warhead is established, and the concept of energy distribution
center is introduced. By introducing the variable of local loading ratio, the calculation formula of initial velocity of fragments
of eccentric initiation warhead is formulated. In this paper, the velocity gain of fragments and energy gain with different
initiation modes under the sextile condition are compared and analyzed by using numerical simulation and experimental
verification. The results show that at the directional orientation, the maximum pressure at the edge of multi-line eccentric
initiation is significantly greater than that of eccentric single line initiation and central initiation, and the detonation pressure at
the edge of charge increases from 23.5 GPa of central initiation to 36.2 GPa of asymmetrical two lines 60° initiation; The
distribution law of fragment velocity in the direction of 0°-30° is similar to the distribution law of maximum pressure at the
edge of charge. Taking the central initiation as the benchmark, the relationship of velocity gain with the directional orientation
takes the following relation: asymmetrical two lines 60°>asymmetrical three lines 120°>asymmetrical two lines 120°>
asymmetrical one line. When asymmetrical two lines 60° initiation, the fragment velocity gain in the target direction is 25.47%.
Finally, through the verification of experiments and theoretical calculation, it is concluded that the energy proportion in the
directional area of adjacent asymmetrical two lines 60° is the highest, with the energy gain in this area being 47.42%; followed
by asymmetrical three lines 120einitiation, with the energy gain being 38.84%; then symmetrical two lines 1202initiation, with
the energy gain being 36.98%; and finally asymmetrical one line initiation, with the energy gain in the directional area being
32.72%.
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2910 000 s™', 74 0.10 ms (BT[R5 22, T E0HEEAETELY 20.0 m/s Y3 B 152 25 5 MU0 )5 A 28 FLAR 10 15
H, FERAEAE D RIS, AR A ok T — BB L4020 S TR AL, X 2 1) DXl v i) ok JA AR o A AR
W 2 5 v T e

R 25 J7 57 e Al BE 3145 BN [R) J7 1 1) Bl BB 23 I, 130 (8 AEE AR B E SR 1T a0 35 6 BivR .
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x5 TRAEMERASXTHEREFRESS

Table S Velocity distributions of tested bomb shells under different initiation modes

e/ (ms™)

R Lol e AR 17 1) HitR2., 6771k HAR3. 57 1] AR A7 TH)
R SR S R g
1 R DAES 794.6 849.9 708.0 637.5 604.2
2 [E) 2 ik 784.3 860.4 687.3 649.4 606.4
3 AR 806.8 909.9 703.4 632.2 602.8
4 Pl FLER 763.2 846.0 685.2 654.3 590.3
5 GRBVE 681.5 707.3 681.5

*6 AREREAXTESMAXEENRES BRI E

Table 6 Total kinetic energy distribution in different regions under different initiation modes

BhEE L /%

FETR Lale TN $EH1(=30°~30°) #EH72(30°~90°) HUHZ3(90°~150°) HEH4(—150°~150°)
JEN 5 AL I e I Lt jEx L
1 iR DAS 22.45 23.14 17.83 17.90 14.45 13.26 12.98 14.54
2 EEAER 22.20 22.83 17.05 18.33 15.22 13.08 13.27 14.35
3 DA 23.22 24.57 17.65 17.03 14.26 13.49 12.96 14.36
4 L ERZ 21.37 22.12 17.22 16.82 15.70 14.03 12.78 16.17

5 LRNRY S 16.67

F 6 AT LUF Y, 38 345 HY 6 BRI R 7808 7 DX AR 3Je A5 Y 3 RE 73 TIC o bE -5 B BEHUAS 3 B0 /)N
R e XBGSAT B B RE o5 LWy A ARG, BT ORI 4 a6 25 B0 A (] i O 2 B D7 5, 7 1] XY
ShRE ST BC AN Sh BERE g LA PTA TR Y

AR T O, AN 7 3l BN £ 1R (A RUE RIS R ST 3R 7 s o R 7 T LUA Hh: %
1] X 2 20y B 18 i e oy 40 RS AR T O A0 XU R %, AH T Ak, Bl REHE 25 T3k 40.2%; HRJE (L =
2k, SRESE AR I8 35.9%:; M — £ 5l AU 22 AN K, 8] 43 XU L A B BE I 2 0 32.4%; il L L2k i)
DB B BB 2 AH X B AIK, Sl BB 25 55 7T 3K 25.4%; 7 E [6] DXAIE T[] DXRH &R 14 DI PN 3l B3 4 140 25
S RAS AT B, 4 Bl A7 SRS R S50 45 R 22 21 10% DL PA 5 JES AR ) X3 P 30 B 4 45 A
XPAEANAS R 0 AR o 3K oy T RSO R v, A AR A A — BHLAEL A, X A ¥ 58 MR K 8l 3k 2 JE 52, 3K
BRI TR AR AT, T BB TR B AL, Ry TR R AT A 5T AR BB, HR R
W AR T 5, S R O X I N e A 3 1

®7 TREEARTARAGULXIEHEREE L

Table 7 Kinetic energy gain in different regions under different initiation modes

BREN £/%
B Ll yTEN HUHT1(=30°~30°) #EH2(30°~90°) HEHI3(90°~150°) HAR4(-150°~150°)
s e R (D) 50 (D) 1 S
1 LAY 35.9 38.8 7.9 7.4 -12.5 —20.4 -21.4 -12.7
2 (i) 57 P& 324 36.9 1.7 9.9 -9.2 -21.5 -20.8 -13.9
3 VAT 40.2 47.4 6.5 22 -13.9 -19.0 -21.7 -13.9
4 LN 22 25.4 29.1 1.1 1.5 -7.8 -15.1 249 -1.8
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44 RNIEESEMRHERLIEIE

B UEIRIS BT A A B, ST T OO B AR B 1 ) 2 P S 0 B ) B AR R, AR RS 5
PR — B, BARIFE AR ] Lagrange RIS, 2% 252K F Euler WA . FE1R41 8 R 20 89, K FI*MAT ELASTIC
BRI, STRM R IR A 7.8 g/em?, % [RH R R 206.7 GPa, JAFA LA 0.31, Ji AR5 B 4 0.65 GPa.
R 28 55 RE o ke 258 AR ], SR I *MAT HIGH _EXPLOSIVE BURN %Il WL RS 5 2

3 MEE TR T AS W) O 2 48 07 2R Ze R Y OHIGE B, BB TS 20 0 45 T ) A SE AR R 5
DA 52 PR S B AN 2 8 TR, S AR AR A5 1 T 52 R i BRIl 12 i . AN 12 T LA, 46
L RUER AL Ik, A o 0 S e DS e L V2R, TR T SR v T X, ) DX 38 15 AR 32 3 T 9 e T A
HH, A% T B, 5 3.3 W RE RIS R RN S 2R — 5L

R8 FEHEE
Table 8 Shell velocity

SERH S/ (ms ™)

AT HHT 1 #H2. 6 4R35 14

HLAL IR HLAL IR AL IR (L) R
IR 849.1 794.6 742.6 708.0 703.0 637.5 654.6 604.2
[a]{v; = £k 859.3 784.3 766.8 687.3 689.8 649.4 652.3 606.4
RERIES 8733 806.8 762.0 703.4 683.9 632.2 650.8 602.8
0> B2 815.0 763.2 728.7 685.2 709.6 654.3 637.6 590.3

-
VU
18 ps 21 ps 26 us

6 ps
P12 ARG RS RIS

Fig. 12 The states of the initiation process of two wires in adjacent positions

M 8 1T LU, BB 21 A 58 MO I =r, 2% 7 1) ) 52 MR BE O 228078 10% LA, 5 18 53
SR A SRR S T, VO D0 SO R W) R, ke 2 — AR 2 RE R BN B, ORI A . P, T LA
R EAE SR SRR S AN PN l/RER ¥ SRR EE N aa e B TRV K (T S

5 & i

(1) P AR R 21 i BE A TR A b, 5 R 2 Bl O AR, B 5 A SR R L L X
—ZAR g, g5 T O AR R SRR A A A 2, S S O LA IR, s BRI G, 158 T RE R
Ivi) J&) 1] g o REC A8 7 2 B o P R 20 e, e a6 A, o A R A0 8 2 2 B 5 A 114 0 A T v 0 A
1807 =0 H AR 7 (i

(2) MRl FRLERE R, AS [l o B2 7 2R 2 18], AR XNER | 07 =28 | [ AE Lk | MO BAER . oDl o
Tfa) X Sa 1 AR U AT o RIS T r O RS 8, AN L e R I 380 35 25,47 %; 376 (37 = 2% e 4B 1o B 1
i 5 22.25%; [A]57 XL AL AR B 1 25 21.73%; MO B2 R 48 H A5 7 1) 3 B 3 25 38 17.72%. 5E 01 7 1) b
T 0 48 2 R K, it A7 R 184 G A o 3 25 R R R, I 7 SR 9O° B SIT B A 3 B AT AR
TR T

052201-11



B2 A, AT i Do ST 24 A S O £ AR %553

(3) MR A A o B 0 Ai, GEit T AN [l ke A Ty T B A e 20 i o7 A DX 1) F) A2 AR R, A [k A

J7 AN S BE A 22 BN, i O A B A AR AN [ DX I A 2 245 i 20 O O, s e B ik, B 0 TR
P R EE SR W) 5 B, SR XU A AR A 1) XI5 R 8 4 Fe o, RE TR 2 i 40%.
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