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Fig. 1 Test equipment for high overload
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Table 1 Types and parameters of electronic igniter components

Capacitor type Capacitance/pF Model Bridge wire material Resistance/Q) Chip

Tantalum 22 22K20 Nickel chromium alloy 2 Fourth generation

K, K,
i oT——o T
M

§Bridge wire

Electronic
detonator

Extension
control
Correspondence
management

Capacitance

2 AL TR
Fig. 2 Schematic diagram of a single-capacitor circuit working principle
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Fig.3 Two experimental models
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Fig. 4 Capacitance voltage variation of the two specimens under normal operating conditions of high load
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Fig. 5 Electronic ignition elements corresponding to barometric impacts
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Fig. 6 Incident bar pulse signal and corresponding overload acceleration under 0.2 MPa
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Fig. 7 Relationship between overload acceleration and capacitance voltage
during the postponement process of specimen type A
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Fig. 8 Capacitance voltage variation of specimen type B under high overload condition

#2 BERMHAESTEMBTIEANEYLER

Table 2 Failure conditions of components of specimen type B under high overload

Pressure/ Maximum Voltage ch;nge Sample module failure case

MPa overload/(10°g) cog;ip:;:arltng Bridge wire Chip Circuit board
3.447 Type 1 Melted Normal Normal

0.7 3.506 Type 1 Melted Normal Normal
3.328 Type 1 Melted Normal Normal
3.684 Type 1 Melted Normal Normal

0.8 3.731 Type | Melted Normal Normal
3.776 Type 1 Melted Normal Normal
3.817 Type Il Unmelted, non-ablation trace Normal Resistor failure

0.9 3.984 Type 1 Melted Normal Normal
3.759 Type 1 Melted Normal Normal
4155 Type 1 Unmelted, gblation, .deformation, Abnormal Normal

discoloration

1.0 4.086 Type | Melted Normal Normal
4.167 Type Il Unmelted, non-ablation trace Abnormal Normal
4.235 Type 1l Unmelted, non-ablation trace Abnormal Normal

1.1 4.173 Type 1 Unmelted, ablation, discoloration Abnormal Normal
4.249 Type Il Unmelted, non-ablation trace Normal Resistor failure
4.472 Type Il Unmelted, non-ablation trace Abnormal Normal

1.2 4.581 Type Il Unmelted, non-ablation trace Abnormal Resistor failure
4.426 Type I Physical bending Abnormal Resistor failure

4.100%10%g LA i 25 0 B e P 485 - B A SR . 240 AR08 1) 4.249%10°%g B, S8 F 4G 0 1E 3, HL7E
4.155x10°g {3t 28 T LS5, n] UL [) — Ly s A s T 5 R b TR R ORIE 58 4 — B P o A 1 22
S N 2 RS A0S S (1% 3 B R T DA R AR R R AR B S A ST R SRR . S ATE
4.155x10°g F1 4.173x10°g 2 2 J7 4 3038 15 45 158, M 2240 Be KR, ml DL 2F 7 A2 oh i JR AT IR & i i
22, A7 AR R TR IR S R 253k o sz e 2R A A s2 ), FEOO A S A B BIR A s R v, R
G TF ] REAE BT I, DR H 2 Pk afke 1) f Aoy £ B, 7 6 ERF ) 2 AT 22 0 TC 7o L 7, Ui
PRGEHA IR 305 5 117 JE 0 8 05 B2 A5 JO VR A% 1 318 4 4 5 06T o 2 1900 85 T 98 HEL, L 7 SEE 00 45 SR R A 2 11
M5 E 8(a) A9 ZERY T AU AE 4L, H AR T ReE B /MR 2 0 43 25000 2 B2 35 3] 4.200x10°g DL 1, o
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R I 0T A A 5, DA A i A AR S S B B IRIR, A A U 4 AR TG T 4 ) T S A% 3 R 0 IR
Mrz . 1F 3.817x10°g Fl1 4.249x10°g i 2%, i K 1E 5, BF 22 AR5 W HL IR KR I8, 25 i 31 fft i Al 1
SRR 25 5%, XA BRI F A1 A e fth oo 2 e B R AT A I, & BRAE A A S0 L BELASE R, 1 459 ) e B 2
RELAS FEL 966 W 38 , 7 JE 30 405 AR R or JE V6 1E A% 3, 5| e 03 . AR Al v 75 A5 P B F 25 S 2 [) s
T AZ SE M FL R IO vk D, PRI, B AR B (AR 37 A B Ok B, 4 1T 2 R TR A A L PR RE, R R
B BB b 2R AT AR

AR AIF 5T X A H i B e R R S A A Y A P s R e R AT kAR LR
0.1~ 1.2 MPa, i 2% il 5 f = 18 21 4.581x10°g. AR 78 028 i Bl B A2 B 07 7 387 19 5 ), 197 g Jok wf4p 4
A ) 7 ORD e G, DRV A 5T 5 TR AT A4 AR ), W45 52 0T A 32 B8 1, HL IR P A e 15 4 1 i) B4
B2 RIBIE, (A2 N 1 S AR /N o 7E B R PR vh K T A R M 7 A A b ol 2 R
S i () 3 K T A 5T AR 1 K A2 2 a), K372 31 SHPB 256 4 7 A BRI, i — A2 i e Lk . it
Ab, FESER 00, M fL N T4 2 B0 it 25 AR R, 22 Uk I 22 1) ok I 2 NS 2 (o F - o A R TR
Gy BRI, AR 5 M LAV B A 0L 0 37 1 b o) 85 45 Pir b A5, FL R A% 1 D00 5 o0 B 2R A N e A A2 R i
BRI H B SR B4, AT R B A 0 P T e AR T 1

3 4 it

FIF SHPB i 2 45, X 5 A 4 il B b 1) B 45 110 A0 5 0 5 A Pl 250 1 G A Pl - 9 T B B
B 7R A, TERE PR -7 1A [R5 B Y v ok 2o 2, 5 B LA R 245

() B NHE AR R, 7R F] 1.495%10°g 13 5 i HL 25 H B0 b vl B0 42, U IR E L 258 /1
H @R, RIS AE — e i Rl N YK E B IR ME . il 2kE 3 3.848x10°g &, BH HL 245 IR H o ik i % .

(2) ML TR A H LA 2 AR R b e R 09 T HLAE, A 4.155%10°g b 25 8 th B0 S 1 H BEL Y
AR LA Y PUAE 4.249%10%g DL b it #% .

(3) B2 LI S T R, SHPB 3 25 45 TG 12 v 6 A5 400 30 37 93 W A b B /L 75 7 BT AL 2R3, (HL S 6 ]
Sk LT AR AR SR IR ST 2 il A R A A ST B AR T 1), Oy F R A R A T SR PR SR A R
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Experimental Study on High Overload Loading of Electronic Control Module
inside Electronic Detonator under Delayed State

YE Ziyang', WU Hongbo', YANG Shichun?, HUANG Guoshu', LI Tianhao',
SUN Yi’, MA Chengshuai’, REN Mengyu'

(1. School of Chemical and Blasting Engineering, Anhui University of Science and Technology,
Huainan 232001, Anhui, China;
2. Anhui Jiangnan Chemical Industry Co., Ltd., Hefei 230031, Anhui, China;
3. Wuxi Holyview Microelectronics Co., Ltd., Wuxi 214000, Jiangsu, China;
4. Anhui Zhongjin Lihua Mining Engineering Co., Ltd., Anging 246003, Anhui, China)

Abstract: In order to explore the failure mechanism of the electronic control module inside the electronic
detonator under impact load during the postponement state, a split Hopkinson pressure bar (SHPB)
experiment was conducted on the electronic detonator specimens under high overload loading. The failure
conditions of the overall electronic control module and the remaining electronic control modules separated
from the tantalum capacitors were obtained under different levels of loading experiments. The results
indicate that the tantalum capacitor exhibited a voltage drop phenomenon at an overload of 1.495x10°g, with
a more pronounced short-circuit failure as the overload increased. Within a certain overload range, the
tantalum capacitor’s unique self-healing properties allow it to return to its initial level rapidly. However,
when the overload exceeded the critical threshold of 3.848x10°g, the tantalum capacitor was irreversibly
damaged. The overload resistance of other components within the module is stronger than that of the
capacitor. The chip detected an anomaly after an overload of 4.155%10°g, while the failure of the resistor
components occurs at an overload of over 4.249x10°g.

Keywords: electronic detonators; electronic control module; split Hopkinson pressure bar; high overload;

failure
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