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Explosive welding : Crossland and Williams
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12 Variable angle of incidence experiment. (a) Set-up for the variable angle of impact; (b) a short time after the initiation of detonation.

(b)

For Trimonite No. 1 and No. 3, the value
of Vp varies with thickness of explosive
charge and in these cases it was found that
the scatter of data was a minimum when
Vp was plotted against R, as in Fig. s, 10,
and 11. These values were obtained on
small plates and there is some indication
for very large plates with a uniform layer
of explosive that the value of Vp increases
significantly with the distance from the
point of initiation of the detonation.
Williams ez /.32 found it necessary to use
a non-uniform thickness of charge to en-
sure a constant impact velocity, but no
experimental data or theoretical analysis
of this aspect appear to have been pub-
lished.

It is also apparent from the analysis that
the sonic velocities of the materials being

Table Ill. Variation of ratio of flyer plate to
detonation velocity/ratio of mass of explo-
sive to mass of flyer piate (R) for Metabel

Ve[Vo

R Experiment  Equation [8]
02 0-062 0-056
04 0-104 0-102
06 0-143 0141
0-8 0180 0175
1-0 — 0204
1-2 — 023

Table IV. Sonic velocity of metals®

Metal Velocity, m/s
Aluminium 5105
Copper 3560
Gold 2645
Platinum 2500
Silver 2080
Steel 5000
T!n 2490
Zinc 3680
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welded are very important. The values given
in the International Critical Tables®? are
shown in Table IV.

For satisfactory welds there appear to
be three essential requirements. First, it is
necessary that a re-entrant jet should be
formed and for this to occur the main jet
velocity, Vp tan B, must be less than or
only slightly greater than the sonic velocity
in the flyer plate, so that either there are
no shock waves or only detached shock
waves. Secondly, a hump is needed in front
of the collision point, either to disrupt the
oxide film or to assist in the scouring
action of the re-entrant jet. This requires
that Vp/sin 2 should be less than the sonic
velocity in the parent plate. Thirdly, the
impact pressure must be sufficiently great
to produce a fluid-like behaviour necessary

for the formation of a re-entrant jet, and
it is also essential that the re-entrant jet
velocity should be sufficiently high to give
the desired scouring action. Fourthly, the
flyer plate is subject to a bending action
and according to Carpenter er al3! it
must be able to withstand a 59} strain.
There is also the possibility that a re-
flected tension wave in either the flyer
plate or the parent plate can cause a ‘spall-
ing’ failure, though this has only rarely
been noted. Such a failure is more likely
to occur with a high-detonation-velocity
explosive, which gives a higher pressure
pulse and hence a greater reflected tension
pulse, and with materials that contain
planes of weakness parallel to the surface.
If spalling of the flyer plate occurs in flight,
welding of the two pieces of the flyer plate

Table V. Metal combinations bonded by explosive cladding *'
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LAIST 1004101020 XX pAl X X[X X 1X]
UM C STE! M A-285 XX XIXIXIXIXIXIX (X X|X] | XX 1X]
T aRRaRR TS S s udu G RRL
= & ! .
(OWALLOY STEELASTM A-204 XIXIXIXTX] TXIX[X[X X X
OWALLOY STE SIM A-302 1 | i TXIX] XX XXX X X X
R EELASTMA-387] | i I 1XIX X XXX X
T! 1 4130 I : 1 i X X
AL ATSE 4340 ) i 1 X
TAINLESS STEEL.FERRITIC] | T [ X L
STEEL, 300 SERI X XX X XXX !
TEEL 200 5ERIES) (0] I X1 IXs U]
0 STEEL 1 | I8 1 X! |
MARAGING STEEL ) |
ATALLOYS |
PE| X X X
ASS X
= NICKEL
N | | X
NICKEL AND NICKELALLOYS® Xl X X XiX
JECONLM AR TTECALLOvE . ot R
ASTELLOY ALLOYS BCF © ' I NOTES :—
HASTELLOY ALLGY X X :
HAYN LLITEALLOYBED), | I ©® A blank space means bonding of that
5’: Akfl?ﬁ? = : } ' b combination has not been attempted.
TLVER AND SILVERALLOY: X It does not mean those metals cannot
PLATINUM ] i
; MBIUM ARD T ALLOYS | X 4 be explosion bond:d. .
WA gsﬁqu XL_IX ® Includes Inconel, Monel, and Incoloy,
NI OME registered trademarks of International
INGSTEN X i
O NCKEL < Nickel Company.
Eﬂ%im—m IUM_ALLOY ®  Registered trademark of Union Carbide

Corporation.
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