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Fig. 1 Geometrical model of dynamic bend

angle and relation between flyer plate
velocity and detonation velocity

: initial angle
: dynamic bend angle
: collision angle
: detonation velocity, Vp
: flyerplate velocity, Vp
: collision point velocity, V¢
Vp=2Vy sin.(8/2)
r=a+8
Vg= Vp sin ﬁ/sin T
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Vp=2Vpsin (§/2) wereerrererssnnscnsssan (1)
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Fig. 2 Principle of measurement of Dynamic
bend angle
O : The center of semi-cylinder
A : The top of semi.cylinder
B: The first collision point of semi-
cylinder and flyer plate
C, C’ : The travelling collision point along
the semi-cylinder surface
B : The dynamic bend angle of the
flyes plate
7 : The collision angle of the flyer
plate and the semi-cylinder
Tg : The thickness of the explosive
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RMiBENLBE» OH R ERD -, Photo 1 |z
EEBoEMNEORME, RAEREIESY & ot
YMEREEF LI,

Appearance of semi-cylindr after
collision with flyer plate (upper
side) and wave like pattern arised
on the semi-cylinder surface Cunder
side)

Photo 1.

B (JIS G 3101 ; SS41) BERI LALOT 4
A, RimdboE3 WL 6s RERHLTAD
OTHY, Fig.3 i, EVAERETILEORRE
E‘Lko

B LML, TR 128mm, X 60mm o

28, TITRHED T IRUBNEIL, MK
BRI X DI, RISICHEE R L TRER L AR
WRETH ), FREGOLUMORRICL DL, BiF
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Fig. 3 Arrangement of semi-cylinder and
fiyerplate
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Table 1t The Properties of Explosives used

Specific Heat of {Detonation
Explosives ravity | Explosion| Velocity
Y | (eal/g) | (m/sec)
Nitro guanidine
‘ (NGUy | 0-28 950 | 2,500
2, 100~
LEP-R 0.5 1, 100 2,600
. 4, 800~
Kiri No.3 1.3 1,000 6. 000
Metabel
Sheet Explosive 1.47* 975* | 17,000*
Trimonite No. 3 0.98+ 1, 150% 2, 100~ *

* after V.Shribman and Crossland®

F NGU LpR) O=fT F08Etii% Table 1
IZ7RL1,

i d, SHORBEEROBRHIZEEL T, V. Shribman
and B.Crossland o BREROEBHL LIEOT, #
HAHER U743 (Metabel Sheet Explosive 5k ¥¢
Trimenite No.3) { Table | izfitfgL 7=,

BB, RPMEOFRICT Y ¥ P& 0.25
mm) CHEOHSOHEEL DO TME Lishicl
L, BEEar bu—ATIHEEL -, ﬁ%b
rBEomL, KEN GO S RAEO MR LT
WML TRDI,

2-5 BRAOHE

{2312 Dautriche izt b, RERICHP LR
FizowT 2EmEE L TCHESLE,

Zo#E, ERRELR—REToBENRND X
5iz, BFLX 3mm, {§ 100mm, £X 250mm OfR
RIELEL L. TOMAK, F& 0.25mm 07 Y &
RORERSoRE L VS>3 THL L, HBnLRe
AH S 100mm k 200mm DHIRT, £ 0MAKE
BOPLBICEKD L TH LIRS By X ) sl
F—~7CREL G BELEEL BHLHOHGS
Taviw—-nlLis,

2, TORMIL EoHizk b LR kiziiiEd
AL,

2-6 TAROHRT

SERIC A L2 iREMRIIEMR (JIS H 4301, PbP),
AF v LA (JIS G 4305, SUS304), +# ViR
(JIS H4600, TP28), RBICTAI=vuif (JIS
H 4000, A 1050) ©, JI& 3mm, ¢ 100mm, Ji&
250mm oO<fEEEER HRMIZKE Imm b0,
chi 23 Hmhrbo, L Iomm 0y
D, §H200mm Lok FEERLE,

Zh 6B OT R OHEMIEE 0 —B% Table 2 ic
7—1-; Lf:.o

Table 2 Some physical properties of flyer

plates
- [lensile |Yield
Metals Density strength/strength
(g/cc) Mmqmmz)
Aluminiun Plate (JIS H 2.7 | 10~14| 7~10
4000, Al0soP-H14) | %
“Titanium Plate
Stainless Steel Plate
QIS G 4305, sUS 304) | 7-93 | 53~65 | 21~30
Lead Plate
QIS Hason, PbPy | !134| <2 | —

%, TNOHBEOEB LRSI, D.Ruppin
AR LTV 3 R i DR RBEES
BLU, BIRE» SIBENRET 5 % TOBERIMM
rEEBLTEDELDTH S,

3. RRER

3-1 MEOHY ARRER CRAERE)

BRI L > TROERABOH I AL, (1) X
OFANEERE Vp CRLTERTLE Ve/Vp @
{fi% Table 3 ZxL,

ke, HRBER (kg/m?) LIRFARMA (kg/m?) o
KR, EEOBRELFRTERTHKTHY, Table 3
le—#IR L TV,

3-2 MBEOMYALMEER (X&)

BMX#Hikic Lk > TROE REE OBV AL Ve/
Vp offix Table4 iR L, REKHDEILE Photo
2 &, =ORWIEE Fig. 4 wRLic,

(a) Initial position
Photo 2.
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(b) Moving flyer plate
The flash X-rey photographs of flyer plate
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Flyer Plate

Initial Positio
/ B A

Moving
Flyer Plate —— -~} —~—-—-—==-=-=-=

- Deceleration Zone

Acceleration Zone

Constant Velocity Zone

Fig. 4 Geometrical model of moving flyer plate

AA’//BB’ : moving direction of flyer plate in acceleration zone
B’B" : moving direction of flyer plate in constant velocity zone

AAIBIBBII= AAIB"BI

Table 4 Dynamic bend angle and the ratio of
flyer plate velocity to detonation
velocity measured by Xray

ok o LERRE B o
T [ s
300 | - | e [o.3
Genxwoxzso | - = P9l oz
lo;\lol(?iozso —~ — —0.5910.5 0.184
,SUS 304~ 0.3 7.9 0. 1260. 6312 | 0.210
LSS | 4 4 —bedizd o
-3 B x

B OBIERR & Fig. 5 1277 L7223, Metabel Sheet
Explosive %X Trimonite No.3 ot btiL
TR,

7 [-4-4—f-4~ METABEL SHEET EXPL.®

6 ——3 KIRI NO.3
~ 5 9/4 ¢
T4t _ TRIMONITENO3
2,1
g 3:222._.!_m’.

2t LEP-R

1

10 20 30 4 60 €0
Te(MM)

Fig. 5 The curves of detonation velocity
change relating to thickness of the
explocives
(3% after Shribman®)

4 & ®
4-1 R¥MH @
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Photo 2 21X Fig.4 iz& v, RIPEORIAFM
IEE YO 2E5RICHAHINTH D Z LA
o bh, K (D Izk > THER  REINEE ORI
TESZ Lbhol,

42 TEBEEOHERLONL

RGN Ve 03tBRiL, B R OBk LTHL
ODHFERFIZL>TRDENTWEN, 2 &EIZHITER
BHATHS,

/ 0.6 R
Vp=v2E TFO 2RO GR T (2)

_ Wwe 0.6R
VeV Y - o

(2) K Gurney o CH Y, E INEKROH
ERBET S = RAX¥DS L, H= XA FICERT
B5ThH B,

(3) iz Duvall » Erkman % (2) X&MELA
KT E RIMIKROBESERBET IR XTH
D, W RBEREFONAHITH D,

(4) R Deribas X2 TH Y, (5) KXt Chad-
wick DRPTH 5,

ZhboRe, SEOHERREML TS, F
T I K > TIEBERTE L2V NGU 22560,
Ve/Vp 3 R OBff% Fig.6 IZRL1x, Fig.6 TR
Bit, RAEOHE LIEARL ¢ ERkEEks
EEEETHY, AR R—RFOLAE2DEMIC
BAEBTHS,



Table 3 - The ratio of flyer plate velocity to detonation velocity

t,=15mm
Explosive | Flyer plate Measuremg?tayer plate 8/0 R : 8 Ve/Vp
1 X 200X 250
(1x200%250) %2
(1X200%250) X3
1.5% 100250 P osm | 1w | o
SUS 304 P 0.3 o8 | o
3% 100X250
LEP-R
3X 200X 250
10 0.52 14.5 0.254
" 0.52 5.5 0.270
TP 28 3% 100X 250
A 1050 3X 100X 250 p 8:22 203 8:3552
Pb 3% 100X 250 1o 9.2 1 R
SUS 304 3X 100X 250 " Gt |3 0. 87
NGU | TPz 3X 100X 250 " o318 | 10 o 173
A 1050 3 100X 250 15 3 e o 2
t,=10mm
Pb 3X 100X 250 % 0.2 6s 8: T
KIRI No.3| SUS 304 3x 100X250 2 0& 8 0. 140
TP 28 3% 100X 250 3? }j% “ 8: }%
A 1050 3X 100X250 2 205 25 | 0.2

Note  ¢,: Thickness of explosives
S/0: Stand off between flyer plate and semi-cylinder
R : Mass ratio of explosives charge to flyer plate
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calculated form dynamic bend angle whith by semi-cylinder method

1.=30mm t,=60mm .
- S/0 R B Ve/Vp S/0 R ] Ve/Vp

20 .77 25.5 0. 442

" 1.84 25.5 0,442

20 0.9 15.8 0.275

” 0.9 16.5 0. 287

2 0.58 12.5 0.218 20 1.25 13.8 0.241

" 0.62 13.6 0.237 " 1.24 14.8 0. 258

10 0.67 1.9 0. 207 10 1.23 12.4 0.217

u 0. 64 12,2 0.213 ” 1,22 12.5 0.218
" 1.22 12.5 0.218
" 1.26 12,0 0.210
25 1.19 15.5 0.270
” 1.24 15.3 0.267
40 1.24 14.5 0. 254
’” 1.26 15.0 0.262 .

20 0.62 13.3 0. 231 10 1.27 12.9 0.226

P 0.62 13.3 0.231 20 1.26 13.6 0.237

30 0.62 13.1 0.229 " 1.25 13.6 0.237

” 0.62 13.1 0.229 30 1.26 13.6 0.237
" 1.30 15.2 0. 265

10 1.06 16.5 0. 287 10 2.13 18.5 0.322

” 1.0 18.1 0.315 " 2.06 19.1 0.333
25 1.94 19 0. 331
" 1.89 I3 0.331
40 1.92 17 0.297
” 1.88 17.5 0. 305

10 1.83 22.4 0.39

” 1.78 21.5 0.37

10 0.44 10 0.175

” i '01 45 9.5 0. 166

15 0. 364 8 0.140 15 0.707 9 0. 157

" 0. 366 8 0. 140 " 0.707 9 0. 157

15 0.68 12 0.210 15 1. 265 14.5 0.254

" 0.665 12.5 0.218 " 1.275 13.5 0.23%

15 0.97 15 - 0. 262 15 2.04 16.5 0. 287

" 0.9% 15 0. 262 ” 2.04 15 0. 262

" 2,=20mm te=30mm
20 0.9 8 0. 140
" 0.86 9 0. 157
20 1.26 1.5 0. 201 20 1.88 13 0.227

” 1.27 1.5 0. 201 " 1.82 12 0.210

20 2.2 16.5 0. 287

" 2.2 14.5 0.254

Vp : Velocity of flyer plate

Vp : Detonation velocity of explosives
B : Dynamic bend angle
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(Vp/Vp)=2sin(§/2)
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Fig. 6 The experimental results of relation
between Vp/Vp and R for NGU
(SUS : SUS304, 3mmt, Ti: Tp28,
3mmt, AL : A1050p, 3mmt)

Fig.6 THL»MR X 9, Ve/Vp 2t R OBHIL
HEIck > THIEL, FBEBEEWER B— R 2#L
TENMUZTT. NGU 03413, I 34850
EHRRVOTC, Ve ¥ R oMEL. FHicE-T
FlpicERL Bz iz 3,

L, —EOEREHEH L SoUMossic
BV Vp/Vp # R ORISR LARAIROH
Bizfigi ., —XRolBTRbTZLNTERY,
LER=FMOEFEEAVWEOT, Zhof@riYoh
b3 e, 2hehofhitit, ThEhOREIzZR
T RIROBEICBER{, Ve/Vp 3 R oBfR
¥RbTbntELLND,

LAl X@BIUG) I FEEHIZLIRE
LT ENRTCERVOT, EBZAH LAV LR
HonTHD,

F(3) 1 FEEL 60mm (2B Ve oJRHIH
& W ¥+ 5 e, 2,50m/sec L%y, NGU o
18 2,500m/sec kIRIFRGHEMICH# Y, Zhid
RIS VW ETho T ZokH ()X
T AT LBV,

KD =RAXH E 3B beb LBEoRE
FERAXDOS L, RIPRERGT 50l sh
3nEtRbTboTHY, FRIZL->T, TOEMN
T sbEahid, ORI IAERE LE
z2 b6h, PBREEL oMK TRD Shhvid, #ko
B e RY LR EBR B ENTR S,

2z ¢ R(@QoOmAE Vp THRLTK(G) &4
Ve _Y2E 0.6R___ . (6
Vo - Vp ! 190.2R+0.8/R )

33, zoX(6)iz, Fig.6 nfFFHED Vp/Vp 3}
R ol ATHIE, ThEhoMSHizBITS
VIE/Vp Ollikgh 3z LRTES, Vi, Fig.6
b, R=0.2, 0.6 3LV 1.0 2B 38R FD
Ve/Vp &R, X (6) ik hbnthiE RALT V2E
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/Vp offikRpi= =5, Table 5 i+ L S,
Z ORIz X » T—EDiE B2 —F Vb
BIREMRICEE 50T, V2E RERIZL-TERESD
—gnilikiFoz itk B,

KRl oiz, E it BEOBOLIINY E,
DI Y, EREORMBEMENLBRTHEDT,
DR, E/E, it &RERAIEET5BE0=
AANXPRTHBH ZOBRI, o, IEMEGIC
EEZDIFTHS, ZNXHICLTRDALMIL Table
5 RBRSRL TR W, 2L, ZZ T K ()
DA 6) AT IBAEEBL, =XAL¥HROWES

# V2IE/VIE, HFELOBETEELTSH S,

Table 5 Energy efficieney of explosive (E/E,)
for acceleration of flyer plate related

with thickness of explosive,

based

on the experimental results of NGU

w|te=15mm* | £,=30mm | ¢,=60mm
RI\F®W . VaE Ve V2EAVe, VIE/
o Vp ol Vol Vol Vp
0.2 0.154 0.10 | 0.65 { 0.08 | 0.52 | 0.06 | 0.39
0.6 0.383 0.26 | 0.68 | 0.20 | 0.523] 0. 145] 0. 375
1.0] 0.547] 0.365 0.67 | 0.28 | 0.511] 0. 208] 0. 375
(0. 67) 0.518) (0. 38)
Vo 2,500 2,500 2,500
(m/sec) ’ ’
v2E 1,670 1,290 950
(m/sec)
V3E,
(ot | 2820 2,820 2,820
v2E
.59 .46 .
/éﬁ 0 0 0.34
EJE, 0.35 0.21 0. 11

*|, F(R)=v0.6R/(14+0.2R—0.8/R)
*2, E,=950cal/g=4X 10°m?/sec®
*3, t.=Thickness of explosive

DT XNEHROEHIR V2E/V2IE, LU
OMRE, HHESS 77 ey PLEEZ BN
Y, “hd V2ENV2E, dEFOMER () &
.

v2E 1.8
e — )
RPL t, 23REL (mm)

ZoftRit, NGU 283 57—47 &RIKLTRD

BB TH 3, ORIz HoVT HILERMIZ AR
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Fig. 7 The relation Vp/Vp to R, comparing
the calculated curve with observed
value for NGU
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Fig. 8 The relation Vp/Vp to R, comparing
the calculated curve with observed
value for LEP-R

. 03] KIRINO3  TealO °
} 4
TE20_ o
0.zr > Te=30
]
o4t — : CALCULATED
s x

oEzo]oasn-:Rvso
*:307 )

Qa5 1 15 2
R

Fig. 9 The relation Vp/V;'to R, comparing
the calculated curve with observed
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Fig. 10 The relation Vp to R comparing the
calculated curve with observed value
for Metabel sheet explosives
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Fig. 11 The relation Vp/Vp to R, comparing
the calculated curve with observed
value for Trimonite No. 3
(after Shribman®)
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On the terminal velocity of flyer plate
accelerated by explosion of high explosives

Yu Takizawa, Takeshi Izuma and Tadao Onzawa

When explosives layer on a metal plate is set off from the end of the layer, the
metal plate is accelerated as the explosion develops, reaching a terminal velocity in
a certain time,

This velocity relates to the ratio R between the mass of explosives and that of
the metal plate, for which several experimental equations have been publicized.

Our experiments have shown that the relation between the terminal velocity and
R varies with the thickness of explosives used. On the basis of this fact, we have
evaluated past experimental equations, and by adding to the Gurney’s formula ccertain
correction factors involving the thickness of explosives and the detonation velocty, a
new equation has been found through which values coinciding fairly well with actual
measurements are calculated.

The new equation is

= 1;8 . VD ‘/— O_GR
P Voo z /1+0.2R+0.8/R

where
V, : terminal velocity of flye plate (m/sce)
Vp : detonation velocity of explosives at the thickness used (m/sec.)
Vb, : detonation velocity of explosives at the infinite thickness(m/sec.)
Ey : heat of explosion (m?/sec.?)
R : mass of explosives (kg/m?)/mass of metal plate (kg/m?*)
t. : thickness of explosives used (mm)
(Asahi Chemical Industry Co., Ltd. and Tokyo Institute of Technology)
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