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Abstract: We have carried out researches for working out technological electroslag remelting conditions to produce bimetallic ingots. A new 

plant flow diagram has been developed for the manufacture. Experimental series of melting was performed on a laboratory electroslag 
remelting installation by developed by us electroslag remelting conditions. Bimetallic ingots for armour  were produced of different 

combinations steel grades. Ingot of X38CrMoV 5 1 (DIN 1.2343; AISI H11)-10G2SF perspective steel grades is investigated. By the method 
of non-destructive testing the fusion of two steel grades along height of ingot is investigated. Macrostructure of cast transverse templates is 

investigated. A complete fusion of steels is established. 
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Introduction 
A bimetal is a two-layer or multilayer material consisting of two 
different metals or alloys, fused in one monolytic whole. In the two 

or multilayer rolled stock the layers as a rule execute different 
functions and according to them are refered to as basic and 

cladding. The basic layer performs the role of a force component 

and it has greater thickness. Higher corrosion-resistance, wear 
resistance or electric conductivity can characterize the cladding 

layer depending on the requirements for a bimetal. It is also of a 
smaller thickness. The composite materials, to which a bimetal 

refers, are made by purposefull fusion of two or more components 
in an united material. Composite materials should satisfy the 

following criteria: the components of a composite are selected and 

fused in an uniform material consciously and purposefully; they are 
a result of a technological process, in their final form they are not 

found in nature; they contain not less than two different phases 
regularly distributed in the whole volume of the material; they have 

new useful properties superior to the properties of the available 
materials and their components. An essential advantage of the 

bimetal is its lower price in comparison with the same monometal 
products produced only of one cladding layer. Hence, the ratio of 

layers has an important meaning. Usually the thickness of the 

cladding layer represents 10-20 % of the total thickness, but not less 
than 1.5-2 mm [1, 2].  

The most frequently used methods for producing bimetal are based 
on deformation, detonation forming, thermal diffusion, special 

processes of melting and electrochemical deposition. Among the 
known methods for obtaining bimetals the metallurgical or so-called 

casting methods of bonding are of interest.These are methods for 
fusion of the components as a result of interaction between molten 

and solid metal. By this method large ingots of up to 13 tons, as 

well as small ingots of several kilograms are produced. Methods, 
which are based on electroslag technologies, such as electroslag 

remelting (ESR), electroslag moulding (ESM), electroslag heating 
(ESH) and others also have found wide application for obtaining of 

multilayer composite materials. The method ESR provides the 
possibility to reinforce large size ingots, which results in practically 

a new class of composite materials. The manufacture of bimetallic 

ingots by the ESR method is broadly used in the industrially 
developed countries. It has achieved particular progress in Japan 

and Russia [3, 4]. An essential advantage of the casting method is 
that it may be performed in any metallurgical works, having an ESR 

installation and plate rolling.  
The main purpose of this work is the carrying out of researches for 

developing optimum conditions for a new ESR technology and 
production of  bimetallic ingots.  Non-destructive investigations of 

the new produced bimetallic ingots for armour. 

 

2. Experiments:   

For the production of high-quality metal the exactly determined 

interactions between the technological remelting parameters 

(current, voltage, mass speed of melting etc.) and the crystallization 
parameters of the steel (depth and shape of the liquid metal bath, 

length of the two phase zone, the time during which the metal is in 
liquid and in liquid-solid state etc.) are of crucial importance. A 

basic qualitative index, characteristic for the technological 

parameters and the parameters of crystallization is the coefficient of 

crystallization front. It is the ratio of the radius of block to the dept 
of conic part of the metal bath. The coefficient of crystallization 

front is in itself the tangent of the angle between the crystallization 
front incidence and the axis of the block. Experimental melts are 

carried out on a laboratory electroslag remelting installation (ESRP 
0,125) [5] in the Institute of metal science, equipment and 

technologies „Akad. A. Balevski” with hydro and aerodynamics 
centre, Bulgarian Academy of Sciences on a cupreous crystallizer 

with water cooling. The „know-how”, developed by us, for 

production of bimetallic ingots with complete fusion of two layers 
is used. Ingot of  X38CrMoV 5 1 (DIN 1.2343; AISI H11)-10G2SF 

perspective steel grades is investigated.    
Non-destructive investigations are carried out in the Laboratory for 

non-destructive testing in IMSET with HAC-BAS. License I-1193 
registration number 04328 for using of ionizing ray sources for 

scientific and economic purposes. Non-destructive control with 

radiation methods and with roentgen defectoscope of type 200/5 
model MXR-200. Technical parameters: spot focus 2,45x2,80 mm; 

anode current 5 mA; tension 180 kV at measured equivalent dose 
0,210 mSv with tapping ± 0,8 %. Work conditions and reading of 

the roentgenograms are conformity with Standards BDS EN ISO [6, 
7].  

Point of the non-destructive testing: Roentgen (X-ray) or Gamma 
rays are using in the radiation control methods. They penetrate 

across optical untransparent bodies and operate over photographer’s 

films similar to light rays. Under their operation some substances 
like for example Zink sulphide, shining (luminescence). 

In the roentgen graphic control the radiation source (Roentgen pipe) 
is placing at a certain distance from object so as the rays to be direct 

perpendicularly on the axis. On the contrary side Roentgen film is 
settings. In the irradiation time (X-ray treatment) the film is situated 

under action of rays in the course of determinate time named 
exposition. Follows removal of the film in dark from the cassette, 

development and fixing in order to obtaining a steady 

photographer’s picture. As a result on the section of the investigated 
object on separate places the picture is with irregular degree of 

tarnish. Rays who fall into film after passing through a defect are 
absorbing to a smaller degree in comparison with the rays passed 

through dense metal. First rays cause stronger darkening of 
determinate section of the film [8, 9] 

 
3 .Results  
For producing bimetallic ingots a new flow diagram is developed: 

production of bimetallic ingots by the ESR method with a complete 
fusion of the two layers. Experimental series of meltings were 

carried out on a laboratory electroslag remelting installation in the 
Institute of metal science, equipment and technologies „Akad. A. 

Balevski” with hydro and aerodynamics centre, Bulgarian Academy 
of Sciences. By means of the non-destructive testing methods dense 

fusion of the steels is established. Difference along height of the 

produced ingot is not observing. Only in one of steel grade 
(10G2SF) defects are established, which is not typical for 

electroslag remelting process (Figures 1, 2, 3). Practice shows that 
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after rolling operation defects are not observing. Investigations 
continue with improving on the new plant flow diagram. Dense 

macrostructure of cast transverse templates is obtained. A complete 
fusion of steels is established 

 

 
Fig. 1 

 

 
Fig. 2 

 

 
Fig. 3 

Fig. 1, 2, 3. Roentgen graphic images from non-destructive testing 

 

 
4. Conclusions  
The features of the bimetals and the trends in their production by 

the foundry method have been studied. The most frequently used 
technological variations of bimetallic ingots production have been 

analized. Research for developing optimum ESR conditions for 

production of  bimetallic ingots has been carried out. A new plant 
flow diagram of manufacture is developed. On a laboratory 

electroslag remelting installation experimental series of meltings 

have been performed. Bimetallic ingots of different steel grades 

have been produced. Ingot of X38CrMoV 5 1 (DIN 1.2343; AISI 
H11)-10G2SF perspective steel grades is investigated. By the 

method of non-destructive testing the fusion of two steel grades 
along height of ingot is investigated. The analysis of the 

macrostructure of the cast transverse templates from bimetallic 

ingot of the investigated combination of steel grades shows that the 
macrostructure is dense, with non-essential defects (Fig4). 

Complete fusion of steels is established
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Fig.4 Macrostructure of bimetallic ingot X38CrMoV 51- 10G2SF steels. 

 

The results can be used in the research to be carried out within the 
Science and Education funded project “Quantum Communication, 

Intelligent Security Systems and Risk Management” (Quasar), 
funded by the EU FUNDS for Smart Growth. 
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