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Table 1 Properties of explosives used.

Explo- Loading | Heat of | Specific | Force of | Ratio of Availnble“ Detonation
. Density | Explosion| Volume |[Explosives| Specific |Energy of] Velocity Manufacturer
sives (g/ce) |(Keal/kg)| (l/kg) |[(kgm/kg)| Heats |Explosives| (m/sec)
X109 ot .
NGU 0.28 70 | 1,00 | 91,000 | 139 | 233 | 2,50 | Fyikesciyaku
2,100 Asahi Chemical
LEP-R 0.5 1,100 930 | 94,000 1.35 268.6 »~2,740 | Ind.Co.LTD
AKATSU 3,200
KI 0.73 1,180 928 | 119,100 1.35 340.6 ~4, 000 ”
KIRI- 4,800
No.3 1.3 1,220 903 | 105, 900 1.35 302.6 ~6, 000 ”
ELDV 0.68 | 1,700 8 | 23,300 | 1.33 70.6 | 139 | RIto & CO.
note * Available Energy=Force of explosives/(Ratio of specific heats-1)
OHRELNaREMUO CHALHE TS, 10°
SUM L BRI, WARTHALE= S P=y o 4
v (Bt NGU k8iid), £ MIMELEP-R, =& 6 <’:— s .
B74 774 L OB, oo R BEIBRS L FEE ‘k-%\
BEIBRE (LME ELDV L) oM SRS AL b, \\\a
~.. KRl No.3

oo ThoBROBHIZ, F—1Y ,vaikT, fig
ML L TREZ LIRBE LA,

Toblel iz, Zih HBROLEM L X UM LHZ
LiRLT,

2.2 mBER

¥R TRO-BEOm AL, (1) ROF
AR BE Vo CHRLUTERE(LE: Ve/Vp off,
¥IV, BRERE (kg/m®) L HSRBME (kg/m?) ©
KRY, Table2 ILRL1,

'm¥0§ﬁ&ﬂﬁ0 BY ftix, Eyring® oOBjER
C3E\WT, BBORIIBELAGLR (2) DBER
LA L THRMLBEL, Fig.2 KR LA, COR
KkoT, ThE¥hoBEOBMBA LRSS &2
TE35,.

Vo=Vp, (1-a/t,) (2)

TER, L:EE, Vp: ¥ ¢, 0L & 0@,
Voo : BHGH, a : BH, Tb35,

C DIBERBERE 35\ T, SHOWBHEDIL D
ENREHTAEV. ZHERBEY1 >+ 71 1 THo
T T ROBRIER A BT LI, o EDOR
Bdid s EHEL oh 508068 Tk el

2.3 NGU (& 3RBAS

R L o TBE oL o NGU oflse #—
FIRE T, MLBAMT Gurney YD =iy
—E¥iL T,

—200—

(m/scc)

Detonation Velocity

1/te

(em?)

Fig. 2 Relation between charge thickness
and detonation velocity.
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Table 2 Dynamic bend angle measured by semi-cylinder method.

Explos- [Flyer (?fl nflﬁrn::ons Z,=15mm 3% ¢,=30mm t,=60mm
ive plate plate|™ [ S70 B I §/0 B 7 S/0 B
@m)_ | (mm) | fmm) | R | gy {Y7/Vo ) (mm) | (mm) | R | cdeg) [V/V2} (mm) | mmy | R | cdeg) | VoIV
|SUS 304 3100500 350 20 0.18 5.9 0.103 350 20 0. 355 8.6 0.151 350 20 0.715| 11.8 0. 206
NGU TP28 | 3xx100X500, 350 20 0.31 9.6 0.167 350 20 0.619 | 13.8 0.239 350 20 1.212 | 16.2 0.281
2x100x500 350 20 0.77 19.4 0. 337 — - —_ — — — — — _— —_
A1050
3x100x500 350 20 0.51 14.5 0.252 350 20 0.98 18.3 0.318 350 20 2,04 21.4 0.371
3100 x 350 — — _ _ —_— 200 20 0,65 14.2 0. 247 200 15 1.3 16.2 0.282
SUS304
3 % 100 ¢ 500; —_ —_ —_ —_ —_ 350 20 0.66 14.2 0. 247 350 20 1.36 16.5 0. 287
3% 100500, — —_ — — —_ — —_ —_ —_ — 200 20 2.02 18.5 0.321
LEP-R | TP28
3100500, — — —_ —_ —_ —_— —_ —_ - —_ 350 20 1,92 20.5 0. 356
3x100x350; 200 20 0.93 22.3 0. 387 200 20 1.84 25 0. 433 — — —_ —_ -_
A1050
3x100x500, 350 20 0.95 22,8 0, 395 350 20 1.88 26.8 0, 463 — - —_ — _—
AKATS SUS304| 3100 x 500 — — _ —_ —_ 350 20 0,93 14.5 0. 262 — —_ — _— —
UKI A10500 3x100x500 350 20 0.90 18.4 0.32 350 20 2,6 22,3 0. 387 — -— —_ —_ —
3x100x 350, — - — — -— 200 20 1.63 17.9 0.311 — — — -_— —_
SUS304
KIRI- 3% 100 500, — —_ —_ —_— — 350 20 1.73 20.1 0,349 — — —_ —_ —_
Noj
A108 3x100x350 200 20 1.64 17.9 0.311 200 20 4.75 21.8 0.378 - —_ —_ -_— _—
3x100x500{ 350 20 1.56 16.2 0. 282 350 20 4.68 21.9 0.38 —_ — — —_— —_
SUS304| 3x 1005000 3850 20 0, 42 13.8 0.239 —_ - —_ -_— —_— 350 20 1.74 18.8 0. 326
ELDV 3x100x350] 200 15 | 1.27 | 29.5 | 0.509 - - - — —_ - - - - —
A1050
3x100x 500, 350 20 1.18 31 0.534 —_ - - —_ —_ _— _— —_— - -
note £, : Thickness of explosives. S/0 : Standoff between flyer plate and semi-cylinder.

R : mass ratio of explosives charge to flyer plate.

¥ : For KIRI No3, ¢,=10mm
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Table.3 Energy efficiency of explosives for acceleration of flyer plate related with
thickness of explosives, based on the experimental results of NGU

R FCR) t,=15mm £,=30mm t,=60mm
Vo/Vo W2E/Vp | Vu/Vo vZE/Vp | Vo/Vp | vZE /Vp

0.4 0.28 0.212 0.757 0.167 0.596 0.13 0. 464
0.8 0.47 0.354 0.754 0.285 0.606 0.22 0.468
1.2 0.615 0.468 0.761 0.365 0.593 0.282 0.458
¢ F2)) 0,757 0.598 0. 463

Vp (m/sec) 2, 500 2,500 2,500

v' 2 E(m/sec) 1,890 1,495 1,155

vZFe(m/sec) 2,155 2,155 2,155

VZE//EIF, 0.877 0.698 0.536

+ EfFq 077 0. 482 0.282

mote  F(R) =)/ bR

TR, WAROHGTsRELETEE, BH R X » TRENE(LT 5 —ROBRO = A v ¥
BPLKEL oo T30, REOREP LHEL — 5%, WRAROLLAHTALOEEIHATES
o T3, 0T, AEHBLHhD,
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Fig.4(d) Relation between R and V,/Vp,
Comparing the calculated values
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ELDV)
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Fig.5 (a) Typical explosion bonding arran-
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(b)In progress of bonding.
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EP-R, #%88h (R)=0.25, ]I (¢) =13.5mm,
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Table 4 The calculated exposion bonding conditions for copper/mild steel, using the equations (7)

and(8), (Impact energy=120J/cm?)

. z Z v ) Vv, S/0 P,
Explosives (m‘;n) (mbm) (m /s’éc) R (mem) (m/sDec) (deg) (mm) (kbc‘n')
3 12 300 0.26 13.6 2050 8.4 7.2 70
5 20 232 0.194 17.5 2210 6 52 54
LEP-R
8 32 184 0.161 23 2330 4.5 4 43
12 48 150 0.135 30 2430 3.7 3.1 35
3 12 300 0. 555 22,5 1370 12,6 10.6 70
ELDV
12 48 150 0,318 50.5 1420 5.8 5.1 35
3.3 EEEROBN hir, BRIV E——BORKRHBZID, A

HBAWRBORRIL, Photo. 1 EEBA B L 51T,
BREHFIL > CTE L3 HTORRER L LTCWT,
oL, AUHEINEL LB LAdhEL
EAMALTRLT- 58, 8L oEkiliz, ¥o
EBEHERBNCEEL TV B¢ T, #
LEIRHEHEREA LTS, 20X SRz, |/
H 0P, Wylie® RRBT3 X5 K, BEESE
DTy FRELTHELVWRBTCH S,

LT AT, ARHYELkBIRE, BENMNELK
5 RRRIZOWTERL TRV,
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Fig. 8 The arrangement of explosion bonding.
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Table. 5 Results of explosion bondiing

) Results of explosion bonding
. tp B P, E S/0
Explosives | (1fy | (deg) | (kbar) | J/em®) | (mm) 7 Reoalte of U.T.
3 8.4 70 120 8 221 good
LEP-R 5 6 54 n 6 185 ”
8 4.5 43 ” 5 170 ”
12 3.7 35 " 4 105 ”
3 12.6 70 ” 12 607 "
ELDV
12 5.8 35 ” 6 Straight "
note : U, T. =Ultra sonic testing.
B, & (16) i, {Hix14LR % D, coPAORBROKL, KX (18) &
A=1,04¢,y*x10"* (mm) (16) 5B,

BR oW, fiRALEROBERE LTR A7)
RR/UL T30, RHAEH 4/C offizfEHOH
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hE{hB B, FOMREEICELTW50
T, COENG, AEHEEIImmofE{o A/ CO

— 2 —

z=-2ﬁcz,, (1—cosy) an
A=Tty(1—cosy) (mm) (18)

Zh ORIV, Toble 4 IRFLA-AHHE X
TRABBREES
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Fig. 7 Relation between collision angle and
bond zone wave amplitude.
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On the highest terminal velocity of the flyer plate driven
by exposive and its application to explosion bonding

Yu Takizawa

A metal plate driven by the force of an explosive reachs to the highest terminal

velocity within a certain distance.

The terminal velocity relates to the thickness of the explosive, the ratio of the
mass of the explosive to that of the metal plate, the energy of the explosion and the
ratio of the detonation velocity at the thickness used to that at the infinite thickness.

However, the real highest terminal velociy will not be obtained, if the length of

a metal plate is too short.
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Using a sufficiently long metal plate, the highest terminal velocity was reexamined
and the equation of flyer plate velocity was revised.
The new equation is

_2.8Vp /5 [___0.6R
V’_t,”’ Vo 2Fe \/1+0.2R+0. 8/R

Where
V5 ; highest terminal velocity of flyer plate (m/sec.)

Vp ; detonation velocity of explosive at the thickness used (m/sec.)

Vpo ; detonation velocity of explosive at the infinite thickness (m/sec.)
F, ; available energy of explosion (m®/sec.®)
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