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metal quality meets the requirements of the interna-
tional standards and specifications, in particular, AD
Merkblatt W8, Tuli 1987, specification 1264 (Germa-
ny), NC-501 (France). Continuity of layer joining is

% by zero class. Shear strength of the joint
determined in different plate zones is not lower than
150 MPa, pull strength is higher than 250 MPa
(Table). Joint zone structure is wave-like without any
brittle inclusion:
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PECULIARITIES OF INSTABILITY OF THE PROCESS
OF EXPLOSION CLADDING OF LARGE-SIZE BILLETS
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Explosion welding of metals is a controllable process
resulting in formation of a joint in the solid state.
In this process, the distributed parameters (parame-
ters of the kinematic and energy sub-groups) can be
varied by varying in a certain way the technological
(design) parameters, through affecting the defor-
mation and temperature-time welding cycles that
determine properties of the welded joints [1]. Theo-
retically (in accordance with one- and two-dimen-
sional models of acceleration (2-41), providing con-
stant size of the gap, &, between the plates welded
over the entire welding area, as well as constant
height of the captive charge, H, should lead to con-
stant values of collision velocity Ve, contact point
velocity V. and collision angle y and, therefore,
guarantee stability of the process and properties of
the joining zone of an explosion welded composite.
However, thi t the case in practice of explosion
cladding of large-size billets [5-14]

The purpe tudy is to analyse causes and
experimentally investigate peculiarities of instability
of explosion cladding of large-size bil-

s of literature data allows distinguishing
at lmm three most probable causes that lead to fluc-
tuations of the wave profile and increase in the amount
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of the fused metal along the length of the resulting
bimetal [5-12].

In principle, increase in wave parameters in the
end part of the billets welded could be related to
enhancement of parameters of a high-velocity collision
of the plates, taking place because of increase in deto
nation velocity D of an explosive along the length of
the charge. However, this hypothesis put forward as
carly as in 1974 in study [8] found no experimental
verification.

In particular, study [15], where detonation veloc-
ity D of explosives 4 m long was measured by the
Dotrisch method [2] every 200 mm, shows that abso-
lute deviations from the mean value of D are not in
excess of 3 %, which, according to [2], corresponds
to the accuracy of the measurement method used and,
therefore, evidences a high stability of detonation
properties of long explosive charges.

A number of researchers [5-7, 13, 16, 17 ete.] put
forward a more convincing assumption that variations
in properties of the joint along the length of the large-
size billets welded is a result of preheating of the
colliding surfaces under the impact by a high-tempera-
ture flow of particles of the shock-compressed gas of
a cumulative origin, moving ahead of the contact
point.

If, according to [5], we assume for simplification
that the compression of air in the gap between the
plates is caused by a flat piston moving along the
detonation front at contact velocity Ve, the state of
the shock-compressed air ahead of the contact point
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of touching the thermocouple elements), charac-
terising an almost instantaneous growth of tempera-
ture,

Variations in temperature of the mating surfaces
with distance from the explosive charge initiation
point were qualitatively assessed by conducting a s
ries of experiments based on the method of local dy-
namic thermocouples [3, 19, 20]. The point of the
experiments was as follows (Figure 1). Long copper
plate 3 accelerated by explosive charge 2 was caused
to collide in series with constantan rods 5 and 6 located
in fixed (target) steel plate 4 at different distances
from the beginning of welding. Insulator 7 was placed
between the constantan rod and steel plate to eliminat
their electric contact. The thermoEMF signal was reg-
istered by using digital oscillographs C9-8 and GDS-
820C. Velocity of the contact point during the experi-
ments was maintained within a range of 2100 to
2200 m/s.

As a result, a substant

1 difference in amplitudes
of the electric signals was detected, this reflecting
formation of the maximal instantaneous ther-
moEMF + baroEMF in the copper—constantan joint
at a distance of 100 and 550 mm from the beginning
of welding. A typical oscillogram fixed in one of the
experiments is shown in Figure

Therefore, the effect of preheating the mating sur-
faces of the plates to be explosion welded, which shows
up in cladding of large-size billets, will certainly foster
fluctuations of the wave profile and increase in the

S, mm

450

300

150

2 T S R 1
Figure 4. Dependence of distance S between the investigated section
of theplse upon s thickness  a the sbaence ofthe aract plate
(x, = 750 mm, A m, D = 15001550 m
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amount of the fused metal over the joining surface in
bimetal

n our opinion, the most significant factors leading
to instability of structure and propertic the joining
zone in explosion welding of long plates are vertical
displacements of sections of the flyer plate ahead of
the contact point under the explosive charge that has
not yet detonated. This causes changes in the initial
size of the setting gap, h, during explosion welding,
thus resulting in deviation of the values of collision
angle yand collision velocity Ve from the calculated
ones. This violation of the geometry of positional re-
lationship of long elements, which was experimentally
proved in studies [7, 9, 21, 22], may occur both due
to the pressure of the shock-compressed gas (air) pre-
sent between the plates welded [5], and due to the
effect of inertia forces of a shock-wave origin [ 12, 23].
In our opinion, investigation of peculiarities of viola-
tion of the geometry of positional relationship of long
clements being explosion welded is of a high
and practical interest, as this phenomenon,
allows explaining non-uniform elongation deform:
tion of the long plates, in addition to fluctuations of
waves and increase in the amount of the fused metal
along the length of the plates [14], and, secondly,
outlining the new, scientifically justified ways
bilising their properties, which is an important task,
as the technological approaches known by now are of
low technical feasibility and low efficiency

Several series of experiments, the parameters of
which are given in the Table, were carried out to
investigate the character of vertical displacements of
sections of the flyer metal plate by using the specially
developed procedure described in detail in [22]. Dis-
tance S between the detonation front in an explosive
charge and section of the flyer plate located ahead of
the front and moved vertically to a distance of not
less than A (gap between the needle sensor and surface
of the flyer plate) was determined in the experiments
using different input conditions and parameters of
explosive loading.

Experiments 1-6 were conducted by the parallel
scheme of explosion welding, and in experiments 7-15
the target plate was not used to exclude the effect of
the shock-compressed gas present between the ele-
ments welded. In experiments 1—10, 14 and 15 the
detonation velocity was varied over a wide range
(1500-3800 m /) and thickness of the flyer plate was
kept constant, whereas in experiments 11-13 (as well
as 7 and 14), on the contrary, thickness of the flyer
clement was varied from 2 to 9 mm and paramete
of the explosive charge (H, pe,) providing the deto-
nation velocity of about 1500 m /s were kept constant
In addition, in experiments 1, 47, 10 and 14, the size
of the setting gap, A, was varied from 2 to 5 mm along
a vertical between the surface of the flyer plate and
contact displacement sensors, and two lines of the
sensors were installed at distances of 600 and 750 mm
from the beginning of the flyer plate.
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the character of violation of the geometry of positional relatio

Setting parameters
[Experiment | Material of plates Detonation Coondinateof | oo
No welded veloity D, /s | Welding gap h, | installaion of | G2 & between
o needlesensars ,, | Pl sunsor an
st | plate surface. mm
I 22005800 1510 3 600750 2
T<200<760 4
5
2 2560 730 4 91
3 2860 730 4 3
i 3750 600750 7 7/0
i 00
| 8 00
5 2200500 1540 600,750 2 1517301
5300760 4 151301
| 5 117,297
6 3740 600750 2 00
i 00
| 5 00
7 Steel 63| 2200800 1550 - 600,750 2 308,454
= < i 304, 454
5 304,454
s i 152
9 4 107
10 2 00
4 00
5 00
" 342004800 1530 750 4 336
12 5200800 1360 750 4 220
13 7x200x800 1520 750 4 200
(s |
1 920080 | 1510 600750 2 341,201
= 4 329201
5 51201
3500 600,750 2
i
5
Note. Numerator gives values for the flyer plate, and denominator — values for the target plate.
As follows from analysis of the results obtained in  target (fixed) element (Figure 3, curve 2), as well as

experiments 14, size S decreased non-lincarly (Fi-
gure 3, curve /), approximately from 420 mm at a
mean value of Ve = 1510 m /s (experiment 1) and
detonation velocity D ~ 3750 m,'s (experiment 4)
with increase in the detonation velocity. In this case,
no vertical displacements of sections of the flyer plate
ahead of the contact point were observed (the time
fixed by the displacement sensors strictly corre-
sponded to the moment at which the detonation front
passed through their location plane). Similar changes
in the S value were noted in the case of the 2 mm
flyer plate (experiments 7-10) and absence of the
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in investigation of the geometry of positional relation-
ship of sufficiently thick and massive plates in experi-
ments 5, 6, 14 and 15.

Increase in thickness of the flyer element in ex-
periments 7, 11-14 at a relatively low value of deto-
nation velocity D, equal to 1510-1550 m s, leads to
decrease in a value of S (Figure 4), approximately
from 450 mm in the case of using the 2 mm flyer plate
(experiment 7) to about 200 mm at plate thickness
§=9 mm (experiment 14).

The results of experiments 5 and 14, where the
contact sensors with different values of A were in-
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Figure 5. Diagrams plotted on the basis of the results of experimes
moments when nvestgated secto plate make vertical disy
2 pulse {310 tha the detonation front s pasosd a latats
S he 1st and 2nd lines, respecively

stalled in two lines, also allow an unambiguous con-
clusion that violation of the geometry of positional
relationship of long clements ahead of the detonation
front, at the absence of the target plate and under
explosion welding conditions, may occur in different
ways. This conclusion follows from analysis of the
diagrams (Figure 5) plotted on the basis of the results
of experiments 5 and 14, the only and fundamental

tst and 20d lines of Intallation
of contact sensor

s 14 (a) and 5 (6) for positions  of the detonation front st the
cements D: 1~ pulse sigy scllograps;
e of n pulse signal ement & of senke

i dsph

difference in which was the presence of the target
plate (see the Table).

It can be easily seen from the diagram plotied on
the | of the results of experiment 14 (Figure 5,
a) that contact sensors of the 1st and 2nd lines, hav, Hm
a gap of 2 and 4 mm, short-circuited in D
placements of both investigated sections to 5 mm oceur
synchronously. Therefore, it can be a (i
gure 6, @) that initially the displacement of the first
section is of a local character, and then the situation
changes because of acceleration of the
plate, leading to simultaneous short-circuiting of all
the sensors uf the 2nd line and displacement of the
first section at least to 5 mm. The presence of the

target plate n cxperiment S leads Co a substantial
, b). At the beginnin

2 b
2. =147 s
VL. =336 ps
a
st and 2nd lines of installation
of con nsors
12 (= 2635 s
12 £ =266 ps
2, £ = 286 s
260 600 750 800 ¥, mm
b

Figure 6. Hypotheticsl reprsentation of changes n shape of the
long lye metal plte 9 m ahead of the detonation front at
i o £ correpondi to shortirulting o the contac
Sccaniiog to the reslts of exgerimnts 14 (4) ad 5 (6
Sanbad o il oo, o ntoimal iefis of the Yoo Myes
plate; the explosive charge and target plate present in experiment
5 are not shown
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of both sections to 4 mm occurs syn-
Lhr(muusly and is characterised by an intensive accel-
eration, this being evidenced by simultaneous short-
circuiting of the sensors having a gap of 2 and 4 mm
It took extra 22.5 ps for the first section of the plate
to cause short-circuiting of the sensor with gap A =
=5 mm (e for further upward displacement to
1 mm), and no more than 2.5 ps fo ccond section.
Therefore, the initial stage of vertical displacements
(to 4 mm) is characterised by a dramatic acceleration
of both first and second investigated sections, after
which a substantial difference can be seen in changes
of the velocities of the latter (the second section moves
at a much higher velocity, compared with the first
section, this being evidenced by a difference in time
of short-circuiting of the contact sensors with a value
of the setting gap equal to 5 mm). Therefore, it can
be assumed (Figure 6, b) that under explosion welding

11/2009
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conditions the parallel welding scheme is transformed
into the angular one with some variable angle . In
this case, violation of the geometry of positional re-
lationship of the elements welded is of a non-local
character, this explaining some <congestion» of pulses
within a narrow time range (see Figure 3

CONCLUSIONS

1. 1t was established that violations of the geometry
of positional relationship of the elements being explo-
sion welded ahead of the detonation front and effect
of preheating of the colliding surfaces are the main
causes of changes in properties of the joint along the
length of the billets welded, which show up in increase.
in sizes of the waves and amount of the fused metal.
2. It was experimentally determined, that in the
e of vertical displacements outpacing the detona-
tion front (in a number of cases, comparable with
welding gap size h), outpacing value S decreases with
increase in the detonation velocity of the captive ex-
plosive charge (up to complete termination of the ver-
tical displacements of the flyer element sections) and
thickness of the flyer clement.

It was reliably proved that the flyer metal plate
accelerated by a sliding detonation wave (at the ab-
sence of the target plate) is characterised by the dis-
turbances occurring in it, which are the result of action
of the inertia forces of a shock-wave origin, while
under conditions of explosion welding of long ele-
ments arranged by the parallel scheme the latter can
be transformed into the angular one due to the domi-
nating effect of the shock-compressed air moving in
the gap between the plates.

The study was completed under State Contract
02.523.12.3012.
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