o 92 I 3
MRNRINERN

FFMET v ¥ VETFNVIC L DBRBIFEDOHE (558 H)

7 n 2 =9 ABEOBRENE

:: L =

T2 LESCEBRNBHBHELAF—EH—BPX (KHT) ik o HAL, TA3=
O LOREAEIC>WTRBL A, BEERSHDOT A =9 LRURIET & 3 =9 LORER
RERERRRL 1R Hh /s Hugoniot L FET CHORBEBL 0 RO/, ENEEEED
TAI=t MBEOMINIL S CI e 7 A S =9 AVBBET CREL Trigne L
ERSIZEVWE, BRECTHBHB7L =Y ARL I RELE=1 7 o PRETKIO%NDT
A= AMET SR S Y o F—F R b RKPBREREUC L SRR L DIBL

nitEEhi.

1. ¥ B

T =9 At SURRIRERABV-OTHEE
WL LTRCHAEASIATE L, BRTSKIBR
K729 ALVRENMCBEE L THRZAS LS
icte ol ERERGHERIZLERNOT LI =T LN
AvohTnd, MEEARHLELTOT A= L0
BHRICHOVTOFRREETHS, HH5BR (Fd
Cook?, Finger @M T 74 2 =9 LIIBEXET
IEL T isvne L, BIOKR (Mader®) Tty
nI=YLESUHARIBRHLZBRELTHEYI T
I LRBRRETHBRL TWSELTWS, 65
ALBRHBE, T =9 LOBR, RENORLE
0, BE, a—F ¢ 7RASOBRCLIIRZITHS
IR, YFH6NRANELVMZLMh> T, 7
A2 =0 LOREEBERCIEEROBRSIZHITS
MENERREKELEBEFXELOTHS, &
#BEcit KHT i & 3885 EOH R & R
OHENGT AL =9 AORGEIZ>VWTRET 5.
2. PZLE=HLORER

BEPOT AL =y ARBRIESATEIC AlOsize
3. Al H 5\ Al;Oa® Hugoniot (2L < b
PoTwdD, AljOy HBET 5B S IREIRAE (34000~
5000K & %illic 2 5, MY CRERKEPRER L L
T OKSBERGK P.(V) £y /i Mie-Griineisen
KREEAL L. 2 nSLENBER % Hugoniot

BESYELLA 8 ASE
*EEERHRFIRERI CF M
T305 KARFMBFEMATN 1—1
TEL 0298-54-4788

Kégyd Kayaku, Vol, 46, No.3, 1985

MOEELEGCOTH-L, TAIZGLIZLZIOR
EWMT B9 P (V) &R/, Fig 1 ICBILE,
SENDRRELERX LTIz AOEH — T
Hugoniot n MM &7+ . Griineisen BH %X

P=Py (V) + % (E-Ey (V)) )

oo, FF HxBHR0r WEBREENHRN
Hugoniot §li¢= L, P, ERth¥FhEHLARE
n¥— i+, LA >T Rankine -Hugoniot R &
n

Eu(V)=-;—Py(Vo—V) @

SIEHBOWMERE Voo & L 4, Hugoniot
X X% At

E=%P(V,,-V) 3

TH 5, (1)~3R & Fig. 1 DR L 0 R b /2 Griin-
cisen MK & (RANBIRIE Fig. 2 ioRT X Hick s,
HRN 2T v REWN, ShRSILENNTIC
SN TREG—{EA 10K+ 5 12 Hugoniot OFIEERYE
NKELBLDTHB, oo TRHGN/ Grilneisen
8 & (B RERi2 Kormer® ofRizifv, Fig.1
L Fig2 bothlobEeAvTTa =9 40R
sk

PP +LDE-E(v)) w
EROIE, BETA =04 (355 L) OREK

{2 Fig.3 nRBAP L ok /e, Fig.3nas.. #a
ORI SILE DO E LTIV E v T Grilneisenff

— 135 —



1000

L] : “I L] [ ¥ L L] T 1 L] L) L] T
- o\o .‘2.559 .
o v
200 L ARERIT ALUMINUM ]
ﬁ’o)a;ﬂ "‘
- ° '..= INITIAL DENSITY(G/CC) K
: o 2.784: LOS ALANOS
800 L L 1.955 a 2.558 .
A2 TP a 2.224
- A\ e" [ 1. 955 4
a + & [}
200 o\ ST TR L. 661
N ) R . X 1. 816: MORGAN 4
-‘.\ a “-e O v+ 1. 348
L . | ‘.' @ 1.92 : ANDEASON E
'-‘ a'.‘ ‘,‘ vV ¢ © 1.98
_ 600 L “‘ \ -‘:,o v'.'.v'. ° 1-3S -
z S W ¥ '
i T N\ N ': :
x 3 1 \*
— 1} < L}
I&J 500 | o‘n\ a Y . l\ p
- »_ % i v Il
@ L AR S 1.59
& ey N N A? 1
400 |- - -“ ““ \ ) ",\; 1. 38 .
LU T .-‘ \ ° o
i ":. \ \‘\\ “'? "I‘. \ v C 1
300 L. A\ ! i J
L RA LAY
- % \ LT A 1
-\ ol LY [
\\ \‘ v ° ll
200 | expeRInENT Wy \ N\ LS\ ¢ |
\‘ Y \ % H
AR T :
I s CALCULATED AN A B
& Top ,‘\‘ [N H 7
100 | SR
\f\\ \“\ ': . ]
. S AN ]
o SN T
Q PR TN S | ! 1 z : PR 1 1 : 1 N : I I
0.20 0.25 0.30 0.35 0- 40

YOLUME (CC/G)

Fig.1 Experimental Hugoniot data for solid aluminum®.

Hugoniot for

porous aluminum are calculated using complete compaction model
assuming Mie-Griineisen equation shown in Table 1.
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Table 1 Constitutive equation of state for solid
aluminum oxide.

Al
Do : 2.784 g/cod

Pe(Mbar) = 32,245 - 3g8.11 V + 1628 g v2
-3279.5 V3 + 2512.9 V

r/Viem3/g) = 10.478 - 27.22 V + 36,499 V2
a ; 8.98 x 1073 (k-1)

TH(K) = -167.75 - 597,69 Vy - 767. 38 vy2
- 433.30 vy - 90.205 vy4

Ug(em/us) = 0.5328 + 1,338 up

Al203 (corundum)
Po ¢ 3.977

Pe(Mbar) = -30.655 - 783.22 V -6353.0 v2
+21310 v3 - 25868 V4

r/V(cnd/g) = 5.75
e ; 2.28x 105 1)

TH) o -4909.8 - 9473.5 vy - 6841.8 vy2
- 2189.2 V43 - 261.85 vyé
Ug(em/ps) = 0.5173 + 1.473 up

V. V4 ;end/g. up ; cm/us
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Table 2 Detonation properties of aluminum loaded explosives.. In KHT
results, the aluminum is assumed to be inert for {1) and to be
reactive for (2). BKW (M) denotes results calculated by Mader®
assuming aluminum to be reactive.

C-J : BKW
Explosive Param. Expt’l  KHT RDx(ggrau.
(4] (2)

Alex 20,44/32.2/19.8/4 D 7530 7523 7348 7496
RDX/TNT/Al/¥Yax P 230 230 245 252
p = 1.801 T 2869 5202 5166
AHe = -0.65/100 g 7 3.44 3.43 2.97 3.01
Alex 32,37.4/27.8/30.8/4 D 7300 7398 6991 7086
RDX/TNT/al/Yax P 215 222 197 213
p = 1.88 T 2615 5930 5928
AHe = -0.87/100 g Y 3.64 3.73 3.866 3.40
HBX-1,40/38/17/5 RDX/INT D 7224 7234 T132 7270
/Al/¥Wax P 209 222 229
p=1.72 T 2916 4864 4839
AHy = -1.83/100 g Y 3.32 2.94 2.99
HBX-3. 31/29/35/9 D 6917 6833 7181 6853
RDX/TNT/Al/Wax P 174 205 195
p =1.81 T 2473 6238 5690
AHpe = ~1.85/100 g Y 3.86 3.64 3.54
Tritonal.80/20 TNT/AL D 6475 66368 6407 6583
p =1.72 P 173 184 11
AH¢ = -5.0/100 g T 2922 5292 5330
Y 3.37 2.84 2.90
H-~6,45/30/20/5 RDX/TNT/Al D 7194 7170 7072 7235
/Yax P 202 216 225
p=1.71 T 2874 5127 5138
AHe = -0.95/100 g Y 3.46 2.96 2.98
Torpex. 42/40/18 RDX/TNT D 7495 7618  T44T7 7492
/Al - P 239 248 259
p = 1.81 T 3053 5303 5261
AHy = 0.70/100 g Y. 3.39 3.05 2.92
PBXC-t17,71/17/12 RDX/AL 6 7700 7618 7630 7680
/Binder P 231 251 249
p =1.7% T 2699 4612 4237
AHe = -T7.26/100 g Y 3.40 3.05 3.14
PBXN-1.68/20/12 RDX/AlL D 7930‘ 7638 7634 7438
/Binder P 245 230 250 242
o= 1.77 T 2700 4959 4835
AHp = -12.60/327 ¢ Y 3.54 3.48 3.06 3.05
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The Study of Detonation Properties of High Explosives
Using the Intermolecular Potential Model

Vill. Aluminum loaded explosives.

by Katsumi TANAKA*

Detonation properties of aluminum loaded explosives are calculated by using

the Kihara-Hikita- Tanaka equation of state to study the reactivity of aluminum.

The equation of state of aluminum and aluminum oxide was derived from the ex-

perimental Hugoniot data and thermal expansion coefficient.

The agreement be-

tween calculated and measured detonation velocities in solid explosives with alu-

minum is better for assuming aluminum to be in non-equilibrium state, i. e.,

inert.

The comparison of detonation energies between calculations and measure-

ments by cylinder test, however, indicates the continuous reaction of aluminum

behind the detonation front.

(*National Chemical Laboratory for Industry,
Yatabe, Tsukuba, Ibaraki, 305 Japan)
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