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Abstract

One of the most important parameters for explosive welding is flyer velocity V,, which
principally depends on momentum caused by detonation of explosive. And close dependency with
other parameters such as detonation velocity V,, dynamic angle 8, charge ratio R, flyer thickness
¢r and stand-off distance 4, should be taken accounts for welding design. This paper describes, as
a result of experiment, an empirical equation related to relation between V,/ Vs and R. The flyer
velocity which is estimated by V,=0.284 x R*5® or V,=0.2/2F¢ X R**® can be used in ordinary
experiments. And the calculated values of the flyer velocity exhibit better accuracy than those of
other investigators.

2, o2t o] 22 A¥Ho= FHEHA se A
B

LM B of gict, o AE
2.7 (base plate) o

}ﬂ - Pl'
A
2 O
£
rlu

Zodof o3 £ FHAUAES o) & olFAHE A LRI FEAAANAY FALGHL A9
1

o] ZwAd#e 19629 Holtzman? Rudershauss A Zxxrch " Fo} F7h4al AzkelA A

enVol )3t} A7} AP olhz B elF A mAE wRAFA (nviscid flow) s} 7]
Fol Wg Fgol sealeA WAl del  ATHAA Heh H2AA A2k FYARF 24

gom, o vFtFel A AL APl wet 2 FES=(flyer velocity: V)& FE7 A7 F
Aol 23t E¢E e AAsed AR F2E 92 3,
Philipchuck® 5 &% ¥ (fusion welding) o g Aol glo} Fopeke] A R, F% V),

2, Davenport® 5-& wpAA#(friction welding) Ao A ¢ = AA, FA} =47 744 d

o2 Otto= Acxls o} (shearing action) 2 H ¥ AAsedE Z Jge v Yot

g AHsigAnt s dolEelrele o8 —erH FE4 5ol #¢3 Chadwick®L oy

7tz EAAel 9l eyt Cowan,® Bahrahi® 3

o Crossland™® 5-& o)|Zx A o] ZalxFo) Azt &

2&FAc 3 A F A Jddtn BB olF 23 A v ot FEAZJ A
Y

*A3) 9, FZNADATY oA - B Ao dFA =
A3, Felsta Tribology 04—"'-4_51 o ALl AFS

l

A

gz, 719 59 AMda steko] g 4y
E3te] FHdol i3 A FE F, V,/ Vool

4

A9 ANE BFEAZ FAAAE HolEzA
o



1424 37
B ATFlAE Ao HE ALY LAY 2E4x
AE A¥L Eao) JE AFASY AT A3E
Wasa, o] A34E viRer vo} AR 4

% 994¢ At e,

g3t SAlol AHold Fueled o247 AL A
59 A9 AY AR4AE 2T gk 3
Fgeld 3 2 d%E F2 Ut FedR

Ve BYEE Vo A 357 8

ol 2Alol £5

 EEEL

9 Col g A

A es debd 290l
3%

Fig 10)E 347 $249 2
% o PAHE 45 AAgo
& 2E4E, YYLE
RPN

of W %A 25
A medlz ERsel s Yok &, 47
=do] @ 7lastd 283 yee Fig 2a)~
(d)=t 7=,

(1) Birkhoff=el(9 : Zuto] doji}r] = ZofA]

= FEHC

Fig. 1 Geometry of an explosive welding process

o o2t

—a 5 a.-i‘-
Ve e
-5 Y
<) VAN
B8’ [+
{a) Birkhoff et al, (b) Crossland and ¥illiams

{c) Crossland

{d) Wylie et al,

Fig. 2 Velocity diagrams proposed by various inves-
tigators

A Y
= # - (Fig. 2(a))
(2) Crossland-Williams 2.8l :

54 AelZe ol 5Eae Fe

o

TU Aol Voob FAdel #4374 (Fig
2(b))

(3) Crossland=®® : V,7} 2524 A&
=z} g 7% (Fig. 2(c))

(4) Wylie =00 V71 27 7A7E o5&
st Fejel ==l (Fig. 2(b)

3. AEE HTsis

FAGE AAe AEd vist o] JEHo2
£ 7151EA el =gl o3 4o shesht Hd
429 4448 9L des dAdens

| @FE QoY dEoles
AzG Aeleh, F, $EA0 4D Fol A%
7+ % (shear strength) & &4 23814 =4 & &
7ol $EAANH F&o] FAAY AT
Mol 2A% F3 o BY FALEL UF
sled A 5L olFolxlal o], = FA
AEol flole AEZ WAEZ 7] wlFol et
A AGE o FolAA ek, wehd HAse)
Z| A 2] (minimum value for flyer velocity) & Zx)
5 AdASA Yo s,

Wz FASE UF gon 3, oo
g ek olux st $Alol AAdAA = A
F AMazkel FHAA LFol o HA F
3}3HE- (brittle intermetallic compounds) ©)
Al EA35tA 5lo] A= %37} = (bonding force) &
AAHA 2z ¥ SE9 HAHA mE AYA
(maximum or upper value of flyer velocity) 7} &

fr e

:.i
TP
B

i

AstA =He, ojAel oy AT &9 HIH
(weldability window)-2 - dmst=u] ALz gl
1:}- (12~14)

A ol A B gL Zofe] Fa >
o A - oy o A At - HAe 2
S>AELY > ZH BeE AA > HEYY £
& g oo AA FoM FFAVUAE AY
AEE FA3H z7] AAle] Ao FE3Ho
Z (bonding) st 42 wtgic

Sedikhe} Bondar'®+ =13 (wavy form)e| Z)
& AAEZ 3 Prin=30GPaojg}l sz, ZTox

koL oy
BT TR R )

}

Ol



(surface layer) o] RAFAAE L2i x|
£ Hgsgod Ve=6km/s o449 n&H
Fasgonz A4 Agedt ARE Pk
Wylie® X Sedikhe}l Bondard] ¢
& FAdsolEol % YEF A
2o HA A7} FAFAAE o] dolojok &t 3}
gk, wg 24 £57b A $EolUA (Kine
tic energy) 8t 432l IAE b 2248
2 x93tz 9A3 o] AAg (stand-off distance)
7 glel BAe FET sASol esic sl
d=2t, &, °|AAYE FAFA 24 o]} 72
2 A =% HYAAE 347 YR
ZA o) bz} ubah <l A5} (reflected tension wave)
234 31 A3 A ae Fe(spalling)
Qo sgiul, mAle YAl F2E =
Folgickn 422,

Deribas!E 47]¢] 493 & Bg Azolw
283 gujg s $ALE Ao glu, Wittman'®?

e m oy

o geidoz sax Ue Aaoz sges, o
o3 ol £x9l $AS FEAE ol AlAE A
W8l dolvehe AS Bsteleh 3
ki
Vo= (1)
T

o] 7| A e Hae] Edolx, ke Kayest Laby®
of o3& A AelAd A4 (bulk modulus)elw, V.=
AEE s 5 Yo},

Loyer'?:= A g9 #Ax H,o} d=9 3
% 2¥%

g2 Ve
AYAE Thest ol Akt

sz k21 / ]’f)y

o474 ket
pt HAe) WEeld o Aol
o Aol glo} 4% qUAE W

+E A7e] g, o] AdelA EFuFol

-0,

e d“&ﬂ—’r’-(bondmg mechamsm)oﬂ EH%‘} o]l
of =& FxE A FASEd HFSA A
[AE 4AdE] FEHAE sk

1425
4. 55 AF

Aol A 7lgst wpeh Fol ofm Afel FAY
olz} AT Vo, Ve, Ve o fol 3 HE+
b s BashA e, ol# @ A AAA
ol FAo webd FEHozE ol ®x A
2 volelel 3te FEE HEE AL Ut
3 g F o, HHFe =7 FE Adeln
B 7L FEAAAA AsA AAEED gle 5o

AL A% e Bk FY
A =k ol o) d Qlzle AH A Zulwloz
Dautriche W} 4}, 9}oloi-3 (wire-pin) & Z=}ubA],
&bl A, X-dlolu,
74 AL A (slanting wire)¥4] 5o}

1eh olole st Was

£z =28 (veloci-
ty probe) #4],
Agsel gk,
A A FAE Stetoz e
Lo shets) FYyel £700)

2
>

= @
Ao

K
ol
o
N
do
e
4 r‘]l‘ >
el
of
2
2

oé‘~

_I_>:,

SR

Lo

o

Y

>
JW oo

ol

ol
O

2>

’il°| },l"/} AAloll = #(pin) A
& Shribmanz} Crossland, @V Z 2] 4] o} ~ &)

(flash X-ray)ut4lol}l 93k Crosslande} Cave,
9}o]o]-3 (wire-pin) #H Zz} ulAlo)| o] & Takiza-
wa, @ A Aol o Smith®s) Qs 9l

N
2,

o 3
3
L
2 oo o= (i

e
[

2, & AT Axg dolAFE o] &3t ASUd
of Slth. FAE AR Fobe] FHol osix Yx
7k % (gas gun), @0 AAFD 3 ARt F5
v]) AL4) (metal projectile) & 7}4, AR} =& A7)
AR E o] &3te] o|F ulHWAA AFdpe A
ol glet,

Zokalgulrle =2 HaAryl #&E<£ % (terminal
velocity)oll =wdls AzS AZjozs An

$AFAL o Azistel BAE AAHTA FHE
g o)gl o,
| sk wele] 4% $AE

P E
FEA Ase Agoly FEF T4

2 4

e
oot
Eu)
o
|o
fu
ofr
o
32
+
S
o
2
o
o,
o
lo,
ol
)
ml
o I
30



1426 347 23 %
Ak 4o 204 BAEE Aok E o 35 Ps] Asted 4
Aokt 47 Az Hus Agn A

RERDIER

=
o
~
5
=
kS
ki
e
T
_?L
gﬁb‘

2 Ayl A&% FFok(primary explosive)
< Anfod d%q AZckEZ<(ammonium Nitrate)
o2 setA iz o EXL Table 13 2o},
=
hai

1T & 1.0g/cm® Axoln, AL A

O
o,
Lo
> o
>
o
i

Tabel 1 Chemical composition and explosive properties of Ammonium Nitrate

Chemical composition Explosive proper ties
Nitroglycerine 6.0 Detonation velocity by the Dautriche 3,500 m/s
method

Nitrocellulose 0.1
Ammonium nitrate 66.0 Bulk density 0.96~1.05g/cc
Sodium nitrate 12.0 Strength(R.W.S) by the ballistic test 0.5%
Carbonaceous materials 8.0

Sodium chloride 6.0 Sensitivity(cap-sensitive No.6
Stabilizer 1.0 Theoretical energy 880 cal/g

Flyer plate

5 Pheto diode
1

Oscifloscope

Detonator

Controlroom E Blast
Wall

:
e

Base plate

Oscilloscope]

-—« Direction of

Electric cuéocitor detonation
Fig. 3 Measurement of the detonation velocity of the
explosive by using velocity probes Fig. 5 Laser and welding set-up for measuring the

flyer velocity
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Fig. 4 R‘ggord of pulses from the oscilloscope when Fig. 6 Photograph of two laser beams instalied
two wires were used for the measurement of between the flyer and the base plate;20 mm
the detonation velocity of the explosive apart from each other
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various investigators
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Tabel 3 Measured mean values of V,/ V),

Exzeor};im C/M®) Valm/s) Valm/s) ValVo fofa\’;p‘;i}“e
1 0.2 231 2100 0.11 0.11
0.2 287 2050 0.14

3 0.2 253 2300 . 0.10

4 0.35 329 2350 0.14 0.15

5 0.35 447 2350 0.19

6 0.35 288 2400 0.12

7 0.50 475 2500 0.19 0.185

8 0.50 - 441 2450 0.18

9 1.00 609 2650 0.23 0.28
10 1.00 874 2650 0.33
11 1.50 1017 2750 0.37 0.37
12 2.00 1196 2800 0.42 0.42
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