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Table 1 Test results of ascending and descending ignition voltage method

Voltage/V i n, n, in, i‘n, in in;
10.5 0 0 0 0
10.7 1 3 3 3 6 6
10.9 2 6 6 12 24 12 24
11.1 3 5 11 15 45 33 99
11.3 4 10 0 40 160 0 0

5 TP REUE, TR TR 5 K S R KRN 50% IR R K LT | 22 A r T R IR /N A
K. & KMERRA 50% I (9 4 K HL IR X 50 H

Xos0 = Xo +d(% - %) =10.9833V 3)
o X, XL =0 B R KU, d RS K
FEA bR 22
S = 1.62O(N B]\;Az + 0.029d) =0.385 1 (4)
K KAEZE N 99.99% ., 0.01% I Y & v T 43 531 Sy 20
Xooooo = Xoso+3.7198 = 12.4154V )
Xooo1 = Xoso—3.7195 =9.551 1V (6)

WEHET7 T 51 K253k B TTHE & K HUE N 12,4154 V, E#EX U G LA L R 21 v, PLRCTT DL 2
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221.89 MPa [, 10 % JFEREAS i i A RL2Y 3k 22 Hh B PR 2L, TR TR IE 3 kK, T IAT 8 i i g BE 4
(A V2GS R R AR, o3 2 3k 2 B i P S A 5 AR T AR T, AR EE T e, JRy AR AR R, A By
SRR, NP 9 TR o JERRER T B RISk Wb S, 4 KW ARG, 2 R TFRL, 4 KRR T R4
) B 123k 2t BB R BLGR, ATAT 10 7o 0 TR BEAS g € B2 3k, 4 Rl e, Hok 6 KT
P4 i RE AR A C 2k, 10 K AR AR, ELRRE R AR
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Table 2 Impact test results of thick-walled tube samples

Number of impact test

Impact Overpressure/ Protection
distance/m MPa type Totality (?ve.r- 1.\/[il.d Partial No obvious
grinding grinding rupture damage

A 10 10 0 0 0
0.03 221.89 B 10 0 4 2 4

C 10 0 0 4 6

A 10 0 10 0 0
0.04 156.27 B 10 0 0 4 6

C 10 0 0 10

A 10 0 4 0 6
0.05 117.12 B 10

C 10

A 10 0 0 0 10
0.06 98.22 B 10

C 10

R3 BEEFROPERELER

Table 3 Impact test results of thin-walled tube samples

Number of impact test

Impact Overpressure/  Protection
distance/m MPa type Totality Cgmpﬁssion Qve.r— I.\/Iil.d Partial  No obvious
ignition grinding  grinding  rupture damage

A 10 10 0 0 0 0
0.03 221.89 B 10 0 10 0 0 0

C 10 0 0 10 0 0

A 10 0 10 0 0 0
0.04 156.27 B 10 0 0 0 6 4

C 10 0 0 0 0 10

A 10 0 0 0 8 2
0.05 117.12 B 10

C 10

A 10 0 0 0 0 10
0.06 98.22 B 10

C 10
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24 ks A R % 2 156.27 MPa I, 10 A JEBEAS ) A #2535 35 BRI, (B4 0.03 m 48 B 1sF 140 3
AR AR B R, 10 RV REAE rh iy A R 24 S TR RE A A, (HLA HS A 70 AR T M R MR B 42, 100 O TR B 45 2 2 o
ARG R BRFE 25k 4 om, TR BEGE AN 258 . JEEEAS dhi) B B2y skz b e, 6 K T B #if, 2 &
TG — /N, 53 A1 2 S W I — M 6 % 5 iV RE A v 9 B L2k Z op R ), 4 R A 2, 2 & MR I —

BEG ik, 4 KA MICW A o WREE S REA T i C B2y S oW AR s, dnlel 11 s .

i

K8 A RIZ LA
Fig. 8 Damage of type A charge heads
‘Jl

!

Ko HEEEE
Fig. 9 Deformation of thin-walled tube shells

g 3 £
.

B 11 C BZ5 LB

Fl 10 B HEIZEHs
Fig. 11 Damage of type C charge head

Fig. 10 Damage of type B charge heads
o R 117.12 MPa I, JEREGS Y 10 & A BUZG KA 6 KW R Hi, 4 KB i, (8 i
1 BB, AT BB — 0 24500 1B 7%, 53 — MR B0 R 45 T 0 BE A5 i i A T 2GSk A7 2 R T R4 s, 8 Ak
e, R HE U S — M 25 R0 e 7, 53— MIPIR L R 4F A4 . B AU C BL24 S 7E 2 FhBEJE A e h Yok &
A BiRBG, REEW R, 7 98.22 MPa KT, A, B, C BIZG LBt LB i 40, B9 mT 1E 3 kK

24 AHEESIRGLERESH
e BE B L AT DTSR A AT, 32 bl 05 K 2 3k S B B S W AR,
I 2 P BE S 2 AR50 AL B C BUZG L 7 WAL BT A (A Al 12 9

o
(=

Probability of rejection/%

®©
(=)

D

(=
(=)
(=]

40 40
20 20

Probability of rejection/%

(a) Thick-walled tube (b) Thin-walled tube

K12 A, B. CHZLEERER
Fig. 12 Rejection probability of type A, B, C charge heads
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&) 12 AT, (6 JEREAS R . 2588 5 221.89 MPa iif, A, B, C U2k 230 3E 48, FE4R %R N 100%; 4
HBE Sk 156.27 MPa B, A B2 3 (6 B2 %0 100%, B 78125 3k [l 46 15 R % & 40%, C 5253k (3R 48 R
5 MR 117.12 MPa if, A B9 253k BUTE R R 2 60% , B, C B2k 4% &, IR N E; Yl EA%
T 98.22 MPa B, P32k ¥ % K, HH 3 A% . TEREE T @5 R 221.89 MPa iif, A, B, C #1253k
SRR R, R R 100%; 48 E R 156.27 MPa B, A B2 3L i 3E EE %k 100%, B 78 24 3k i 45 48 R [
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A. B, CHIZGc EEUAHRLA AL : AL B C AU 253k (1) 00 R 15 il 2 o D2 8 s AR IR A2 PR AT R s A 7Y
253 B R AL T T B R, e AR 2 Sk I e RO A . B 117.12~156.27 MPa i}, 5 k24
SLTEJEREAS R ORI R MR R R, AL B, C B2Y S oh i B BRI 143 91 9 98.22 | 117.12 Fil
156.27 MPa. 2 FhEEJEE LT 51 K 253K 38 To ik K ok, X 02 B R 5| ok 2 3k 1 22 L5 A4 18 20 3R, el 2
B RYRRSE, D9 Ah, B BH P A A0 SR AN IR LA IR B 24 50 Y SR TR o 43 R B 22 4 T (E 2 Sk TRk K K R
. —J7 1T, 253k IN BB LR BN 55— J7 1, 25590 5 6 BH 22 foh TR AR B AR . FLBAT R & il 24 Sk AR AL 3
Tt e (0 R B ALK, BERAIR T X R — J2 25 500 B I AR T 5 i S A R be et B . SCRk [21] R, 253k k
RS TR Kz KRS B 55 24 3k R G 28 I8 BLAR AT O, 25 I ELAR /N, 24500 22 ) A &5 A B K 8, & oK T
S, R RE R . 24205 5 e BE 22 R] 4R i DR AN EEIRE, 24700 10 4% P s R 2 B I R AR, A5 24 i 24 50 2
TCIEGHRT — )2, M B0 25 S F A 0, SO JCik 5 R 25, B TR S I I 4 .
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254 AL B, CBIZL T PR R ), S GHRES T 52 oh i 9 A #4(98.22 MPa) . B #1(117.12 MPa) .
C #(156.27 MPa) 23k 5 K v i 19 A B, C B 243 A7 X8 sl o 38 3 o 48 2 (UM B i 50 1 2
i35 o 20000 Mt /FS, DL2Y Sk & AR RN B AT — WA R GE B R, BY O ms, &1 13 AR ™ AL B, C Y
253 g ks AR, TR 14 R RES TR A A9(98.22 MPa) . B 1 (117.12 MPa) . C #1(156.27 MPa) 243k (1) & ‘k

Hi &1 13 AT 7F 0~5.20 ms B (B B2 N, A B2 3k () & vl BELE HRL, A5 5 0 4 o 11 24 7038 2
5.20 ms i, 25550 K Az SRR O 7 A v R AR, i 25 3k 25 0 rh e T 55 (0 T e A R A, B e R AU
e sh 25 3 B — Rl R B 5 11.85 ms B, 2453k 951 845 64.80 ms B, 2453k il UMK be 3 & o, ok
S 2 B e R R B 1) A8 A, K24 4E 180 ms; 246.00 ms B, 2 Sk FEA IR BRI . B, C B2 3L 4y Rl EE
1.25. 0.90 ms B 45 52 Rz, HLACH ™ $ 32 ¥ 18, 35008 245 3k D93 1 0 T s, 245 3 T 558 DX 3™ A S 4 O Ui
s 7E 750, 3.85 ms Fif, 243k 5 B G 1k 24 R K i v TR AR, AR A b i 25 3k 9 5 X, E P A A S Rk
A YA, 245 W8 R A ) O 8] 6, L 243k & IR B T i = S AR IR 5 12,95, 35.45 ms i,
2 3R e R BN, HLZE B B R, 2 RS2 194, 110 ms JiT, 76 207.30., 145.70 ms B 24 Sk 452 1R A BE

& 14 771, % T 98.22 MPa Y A 81253k 78 0~5.70 ms ] BE, H BELAE H 25 700 e 3 7 b RS I T
T I 4 252 0 AR R AT B 245 700 2 5 5.70 ms B, AR B R SR e 24 Sk TS X O S D R R U 3
13.25 ms B, 5 FE AR 56 48 Ry 245 S Wk 5 19 sh g, (545 58 7 1) DO ), A i B 1 ROBSORE B n
Jil, 3z wpti 5, BOAR 24 3k T TG B S 45, (GG R ARG, B A s X, 82l Sk iR Rl O R R
5 66.00 ms I, 243k % JOR A8 B e, Seat A ok, R I AE [l FR 4 K20 77 ms Ja, 25k
BREETR I, P2 () B T SR AN R R B T8, B, C U233 BIAE 2,35, 1.10 ms PR R i, HA
RS ARER 5 7E 9.60 ms. 7.40 ms B, SRR Mt 2 Sk s B, MR ol i 2 Sk 8 55 X, (HL DR B A
5 S A I LIS T, 25 Sk WE R R 1) DU R KB AE 20.60. 35.65 ms IR BERE B B M RIS RS2 204,
111 ms J5, 25k H 2K,
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5.20 ms 11.85 ms 64.80 ms 246.00 ms
(a) Type A

1.25 ms 7.50 ms 12.95 ms 207.30 ms
(b) Type B

0.90 ms 3.85 ms 35.45 ms 145.70 ms
(c) Type C

K13 Kipidi N AL B C BIZ5 Lk kit
Fig. 13 Fire process of type A, B and C charge heads without impact

5.70 ms 13.25 ms 66.00 ms 143.10 ms
(a) Type A, 98.22 MPa

2.35ms 9.60 ms 20.60 ms 225.00 ms
(b) Type B, 117.12 MPa

1.10 ms 7.40 ms 35.65 ms 146.90 ms
(c) Type C, 156.27 MPa

Bl 14 ifi)E A B C 8253k Kk G R
Fig. 14 Fire process of type A, B and C charge heads after impact
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Kb T AL B, C HIZG L & K] 43 51k 246.00., 207.30., 145.70 ms. i J5 HEESS N A
(98.22 MPa) . B &I(117.12 MPa) . C ZI(156.27 MPa) 23k %) & K INf [6] WL 3 4,

x4 HEREHLRIKNEE

Table 4 Ignition time of each charge head after impact

Ignition time/ms

Test No.

Type A, 98.22 MPa Type B, 117.12 MPa Type C, 156.27 MPa
1 143.10 225.00 146.90
2 147.40 223.40 146.20
3 145.60 225.50 148.30
4 148.30 227.20 147.50
5 140.50 221.80 146.10
Mean value 144.98 224.58 147.00
Rate of change/% 41.10 8.30 0.89

H1 3% 4 AT, A 25 3L 98.22 MPa it & T 1 & KB (1 8¢ vb b AT 46 20 T 41.10%, B, C AIZh L7
117.12, 156.27 MPa 8 & 4 & I [ s 117 43 9138 10 8.30% F1 0.89%. PXI A 2 KL ANER T 47, 5
FEASAARAERR 4> A R 3K B 1) DU J8 QL A5 & K 250 B i s, & KR BURR B S, e A T 3K
BT R B 8 4 . B AR 2 Sk B3R T TG W 0 45 s, (ELAZ oo A RS2 ), 245500 S T R T AR R S X
BRI, T B AL B RCR NG, 51 R AT TRIRE N, B 24 3k e st Al — s R B L s il - 7
{43 RS B8, TR I, AT BB F A AR P AR R RS, C Y 24 Sk R R A I B AV T i, LR it
[) 4 A o P SUHG 0 0.89%, 6 /N TSR U 51 K 2453k, BRI C U245 3K 7F 156.27 MPa |~ [ & K B[] T 3%
SR AT DL 22 AT

3 & #

TSR R K Ty R B R AT R T | K 2GSk AT B b s, IR e S0 R Gexd e B
BT 5] K 2GS AT R O . X T A 1 5|k 25 3k R, 32 R0 A A s, 51k 23k T AZ 1
e B g Ry 30 AR, AHOCE5 I a0 T .

(1) TP 4 AL, PR | kR T 5| K24 Sk T b A BR R T 43501 98.22 117.12, 156.27 MPa, #4445
RIB| Kk 23k B B 3RO T TE Bl P, w78 5 | ok 25 3k 1 B sk SR e

(2) 7E 2 FhEEJE N, AL B, C B2 3L 2 BRI RLEE, AL B, C 2 3k i 38 Bl o o e A 1 79 AR A1
RGBS, 7 117.12~156.27 MPa K, 51 K 24 K 76 JERERE T 19 4E AR SR B RE S T A%,

(3) 7£ 98.22 MPa I, Jepii P U 5| k25 3 PR 24 S e ROl F 1 2 2k i 24 500 o i /b, & kORI B
T B0 22, SR KT R B W46 4 7E 117.12 MPa , #4045 78 5] ok 25 3k 1 & kB ] %58 b o i 38
8.30%, "] AE MR FL 8 A O ZE DR 5 AE 156.27 MPa N, BEIR B 51k 253k 1 % KA L-F- AR 32 5400
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Effect of Explosive Impact on Ignition Head Damage
and Ignition Time of Electronic Detonator

YANG Lin', LI Hongwei'?, LIANG Hao'?, ZHOU En', LIU Yanhong®’, ZHANG Liguo', LU Shaobao®

(1. School of Chemical and Blasting Engineering, Anhui University of Science and Technology,
Huainan 232001, Anhui, China,
2. Anhui New Explosive Materials and Blasting Technology Engineering Research Center, Huainan 232001, Anhui, China;
3. Wuxi Shengjing Microelectronics Co., Ltd., Wuxi 214000, Jiangsu, China)

Abstract: In order to study the effect of explosion impact on the damage and ignition time of the ignition
head of the electronic detonator, the lead thiocyanate ignition agent was prepared and its microstructure was
observed, and the ignition voltage of the ignition head sample dipped in was measured to test its quality. The
underwater explosion method was used to impact the sample detonator without basic charge, and the damage
of the ignition head was observed by disassembling the impact detonator, and the high-speed schlieren
system was used to carry out the ignition test on the ignition head without obvious damage. The results show
that the ultimate pressures of the unguarded, heat-shrinkable and silica gel ignition heads were 98.22, 117.12
and 156.27 MPa, respectively. The three types of protection ignition heads were damaged to varying degrees
above the ultimate pressure. Under the wall thickness of 0.38 and 0.50 mm, the explosion miss-fire rate of
the three types of protective ignition head showed a trend of decreasing with the decrease of impact strength,
and the protective effect of silicone type was better than heat shrinkable type, and the effect of non-protective
type was the worst. Under 98.22 MPa, the high pressure gas causes the fragments of the ignition head to fly
away, resulting in the reduction of the quality of the ignition head used for ignition, the reduction of the
intensity of ignition, and finally the obvious shortening of the ignition time. The ignition time of the heat-
shrinkable ignition head at 117.12 MPa was increased by 8.30% compared with no impact, which may affect
the delay accuracy of the electronic detonator. The ignition time of the silicone ignition head at 156.27 MPa
was almost unaffected.

Keywords: electronic detonator; ignition head; underwater explosion; impact resistance; ignition time
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