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Analysis of electromagnetic radiation characteristics
during typical explosives explosion

CUI Yuanbo, KONG Deren, ZHANG Xuehui, ZHANG Yifei
(School of Mechanical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract; A set of electromagnetic radiation measurement devices based on short-wave omnidirectional antennas and ultra-wideband
omnidirectional antennas was designed to measure the electromagnetic radiation generated by TNT explosions, and the data was processed to obtain
electromagnetic radiation characteristics. The results show that the explosive mass has a significant effect on the time domain characteristics of the
electromagnetic radiation generated by the explosion. The greater the mass, the shorter the delayed response of the electromagnetic signal, the
longer the duration, and the earlier the peak time. 60 kg TNT explosion generated electromagnetic radiation signal frequency is mainly concentrated
below 100 MHz, the most concentrated energy is in the 0 ~ 50 MHz band, the explosive composition has the largest effect on the spectrum
distribution, and the electromagnetic radiation spectrum distribution generated by different components of the explosive explosion has obvious
specificity. Electromagnetic radiation intensity generated by dynamite explosion shows a strong correlation with the distance from the burst center.
The intensity decreases with the distance increasing, and the magnitude of the decrease is large. Charge configuration and detonation mode will
change the geometric movement pattern of the explosive during the explosion process, resulting in the non-uniformity characteristics of the explosion
electromagnetic radiation propagation.
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Tab.1 Time domain parameters of electromagnetic radiation signal generated by TNT explosion

2.2

SE IR T[]/ ms WAL T[]/ ms A L/ V
WA FEES/m
30 kg TNT 60 kg INT 30 kg TNT 60 kg TNT 30 kg TNT 60 kg TNT

point 1 20 1.545 0.046 1 9.816 0.314 1.426 1.914

point 2 35 2.360 0.051 6 9.816 0.322 0.644 1.563

point 3 50 2.356 0.060 9 9.816 0.327 0.703 0.898

point 4 20 2.619 0.046 4 8.134 0.322 0.507 2.500

point 5 35 2.653 0.051 8 8. 134 0.354 0.683 1.875

point 6 50 2.653 0.061 5 8. 134 0.392 0.332 0.585

LS S g 5 AT HL GRS (5 5 IR 00 A1, ey R R 3 7 A 1Y

EL T R S PR 23 A PR A 5 0 R P

LS, K AN Haning B (8 HL A2 46 1 05 2006 1
GRS 15 5 AT AL TR 2 1 6 Oy 60 kg TNT

WL R 0 2 21 A AE O ~ 100 MHz, Herfr 0 ~
50 MHz{IRABE FL il 56 0 RE o0 A1 e B o AN
I A A 22 R B 0 S 1



56 ]

BEICIE, 45 - JULRYKE 245 Rk i o e AR ST R S0 75

1AL point 1 point 4 B 3% 73 A B W 2, 7 O ~
100 MHzJEE A XA 73 A7, B g 5 8y 00 4K

3.0

2.5
2.0
15

6 /mV

=
H

1.0

L

15

A | | 1 | ) 1 ‘
0 50 100 150 200 250 300

HH /MHz
(a) point 1

6 /mV

&

N L l i 1 l

100 150 200 250 300
A/ MHz
(¢) point 3
3.0
25+
= 2.0
)
15k
=
= 10
1.5
0 " I L L
0 50 100 150 200 250 300
A/ MHz
(e) point 5

5, point 3 point 6 Al RER A AL, X —45 R S
CHk[ 10 ] H RS —2.

3.0
25+
(>a 20F
~ 15+
o
E 0+
15+
0 1 I | ! !
0 50 100 150 200 250 300
A/ MHz
(b) point 2
3.0
25
= 2.0
=15k
E 1.0
1.5F
0 1 ! L | !
0 50 100 150 200 250 300
A/ MHz
(d) point 4
3.0
>
£
£
o
lg
ok LAl | L L L |
0 50 100 150 200 250 300
FRA [ Mz
(f) point 6

FI6 60 kg TNT HUBCAHS (S HUA AT

Fig.6 Frequency distribution of electromagnetic radiation signal of 60 kg TNT

HISCRR[ 10,12 - 13 | iy Se 30 4t , ol DLAG
PP T B s 45 40 K 2 i i o oA €], PETN
HERHE 7 A 1) HL B i A AR AE 30 MHz,60 MHz,
80 MHzfF Ay BA i o0 A7, SRR M2 (RDX 96.5%
FIRIE 3% 4125 0. 5% ) 5K 7 A2 1) P T 5 S5 930
FTE 20 MHz 40 MHz Btz A7 B .70 A1, B JE 248
HE77 He 9 PR G S R 2 B A A O ~ 50 kHz,
RDX JE 5 10% 55345 2 K 4 7= A= 14 v 1 6 3 7
380 MHz PR3 B 00 A, RDX S35 20% k2
FEHE 7 e 1) PG 23 A 310 MHz 71 380 MHz ff
A WA

4543 TNT Bk S IR0 AT LISt - X T4 24
HERHE 7= 1 B PR R SR M 2 O R R A FY
LA SRR S IR A I BOR , REHBOR AR 5 1R
2 B AR AT 5 Fe R, AN TR f9 0 2

HR A 77 M ) VR A S IS O A A I AR S B
—4E AT DL T2 o U e o [R5
JoHE K 25 F 7 A A LA S, B P A O T R
A5 A3 3 A S B K, 5 ELAS [ T 1) 114 HRL
PRI ATAT W R 2250 o

3.0
TNT
25 PETN
—— HEXOGEN

= 20 B EXPLOSIVES
& ——— RDX(10% Al+)
g 15k ——— RDX(20% Al+)
lné.i

1.0

05

0 |

0 50 100 150 200 25‘0 300 350 400
FHA/MHz
7 NI o3 K 25 B KT PR 8 A 38 A
Fig.7  Spectrum distribution of electromagnetic
radiation of different explosives



- 76 - (FE TR SR S AN S

544

2.3 BHESTRESHN
LRSI F T 2 S B R A T
(B SR B/ (V/m) o IR TR 1 v
FEh U/V Gt Bt i R 258 G, A iz ]
(RFPEREST 1207 S LA H = E/ (1207) I RKr
E Rl H 256 W05 BOEmEE E/ (wWV/m) FIps
WHE P,/ (mW/m’) ZJEFFAEINER(S) 7 FRk &,

s, (10°°E)?
107°P, = 150, (5)
gL (5),101gE/ (dB + wV/m) £ 101gP,/

(mW/m*) (SRR A -
101gP, =201gE —90 —10lg(120w) (6)
B E R £/ (wV/m) W 25 6 (32
1) B REARAE Ly/m Ny

_A G
Lef“w 1. 64 7

I LUBON L VY h

A G Zy
M= (8),201gE/(dB « wV/m) Fl 201gV/
(dB - WV)HIKERN:
20lgV =201gE +201g(A/w) +10lgG -2. 15 +101g( Z,/Z,)
(9)
WHRBHBT N Z,/Q, FEWH 2 V/pV, T
& P./mW .
Prz(IOTV) -Zioxm’ (10)
I, 101gP, = 201gV — 101gZ, 4 Z, =50 Q
B} ,201gV/ (dB « wV) F1 101gP,/dBm 52 N -
101gP, =201gV - 113 (11)
FE f e S 2 B P ) e R AR RAR B R Z
iy R R R SR H P, T e R R P AR A
REIEE JUR A 1 SRR BRI L PFESE
PR FEM, A T A58 S B R SRR R, T
SERPBARIE TAHE, FARE IESENEL 8 s
18}
16 F
14}

12F
10F

K& FE/ (dB/m)

[T S e <
T T T T T

0 50 10 150 200 250 300
FRA [ Mz
(a) RELFREL

(a) Antenna factor

—12F

SR A 28 I R 2L/ (dB/m)
|

—16}

0 S0 100 10 200 250 300
FRA [ Mz
(b) S R) Bl 2 o vl 2 %

(b) RF coaxial line attenuation coefficient

30
29k
g 28 F
Y
g 7t
26 F
a5l . . . : . :
0 50 100 150 200 250 300
#i% /MHz
(¢) 30 kg TNT £ ESH
(¢) 30 kg TNT correction parameter
9.0
85F
2
2
e
W sof
w
'y
T5F
7.0

(; 5;) 1(‘)0 1‘50 2(‘)0 25‘0 3;)0
#i% /MHz
(4) 60 kg TNT f51E 5%
(d) 60 kg TNT correction parameter

K8 SLRBIREIESE

Fig.8 Experimental data correction parameters

IR LSS I SR A5 RN 3R 2 s, o
Br &3 ,30 kg TNT KA 7 A5 1) F TG 559 58 B e K
H 7 85.56 V/m,60 kg TNT Jg4F 77 A (1) F G 55
SREE Fx KA N 168.86 V/m, A [A] I 32 45 45
60 kg TNTI) L 4 4% 5F 9 FE b 30 kg TNT &5 i3
96.2% ~304.3% . FH LA UL, AS[R) 5T 6 1 0 24 %
JE 7 A R FOLRE A ST o BEAH 25 78 1 A5 DA b, %) T[]
G KR LGSR AR W R R R, R



56 ]

BEICIE, 45 - JULRYKE 245 Rk i o e AR ST R S0 " 77

T 5 2 B 348 K o 38 Dk P R A 5 o T 4 [
SRS AR T 1o AR G, DA 14 L i R
AT 22,30 kg TNT AN[A] J5 [ fe 08 045 HL

B ik RE RH 22 BCOK, ZEMEVE B N 17.35% ~
102. 17% ,60 kg TNT AS[F] 77 1] F9 3000 51 00 445 L
RS A ZE BN 2T 1. 1% ~17.7% .

x2 INTIRMEBRIESBE

Tab.2 Electromagnetic radiation intensity of TNT explosion
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30 kg TNT 60 kg TNT 30 kg TNT 60 kg TNT 30 kg TNT 60 kg TNT 30 kg TNT 60 kg TNT
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Fig.9 Numerical simulation parameters of electromagnetic radiation of 60 kg TNT explosion
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Fig. 10 Numerical simulation of electromagnetic radiation of 60 kg TNT explosion
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