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BRXOMRASIPFTE S,
REOMHIRIUOR kR4 RE OBRER % Fig. 117
T IR IIMH AR PBX (plastic bonded explo-
sive) ZzAfRICEE L, PLoBEMEPIIBEE
EFREZEDIHLDTHE, TOEBEBTOELIIZOVT
BT 3. PBXIZBEEIIBVAMLBBMR DT,
NOARTEE—FEBT 2D S SIMIICREL
72 IREENEVPETN (pentaerythritol tetranitrate) ®
AgSo—FRBEAAT S, v Fr 7T L8
Ay YailarFry—»roOMBREREH LB A

To capacitor bank
(Max 40kV,12.54F)

Main explosive

8100

Fig. 1 Experimental setup for generation of
cylindrical imploding shocks
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v V2 0MRBLE—-FREEE, TOBBTPETN
2RIRT 2, BN »oHEITTA2HREN, BISR
TEHIICPETNRTOFHBRFIL D, MA@
BRkLrs, ChEPBXICAHSETERBEYS,

ZCT, BEORVIURITRERLEN-DIZIIPBX
KEABBHEREETHEORVAMERTHLILE
MHY, TOLHICRNREH, CHRRB SN/ PBX
OAMGFRP CHBICRELBRREIRETILEND
%, B PBX D25 B (run distance to deto-
nation) BHE THLENH S, T-BEOMMN
BBERTTIBEICPBXSOU X AV, AMRGERE
fTofeb s, EREMEHBRICHEL TV LW
AR MESNASY, BICPBXICAL XEHEE
HEELVBLITHLENH DA, HAY V2LV
IRREREXB CTHEATHELPETNIMEEEL DO
KRLh20TC, FOBBEIREShS, toTE
BBEOHWPBX 2 HVad, SHIAMENE2E
KTAHLHIERERRTILENDH S,

+Z T, PBX80U(HMX ; cyclotetramethylenete-
tranitramine. 80%, /<4 > ¥ — 20%, ®E 1.75 x 10°
kg/m?) BT, FVEBTHILPHFEENS
PBX75RU (RDX ; cyclotrimethylenetrinitramine.
75%, 734 ¥ ¥ — 25%, TEHE 1.64 X 10%kg/m*) B L U*
PBX80RU (RDX 80%, /%4 ¥ — 20%, TBHE 1.70 x
10°kg/m®) #RE Lo 2B, SSTRHWL VY
—RBEBRBIINF-ETITIC VL) ZRINVF—ES
EEAIGER AL Y —THY, ZOEFIk=boOT
#8%] (BDNPA/F : bis-dinitropropyl acetal/bis-dini-
tropropyl formal, 50/50wt%) B X UH) xFL 7Y
I—W%(PEG) THB., chHPBXBIUKKEE
H i3 (P E{LREMPBXK-C1106”, LX-04") 0
B, EESIUKHTERNEY ICL 22 HBRESD
ch {2 D>W T Table. 112 &£ D72,

A% TIZPBX80U, PBX75RU 3 X ' PBX80RU
xt L T— R e R R K ER (wedge test)'”
EREEBL, SHICKEREROEHL LTHHIRPBX

D—FRBAOBAEI>WTRHEET o720
2. —RTHRBMISIERRRER (wedge test)

Fig. 2ICEBREROBEBLIUA M) -2 ERHD~—
FAEFT. PHERERREBR - TERENATE
MREIC L > TEREMEMER S, K (driver
plate) I PEH RIENAF SN D, & HITHRIEITHE
BYRREICRE D (47 5 W - BUE R BURSE (wedge) B &
USRI A SN D, SDL X wedge, HIERH
DOREZHE R LR LA LA A T (streak
camera) CHETAEICL D, BRERBPOHREE
BE Usp & SRRHBRIEth D7 %R 8E BE Us 2 81 L7z PBX
CASHT 20 RE D 12 =B & BRI Hodagbd
BELEAHEILEDERSEAHIENHES, &b,
RFELT, 2V7 b HADIEHGRELZRE L
BICEBTIROBRAAREAATE2V b 75
v ¥ 2 (krypton flash) Z 72, 2V 7 My HABD
Wik 4 (3R 4 7Tkm/s DPETN/SR (pentaery-
thritol tetranitrate/silicon rubber, 70/30wt%) % H\V 7z

ERBROBRIME % Fig. 3i1cRT. BEREABHD

Explosive
plane wave generator

Main explosive

Fig. 2 Experimental setup for wedge test (upper)
and a typical streak camera record (lower)

Table 1 PBX explosives

Pcs;” (GPa)

Explosive Composition p(kg/m®)

PBX80U HMX80%, Binder*20% | 1.75 x 10° 306
PBX75RU | RDX75%, Binder*25% | 164 x 10° 258
PBX8ORU | RDX80%, Binder"20% | 1.70 x 10° 281

PBXK-C1106” | HMX82%. Binder 18% | 1.760 x 10° -
LX-04* HMX85%, Viton 15% | 1859 x 10° -
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*Binder : BDNPA/F + PEG
*P ¢ KHT calculation”

KIEELRE



: Streak Camera

: Delay Pulse generator

: Control Box

: Capacitor Bank (5kV, 50J, 3ch)

: Experimental Set-up

: Krypton Flash

: Beam splitter .

Fig. 3 Experimental block diagram

OTMmoOOw>

kb, 759 aFORE, /4 AERERL,
BREPV—ARAT) v ¥—~GERMLTAI) =% R
7 ATHRET %,

Fig. 4I2ERTH/ONBA MY —7 EHOMAR ¥
Ft. PHEHREABHFIEE IS D [ AHRBR
¥, WedgeDEMICETHE, TORFEIELT
BORSHRIERT S, HERBOWNIEREMZICH
BTA74VALTCOERR2L, AM)I—7ARAFD
74 VAL TORBIZBEELXwE T, HERMED
L/wTdhb. ShiBERHORE h > CRBHIRS

DEHRBERE Upld RORXTREN D,
=
Usp L/w (1
§ 7 BERYAR O 7 2R 3 4 BE U'sp & R F3HBE upp (S IEK
DHFENRDLI ENAON TS,
Usn= Gop + Spupn (2)

= T Cp BN BETCONN I EE, spidh
BEBHCEFORRTH S, TLRBREFALY
BRth DERED % Po, DHFEELXpptT5L

Pp = popUspupp (3)
2),Q)A»H

Usp—Cop
Sp

@)

Pp=poepUsp

@RIZW)ARDPSRDA Usp 2 RAT 5 Z & THRBIK
HOBREN Pk ROBILHTED,
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Plane wave generator

Driver plate
| S | 1 L
Wedge
specimen of PBX
L, Ithan a lnme
. A
Transitionz D

Fig. 4 Schematic of experimental assembly (upper)
and a corresponding streak camera record
(lower)

—7%, WedgefiTit, Wedge % £1TTAHRK
BENH X 2HOFEVAIFELH EN, HIRIHEAR
T2LERBHRIBTT 2, TOREOEIERBE
HEOHXEHORLLTELHEN S, Rit» 6V
4 WAANDILKEE M, Wedge £ HEMNBMEIC
BIFTAATITOZ74NVALTORY v VEBOERE
%L, 74NVALETORDMHEE.2a, Wedge DBEE
%0 &% L Wedge POFHREZE U, I RORA TR
énao ‘

_(L/Mptand _ wtan@
(L/w)tana M tana

1B 5 h - ERRh OHRED Ppd & U Wedge h DO
REFEU,PHL VE=F VAT F Y 7I2EoT
PBXDASEN LN FHEENGH S, FLIDLED
RIBSEEERRIIRORXTRENS,

R= Iﬁf— tan@ (6)
F#ORE % PBX AT AHBREN 2 ELERE
B2 EETFVERDET I LIZX o TPBXDP-u, HAE
ETCOHugoniot B U, RIBSHBERE AREND
BFEERDL T MRS,

3. REEER

ERTE O -RABRNFHRERRBL EZNL &
DRPBWIEME % Table. 212, ERTHLALA MY
— 2 BEXHO—F%Fig. 2127 ¥,

KR ROBRITH 518 5 /=2PBX ) Us- u, Hugoniot,
P-u, Hugoniot 35 & U5 EENE L ABHTRE DM
&% Fig. 5, Fig. 6, Fig. 7{2R"¥ . %BPBX75RUIC
S2WTHTO Y M, EBEF—IWPLVOTERE
RIFEBRAND D, T, BEOLHIZPELES

Us (5)

—179—




Table 2 Experimental results of wedge tests

Shock velocity Ug (km/s)

Incident pressure P (GPa)

PBX Incident shock wave .Rum
losi Us u p | distance
explosive (km/s) (kmp/s) (GPa) | R(mm)
549 | 1.09 1047 332
457 | 0746 | 596 652
PBX&0U 465 | 0717 584 644
640 | 160 17.92 255
415 | 0498 351 6.18
PBX75RU | 463 | 0.724 5.70 417
443 | 0.712 537 5.68
392 | 050 334 380
452 | 094 7.22 1.36
435 |.0.738 546 340
PBX8ORU | c41 | 120 | 1430 | 109
6.74 1.26 1440 135
515 | 0723 6.33 155
10 ¢
91 )
8| T
7 P Present study
6 F -®-: pPBX80U
5 [ -« - PBX75RU
al —&— PBXSORU'
3 N Reference data
2r o PBXK-CI106"
1t o LX-04"
0 'NEEH FERTY SYETE FRENE PERYY Farwww |
0.0 05 1.0 1.5 2.0 25 3.0
Particle velocity u, (km/s)
Fig. 5 Us-u, Hugoniots
25 1 |
20 _ Present sudy ——o
! ®  pBXSOU
s ¢  PBX75RU
15 o A PBX80RU
r A
10 F Reference data
3 O  PBXK-C1106”
5E o LX-04"
0'...|._LL.|.7...|....|....
00 05 10 15 20 25

Particle velocity u, (km/s)

Fig. 6 P-u, Hugoniots
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|
Present study

-®- ppX80U
-+ - PBX75RU
—&— PBX80RU

Reference data
o  PBXK-C1106"
o Lx-04°

Run distance R (mm)

1 10 50
. Incident pressure P (GPa)

Fig. 7 Run distance vs. incident pressure relation-
ships :

o
(%]
L

PBXK-C1106” (HMX 82%, i&t/<4 >~ ¥— 18%, &
BE1.760 x 10°kg/m®) X UFLX-04® (HMX 85%, Viton
15%, TEEE 1859 X 10°kg/m®) t=oWnTh7ra v b Lz,
R-P, Uru,®E7T vy Mt $ 2EHBRE, BBSHE
% R(mm), ASHEN%P(GPa), HiREHEE%
Us(km/s), NFHEBEZ u,(km/s) & THLRDBY T
Hsb,

- PBX80U

~ logiwR=—872%10"logy P+ 147 )
U. =312+ 207u, (8)

PBX75RU
logiwR=-104log,, P+ 141 9)
U, =325+ 1.78u, (10)

PBX80RU A
logiR==793%10""logwP+957x107"°  (11)
U,=344 + 2.12u, (12)

73756555 EBY Usru, Hugoniot 35 X U P-u,
Hugoniot {ZIZBEDBVIC L 22T SFALREN
77, PBXSORU MASHE (-H 3 2 RIBFEEREIR
bV, ILERERBREIBR IRV ENFTh o7,
4. IRBBER~OBAHEOKE

RIS 18 5 h7: £ PBX ® Hugoniot 8 & & U R
REEREZEZICASRPBX 0F DL SRRk
DWTERT 5. HBRBERICEI 52PBXOHE
BR/GTEICIRMAOHEA y Y2 0RBREFALL
PETN OHBHEREHETER L2 H R R %
EEEEPBXICAS SE2HE (HESE) L, PETN
OYHFBHRETCEL02mmBEOAEIKR S5 AF v 7
ERASE, AEICERELAPBX SN RTIZHTZ
SR (WRE) ENEXLONE, £2C, ThE
NOFETERETAEEICOPVWTPBXOARE LR
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L, TDLENRBERERERE L L. Hihots
h B#ER O &P AR REOHEDOmML L
B/E OPORKI R A IEN T IR IR S I
HENTEIHE LV, BERICEREICPBXSIULHA
WTHHIRIE R BERREIT o -6, RI|FBEEE
i23mmiBLEfEh, SHEORVIRFREOR
ISR LA, EEREICHEL TRV ED
TS Ehi, FICEBBEERLISINETS
DHEXSZ EERL, KFETIE2Im AT OREBFK
EEME % BEUCPBX O E L AMBBEROBE 2175

- Skt

3%, A V=T IRy FUTEILL D ERER
DRBEIZLZPBXOAREDEC|RHRE LA, 7
Ay Y2V EBBRRESFETHEETRL
PETN 3% BEA%0.6 X 10°kg/m BIED L DICROEN S
2%, #OPETN CHEPBX ¥ WiRERTIHEAL,
FUAFETCER LAPETNOHRBHEEICLVER
0.2mm D PET (polyethylene terephthalate) RFK %
#iE X4 TPBX 2 iR T 2HEDOPBXDOAHE
FHELIE LA, 23, RAMII2mm BEOHMHE
FMRMELTT28km/sicE SN E2FERICL-
THEBYLTWw3, A Y¥—F Y ATy F I 7EIlk
3 ABEDIE % Fig. 8127 T o % PBX THugoniot
MK ERBOREVI EIHASEISRKERE
iRV, FREFROFEIIOWTOREBHBEERED
£ % Fig. ISR B o6F4d5 LB DERE0S X
10°kg/m* D PETN CPBX80RU  Hi BT 5 & &2
BASEER L 23mm, RMAWEGHRECIdmmELD,
RPIRFGEELAVS LAGSBKRERTOERICTS
VANY X178

g > '

g 20 PBX80U
a, ¢ PBX75RU
o PBX80RU
g 15

§ Flyer method

(33 )

=

PETN direct
method [ B

00 05 1.0 1.5 20 25 3.0
Particle velocity u, (km/s)

Fig. 8 The evaluation of initiation methods for the
PBX's.
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10 p .

AR

= 9 @ PBX8OU
E, . -+ - PBX75RU
= —&— PBXS0RU
[~
8
o
=
=3
2 1

0.5

1 10 s0
Incident préssure P (GPa)

Fig. 9 The estimation of run distances for initiation
methods :

Table 3 Estimated shock initiation of PBX's

PETN direct Flyer method

P(GPa) | R(mm) | P(GPa) | R (mm)
PBX80U 57 65 106 38
PBX75RU 56 44 101 24
PBX80RU 57 23 108 14

P ! Incident pressure
R : Run distance to detonation

WEXRE Table. 3icT L D3,
5 K

PBX80U, PBX75RU, PBX80RUIIDWT—XKITH
RRBIHFEITNERZITVIUT OB LS,

FHRRBIFEZ B LA 25, P-u, Hugoniot$
X U Us-u, Hugoniot I22WCI3M & i3IZE%,
SR M X PBXSORU, PBX75RU, PBX80U, MJH
THWI BRI h,

AVE—F YRRy F U TEIcE D, HREBRLE
BookBSEBETHRE L LTS, PBXSORU %
RWMRETHEER L 2ES, OHREERCT
FRBHBIBONDL LN Fh o7
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Shock initiation characteristics of plastic bonded explosives (PBX)
and its application

Takayuki ABE', Masatake YOSHIDA", Tetsuyuki HIROE**, Kazuhito FUJIWARA**
Hideo MATSUO**, Kenji MURATA**, Katsuhiko TAKAHASHI***, Yukio KATO****

Generation of cylindrically imploding shock waves in solids requires the simultaneous
initiation of detonation of high explosive shell at outer surface. In this study, the shock initia-
tion characteristics of three kinds of PBX explosives: PBX80U (HMX wt.80%, 1.75 x 10°
kg/m®), PBX75RU (RDX wt.75%, 1.64 X 10°kg/m®), and PBX80RU (RDX wt.80%, 1.70 X
10’kg/m°) are investigated by the wedge tests to examine applicability of PBX to genera-
tion of imploding shock waves. Hugoniots and the relationships of incident pressure and run
distance to detonation for these PBX have been determined. Using these data, we evaluated ini-
tiation run distances for these explosives with two different initiation system; direct initia-
tion by the detonation of low density PETN and flyer impact initiation by a plastic thin layer
accelerated by low density PETN. The impedance matching method has suggested that the
most sensitive PBX80RU can be expected to produce the symmetrical cylindrical strong
shocks in solids successfully with the flyer impact initiation method.

(*Graduate School of Science and Technology. Kumamoto University, 2-39-1,

Kurokami, Kumamoto, 860-8555, JAPAN
**National Institute of Materials and Chemical Research, 1-1 Higashi, Tsukuba,
Ibaraki 305-8565, JAPAN
***Department of Mechanical Engineering and Materials Science. Kumamoto
University, 2—-39-1, Kurokami, Kumamoto, 860-8555, JAPAN
****NOF Corporation, 61-1 Kitakomatsudani, Taketoyo, Chita, Aichi, 470-2398,
JAPAN)
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