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fTolz, ¥z, ZOMMHRIRERBAEEBOPOHITTRE L REoR 0 ICEEIBEN 23T, 20
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FITEEOIBEIC, WITHAKRIEBEER
vy, E#EIZ PETN, PETN/SR(70/30), PBX80U
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L, FITHMRTRIBILEOWERTE EolMR
WO —KIEHICHOWTOMIY, EREIEHBRIIT)
LU TWRWTREM R YR SN, £2C, P17
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SHARFIREEISERTE VAW RHE RIB T, #
BAOIZEREO RN THEREA v 2 0RBRE
Bvwab Z kL L PETN V.M B R 1TV BIK
mOFintt, EBREMEE~S, ToAAEERRL
=¥ 1z, sEVBURETRM R/ 6IC HBKICT
HEREPBX ZHWAZ L E L, HIEDOLVWERY
BRI D72 HICH RS HIL, T
FikkBRIFLEY,

AR ILTIIEN O O T FEREE R & B MR
BRI ERE 2B L, —Woc PR
B O EFOHMEITV, IARATES I & DL
BHEEL TRAMMEEIT S, Eiz, MR LMER
IR AR S/ e A AR B ERR S IS 2 2 L &
L, #2000 I 2 Lb—3 a v 8L UER T4
FKEIZHOWTHh~<SB,

2. AERPRERRRERE
2.1 EBAZE

ARBRIZHW - RBREMR % Fig. 11257, M
$A Y2 2ilk 5 PETN Omift @B,
FORMIZEREPBX, L lcHifEkimirmo
PMMA (polymethlmethacrylate: 7 7 Y /L) [Ok% 3%
ELTW5, PBX ifi&if#4sR o> PETN B3EFOM
{27 7 4 ¥ — (polyethylene terephthalate; PET:
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Main explosive
Powder : PBX
PETN Spacer/ To capacitor bank
(Max.40kV,12.5uF)

Fig. 1 1 dimensional cylindrical imploding shock
generator

0.26mm) & A_—H— %k #H L TW 3,

F /3 4 —(40kV, 12.5uF, 10kd) 55 5kV D
KBAA T3 AOA v 21T e A v 2D
Bayn—HFB% L PETN 2 mEiR45, £/, £h
ERIBCTF AL AD LR L2 Vb7 7y
S aDBpELRIBT S, ZOPETN OBBEETY S
A Yv—&MmFL, FBPIKPBXICHESETPBX i
W5, ZORRERBNT /A AOHLISRE L
PMMA FHESRIZEAT 5 &, EE O i L8
EHEIC L D PMMA PO %2 5B LTz
VYT L7792 EERD, FOE(TY
K275 7Y% A bY—2 5 AT (Cordin Model 116)
Lk > TiET 5.

2. 2 MREHOESE

HRTHONFA MY — 7 BHEZ K PMMA 10
GiRIENEHET S,

BBV TERMNCKOBIERIURY D &N
moHha,

U,=C,+su, (1)

ZOXMNZRA MY — 7 THOPBFOBE H LR
1= RBOEE U, &, Table 112R3 PMMA OHEHE
BAERALRTHE u, 2 RDD, iz, SIRBEAHE
OFEMHI/KEFANIROA TR I D,

Table 1 Materials constants of PMMA
Material po(g/em®) Co(km/s) S Yo

PMMA 1. 18 2,26 . 1.82,0.75

Table 2 C-dJ values of explosives

Explosive p,(g/cm®) P(GPa) I,

PBX80U 1.75 8.30 3.0
PBX80U 1.75 8. 30 4.5
PBX80RU 1.70 8.20 3.0
PBXSORU  1.70 820 3.5
P*R)=00(j,up (2)

K@Uz, P=0,LTUE u, #RAT B E, HiR
EHPREEST S LIRS,

2. 3 WEMRNAHE

ARRIZI1T DR TTRBE O — KTt ZRER &
ISR CRI LTV 2 EMLIRERENT
WHEEZ, —RIET Y LT a1 RERCMY 2L
BEAURATEE R L DHBIMEZ 1T 2 LT3,

RCM i1 ) —= MR %, —#RELEE ML T
ERWTERY, ESiE0 L ) RBIkiER A Likte %
BERVOT, WNORMEHEL FHHET 5 2 L 24
REFTEXDLVIHENH D, EDf, ILKRFTRE
DL BV LS LAY & FrOMEREE ORTIZ IV T
b, SLEICLBELHEEOFTIERAL LTIEM
A L5250, ARBROMFICEL TS EEXS
non,

ks, SEHV - RCM O 7 1 7 5 A TIBENIR
L ST TE RV OTRESRNII—KRTT /7
v UIEFR O L5y (FDM)® CRIRAHT LTy, &
&P LIS EFBERMEIZ #1773 5 (Run distance %
EBY D) LEL, BERONHEN L C-J Volume
Burni:" W3 2 EiC LY HML TV D,

Table 1, Table 2 {ZA#4T{Z IV /= PMMA O 5%
F— & 1 6N PBX O C-d ffixrd, PBXD C-J
133K (2] D Wedge Test TEHBIL 72D TH D,

2. 4 RBERRUER

TBRCHBONFR Y — 2B % Fig. 2127, 7
7Yy FBIC AR L-SiRERAREER->TRL
HMENTWSD, BEMNLAHDHIE Y IR KETREO 6
RN TV B EEXLND, 72, GIREOMEF
D OB AL O B8 1134 208 GPa LRI S
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Fig 2 Atypical streak camera record of shock waves

o AP SN EEREOEE, HRENICOVTAEIC
1T 7= 28" L (T Table 3177,

KRB LVCBEHEIITo-RAROERTIIFNLEFN
PER i 5 5 AESIOR RS BRI - THIRREER
BE{TFo1-, FBEIZHOWT TabledizE & H3, X

kY —2 BEMLHLNBRETRK O 7o v
FL72b D% Fig. 3ITRY, ERIBMESN P, OF
EmeFAENT LB PBX80U, PBXSORU,
PETN/SR(70/30), PETN(p 1.0), PETN(p 0.6)
DA TILHEHREHE I E WV IR E R/,

Wiz, EBEICPBXSOU # W44 7 BLD
PBX80RU % v /- # A FI=2V T RCM TR % 1T
WEBHER LB EToT,

ARBOR M)~/ GRED B LA EREOWN
BFLEtis I a L —a VIC L AR R % Fig. 4 1C
2 8

: PBX80U
2 EEESNON PBX80RU
M ;'.1:;\“,,_\ / /
21 e/
23 \\;‘:Q'QQ,gETN/SRno/so)
[ N, ™., PETN
4T A NG
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Fig. 3 Shock wave trajectory obtained for various
explosives

HAEAHTII1RBE N A DI v 2 PBX80U ITHW
TI13.0 & 4.5, PBXSORU{ZDWT{X3.0&3.5MD
2 —2% 70y bLTBYRKPIZITEHREERTE
NENRL, KERIZEBWT PBX O He#ALL D8
FT > TRV HERREIITHTH S, —HH
ICEMEEREORBLIZ2.7~3.0 THS Z L HRAL
NTHY SEIAVWZ PBX HLBFEOEFBERIEICE
WTEDIHEHNTH L EEBbhD, w2IZy#3.012
L8y S 2 b—Ya VERICES 25 ¢ Bbhi-
2, BMLohd B ERERITy 2 PBX80UIZ
D TiE 4.5, PBXSORU IZHOWTIX3. 512 LI-EE
IR —ELTWS, #Ofie LTENIIZAVWE

Table 3 Shock velocity and shock pressure

Incident Ne.ar by focused Average
Main Explosive e point S
U, (km/s) ' P(GPa) \ U, (km/s) | P(GPa) | U, (km/s) P (GPa)
I | PETN (Asahi Kasei Fine)  — - 763 . 266 @ 4.95 8.63
2 | PETN(Nippon Kayaku) | 5.38 10.9 10. 4 54.5 6.18 15.7
3 | PETN/SR(70/30) | 5.06 9.20 158 . 138 5.91 14.0
1 | PBX80U o 7.42 24.9 22.1 . 285 7.92 29.2
5 | PBX80RU 778 | 219 19.1 208 8.01 30.0
Table 4 Main explosives
. . , Thickness of expl. | D
i Main Explosive - (mm) i (ke/m®) ;Pc‘, (GP,?)
1 | PETN(Asahi Kasei Fine) 15,0 0.6X10°  3.050
2 | PETN(Nippon Kayaku) 25.0 | L0x10° 9. 751
3 | PETN/SR(70/30) 20.8 P 1.322x10°  15.47
4| PBX80U 20 ©1.75%X10°  30.6
5 | PBX80RU 20.3 1.70x 10" 28.1
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6.0 ® Experiment using
50 PBX80U
' = Calculation ¥=4.5
24'0 == Calculation y=3.0
3.0
20
1.0 PMYIA| PPX
0.0 ] PP |
0 10 20 30 40
r (mm)
()
6.0 A Experiment using
5.0 PBX80RU
4 — Calculation }=3.5
g ~— Calculation }=3.0
T30
2.0
1.0
: PM PBX
Of L Py
0 10 20 30 40
r(mm)
(b)
Fig 4 Comparison with numerical simulations and
experiment results

(a) PBX80U, (b) PBXS8ORU

PMMA ORIERXAAZRO L 5 2@ERIETIIRS
& —E L2 ATfEdERe, PBX OB A ER BT
ZIEL TV S LoD ERBIRIENCIZEL ToiRn
SREMENEZ OND, yOMEKRESFTII&ITTR
DHLENEELSTHZ L THD, PBX L ) Aesitkhe
1RIENE R BIOHE I ILE L THERBEE IR
FEL TRV LW R H>WTHAEIC LW oh
OBENRH Y, WHEBERTORSRL Bbh 3,
PBX80U 28~ PBX8ORU DAtk W UK ThH D 1=
¥, PBX8ORU A3k Y EH1BFLITHTV 7= PBX80U
A—ELiy=4.5 LY EROMIZEV y=3.5 &
LBt RBL—&LI-bDEBDOE, £/,
PBX80RU iX PBX80U & ¥ & iBEHAEAH 1S
MO TIRIER CEREISSESATWS, Z0
T EMD L AHRO PBXSORU DA L YV EH 1B
BISEEHERI SN,

SUS304
Explosive

—-6

SUS 304 & &
Aluminum alloy %
Maraging steel |
(Sample model) Elec/trode
/
Aluminum alloy P/
SUS 304 « / Mesh
+ . j ", pattem
I 'Spacer/ S
Main explosive Flyér Powder
- PET PETN

Fig. 5 Alongitudinal cross section of recovery
system device

3 EREBEEOMR & EURER
3. 1 AMT DERE
3.1t §fAFx

PRI L /=38 B R TR AP LB TRER L /-
%, BURBZRE L SRR OTHTHLMIZHm A
MR (51585 h i) A3 L CREM EIIRET 5.
ZhZPL T-DichLEORE L e oz 7
TN DR % UL 5 7= D OB IEG GRiABEE) 23 E
TBT7IT47TE—AH b7y T (active mo-
mentum trap: AMT)Z W32 & &35, RO
iE% Fig. 5127F, B CHA L /- MR
iz, BEIG 7EARAMT DRBEBESERB L
SUS304 Dffi& i@ L T3,

EFPTHBEI2L—2a L TCE—RAELIT T
DRE EAT 72, WECREBORINIAWEF 77
VUEBBRO—KAERTu ST L EROE, i
B, AMT IIHERBOMEIE TE HICER Ui
#ET 3L LT3, Table5FE L1 Table 6 (ZfEHTIZ
AV 7= SUS304 D5 — &% 72 & TNZ AMT I v
HHEAMREED C-J i &R

2B, PLBOMEEL18% Niwrxe—Y 0 7
(B AR (B%) B YAG 300) T 4%, WigHEIZAW
% Mie-Griineisen RIERXIZIL SUS304 OF —F #4%

Table 5 Materials constants of SUS 304

SUS304 | 7.896

Materiﬂ \ 0o(g/cm®) Co(lﬁ’r;}s)wlr S

SRS VU S

4.569 | 1.490 2. 170

T, Spalling strength(GPa)

4.0

L RS
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Table 6 C-J values of exploswes

Explosive Do(g/ cm) P (GPa) T,
Nitromethane | 1.128 | 6.264 |2.624
HN/HH (55/45) 1.267 | 7.805 |3.035
HN/HH(63.4/36.6)] 1.314 | 8.011 |3.078
HN/HH (75/25) 8. 474

1.414

3.077

AL7. 7235, YAG300 DLy & MmNt L
Table 7 35 & ¢ Table 8 {573,

i8Iz PBXSORU, AMTiZ=hax¥, =)
x— I  VEAREZRET HEOHMEIZ SUS304 DM
AU TCEMY I al—Ya UETVIEREZRES
%, BHELRMEEIZOWT Fig. 6107 Y, 22k, KRR T
HBBIC W TS HIEEORBRIZ AV T Y Z2
WK CHE LIZADEANRHH—ELUTFITRD L R
A=t LTRYFE->THS,

3. 1. 2 AMTOBOEE

F 9 AMT ONOLE 2 P ET 372 Fig. 6 D AMT
DOFEE taur % 1 mm [ZBE LOLE ragr % 7mm M5
18mm £ C1lmm JEICELSHETHEEIT>7, H
T A7 HICITER 7 mm OB T EABIOAEN,
BRI o THEA LRV ENREE LY, Lizdio
T, EUEREtE % 7 72 (PR OS2 (AL
7mm)®, 100 us EOMETHETZZ L ET D,
AMT O{LiE & 100 s O TN ANEOMNEEZT
2y hLE=b0% Fig. 7 (a)i2RT, Fig. 7 (@255
B ERBH AMT ONLRIZPOITEVVIZ E R E
ZE BT, BTEADYA XL TIELORBERN
6, AMT OB ragr it 9mm &7 3,

3. 1.3 AMTOREODESE
WIZAMT O ragr Z 9mm IZEE LE X taur
0mm, 0.5mmBLE I mm M5 10mm FT1

Table 7 Chemical components of
maraging steel YAG300

N | Co Mo | T | Al

18 9 5 0 9 0.1

1.Capsule (rod)
:SUS

3.Active momentum trap
:Nitromethan

W »
40
r (mm)
5.Main
7 Tua i explosive
:PBX80RU

Fig. 6 An illustration of calculation model
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Fig. 7 Position of capsule outer diameter after 100
micro second ((a) : by position of AMT, (b):
by thickness of AMT)

mm BB EE-HEZ21T o=, AMTOE S L
100 us O A T ENABOABE T2 2 FLIZb D%
Fig. 7 b)ic7¥, Fig. 7 W) o yhd LEH AMT
DEZTImmBLEE~Imm OHLON LV &N
Sinote, AMTA6 ~9mm D bLOITERIKIZL B

Table 8 Mechamcal charactenstucs of maragmg steel YAG 300

Proof strength (GPa) \ Tensnle strength (GPa) | Elongatlon (%) Reductlon of area (%)

1.91 | 2.01
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3. 2.1 REBEH

NMEOBIE I 2 b—Ya U EARICAMTIC= b
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Fig. 8 X-t wave diagram obtain by numerical
calculation
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2, B—RAUH AT v T E DRV ER N30 3
BEOERE T2, FEROBEY IaL—ay
123 x-¢t A% Fig. 8177,

3. 2. 2 REER

EROZL, R No.1, 2 CHEMNELTIZEIR
MT&, HER No. 3 (LMl - ML=, BEMRL-MEE
DOE¥% Fig.9, 10, 11IZ77,

KB No. 1, 2L LIZIZRICERT, BHMLLAYD

Fig. 9 The maraging steel rod which is recovered
(Test No. 1) (Left; cross section, Right: lon-
gitudinal section)

Fig. 10 The maraging steel rod which is recovered

(Test No. 2) (Left; cross section, Right; lon-
gitudinal section)

T

Fig. 11 The maraging steel rod which is recovered
(Test No. 3)



(a)

(b)
Fig. 12 A longitudinal cross section of recovered
maragingrod (X200), (a) atend, (b)at near

center. (Test No. 1)
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Development of a recovery system for extremely high pressure

compaction of materials using explosively driven imploding shocks
and the active momentum trap

Takayuki ABE®, Masatake YOSHIDA", Tetsuyuki HIROE®",
Kazuhito FUJIWARA™, and Hideo MATSUO™*

The authors have developed a cylindrical imploding shock generator, which produces super high
pressure of Tera Pascal region in solids by focusing one-dimensional cylindrical shocks on the basis of
preliminary experimental results. In this study, surface initiation of the PBX (plastic bonded explosive)
explosive shell begins at the collision of a cylindrical thin flyer driven by the detonation of low- density
PETN (pentaerythritol tetranitrate) shell, which is initiated by the explosion of a etched copper mesh
using a high voltage impulsive current. Observed imploding shocks are focusing in PMMA cylinders
inside the PBX shell with a fairly good axisymmetry. The comparison with numerical simulation has
suggested that the C-J pressure is almost achieved in the PBX in this study.

The authors have constructed a recovery system for extremely high pressure compaction of material
applying the imploding shock generator. In this system, the explosion of liquid explosive NM
(nitromethane) is newly installed outside the sample material to weaken the influence of the explo-
sion waves, which is called AMT (active momentum trap). In the experiment using the AMT system,
the model blocks have been recovered successfully. The experimental results and the additional
numerical study suggest that the developed AMT is effective for recovery and this total system has a

possibility to compress materials up to Tera Pascal region without fracture,
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