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Fig.1 The flow chart of GO methodology
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Fig.2 The symbol of the type 5 operator

B3 K7 RS
Fig.3 The symbol of the type 7 operator
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Table 1 The operation rules of the type 7 operator
v, v, v, v,
1,(0,1) L,(0,1) 0 I,
1,(0) 1,(0,1) 1 0
L(1) 1,(0) 1 1
L(1) L(1) 1 0

Note: Vj is the state value of the main input signal. V; the state value of the
s, s,

secondary input signal. V_ is the state value of the operator. V, is the

state value of the output signal.
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Fig.4 Schematic diagram of the three-in-one-out explosive

logic circuit structure
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Table 2 GO operator list of the single output explosive logic

circuit system

R3O LA AR A 00 45 R G i AR AT R
Table 3 Input operator data for the single output explosive

logic circuit system

operator operator state probability
name

number type state 1 state O

1 type 5 detonator I, 0.999 0.001

2 type 5 detonator I, 0.999 0.001

6 type 5 detonator I, 0.999 0.001

Fa RN I I 4 5 G T RE B AE A A
Table 4 Functional operator data for single output explosive

logic circuit system

operator number component name operator type

1 detonator [, type 5
2 detonator I, type 5
3 null gate N, type 7
4 null gate N, type 7
5 null gate N, type 7
6 detonator L, type 5
7 null gate N, type 7

operator operator state probability
name

number type state 1 state O

3 type 7 null gate N, 0.99 0.01

4 type 7 null gate N, 0.99 0.01

5 type 7 null gate N, 0.99 0.01

7 type 7 null gate N, 0.99 0.01
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Fig.5 GO model of the single output explosive logic circuit

system

3.2.3 HIEHAN

2% CHER[14], AT A3 gy i R JE R N 28 R
i NIRRT D RRERAE AT B | LK 3 R 4
3.24 TEEITE

KM GOBR TR, TSR FAES
i IR S 38 LA — A B2 A S RS
MR AR R B A RGeS HrT S MR S PP A . BT

Chinese Journal of Energetic Materials, Vol.27, No.10, 2019 (875-882)

GO WY 7 1 431 7 A RS 1 G B R A U
Bio AWV RN R LB B, EA % B A F S
SR 2R T AR AR ZS 414 30 0 i sty R R AR 2
B T BT, RESARRIEE BN RIS
55T, BEA BT AT A BRAERF TR R
FARAERF B Hotm A5 5 1015 B 15 250 5 5 .
i 55 3 RS H BRI R 5 K 6 iR,
AT 4IRS A A MRIT R N R 7 MK 8PN,
B RS SRS AR R oML 10w,

®5 HES IHREUSHAITE
Table 5 Calculation for the state combination probability of

output signal 3

signal 2 signal 1 output signal 3

operator 3

state state state  state state
state value

value value value

probability combination

1 1 1 0 9.8802x107" 1,23,

1 0 1 1 9.8901x107% 1,2,3,
0 0,1 1 0 9.9000%107% 12,3,
1 0,1 0 1 9.9900x107* 12,3,
0 0,1 0 0 1.0000x1075 12,3,

Note: The subscripts 0 and 1 represent the status value success and failure,

respectively.

®o6 ihfES 3 HREH R
Table 6 State probability of the output signal 3

state value state probability state combination

1 1.0979%107? 12,3,+1,2,3,

0 9.8902x107" 12,3+1,2,3,

A A AL www.energetic—materials.org.cn
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Table 7 Calculation for the state combination probability of output signal 4

signal 2 state value signal 3 state value operator 4 state value

output signal 4

state value state probability state combination
1 1 1 0 1.0869%1072 12,3,4,+1,2,3,4,
1 0 1 1 9.7814x107! 1,2,3,4,
0 0.1 1 0 9.9000x10" 12,34,
1 0.1 0 1 9.9900x107 12,34,
0 0.1 0 0 1.0000%1075 12,34,

®8 i fE S 4 BRI
Table 8 State probability of the output signal 4

state value state probability state combination
1 0.9881 1,2,3,4,+12,34,
0 0.0119 12,34+1,2,3,4,+12,3,4,
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YRR, e Ak, H A T RN TR S ﬁ% 5 Dk i i
LB,NN,, TN K C NI 48 5% i il 1,B,N,, &
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12,3,4,5,6,7, %R Y HEE 1, LR, FTTN, K

B, A D o AR 501,2,3,4,5,6,7, *ﬁlﬁj-12345 6,7,
FKRTEE LRI, ZITNG KRR, 2% 0 1L,BN,, &
NN, EEHE COMW, &4 O & il

123456,7 B/RTE LR, RGO S k.

Table 9 Calculation for the state combination probability of output signal 5

signal 6 state signal 4 state operator 5 output signal 5

value value state value state value state probability state combination

1 1 1 0 9.7727%x107 1,2,3,4,5,6,%12,34,5,6,

1 0 1 1 1.1174x1072 12,345,6,+1,2,3,4,5,6,+12,3,4,5,6,
0 0.1 1 0 9.9000%10~ 12345,6,

1 0.1 0 1 9.9900%10"? 123456,

0 0.1 0 0 1.0000%107° 123456,

®10 H RS 5 HRRE R
Table 10 State probability of the output signal 5

state value state probability state combination

1 0.0217 12,345,6,+1,2,3,4,5,6,+12,3,4,5,6,+123456,

0 0.9783 1,2,3,4,5,6,+12,34,5,6,+123456,

11 HHBES 7 RS H SR

Table 11 Calculation for the state combination probability of output signal 7

signal 6 signal 5 operator 7 output signal 7

state value state value state value state value  state probability state combination

1 1 1 0 215111072 12,345,6,7,+1,2,3,4,5,6,7,+12,3,4,5,6,7,+12345,6,7,
1 0 1 1 9.6750%107! 1,2,3,4,5,6,7,+12,34,5,6,7,

0 0.1 1 0 9.9000%107* 123456,7,

1 0.1 0 1 9.9900%10"3 123456,7,

0 0,1 0 0 1.0000%x107° 12345647,
CHINESE JOURNAL OF ENERGETIC MATERIALS & f A 20194 %27 % %10 (875-882)
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Table 12 State probability of the output signal 7

state value state probability state combination
1 0.977 1,2,3,4,5,6,7,+12,34,5,6,7,+123456,7,
0 0.023 12,345,6,7,+1,2,3,4,5,6,7,+12,3,4,5,6,7,+12345,6,7,+123456,7

(S 7 IR R R L 5T ROREE
SEIITA AR 5 AR SR TT Z5RP TR 130

RA3 E R R E MG RGE S RS R
Table 13 Signal flow state probability of the single output

explosive logic circuit system

state probability

signal flow number

state value 1 state value 0

1 0.999 0.001
2 0.999 0.001
3 0.011 0.989
4 0.988 0.012
5 0.022 0.978
6 0.999 0.001
7 0.977 0.023
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Table 14 Cut set of the single output explosive logic circuit

system

simplified state minimum cut

component state

combination set

6, 6, detonator I, is invalid
2,5,6,7, 2, detonator I, is invalid
1,2,3,4,5,6,7, 1o detonator [, is invalid
5,6,7, 5, null gate N is invalid
2,3,4,5,6,7, 3, null gate N, is invalid
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Fig.6 Block diagram for the system reliability when consider-

ing the reliability of the detonators and charge lines
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Fig.7 System reliability diagram when the reliability of the

charging line is 1
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Fig. 8 System reliability diagram when the detonator and

—

charge line reliability are both one

33.2 BEHBHEMERGAREEHFEEER

R 5 &1 6~ 51 8 11 1T 55 1 AE 1] AT & 57 N A B2 A
AL, RGE AT FEVESE AR O, 48 1, 1, 135 i [R) ML S 15
B, O 1E i i o

TR E M PR AT SE T L L L, L R I (]
EEHE I, W 2% 3R G2 A E PR B A R
Ro, =R R RR R ycR W RRR o (3)

B TSR N 1, B R A R T SR,

Sttt

www.energetic-materials.org.cn



HE T GO ik B B MR K 22 B ) 2% AR 4 ) A A ) B

881

] A Y TR Ak Ry

R, =R R R R, R, (4)
B A 2 L T SR O 1, R IR TR A

AJEEE B — A TR A

R, =RyRy (5)

Rt R, B A R R G AT G S R

S A F AT vl SR R SO TR I A] S8
R NE i T EAE TSR 5 R, N XYZ B 25 2 n]
RERE

ST B BRI R] i, RG] SR B e T
T ) EAE AR T SR R AT R B T S
FER VB, RGN R TRIATREE, WX (3),
WETTAISE W AT R ol S H N 0.99, F
IEEEWREER, Y EBEFEENTEE N 0.999 5,
2= A — TR % R G RN
0.977. m?Tﬁ@&ﬁi@ﬁ$%%%n%ﬁ ]
LB AT R LUG , RG] MR I AR, A1),
%u@%&”é&ﬁlmm ) 2k B I 1 T AT R

1300 Ry E DB T B 7 SR FH A T 2
%%%Mmﬁm§ﬁﬁ‘%%%7¢fﬁ1

U 20 AR 1Y T RE B O ME Dy 1 B RO R A
B2 1 R G0 Al SEJEAE M 0.977, 5 GO 45 B — %, it
W] GO ¥ nJ FH 75 5%y % AF % 58 I 4% 19 a4
Brop

4 4

(1) H GO 45 H iy Bty Hh AR K X 4% 2 6 i D) 11
WK 0.977 /N EIERNEE L HEL HFELE
N, FIZE T N, 3R W33 6 35 0 B0 50 X 22 495 (14 7T 5 7 5% 1)
AR FEBETT N Tad A v py 51 e A

(2) ST T BAH H R K 2 I 2% 2R 5 11 ] S M AE

LT A 2 E 32 A N 4 R G DR 5 GO iRk
BUGEITALE R -8 UL T GO 3%l A T #d b
i K B0 45 1 ] SEME AR BT, GO RIS R EE Sy R B
JER U

SE Xk
(1] FHESE, ZRE . B2 W R s R a )], KT,
1997 (1): 19-22.

ZHOU Shi-gang, LI Guo-xin. Explosive logic network detona-
tion control system research [J]. Pyrotechnics, 1997 (1) :
19-22.

[2] Courser D L. Explosive means[P]. US, 3095812, 1963.

CHINESE JOURNAL OF ENERGETIC MATERIALS

[5]

(6]

[11]

[13]

[14]

[15]

&

Menz F L, Osburn M R. Explosive and/nand logic element[P]
US,3753402, 1973.

Souletis E, Cloitre J L E. Miniaturized transmission networks
[C]//12th Symposium on explosives and pyrotechnics. San Di-
ego, USA, 1984(3): 43-53 .

Silvia D A. Safe/arm explosive delay path[P]. US, 4989516,
1991.

wE A, B, LN, S KEZTROLE  BEVEKE 25 B RO A R
T o 28058 A0 3 24 v B B2 T LC 1//2008 47 B i 2 27 AR BF I 2308
SCH LA T E AR RSB , 2008 48-53.

HUANG Heng-jian, LUO Hua-ping, YANG Shi-qing, et al.
Application of explosive network, flexible explosives and reac-
tion materials in efficient damage ammunition [ C]//Proceed-
ings of the 2008 Insensitive Ammunition Symposium. Mian
yang: China Academy of Engineering Physics, 2008: 48-53.
AR /N RS o TR A IM L U AT Al s Tl R
1999.

FENG Chang-gen. Small-scale microchannel detonation [M].
Beijing: Chemical Industry Press, 1999.

X2 MG B S e A e S I G LI S R SR [D ] demt: dbat
BT R, 1991,

LIU Ju-peng. Mechanism and application of detonation wave
cornering phenomenon [D]. Beijing: Beijing Institute of Tech-
nology, 1991.

FEAEW, XUEAT, JRFER . 2 24 ROSE XA % 24 % gk T 5 1 1) 32 1)
U], 2 R4, 2003, 13(3): 31-33.

WANG Zuo-shan, LIU Yu-cun, ZHANG Jing-lin. Effects of
charge size on the reliability of booster explosives[)]. China
Safety Science Journal, 2003, 13(3): 31-33.

FREN, A, REA . AR AMXUN RT3 71 2 21 5
HER TR RESEL)]. & REA KL, 2008, 16(5): 621-623.

LI Xiao-gang, JIAO Qing-jie, WEN Yu-quan. Study on detona-
tion delaying time of ultra-fine insensitive HMX small-size cor-
ner charge [J]. Chinese Journal of Energetic Materials (Han-
neng Cailiao), 2008, 16(5): 621-623.

wAE AR, SEHG T . O AR A 2 R ) 2% R G Al S
BFFE 0] TR 2440, 1997,17(4) : 444-450.

Gl Li-guo, JIAO Qing-jie, CAl Rui-jiao. Research on security
and reliability of single output explosion logic network system
[J]. Journal of Beijing Institute of Technology, 1997,17(4) :
444-450.

TR, B TR AT I G A bk A 2 A 1 2% 22 A Pk ] A
SR R ], KT A, 1998(4): 18-21.

WANG Jun-bo, YANG Fan. Application of markov theory in
safety and reliability analysis of explosive logic network[]]. Py-
rotechnics, 1998(4): 18-21.

NG . T R AT IR I R I 2% R 1) D) i T A A
WAGLD ] RHS . i T RHE R, 2076,

QIN Peng. Functional reliability and health assessment of ex-
plosive logic network system based on failure analysis [D].
Chengdu: University of Electronic Science and Technology of
China, 2016.

WA, WA, SEERTE . B AR TR SRR ()] S T
1, 1997, 18(2): 116-120.

JIAO Qing-jie, Gl li-guo, CAIl Rui-jiao. Research on the reli-
ability of null-gate of explosion logic[]]. Journal of Ordnance
Engineering, 1997, 18(2): 116-120.

B, wEd, TEW, % BER T ROk 52 X E i

2019 % %27 % %104 (875-882)



882 B/ E R R A
By EEED) ] TR BT BE BHE 4RI, 2006, (1): 303-303. [19] Stamatis D H. Failure mode and effect analysis: FMEA from
LUO Hua-ping, HUANG Heng-jian, WANG Yu-ming, et al. theory to execution[M]. New York: Asq Press, 2003.
Reliability of null gate and destructive crossing path of explo- [20] #&¥E: . ATAEPE TR (M. dbat: AR WMk, 1990.
sion logic[)]. Journal of Engineering Physics Annual Report, HUANG Xiang-rui. Reliability engineering [M . Beijing: Tsing-
2006, (1): 303-303. hua University Press, 1990.

[16] T W] . 5 KEB 8 W 45 e B2 1]l S PR B R A 5 [) ). B 5] [21] Metropolis N, Ulam S. The Monte Carlo method[}]. Journal of
FEE, 2007 (3): 24-26. the American Statistical Association, 1949, 44 (247)
WANG Yu-ming. Research on reliability model of interval zero 335-341.
gate in explosive logic network [J]. Quality and Reliability, [22] PeAHE:, BEHE . GORIEI KM A M]. db 5t AR R
2007(3): 24-26. ., 2004.

[17] Kim M C. Reliability block diagram with general gates and its SHEN Zu-pei, HUANG Xiang-rui. Principle and application of
application to system reliability analysis[)]. Annals of Nuclear GO method[ M ]. Beijing: Tsinghua University Press, 2004.
Energy, 2011, 38(11): 2456-2461. [23] Langseth H, Portinale L. Bayesian networks in reliability [J].

[18] Lee W S, Grosh D L, Tillman F A, et al. Fault tree analysis, Reliability engineering and system Safety, 2007, 92 (1) :

methods, and applications-a review [J]. IEEE Transactions on 92-108.

Reliability, 1985, 34(3): 194-203.

Reliability Analysis of Single Output Explosive Logic Circuit System Based on GO Method

YANG Xiao-yu'?, LI Yan-hua', WEN Yu-quan', FANG Fu-bo’

(1. State Key Laboratory of Explosion Science and Technology , Beijing Institute of Technology, Beijing 100081, China; 2. Beijing UCAS Space Technology
Co., Lid., Betjing 100081, China: 3. CNGC Xi'an Qinghua, North Special Energy Group Co. Ltd., Xi'an 710025, China)

Abstract: In order to effectively improve the reliability level of the explosive logic circuit system and identify the weakness of the
system, the reliability analysis method of the explosive logic circuit system was established based on the GO theory (goal orient-
ed methodology). According to the working principle of the single output explosive logic circuit system, the GO model was es-
tablished, and the state combination method was used for quantitative calculation and qualitative analysis. Results show that the
reliability of the single output explosive logic circuit system is 0.977, while the minimum cut set is the detonator I,, detonator I,,
detonator I,, null gate N, and null gate N,. The reliability block diagram of the single-output explosive logic circuit system was al-
so established, and the system reliability was calculated. The result is consistent with the GO state combination method, which
verifies the feasibility of the GO method applied to the reliability analysis of single-output explosive logic circuit system.

Key words: explosive logic circuit; GO method;reliability analysis
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