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Table 1 Formulation of emulsion (wt. %)

Oxidizer Water Fuel © GMB
A 83.1» 11.3 5.6 0-4
B 835w 10.8 5.7 0

) Ammonium Nitrate and Sodium Nitrate
®) Ammonium Nitrate and Sodium Chlorate

¢) Emulsifier and Paraffin

BRf604E 3 A20A A

* B AR o0 BV A (L SRR SE AT
T470-23 RADSRREATEM 82
TEL 0569-72-1221

AEY & 2 ORL & CHRGHESBIRT S0 HET 56
MizS L LTEREARDE, =20y 3 VIBRE
OFRBEET b LY T2 A BAB LA TN

IRARB2E



Table2 Projectiles used in this study.

size (mm) . .
i ht densit 3
material diam. x length weight (g) ensity (g/cm?)

10x10 6.1

Steel 15x 15 20.5 7.80
20X 20 49.0

Aluminum 15x 15 7.4 2,79

Teflon 15x 15 5.7 2.15

B, EOERIHER 7L 3 L ORUEADKIERO®
HTRARAGADE L, =7 3 RERERK
BikoME (pm +— ¥ ) LEEIR+A L 7R
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1£20.6mm OREREEE AV /-, 10mm FEOTRR, #
£ 15mm, £& 15mm OERSBOE (FV = x71)
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/
accelerator

ampliffer digital oscilloscope
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Fig. 1 Measuring system for sound velocity of
ammonium nitrate solution.
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Fig. 2 Critical impact velocity of 15 mm~diam x
15mm-long steel projectile versus explo-
sive density.
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Table 3 Effects of charge diameter and length on the critical

projectile velocity.

diameter (mm) 30 40 50 40
length (mm) 50 100
’ 359 x 298 x 342 x 326 x
projectile 424 X 326 X 352 x 357 x
velocity (m/s) 437 x 352 o 353 x 361 o
and 448 x 353 x 357 x 362 x
result 448 o 355 o 360 o 386 o

448 o 360 o 362 o

495 o 383 o 412 o

Target : Emulsion explosive “A” (po=1.10g/cm?) containing GMB of 98 um

Projectile : Steel, 20mm¢ X 20mm?¢
o : detonation X : no-detonation

Table 4 Effects of diameter and material of projectile on shock
initiation of emulsion explosive.

diameter (mm) 15 10
material steel aluminum teflon steel
356 x 322 x 455 x 410 x
projectile 372 x 377 x 521 x 426 X
velocity (m/s) 37 o 439 x 532 x 450 x
and 395 o 455 x 532 x 452 x
result 415 x 459 o 549 o 455 x
o : detonation 437 o 469 o - 559 x 469 o
x : no-detonation 455 o 508 x 568 o 498 x
485 o 532 o 606 o 510 o

Target : “"A” (po=1.10g/cm?) containing GMB of 98z m confined into

40mm¢ X50mmt¢ PVC wbe.
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Fig. 3 Density and sound velocity of ammonium
nitrate solution at 25°C
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Fig.4 P—yu, curves of projectiles and explosives.

FAX¥-OMTHEH, RBERIHETIORES
E3ThaLanTwa ", BENIERBTINL 2N
MORR (BR) FRKCHVTE, AAOTBICE-T
EE5H5—ENBUAICEOHRICL >THR 6N
7oz 2 X - HRIBABRORIG EBESEI DM I
ERETILNLRS, 2Rk ¥-ERRETHIE
MRS CRINS e o & — A R ST OB
RICEEEBE LEE L BE~ R8T 5, Hicx
FAXF—PBREFLGITBEAICOEBRICL »TK
ERBHOAPHLTLE), FLTINRRANT R
rLE¥F—fi, BEOMR (RITHE) PHE, H50
REWBLLCE>TEESRSN, Zhikthoen
BFICL »Twbh 5BHE CHBEHRM (timeto
detonation) ARABZ LICEBLDTHA S,

BT, LfiL7-fi4 oRBRic L > THALRLERT
FELEICMRICL ESWTERAT AL —ERDT

—379—




Table 5 Critical conditions for emulsion explosive “*A" (po=1.10g/cm?)

containing GMB of 98 pm.

15mm¢ X 15mm? 10mm¢ X 10mm‘ [20mm¢ X 20mm¢
Projectile
Steel Aluminum Teflon Steel

Vec(m/s) 372-375 455—459 532-549 455— 469 326—-352

u (m/s) 345 376 243-250 417-429 301-324

p (kbar) 10.9 12.2 7.1- 7.3 13.9-14.4 9.2-10.1

t (ps) 1.63 1.44 3.57 1.08 2.17

Ec (cal/cm3?) 14.6 15.8 14.7—-15.5 15.1-16.1 14.3-17.0
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RiICKE LR BATR L ORMEBERTAWE L, KN
LERELL,

MERAOHBENY L= A 3OXTEEITE S,
P=(ps)oCo up (2
ST PREN (pp)oRFAHBOTMEE, Co
IAEBRTMERMEE, v, RRTFHECHS, Con i
REM TAi=9LBLUF7rizonTELE

h 4600, 5210 3 X X 1140m /58 & L 12,

BRIZHOVWTREOY T= A BRRXTRDbAN,

P=(pc)o Uu, Q)
ZZT(po)o BROYMAGE, U iRk &%
B, ue BRFHETHS, $1BROHRHMERT
Ty a L EBMRTSRIEAKER &o6icikeh
FAEROMEKBROFRIHECREIBRSI LT
&, WX TR&N S universal Huguniot Vi B ¢
adLnet+3,

U/Co=1.37-0.3Texp(—2up/ Co) +1.62up / Co

)
22T U Co, up iz N EhAKBIRPOFTREES
HE 1KETFTCOXFY BTFHETHD, Co 0l
RIBENTHREEICL Y, ThEBKTIxvr Y
3 > NE{LRIKEBRNEE C—BHICREI LN LT
3,

FHATHR L 12 OREORBIZFIAE & CIBIE
D P~up it (Fig. ) Moo —Fr 2205y
TECRHOND LTS,

(2MTRREE H DSBS ix, BWAOTBELLTHE
BIRXTROGNS, LM LF 7 LHANEES

t=d/2C, {5)
ICRBEDEEHITH ConFnF 7250 Cy
L0 GkENYD Cot V5,

UEDEROL EIZ, 33BLU34THEALR
BRERICHLTE EHMLRRE TableSizx &
DTHET, KR 7A3i=028L0772015m

— 380 —

m¢ FiiicH+5 Ec R¥h¥h 14.6, 15.8 8L U
15cal/cm? L ig 21, —F, 10mm¢ $3 & X 20mm ¢
DERBRICH TS Ec 2t #h 16.1~16.1 BT
14.3~17.0cal/cm3k ig » 1o, TAOHBRKE &I
BtR 2 ¢ Ec fliziziE—F L TH D ) 15cal /em i
»5%, £~ Table5iziz Ec n#HFicHVvW6h o
DHFEMLBLTHSH, EHRTA =L, BA,
F7eLolzf5<, 15mm¢ FRTCIREAETRM2
11, 7kbar ¢&# 5,

ER0L S CHAENTHLTY Ee RIZEFEF—ET
H5H, BAAE Ve BABdORKE L bishE
{15, tOMREBRMIZOXTHEbEAD LS
nhTwd, o=

Ve=A/Vd +B {6)
TA L Bizgiedsd, Andersen® 2K L (61K &
BESHTHDZ L ERLES, ARRTHLALHR
veR v car (Fig.s),

ZnEdiczeny o SBEOFHRRE- ML TE
DEBRN O CREMICERFETES 2 LHTR

«1380 x d”'/e 22.5

\
\ vVc
‘e
500 |~ ‘o
\
—_ [ 4
“ 8 -
E * 8\\ L4
= o \\
&~ (-]
E 400 \\.
- b [}
14 \
PEUR oS
g >
P 300 - @ detonation (- I
e © no-detonation
250 2 2 1 2

0 5 10 15 20
projectile diameter (mm)
Threshold curve for initiation of emulsion
explosive (po=1.10g/cm?) by flat-nosed
steel projectile

Fig. 5

IRKEBOEE



Table 6 Critical conditions for emulsion explosive "A”
at 20°C and emulsion “B” at 80C,

Target Emulsion explosive “A” containing unsieved GMB.
& po=1.08g/cm3 40mm¢ X50mm¢ (PVC)
Projectile Steel Aluminum Teflon
Ve (m/s) 416—449 529-532 595—606
u (m/s) 382-412 432 271-275
p (kbar) 12.1-13.3 14.3 7.9— 8.1
t (us) 1.63 1.44 3.57
Ec (cal/cm?) 18.1-21.4 21.2 18.2—-18.9
Target Emulsion “B” of free bubbles
& po=1.40g/cm?3 36mm¢ X50mm! (steel)
Projectile Steel Aluminum Teflon
Ve (m/s) 323-383 382—400 529562
u (m/s) 292-345 301-315 213-225
p (kbar) 11.3-13.9 11.7—-12.4 7.7- 8.3
t (ps) 1.63 1.44 3.57
Ec (cal/cm?) 12.8—-18.6 12.2—-13.4 13.9-15.9
projectile size : ‘15mm¢ X 15mm?
EhionT, BALLTHRBEEZSAOGATV W sook
BNEENDGMB £ 8Ft+5x2n a3 LKL, G \. a ¢ detonation
- © &0 no-detonation
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- ° - hi
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Fig.8 Variation of critical projectile velocity and
energy with particle diameter of bubbles.
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Projectile Impact Test of Emulsion Explosives (II )
Critical Energy for Shock Initiation of Emulsion Explosives

by Yoshikazu HIROSAKI*, Toshio ISHIDA*, Kazushi TOKITA*,
Nobuo MORI*, Katsuhide HATTORI* and Hiroshi SAKAI*

Projectile impact test of W/O enulsion explosives was carried out by using
flat-nosed projectiles of several sizes and materials. Critical energy necessary per
unit area for shock initiation of the charge, E., was evaluated from the minimum
velocity of projectile enough for initiation. Impedance matching method was ap-
plied between projectile/explosive interface for evaluation of shock pressure and
particle velocity under the assumptions of that (1) the shock caracteristics of oxi-
dizer solution which compose emulsion are applicable to the emulsion and that(2)
the shock impedance of projectile is constant up to the shock pressure.

In this study, E. values determined from the equation of Ec=Put are nearly
constant independent of projectile sizes and materials, where P, u and t are the
pressure, the particle velocity and the duration of shock pressure respectively.
However, E.is affected by the particle size of gas bubbles contained in the charge.
For instance, approximate Ec values for the explosives, density of which is 1.10g/
cm?®, containing gas bubbles of average diameters 33, 98 600 micron are 30, 15 and
9 cal/cm? respectively.

(* Chemicals & Explosives Laboratory, Taketoyo Plant, Nippon Oil &
Fats Co. Ltd., 82 Nishimon, Taketoyo-cho, Chita-gun, Aichi,
470—23 Japan )

Kégys Kayaku, Vol. 48, No.8, — 383 —





