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Abstract. The possibility of obtaining multilayer cylindrical waveguides by explosion welding is 
investigated. The fact that the technological welding scheme has a significant impact on the shaping 
of workpieces and the value of edge effects was established. The studies demonstrated that the 
nature of wave formation during the manufacture of multilayer cylindrical waveguides from a 
homogeneous material by explosion welding using a central rod is identical to the wave formation 
when welding flat multilayer compositions on a rigid base. 

Introduction 
Since the use of the coaxial arrangement of pipes method, adopted when cladding pipe billets for 

the manufacture of a multilayer shell, is not possible due to the lack of the necessary assortment of 
pipe billets of the corresponding diameter, a method, described in this paper, implies winding a 
metal strip with a guaranteed gap on a mandrel in the form of a pipe from a similar or other metal 
for obtaining multilayer shells [1-5]. 

There were three types of experiments conducted for welding multilayer cylinders:  
- without the use of a throwable shell [6-9]; 
- with a throwable shell, located at the top welded shell [10-13]; 
- with a throwable shell, located with a gap in relation to the welded shells [14-17]. 
The Goal of the Research. To develop a model for the production of new multilayer waveguides 
by explosion welding from the sheet material. 

Materials and Results of the Research 
Technological scheme of the fist welding type. The spiral was wound onto a pipe billet made of 

steel 20 with a gap set with the help of textolite inserts, which progressively increased towards the 
center. An explosive charge was located directly on the outer coil of the spiral [18-19]. The 
explosives were initiated by a "spider" of eight equal cuts of the DSH-A detonating cord [20-21], 
evenly spaced along the outer perimeter of the charge. In order to prevent crushing of the welded 
shell, a steel rod was inserted into the inner tubular billet, separated from the latter by a layer of 
water. The process of preparing a sample for the explosion according to this scheme is shown in 
Fig. 1. 

The second type of welding implies the tape to be wound onto a pipe with a constant gap, for 
which a 1 mm diameter wire was placed along the entire length of the tape edge. A pipe made of 
XI8H9T steel with a wall thickness of 1.8 mm was used as a throwable shell, which was put on with 
an interference fit on the spiral immediately after winding.  

The explosive charge was located directly on the surface of the throwable shell.  Structurally, the 
charging device is similar to that given in [22-24] and is as follows. A layer of a DSH-A detonating 
cord is wound in the form of a snail turn to turn in the upper part of the explosive charge. A die of 
inert material was fixed at the upper end of the throwable shell. Ammonite 6 ZhV was placed on top 
of the die, which was initiated by a detonator from a central point [25]. 

 

Defect and Diffusion Forum Submitted: 2021-05-28
ISSN: 1662-9507, Vol. 410, pp 155-160 Accepted: 2021-06-07
© 2021 Trans Tech Publications Ltd, Switzerland Online: 2021-08-17

All rights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of Trans
Tech Publications Ltd, www.scientific.net. (#563940061-22/07/21,22:55:33)



 

a    b 
Fig. 1. Sample preparation for explosion according to 
the first variant of the welding technological scheme: 

a - spiral winding view; b - complete sample 

This scheme has the following advantages in comparison with the previous one: 
- sustainable detonation front along the entire perimeter of the explosive charge is maintained; 
- the placement of an interlayer of explosives with high energy characteristics (DSH-A) in the 

upper part of the charge makes it possible to reduce the value of the edge penetrations due to an 
earlier exit of the projectile shell to the welding angle. The third type of welding is as follows. 

The spiral was fixed at the edges with 
metal rings after winding. The 
throwable shell was positioned with a 
gap against the spiral, which was 
ensured by fixing the shell in the 
annular groove of the base. 

One of the key problems of 
multilayer cylindrical shells 
manufacturing by explosion welding is 
to obtain products of the correct 
geometric shape that require minimal 
machining [26-27]. The conducted 
studies proved that the shape of the 
resulting shells depends largely on the 
technological scheme of welding. 

When using the first type 
technological scheme of welding, the 
resulting workpiece along the outer 
perimeter has the shape of a polygon 
with a number of faces corresponding 
to the number of segments of the 

detonating "spider", which initiated the main charge. In addition to that, "wrinkle" shaped defects 
formed from crushing of the outer layers of the spiral and local ruptures are observed on the surface 
of the workpiece, apparently caused by the unevenness of the detonation process. This initiation 
scheme leads to the formation of edge non-weldings of 40-60 mm. The view of the shells obtained 
using the first option technological scheme is shown in the photograph in the Fig. 2, and a closeup 
of the interfaces between the layers of the shell, obtained by welding according to the first option, is 
shown in the Fig. 4.  

The shape of the samples obtained using the second and third options of welding technological 
schemes is shown in the Fig. 3. 
As may be observed, the shells obtained according to these schemes have a regular cylindrical 
shape without visible defects and discontinuity, 
which is due to the perfection of the initiation 
scheme, which ensures a uniform detonation front 
along the entire perimeter of the main charge. In 
addition to this, the use of an explosive interlayer 
with high energy parameters in the upper part of the 
charge makes it possible to reduce the value of edge 
penetrations to 20-25 mm.  

The samples made according to the second 
option showed a complete absence of welding 
between the outer shell and the spiral, which is 
caused by the absence of a gap between them 
during welding (Fig. 5).  

Fig. 2. The shell, obtain when using the 
first technological scheme welding 
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Investigations of samples made according to the 
third option reveal a well-developed wavy surface of 
the connection between all layers (Fig. 6). At the 
same time, it was found that the degree of 
development of waviness decreases as the welding 
surface moves away from the throwable shell, but the 
waves on the last welding surface are higher than on 
the previous ones. 

As the welding surface moves away from the 
outer cylinder, the amplitude of the waves increases 
and their frequency decreases on cylindrical 

multilayer shells of copper and brass [28]. This is explained by the influence of stress waves and it 
is concluded that the process of wavy weld surfaces formation is associated with the fact that, when 
passing from the cylinder axis to its periphery, the number of interfering elastic waves, reflected 
from the inner and considered welding surfaces, increases. The current study proves that this 
assumption is untrue (Fig. 6). Moreover, this cannot 
explain the nature of waves on the joint surfaces in 
samples made of a homogeneous material, where the 
intensity of stress wave reflection is minimal.  

The obtained result of a multilayer shell welding 
fully corresponds to the case of welding of multilayer 
copper composites resting on a massive copper plate 
[29]. Apparently, the centering rod, separated from the 
inner pipe by a thin layer of water in our case, played 
the role of a massive base (similarly to the flat version), 
which explains the identical patterns of the obtained 
weldings.  

Metallographic studies of the welding boundaries 
showed that on the samples made according to the first 
and second options, there is also a wavy joint surface 
with a small amplitude (0.05 ... 0.03 mm), and the 
amplitude decreases as the layers move away from the 
outer surface. 

Discontinuous melted areas at the weld edge, which 
are located on the crests and below the wave crests 
were observed for all samples, especially significant in 
the samples made according to the third option. 
However, as shown [31], the disconnected melted areas 
do not lead to a deterioration in the quality of welding; 
their formation may indicate the presence of a 
continuous and strong adhesion. Porous defects were 
observed in some places of the melted areas, which 
must have appeared, as a result of the air collapse 
during explosion welding. 

Microhardness measurements have shown that the 
microhardness of the shell layers obtained by explosion 
welding is 440-460 HB, while the microhardness of the 
starting material is 230-250 HB. The microhardness of 
the fused areas is much lower (240-260 HB), which is 
apparently due to their porosity. 

A reliable test of weld quality is the flattening test, 
which is carried out according to the GOST 8695-75. 

Fig. 5. A closeup of the interfaces 
between the layers of the shell 

obtained by welding according to the 
second option 

 

Fig. 4. A closeup of the interfaces 
between the layers of the shell obtained 
by welding according to the first option 

Fig. 3. The shell, obtain when using the 
second and the third technological 

scheme welding 
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The test was conducted for the second and third 
types cylindrical shell welding.  The 20 mm rings 
were cut for testing. 

During the tests, the samples were placed 
between the press panels so that the welding zone 
of the outer edge of the spiral was located at a  
90 ° angle to the axis of the load application 
(similar to the weld of welded pipes). Flattening 
was carried out until the destruction of the 
samples. 

As a result of the tests carried out, the 
following was established. The destruction of the 
samples occurred along the axis of the load 
application and in the plane of the location of the 
outer edge of the spiral. Significant delamination 
of the inner shell was observed, onto which the 
spiral was wound for both types of samples. 
Certain delamination of the outer shell was 
observed only in the samples of the second type, 
which is explained by the absence of a gap 

between the outer shell and the spiral during welding. Delamination did not take place for the third 
type samples. A fracture, tyFigal for the monolithic metal without any signs of delamination was 
found in the places of the destruction of the samples, which is an indicator of satisfactory adhesion 
between the welded layer.  

Summary 
The possibility of obtaining multilayer cylindrical shells by explosion welding was investigated. 

It was established that the technological scheme of welding has a significant impact on the shaping 
of the workpieces and the value of edge effects.  

The analysis of the obtained experimental data demonstrates that the most satisfactory results in 
terms of strength, continuity, and adhesion quality were achieved at the third type welding 
technological scheme.  In this case, the welding boundary is wavy with separate disconnected fused 
sections, which means it is close to the optimal form.  

The studies have revealed that the nature of wave formation in the manufacture of multilayer 
cylindrical shells from a homogeneous material by explosion welding using a central rod is identical 
to the wave formation when welding flat multilayer compositions on a rigid base. 

A fracture, tyFigal for a monolithic metal without any signs of delamination was found in the 
places of the samples destruction, which is an indicator of satisfactory adhesion between the welded 
layers. 
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