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Tab.1 Effect of Pb;0, content in Mg, Al,/CuO/Pb,0, explosive agent on A-weighted sound pressure level
7 A Pbg 0, A F RS/ dB T/ (e - )
B8 % 1 2 3 4 SFHME
1" 0 78.4 83.9 77.8 83.6 80.9 -0.860
2¢ 5 81.8 85.7 84.8 83.1 83.9 -0.815
3" 10 83.3 84.8 86.2 84.0 84.6 -0.770
4* 15 82.6 82.9 85.1 83.6 83.6 -0.725
5* 20 78.2 86.3 81.5 84.0 82.5 -0.680
6" 25 85.9 77.4 82.9 85.2 82.9 -0.635
7* 30 89.0 85.3 84.3 82.8 85.4 -0.590
8" 35 86.0 85.3 83.3 85.9 85.1 —-0.545
9* 40 85.0 90.2 82.1 84.6 85.5 -0.500
10* 45 94.3 93.2 86.3 90.1 91.0 —-0.455
11* 50 90.1 87.4 90.6 92.6 90.2 -0.410
12* 55 91.8 97.3 94.7 99.6 95.9 -0.365
13* 60 93.6 92.3 91.1 99.4 94.1 -0.320
14* 65 102.3 97.7 99.2 106. 1 101.3 -0.275
15* 70 104.3 103.3 106.8 105.7 105.0 -0.230
16* 75 109.8 111.3 108.9 103.3 108.3 -0.185
17* 80 109.0 103.8 108.5 102.3 105.9 -0.140
18* 85 104.6 109.2 106.0 105.0 106.2 -0.095
19* 90 103.3 106. 1 110.0 101.6 105.3 -0.050
20* 95 100.3 106.0 107.9 109.9 106.0 -0.005
21* 100 101.0 107.8 105.3 107.3 105.4 0.040




2016 48 H

Mg, Al,/CuO/Ph, 0, HRMFI W EL Iy Ak B fm a4 fiE 2=k, & <11 -

i1 £ 1 A 01, Mg, Al,/Cu0O/Pb,0, #5 Wi 7|

Pb,0, i 5H A PR RAFAELL TR By
1 ~9" /I Ph,0, i H 70 40A1E 0 ~40% Z 0], A 7K
PAETTE 80.9 ~85.5 dB, 5 I ZH 1 1y ik 14 R B fip
9" ~ 16", B Pb,0, 515 73 AU TE 40% ~75% ZIH], A
PR AE TP AE 85.5 ~ 108. 3 dB, 75 44 ik M a5 e
ficJy 16% ~21% B Pb,0, 43 4UTE 75% ~ 100%
ZIa, A RS 105.3 ~108. 3 dB, Z8 L& R
Ko L, &R Ph,O, S HIN, A RS
BUTHEIN, 24 Pb,O, BIHL 535K 75% , A 7 R 9k
F| R K(A 108.3 dB, FHE /N Pb,O, i, A 75 R AR
A RE,

FMR SR A4 Mg, Al, \Pb,O, A1 CuO, 2424
FEKIG, = F KB

17Pb,0, +8Mg, Al, =51Pb +32MgO +

12A1,0, + #uht; (3)
17Cu0 +2Mg, Al, = 17Cu + 8MgO + 3AL,0, +
gy (4)

FEIX PR SN A ZR 28 W0 BT A oA JACR
Pb,0,,715 kJ/mol; MgO,611 kJ/mol ;AL,0,,1 675.7
kJ/mol; Cu0,175 kJ/mol ; & J& BT AL N 0, Zid it
B RUN(3) H A B PbyO, SOBIRE R #EE Sy 2. 76
KI5 SIS (4) H 458 CuO S B BT $ 5. 36
kJo fBise 2 SR & 15, WIS J5 vh B 58 Mg, Aly/
CuO/Ph, O, 1M 1) S b TR A i DL 3k 2

22 B AMNBERAE
Tab.2 Heat released by 1 g explosive
agent in the reaction

v} 1 2* 37 4" 5* 6" 7*
/K] 3.75 3.70 3.66 3.62 3.59 3.55 3.52

BL s g 9f 108 11" 12f 13" 14*
PWAd/k] 3.49 3.47 3.44 3.42 3.40 3.38 3.36

Be 7 15" 16 17t 18t 19" 20" 21*
PE/k) 3.34 3.33 3.31 3.30 3.28 3.27 3.26

M 3% 2 Al %0, BEZ Pb,O, & AYHE AN, 4 5 2557
[ F= I A T R R B Z Rl 2422 0. 50 k), 2
SE4F 1 AIA, Mg, Al,/CuO/Ph, 0, BRI FI Y A 75 1
P 5 RN R P BT B B VIR R

24 Ph,0, Jit 4B T 40% , EOF i R
-0.86 ~ -0.50 g/g, I N 3.47 ~3.75 kJ, itk
B Ph,0, SRR A R U2 Cu-Pb 875, 1M fff
ZARM Mg, Al AL AN T8 A 77 RZUEAR,
Wi Pb,O, i HIEINZE 40% ~75% , LR —
ABYBL B Cu-Pb KRB W £, 512 SR8

MR MR % . 24 Ph,O, 438k 5] 80% LA
A By B BT AR AT 0, IR, PR
Cu.Pb 5K Z M 1Y Mg, Al, T, Cu-Pb-Mg-Al
B4 BT 1T R R 3. 31 kI Rl A 4R
b, FEMIA B S A R,

Be 5 8530 CuO Fil Mg, AL, F B | ik B
SARK, AR Cu-Mg-Al A4 WCRa e . (H
J&, & A Pb,O, 25BN = P i s SEAR Y
Cu-Pb-Mg-Al £ 23 WOSCH R il iy FA it 1 (] A 1
AL Z R AY Cu-Pb-Mg-Al & 4154k, BT
DL, Sy ook 58 BT A A VR AR IR I AR DT
TCHF e, RIS FAKE I B S 1 7 0 1) 4 ) 5 49
b, FEMIZE R M MO F1 AL O, T8 By IR A Ah 5
fiias SURAR , P ARG 1Y A PR,

Ry i 75 e 245 0 AE A B RS R ARAE R R
FHRERE AT IA G2, | R IRE 50 :400 ~ 5 000
Hz (1) A P RGm . Horb, SR 167 A A5 R 900
o7 (4 7 W A 2 A 1 1 BT

Hy 45 5 a] 1, Mg, Al,/CuO/Pb,0, 4 Wi 7| rh
Pb,0, & aEAYIE NN, XA 10 ~ 400 Hz &b 500
BN AT 1000 Hz Ab A4 75 T 9045 w5 A B
BAEM ;24 Pb,0, 50N 25% M| 75% ,1 000
Hz &b 24 M 70 dB L7380 dB, 3= %8 5t A &
Cu-Pb-Mg-Al &4 1 & 34, HyR el i 5
SV A B BT UC L, v MgO AT AL O, RYBE ST HE
B, RPN 1 000 Hz DL EAR A 56 R4,

2.2 Mg,Al,/CuO/Pb,0, /@07 Bk T E B 4F
fiE

FEIEOK T AR SRR AE MR O v o A R
) Mg, Al,/CuO/Ph, 0, } i 5] UKL ( Pb,0, AN i
HATE75% ) TRAIKF , a5 5 MRS R, 4R
PR RERRAE AN 2 BT

M 2 7] F 1 Mg, Al,/CuO/Pb, O, H Wi 25 1E %
TH R E R e OB A B 5, o ~
1 000 Hz X 3 f% @& 4 FE 94 116 dB, 7E 2 000 ~
8 000 Hz &b, fe i 7 Tl 129 dB, A G 6 45 S
AHAETFSCHR[ 3 ] o ok 27K a6 (1 3) AR S
B 55 (7E2 000 ~8 000 Hz WA VER) , HARMIAL 5 TR
et 65 dB,

MIE 1 5IE 2 A7 %0, Mg, Al,/CuO/Ph, O, 4 i 5]
FERA 5 KTT 75 40 ) (i b BE AR e A7 A8 Ak, B v
£ 2 000 Hz AbRT , H g #R4E 78 = 40 1 000 ~ 8
000 Hz Ju i, iX F= 22 R R m I R e e TR
SRR 54K,



12 . B W %% K Explosive Materials a5 BE 4

D N
S S o o
T
]
l
J
]

AFEZ/dB
W 5 W
o O

L 1 L ] L
%0 100 1000 10000
P Mz

(a)w(Ph,0,) =25%

50 {1
40 1
30
20 n
10
0 ;

10 100 1000 10000
PZE Mz

AFE%/dB

(b)w(Ph,0,) =45%

8ol g g
70

20

10

0
0

1

AFEES/dB
W A U
oo e T

100 1000 10000
HiZR /Hz

(c)w(Phy0,) =75%
El 1 KRIE PbyO, i iy AT &
Fig. 1 Sound spectrum of the explosive agent with

different Pb; 0, contents

140
130
120

g 110
& 100

w90
80| w(Pb,0,)=75%
70r
60 I 1 I 1 1 1 L 1 I 1 L 1 L i & 1

0 1000 2000 3000 4000 5000 6000 7000 8000

B [Hz

&2 Mg, Al,/CuO/Ph, O, B FI K 75 4 SR F A%

Fig. 2 Sound spectrum of Mg, Al,/CuO/Pb,0,

explosive agent working underwater

0 800 1600 2400 3200 4000
% /Hz

K13 HABKSRABERN B0 K 25K T
ke i AR P
Fig.3 Spectrum of pyrotechnic composition

pulsating combustion underwater!*!

SYBTFERA 30 B T A T AR 0 1 2 B T R R
AR K 2 RS T IR 2 ) 5 4 A
FE A IR, Zad 4R BEAL I AK | T 5
KRS e AR rf RS R 2R — N ST
R FH R T K 2 AN BT SR R 4 24, BB S BU LA
PR AR R B B, AEAS TR AR AL BT 0, (H
S AR AR K R SR — ARSI M
X FE I R v DA AR K A VR R B a] AN 27K
R R S DR (] R
3 it

1) R[E &%) Pb,O, %} Mg, Al,/CuO/Pb,0, }5#
A5 A 75 e G 52 me A O . BE A Rk G 5
Ph,0O, & A3 A0, Ho A 75 R S U A I
(Pb,O, B MHCHN 0 ~40% ) ; 2 )5 A FRAEHA
Wi Tt , 24 Ph,0, i /3 40h 75% ~ 100% B, 1] 1%
N A TR RBAA, R HERE R A, o, 2 Ph, O,
AN L 75% , B v 25 7R R 3.33 k)L A
PRSI, 108, 3 dB, HUR A T AE 400 ~ 5 000
Hz,

2) Mg, Al,/CuO/Pb, O, H Wi 5] K il g 45 2R 5
K 257K T BRGEAH LU, 1 R B 23 0 R B T (A 2k 2
0 ~2 000 Hz, k&M 55 24 0 ~8 000 Hz) , A9 B £
KA FEHEH 65 dB (MHKZ5HR 51 dB, %5 Mk 7
116 dB) . AT LA AR R — Bk be =K 4 3 40
JEMEL

5 £ X #
(1] WBIDBC, B0 M A4 M . JL5T JL BT EE TR

#1,1997 .42-44.

[2] WATSON J C. Apparatus for sweeping acoustic mines:

US2994268[ P].1961-08-01.

(3] BRFHEAE, I, 64, 45, ELAT Bk SR e 1 1 4

KK RRBE P BURPE T ], 7 BERE R, 2008,16(5)



2016 4F 8 A Mg, Al,/CuO/Ph, 0, HRMFI W EL Iy Ak B fm a4 fiE 2=k, & <13 -
603-605. K HARPET]. BRI 24,2009 ,28 (4) :241-248.

(4]

(5]

(6]

[7]

OUYANG D H, PAN G P, GUAN H, et al. Experimen-
tal study on acoustic frequency property of pulsating
combustion underwater for pyrotechnic compostion [ J].
Chinese Journal of Energetic Materials,2008 ,16(5) :603-
605.

RRFHAG A, 1 DTG, SC e, 45, PG 2 X ok 257K
RGeS R R R W [ ], & BEAS KL, 2010, 18
(1).55-57.

OUYANG D H, PAN G P, GUAN H, et al. Effect of
thermite content on acoustic radiation characteristics of
pyrotechnic composition underwater combustion [ J ].
Chinese Journal of Energetic Materials,2010,18 (1) :55-
57.

LI J, GUAN H,SONG D M, et al. Application of Hart-
mann acoustic generator in source of underwater pyrotech-
nic combustion| J |. Advanced Materials Research,2013,
787 .638-643.

WEEA, fE T B, BB ME. 7K 4R K 8 2l 5 S8 A0ATT 1)
AKAFTRBLT]. st TR, 1999,23(6) :507-
509,526.

PAN Z W,JIAO S W,GU X H. Underwater explosion is
an acoustic interference source with high power and wide
band[ J |. Journal of Nanjing University of Science and
Technology, 1999,23(6) :507-509,526.

2T MR, B A AR OK R A IR Y & r LB

(8]

(9]

[10]

LI N, CHEN J F, HUANG J G, et al. Sounding mecha-
nisms and characteristics of various underwater sound
sources| J]. Applied Acoustics,2009,28(4) :241-248.
T, BTS2, S K T R R 1 — SE 7R S R
S [T]. ALt T RS 4, 2008 ,28(8) :719-722.
WU C, LIAO S S, LI H X, et al. Analysis of acoustic
characteristics for HE charge underwater explosion[]J].
Transactions of Beijing Institute of Technology,2008,28
(8):719-722.
Hrie N R [ 50 o M R R R SRy . 7Ry K
FAHLRE AR : GB/T7965—2002 [ S]. LAt o [ A
H AT ,2002.
General Administration of Quality Supervision, Inspection
and Quarantine of the People’s Republic of China.
Acoustic : measurement of underwater sound transducers :
GB/T7965—2002 [ S ]. Beijing; China Standard Press,
2002.
rhie AR S A ] 28 0 B A A B R,
EZAR AL T2 b2, 7% KIS GB/
T5265—2009[ S . b5t . Hr bR i, 2000.
General Administration of Quality Supervision, Inspeetion
and Quarantine of the People’s Republic of China, Stan-
dardization Administration of the People’s Republic of
China. Acoustic : measurement of underwater noise : GB/T

5265—2009[ S]. Beijing:China Standard Press,2009.

Optimization of Mg,Al,/CuO/Pb,0, Explosive Agent and Its Acoustic Radiation Characteristics

LI Chenglong, GUAN Hua
School of Chemical Engineering, Nanjing University of Science & Technology ( Jiangsu Nanjing, 210094 )

[ ABSTRACT]

In order to obtain a combustible pyrotechnic material with a characteristic of broadband, which can be

used as an underwater acoustic agent, Mg, Al,/Cu0/Pb,0, explosive agent was studied basing on the wide frequency band

of underwater detonation. Effect of Pb;0, content in Mg, Al,/CuO/Pb,0, explosive agent on the A-weighted sound pressure

level (SPL) , was researched, and agent with the hig hest A-weighted SPL was selected. The sample made from the

optimal agent was lighted underwater, and the acoustic features were analyzed by an acoustic test system. Results show that

A-weighted SPL of the Mg, Al,/CuO/Pb;0, explosive agent increases with the increasing of Pb,0, content. When mass
fraction of Pb;0, is 75% -100% , its SPL is the highest, which can reach to 108. 3 dB. When samples made from the

explosive agent with the highest SPL and the pyrotechnicis lighted underwater, the acoustic frequency of detonation could

cover from O to 8 000 Hz, jagged peaks appears, and the highest SPL is 116 dB in the range of 0 to 1 000 Hz. So

pyrotechnic can be used as a potential acoustic jamming material.

[ KEYWORDS ]
sound pressure level (SPL)

pyrotechnic; Mg, Al,/CuO/Pb;0, explosive agent; optimization of formulation; underwater combustion;



