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FHWESE , 3 W1 B & Bk 2 538 0 RS 6 8 H IO A e 1
e, g B KA B AT A . RDX k5 B4R K 24
((RDX/AI/B/AP) Lt & R KEZ ((RDX/AI/AP) HAT T K1)
MREZREE . HE TR TUIN B A MgH, B K 2 1
FRRPERTSY , R IIER AN B FI MgH, 5 , 75 55 e 24 Y 1 PR
TR, e s A W AR Ak, P30T Din R i g (BE SR R JE
AE) R OS5 , H 23U DR S 19 J5 UBR RV i

B X ] B v K 24 0 2 7 I R o ) T R
IE WA B,O, 1Y 75 & o B 422 35 2B A T RE A2 a0
14 R S NE 6 TR 1 JOR A A [ 1o AR 5 LA HMX
o EE A B/ALE Gk FRL 45 50 &5 Sl aR dE 2 .
@100 mmx105 mm B i 1 25 R KE RN K T B K i 56
F 78 H e BB , ] @50 mm (8 7 328 56 3y Ho A%
TIRE 1 TR T A [ 0K 4 T by & £ 6 35 B 48 e 25 1Y
B e o R R VE D RE T i 52 e, Sy R o e O AR A 24
7 A% R 24 b i o B e S

2 LIGER S

21 HRIEHEREE

HMX: H o E AR RO Ak 7 p B A R | 4l
99.9%, Dy;=6.7 pum; #litk HMX: o 9 B £k 4 T, 59k
RS 20~30 wm s ALK < 3077 5 A S F0 4 58 A AT PR
AL 4l B 99% , MR R SF 1~5 wm; B < 0 b A% 2 0l 35
SRR A BR A L 4l 99.9% , ki R Sf 1~5 wm;
B/AI & & 43« AT b £ 7 0 35 B A4 R B4 A PR 2 W) i
T R R Y B 5~20 pwm iR RS T
(HTPB) : i& FHZZ W4k 058 B , °F- ¥ 43 + & 2000,
fH0.76 mmolL-g™'.

T A R 0 0 B = b B R A AR i TSR
B E R dEZy WL R 1. gad R THEE L AR
PPE S 515 W25 0 e S PR B B vE ML AR A
— 4t @100 mmXx105 mm . @50 mmx110 mm ) 4 J&
BEHE A SR, 7E50 CRIE 120 h, B A 2= IR IFHE,

=1 OTMERKEAR T K ERESEL
Table 1

sives containing B/Al

Formulations and performance parameters of explo-

HMX B Al binder
sample I/% F/% Q/k-g"!
/0/0
ME-1 64 0 20 16 4 10 5.8387
ME-2 64 6 14 16 12 20 6.5657
ME-3 64 10 10 16 24 32 6.1849

Note: [ is the impact sensitivity; F is the friction sensitivity; Q is the heat of

detonation.
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XiF Be VE 25 R SE AT T4 2K 5 AR A S iR
ME-1~ME-3, H2% 24 %5 J37 ol HE /K35 4
2.2 XWHIE
221 ZTRIAW

@100 mmx105 mm AYHE G E T HE B LI 1.5 m
[ S S S I T RTINS P = S -5 S s L
ME-1 ME-2 Fl ME-3 4 5 i) 24453531 9 1.356,1.354 kg
M 1.339 kg, #IEL LS N PCB 137B23B, ik 46 A1 ,
SR @50 mmx50 mm TNT 258 [ 2 iR i ik 17
PR o BB R A S B R 3,4,5 m AT 6 m
() LA AL, R 1.3 m, G 5 AL IR A B 4596 .
FH PCB i 1k 8 A% [ 25 R 08 R 4R A 3 o o 38
RN Fastcam SA-X2 B AR S AL AR L R
2o A BRI 3 B A8 I R L 640%488 12 2 T 148
B 10000 Wi/s. 20560 FE G 3 RN s Y A
HHIZ K,

) / sample
X |
high-speed camera %
Y\, overpressure sensor
\

[ Y S W (TR
Fig.1 Sketch of air blast test
2.2.2 KTBRMELR

KR BRI R R ST @100 mmx105 mm,
ME-1.ME-2 Fl ME-3 # i i 2 5433 1.368,1.344 kg
M 1.339 kgo M4 FIZ4R ZORAE A LA K T 10 m, P
A A A o K LS T AR 48 m ISR ELAR
32 m, KR 23 m, K R AE I A B O LI 2, S
o A 6 A AL R IO R B4 2,3,4,5,6 m
7 m, BT D0 i ol gl e O B R 2 ) 2 A IR A B
PO BE B3 500 3 m A4 m, T I A — YO bk
B JE 0 240 R A e e E K 3R B A RE
hely R AR FE BE B0 4o W B g il U R ) B
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e 25K F A 1 B R
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Fig.2 Sketch of underwater explosion test
2.2.3 ERKE

@50 mm [F 77156 1, ME-1 \ME-2 Fll ME-3 B i (125
JE4r5 24 1.708,1.689 g-cm™ A1 1.673 g-cm ™. XK &R
i 134 @50 mmx50 mm 254 @60.2 mmX500 mm
L4 7] 15 4 (INAR 50.2 mm, KB 500 mm, B 5 mm) .
HLPR T VU G2 T s D e R B 4 A A
PLAE A R, HoaU e A i L1 3. o, PR A M 3R 4 T
N5 0 24 1) g s AHAIL AR B sh % 0 7.5%X10° remin™',
FH T 3R A5 1 245 45 55 5K 5l 50 457 g i th 2 00 S 3 i A
THBE I HI 300 mm < B2 A0 4 45 A BE AR 1] 2K 31 12 mm
138 mm [y BE R RS JE BE SR RAE . BE HURIHS JE AR B
R UHE 25 (D g s>

] detonator
“_—booster

—clectric pin

metalized explosive
cooper cylinder

high-speed camera
argon lighting source
/

,,,,,, m

.~ Electric pin

B3 @50 mm [ #5055
Fig.3 Experimental setup of @50 mm cylinder test
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31 ZRMEREBE
TR R RS RSE W BRI B R )
R[] DY S R T O 4 B R LA s R, T8 s o
B/AI S & W H AT I RN, It LA A 1 K e A 475 HL AT ¢
KA s PR 3 R G R A S D AR AR A
i Y o o O R R s ek B W B SR T Henrych 22
S B = R s A P A 1 e R
_0.662 . 4.05 . 3.288

Apmax - - — —
R R’ R’

1/3
R=R m-i
//( QW)

AR = R/i/?jytt%ﬁﬁé% 5 R A o B B 00 R
B mym R TNT it kgs m M FE & i, kg s Qe
9 TINT 8 #4,4.070 kJ-g™'5 Q B Sl 4 #4 , ME-1 . ME-2
FIME-3 Ay MR ME 5351 0 5.8387 kJ-g™'.6.5657 k)-g ™' il
6.1849 kJ-g™',

X HE SN R 5 Henrych 28 203 B9 #E TR, 3015
0B HE 24 s A ol o DR T IR P e A DL 1R 4

(1<I_€<10)
(1)

Measured:
& —— ME-1
70 ——ME-2
o gg ——ME-3
= 551
%E 50 Calculated:
45 —o—ME
40 ME-1
35.] —e—ME-2
30 ——ME-3
25
20

30 35 40 45 50 55 60
RIm
4 i PR RS 5 Henrych 30 24 X0 H B 1 X 1L
Fig.4 Comparison between the measured shock wave over-

pressures and the calculated values

PN 4 7550, = FfoKE 24 i JC 24 o 25 () rh AR K B
fE3,4,5 m A6 m i B A4b2s il A K EI/INHEIT R
ME-3>ME-2>ME-1, & il 55 ¥E 25 (ME-3 F1 ME-2) It &
FRAEZS (ME-1) il i 8 B S i , R B B/AL 65 B R
P IV R ) AR E AR B K, X Az I S A Y 4
SRR TE W2 L FE HMXEREAVERTT , AR 1B K3 IF AN
R A ¥ R 4 S R PR G A R R T HEAT RO 1T 2 ALK
AT IR 3 R BE BN, 4 i — A e R R L BE S
TE e L PR BE rf ALK F1 B A [ I 6 47 A B S i o ME-3
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FEa (AR BT & L6 1:1) 2 5 OV A9 B #y b ME-2 B
CHRAR R L 3:7) B 4 B B 22, Bl iy A HE B K
DRI, 76 4% D0 67 B 1Y ME-3 BE & (188 R AE L ME-2 B
i R

IR Ay A R BT, SE Y b 8 R (H 5 Henrych
2B AW THEAE LR 3, R =R 2R
st P19 25 A% oo DR S il R A B SR ) o g
i EAE 5 Henrych 28 56 0 X3 HBAE A — & i 22, (H 5%
KA 22 AL 3.5 kPa, 45020 X2 AR 45 55 8% TNT 2
2y TR, T IR g A T R (R
3.2 BRERFNEEE R

SR FH e S B 5 1148 — R o R K A R v K R TE S
R AR A X B = o B0 4 K 24 A S [ Bt 220 ) 4 e
FUR B R UL 5

BE SR S, HMX 7R M S B ) 9 & A 4 28 I
TERURR K K ER o DN 0.1 ms FFUR 8 1 K BR R H 328 7 44
K. ALB LB T 5 5 HMX BE s S b AR
RABRBER N . 25 23.2 ms, & 83125 ME-1 BB &
YR B 2 B AR M 25 ME-2 A ME-3 8 KE Bk v Bt

23.2ms

23.2ms
b.

23.2ms

B5 3l A A 2 2 vh g b g T T T L

ME-2

i R i T TR U DR SR ST R SR I = L AR <]
DB IE S 5 RN . B W 2% 6 KO N i 1
B REAS KRR, JCER DU JE Y 3 St JOIE T B, 3%
HIAE ALK BRI AE 5 R, B Ry IE il 24 & A Ik e s 1y > o
283024 88.4 ms, ME-1 (AR bE 2 I s T 45 3, 5 {1
KK R T 2% T B 45 K 24 3 TR 4k 22 R MR BE S
5 #R B HE S 0 R 6 X . FE B2 ME-3, 0K B
BRI 7 A 1 W 2 € MR AT U B e A K BR R T, R I AE
BRBE I S 4, B/ALSE 5k i ADK B [ I 56 4, T B
WAk s 2 5N . B/ALE & K 1) 5 22 I st 8] ok
T ARy, H B/AISE A8 & 58K, J5 22 By i 8] 4 .
Z T B B R A be R ik Hh KRR A S TR S RN Y
o I e R RS I ) B SR T SR AR T e 10
3.3 KTEMERE
3.3.1 WiEiKeE

AR KE 2K RIS L R T W B R
J3, 1 ) O JE R K A R 2 7 ) K S T AR T P IR
vk I JF AR K o AL B R i AR AL R oL R S i Ak
NIFERLAE ™ . BT B/ALE A 8 51535 7= 9 fk

57.2ms 67.8 ms 88.4 ms

ME-1

57.2ms

Fig.5 Comparison of high speed photographs of air blast for three explosives containing B/Al
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2O, A, XN TR WL R R B, A RO

ZRCI R R, 208 K Je AT A B R A e ol 08 )
i it R R 3 AR G AR A A A TR A TR A o
i o AR AT R K AU T SN (2) 3 504 6
i A e R E R A whk AR £

4mR? - ;
E,= [ poyde
pPoCym ~0
EsO:lu‘Es
_ _ -3 ,.2 -4 3
u=1+0.13328p = 6.775x10 " p;+1.2594X10 " p

o, E o B 2 2 vy RA Y ob o B AE L M) kg s,
KB 1.0 geem ™ G K A, 1460m s
m R R B EE kg p (O S I A A et 2wy U T
MPa; t R EFR s £, W1 IR wh 5 B, M) kg™ s
Sy BB IE K s py AR, GPa, i 2% X
Bk (1], ME-1,ME-2 Fil ME-3 (4 48 JE 11 % 8 4> 59 K
24.73.25.53GPa #1 25.93GPa, i1 & #5145 H vh i dk 15
R Fp R 2178 .2.211 12,229, #REAS [ {7
e RUUREN O RULE T Al 8 = N RC R A R RO N R i

(2) Wi k2.
T2 FhE AR A 2 A e U AR RN 4 vl U AR
Table 2 Shock wave energy and initial shock wave energy of explosives containing B/Al
ME-1 ME-2 ME-3
Kim p(t)/MPa E/M)-kg'  E,/MJ-kg  p(t)/MPa E/MJ kg™ E,/MJ-kgt  p(t)/MPa E/M)-kg™  E /M) kg™
2.0 25.02 1.031 2.246 25.00 1.023 2.262 26.17 1.121 2.499
3.0 15.82 0.961 2.093 15.62 1.004 2.220 15.21 1.039 2.316
4.0 12.19 1.135 2.472 10.33 1.087 2.403 12.17 1.128 2.514
5.0 8.56 0.904 1.969 9.96 0.982 2.171 9.58 1.013 2.258
6.0 7.27 0.951 2.071 7.41 0.952 2.105 7.57 0.965 2.151
7.0 6.52 0.978 2.130 6.27 1.014 2.242 6.51 1.021 2.276
mean 0.993 2.164 1.010 2.234 1.048 2.336
M2 ml 50, 7E 6 A A B, ME-1, ME-2 FlI T.=T-T,
ME-3 oft i ¢ BE P 2 {E 3011 09 0.993 .1.010 M) -kg™' (3)

F11.048 M) kg™, & W1 57 4 25 (ME-2 Fil ME-3) 1 b i
WREIRY K F &4 K25 (ME-1) i wh s e BE . X %W
B H 5 HMX 48 25 7= W) F K 28958 A2 — IR T T
AUBY Z R B0 R0 B K I e, %o o i e A — 4k
Dl PO oS ey g g NS ETIR R UL T4 B
(B, BT 0 = 4 Je AL KE 25 (0 4 vh s e RE R B
s % e A ) A A2 AL R .
3.3.2 Hifig

UK B AT T, 02 5 — R K B R ) U (B X
A N CTRE RS /a2 Be o N TN = = R (o N i Da B |
Wi kg R, HhE B AR (3) 35,

E, =(0.6842P " p**T.})/(m - 10°)

b TG K R, mss T8 B — S0 ik 3h TR
S W ARLRS LIS ), mss Tk il P BB I ], mss £, 8 4
N JTRESR I SREE M) kg™ s B, R REZRE LR BE M
P,k K 2 et A KO AN 50 e 2 1l R SR 2 F, Pas h
KHEZ 0 ATKIEREE 10 mo AR4E 3 m Al 4 m b g 8 s
I3 5 — O A Ik Bl R S A R R LR 3.

A 3 AE A B 3 m T4 mAh ME-1 ME-2
FME-3 S RE MY F- 9 {H 5351 1.807,1.946 MJ-kg™ Fil
1.968 MJ-kg™", & B 57 4 25 (ME-2 F1 ME-3) 19 i g

F3 S MIERAEZ R R RE
Table 3 Bubble energy of explosives containing B/Al
sample plg-cm™? m/ kg h/m R/m T,/ ms T,/ ms T,/ ms E./ M) E, / MJ-kg™
3 189.84 1.941
ME-1 1.704 1.368 10 187.90 2.474 1.807
4 190.50 2.610
3 193.50 1.934
ME-2 1.691 1.344 10 191.52 2.615 1.946
4 194.20 2.634
3 194.18 1.933
ME-3 1.676 1.339 10 192.32 2.635 1.968
4 194.88 2.634
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BIRF &AL (ME-1) R EE. b, & 20% B/AI
AR 0 ME-3 SO fE B K, L& BB E 25 (ME-1) K
0.161 MJ kg™, X #F—25 R By 5 HMX 1R 22 7= W)
FIK 2615 K% HE 9 R SR B ALK VR S R B il T
RO X AL RB AT R BTk . AR KR 24 KT A
YEBE £S5 T 00 4 o o U 58 £, A RE £, 20, 1T
RN EK 4,

R4 3PN AEL R OK T R AE B RE
Table 4 Total energy in underwater explosion of explosives

containing B/Al

sample p/g-cm™  m/kg E,/M)-kg™ E/MJ-kg™' E/M])-kg™!
ME-1 1.704 1.368 2.164 1.807 3.971
ME-2 1.691 1.344 2.234 1.946 4.180
ME-3 1.676 1.339 2.336 1.968 4.304

M 4 a3 R KE 25 RE b, KT B A BRI
K F /N B IR R S ME-3 . ME-=2 Fl ME-T, & Bl 45 4
25 (ME-2 Fl ME-3) iy K T 1 BB/ tb & R 4E 2
(ME-1) K. 4552, HMX & 48 4 25 v, fdi 1)
B/AI S G Ky B, HMX 1) 8 PR AR e AR 55 77 0 10 ik B ARk
A B IR B IR ALK 5B R PR W K 25950 —
U BE A5 1 — 25 41 1 B OBy (1 U R, R M K
B4 2 INE A, 4 i) 3 ot e o 30 RSt Ik Bl 4 o ol D e
AL BE , WU R 5 /K MR e Y S R
3.4 1EThEEAIEM

@50 mm [ {37 32090 2 W o 4 J b ke 24 9 3 R IE AR
YEDhRE A RO k2 —1 0 IR R) i e A 88
RS T 2R e e R I R R R
4 Jon 3 gk R SR R v R WL R AT R A RE S, AR A 1R £
300 mm Kb 45 I K ih 26 5250 R AR A X4l (4) %
L6 B Bk PR 25 55 W K o o) 550 31 R 8L a, La, 0, F1 a,,
SR J5 43 9 T E S AN [R) 2 ke BE 2 %) B R A% e R B A 2
YA R B B AR AR A SR WL R 6 IR 753 Ff
TR ELETIRE I M LR S R L3 5

t=a, + aZ(R - RO) + agea‘(R_R“)
U = 1
aa(R*Rﬂ)
a, + a,a,e
2 (4)
v [R-d
v, |R, -d
Ufm 1
Eo=—|2s—
2 \c 2
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Ao, ok [R5 BE R RK B9 B 18], s a, L a, . a, . a, M E R
B5 R [ 37 1 B B I i rh o R A BE B, mm s Ry [
fei AP B [5] f7 h  Ze i WD LR BE RS mim; U SRy [5] 7 BE
BB, mme s V/V, R BRI AR XS R R d
(5] fa BE L BE , mm s Eg A% JE R L k) -g™" s m I ¢ 43 531 Dy il
BHYEL ALK R B E kg -mm™,

AAAAAAAAAAAAAAAA

1.34
- «  ME-1
& 1.2 e ME-2
g + MES3
51.1-

2 4 6 8 10 12 14 16
Relative volume of detonation products

B 6 i A R A B AR S AR X AR A2 A

Fig.6 Variation of the copper wall velocity with the relative

volume of detonation products

2.8- ................I'
2.6 .Illl“::::nnnn-nln....

24
29 « ME-1
20
18-
16-
144
12

AAAAAAAAAAAAAAAAA

Gurney energy / kJ-g”
=
m
w

2 4 6 8 10 12 14 16
Relative volume of detonation products

B 7 K& JE RE R AR 2 7 R A AR AR Ak

Fig.7 Variation of Gurney energy with the relative volume

of detonation products

K5 ARG M BE B = 55 057 1 24 ) BE RIS JE fE
Table 5 Copper wall velocity and Gurney energy of explo-

sives containing B/Al at different expansion distances

R-Ry=12mm  R-R=38 mm R-R,=70 mm

p
sample

E, U E, U E
/mmeus™ /gcm” ¢ N N

/mmeps™ fkJg™ /mmeps™ kg™t /mmepsT! /k)-g™

3

ME-1  7.812 1.708 1.179 1.980 1.351 2.600 1.380 2.713
ME-2  7.845 1.689 1.162 1.942 1.345 2.602 1.390 2.780
ME-3  7.855 1.673 1.147 1.907 1.300 2.448 1.327 2.550

M 6 & 7 F13E 5 AT E R B (R 2=
AHX AR FR/IN T 2) BT A K 24 1 BE S R L 2 e it 4 = A
LR, 3 P M 2 R ALK B 2 R 5 1R Y o i K IR
R-R,=12 mm B, 45 25 7= W AR XA 2,190, 7E K
LYRRE T 2 45 LR B Z )5, ME-2 FIl ME-3 119 BE
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2O, A, XN TR WL R R B, A RO

b ME-1 11, 2 B A T4 6 /2 98 19 ALK I 2l B A L i
9K 2 4 A8 RE B K L X 2 PR O KE 2 b B B SR R L A
%o B2 BK I B R-R,=38 mim B, 48 25 7= W i 4R X A AR
1 6.350, fERLEEE YR 6 5 IR Z )G , ME-2
[ e B fE K F ME-3, B0 ME-2 ' B R T #E 19 50 %
W B KB BS R-R,=70 mim I B 5 7 W 60 AH )
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Energy Output Characteristics and Power Ability of HMX-based Explosives Containing B/Al

LI Xing-long'*, WANG De-hai', LIU Qing-jie'’, HUA Cheng'?, CAO Wei'’, SONG Qing-guan'’, WANG Xiang'?,
GAO Da-yuan'?
(1. Institute of Chemical Materials, CAEP, Mianyang 621999, China; 2. Robust Munitions Center, CAEP , Mianyang 621999, China)

Abstract: How to improve the explosion energy and power ability of explosive by applying reactive metal particles effectively is
the key problem for the design of metalized explosive. To explore the application of the micro-B/Al composite powder in en-
hance blast explosive (EBX) and thermobaric explosive (TBX), three HMX-based explosives containing B/Al particles were de-
signed and prepared. The energy output characteristics of the samples with a dimension 100 mmx105 mm was studied by air
blast and underwater explosion tests, meanwhile the power abilities were evaluated by a @50 mm cylinder test. The effect of the
content of micro-metal on energy output process and power ability of metalized explosives was discussed. Results show that in
the air blast and underwater explosion tests, initiated by the detonation of HMX, the combustion of micro-Al can promote the af-
terburning effect of micro-Boron resulting in releasing a great amount of combustion heat to generate expansible products with
high temperature and high pressure, finally increase the sustained duration of fireball and total energy in underwater explosion.
In the cylinder test, there was not enough oxygen to react with micro-B before the cooper cylinder burst, accordingly the advan-
tage of combustion energy of micro-boron in explosives containing B/Al could not present. However, after the cooper cylinder
burst, the oxygen in the air can oxide B/Al composite powder to release a large amount of combustion heat, which can enhance
the power ability of aftereffect.

Key words: HMX-based explosives containing B/Al;air blast test; underwater explosion test; cylinder test; overpressure of shock
wave;bubble energy; Gurney energy
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