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Abstract: In this work we have evaluated the feasibility of the magnetic field pressing technology for formation of Cu-Nb joints for further pulsed power applications. The 
electrical and mechanical properties of joints have been investigated. The structure of Cu-Nb conductors joints was investigated using optical and scanning electron 
microscopy. The mechanical characteristics have been evaluated using tensile tests. It has been determined that the maximum tensile strength of 350 MPa could be 
achieved, which is 30,4 % of a Cu-Nb wire strength. The applied pressing technology allowed minimizing the defects in the microcomposite structure due to solid-state joining 
process, however the resultant decrease of conductivity by 10 % influenced an increase of the Joule heating. After a 2 min 200 A current flow the difference of 54,4 °C 
between the conductor and the joint area was observed. It was concluded that the Cu-Nb joints formed by magnetic field pressing are applicable for pulsed magnet setups 
where non-destructive joints are required. 
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1 INTRODUCTION 
 

In the past decades the applications of pulsed magnetic 
fields and pulsed power technology expanded 
significantly, covering the scientific areas of material 
science, optics, biotechnology and many other, which 
created a need for development of flexible, compact and 
energy-efficient pulsed power setups. Nevertheless, the 
generation of high magnetic fields (>20 T) is still 
challenging, due to the requirement of high currents in the 
range of tens of kA. As a result, the majority of systems, 
which operate in the 20-90 T range, are complex and 
stationary, not available commercially, and thus, the access 
of researchers to high magnetic field infrastructure is 
limited. One of the most problematic parts of the pulsed 
high magnetic field generation setup is the magnetic field 
inductor (coil), which as a rule, resembles a multilayer 
cylindrical structure (solenoid), consisting from several to 
hundreds of conducting windings [1]. The high current 
flow in the windings induces high magnetic field inside the 
inner volume of the multilayer solenoid, however due to 
the Lorentz forces, Joule heating and high voltage, there is 
a high possibility of deformation, winding rupture and 
voltage breakdown, following by a fault or even explosion, 
thus the high power inductors (operating in the 20-90 T 
range) are limited by the amount of the pulses that can be 
generated. Therefore, the conductors that are used for 
winding of solenoids should exhibit high tensile strength 
and conductivity, at the same time should be flexible and 
resistant to repetitive deformation. At the current state four 
types of composite conductors are typically used: Cu-Nb 
and Cu-Ag micro-composites, GlidCop and the CuSS 
macro-composites [2-4]. The Cu-Nb micro-composite is 
currently one of the best due to high tensile strength (Rm) 
1100-1500 MPa, yield strength (Rp) 850 MPa and 
relatively high conductivity of 67-70 % IACS [5]. These 
materials are also used for production of high power 
electrical transformers for power plants, high-voltage lines, 
strong electromagnets for magnetic levitation transport 
systems, equipment for plastic deformation by magnetic 
field, induction welding and other pulsed power machines. 
During development of high magnetic field inductors or 

other pulsed power equipment, there is a need to provide 
conductive connections between separate modules, thus 
formation of joints is required [6, 7, 8]. At the same time 
the joint becomes a weak point in the design, since high 
mechanical, electrical and reliability characteristics should 
be maintained, which is not always possible. The pulsed 
magnetic field inductors, transformers or isolated high 
power conductor structures require very reliable joints due 
to extension and bending limitations. This problem is still 
poorly addressed due to the significant decrease in 
reliability and other technical parameters of a joint, making 
the electrical connections in pulsed multilayer inductors 
one the weakest points of the structure, limiting the joint  
technology mostly to disassemblable solutions [9, 10]. 

Even though the welding and pressing methods are 
considered as one of the most progressive, the complexity 
of joint formation is highly influenced by the composite 
conductor’s structure and processing specifics. In the case 
of Cu-Nb microcomposites the structure consists of copper 
matrix with integrated thin niobium fibres. The Nb fibres 
strengthen the copper matrix, improving the mechanical 
characteristics, without negative influence on conductivity 
[5]. The microcomposite conductor manufacturing process 
is similar to diffusion or pressure welding. The Cu-Nb 
composite wire is formed by mechanical machining 
pressure during the plastic deformation of materials [11, 
12]. Therefore, most of the traditional fusion welding 
methods are unsuitable for composite materials due to the 
matrix melting taking place, following by irreversible 
structural changes [8]. In theory, this problem could be 
solved using pressing and solid-state welding technologies 
[13]. For pressed joints formation the conventional 
mechanical pressing method could be used, while pulsed 
power methods are also available, e.g. pressing with high 
power pulsed magnetic field, electro-hydraulic pressing or 
explosive pressing. However, the pressing with pulsed 
magnetic field method offers high deformation velocity (up 
to 20 s−1), which allows to reduce the traction force, 
localize the deformation area and minimize the number of 
pressing defects. Therefore, in this work we have evaluated 
the feasibility of the magnetic field pressing technology for 
formation of Cu-Nb joints by analysis of the electrical and 
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mechanical characteristics, including the effect of Joule 
heating, which is particularly relevant for high pulsed 
power applications. 
 
2 METHODS AND EXPERIMENTAL 
 

As an object of the research the 2,4 × 4,2 mm Cu-Nb 
microcomposite wire, formed by "assembly-deformation" 
method has been used. Mechanical properties of this Cu-
Nb wire: Rp is 830-850 MPa, Rm - 1120 MPa [14]. 
Microcomposite structure is made from Nb fibre < 15 nm 
and a copper matrix [11].   

 

 
Figure 1 View of experimental pulsed system 

 
Table 1 Characteristics of pulsed magnet system 

Parameter Value 
Maximum stored energy/ kJ 6,8 

Maximum impulse energy/ kJ 6,8 
Maximum charging power/ kW 5,5 

Charging capacity/ μF 450 
Average output power of charging device/ VA 500 

Apparent power/ VA 3000 
Single-phase voltage/ V 220 
Number of pulses/ min 2 

 
The magnetic pressing of the Cu-Nb has been 

performed using an experimental pulsed power setup            
(Fig. 1), which consisted of high voltage (5,5 kV) pulsed 
power (6,8 kJ) discharge unit and the inductor for the 
sample (Physical Technical Institute, National Academy of 
Sciences of Belarus). The summary of the setup parameters 
is presented in Tab. 1. The capacitor of the pulsed power 
setup (450 µF) has been controllably discharged through 
the inductor. The control of the discharge time and the 
pulsed current allowed controlling the process of pressing 
(i.e. applied energy) for precise formation of the joint. The 
pressing has been performed using radial pressing of the 
thin-walled tubular sheath (copper tube) on the co-axial 
junction of the microcomposite conductors. The induction 
of the pulsed magnetic field inside the inductor for 
magnetic pressing triggered fast deformation (up to100 
m/s) of the copper tube around the conductors, which 

allowed forming a strong and tight connection of two 
conductors. 

The schematic of the inductor for magnetic pressing 
technology and the sample positioning is shown in Fig. 2. 

 

 
Figure 2 Schematic of the magnetic pressing technology, where  

1 - inductor; 2 - tubular sheath for pressing; 3 - tubular sheath after pressing; 4 - 
conductors, which are being connected 

 

 
a 

 
b 

 
c 

Figure 3 General view of the Cu-Nb joint formed by pulsed magnetic field 
pressing: a - front view, b - cross-section of joint; c - longitudinal section of joint 

 
The electrical characteristics of the resultant joint have 

been evaluated using U2810D Digital LCR Meter (China). 
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The Joule heating in the joint has been evaluated 
experimentally using a current source (VDU-305) and 
termovisor (Flir E49001). The thermal distribution in the 
sample has been measured every 30 s. The mechanical 
characteristics of the joint have been evaluated using 
tensile tests. A computerized setup with an analog-to-
digital converter Spider-8, Katman-Express software, 
dinamometer up to 20 kN (accuracy 0,5 %) and a universal 
tensile testing machine TIRAtest 2300 have been applied. 
The microstructure of the joint formed by magnetic 
pressing technology has been analyzed both in longitudinal 
and transverse cross-sections. The surface was etched in 
FeCl3/HCl/H2O solution and further analyzed using 
optical microscope Nikon Eclipse MA200 (Japan) and 
scanning electron microscopy (SEM) JEOL JSM-7600 
(Japan). 
 
3 RESULTS AND DISCUSSION 

 
The general view of the Cu-Nb joint formed by pulsed 

magnetic field pressing is shown in Fig. 3a. It can be seen 
in the longitudinal and transverse cross-sections of the joint 
(Figs. 3b and c) that the Cu tube was pressed to the surface 
Cu-Nb wire, while the contact is uniform across the whole 
conductor in the joint section. 

 

Figure 4 The joint interface between Cu-Nb microcomposite and Cu sheath 
 
The contact area has been further analysed using  SEM 

microscopy and the photograph accurately representing the 
generality of observation is shown in Fig. 4. It can be seen 
that the contact area (Fig. 4, interface line) is barely 
distinguishable, which further supports the optical 
microscopy observations. Alternatively, the electrical 
conductivity of the joint has been compared to the same 
Cu-Nb conductor wire of identical length, which was 0,01 
Ω for the joint and 0,009 Ω for the wire. The ratio of 
electrical conductivity (coefficient of defect) did not 
exceed 1,5, which is in agreement with the requirements 
applicable for the electrical contact connections [15]. 
Nevertheless, the difference in the active resistance 
influenced the Joule heating. The thermal distribution after 
2 min of 200 A current flow is shown in Fig. 5. The 
maximum difference in temperatures was up to 54,4 °C, 
which is in agreement with the requirements applicable for 
the electrical contact connections [15]. 

The results of the joint transverse tensile test are 
presented in Fig. 6. The tensile strength of the Cu-Nb joint 

was 351 MPa, elongation - 1,025 %. The acquired strength 
is 30,4 % compared to the Cu-Nb wire (100 %). 

 

 
Figure 5 Thermal distribution after 2 min of 200 A current flow 

 

 
Figure 6 Stress-strain curve from a tensile test of welded joint: break point - 

welding joint area 
 

4 CONCLUSION 
 
We have investigated the mechanical and electrical 

characteristics of Cu-Nb joints formed by magnetic field 
pressing technology. It has been determined that the 
maximum tensile strength of 351 MPa could be achieved 
(relative elongation of 1,025 %), which is 30,4 % of a Cu-
Nb wire. The acquired mechanical characteristics are 
comparable with soldered joints, however, up to 470 MPa 
with 0,71 % elongation could be achieved using the 
resistance welding joint forming technology [9]. 
Nevertheless, the magnetic field pressing technology has 
its own advantages, i.e. the joints are formed in solid state, 
which results in minimization of the number of defects in 
the structure of the microcomposite. Subsequently, the 
acquired electrical characteristics of the joint were 
satisfactory. It has been concluded that the acquired 
mechanical characteristics of Cu-Nb joints are sufficient 
for forming of the pulsed power inductor terminals and 
interconnection with other power facilities. However, the 
application of the investigated method for interconnection 
of winding inside the inductor is still limited and requires 
further research and optimization. 
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