Equipment developed at the E.O. Paton Electric Welding Institute for welding and related technologies in space and on the lunar surface
The E.O.Paton Electric Welding Institute has developed and tested hardware for welding and related processes (cutting, coating and brazing) in space for more than 60 years. Over this period PWI Space Technologies Department has performed more than 200 experiments on welding, cutting, brazing and coating deposition in space.

Welding and cutting were conducted on aluminium alloys of 2219 and 5456 type, as well as on titanium alloys and stainless steels. A large number of experiments were performed on samples in the flying laboratory at lower gravity and low temperatures (-186 ° C), characteristic for the lunar surface conditions.  

In July 1984 the world’s first technological experiments on electron beam welding, cutting, brazing and coating deposition were conducted in open space using manual electron beam tool, called VHT (Versatile Hand Tool). The experiment lasted for approximately four hours outside the «Salyut-7» Space Station.

The conducted experiments and research results were used to develop a modern complex of electron beam tool for welding in space and on the lunar surface.  
1. Complex for electron beam welding in space environment (in open space and on the lunar surface) in the manual version or as part of a robot or manipulator 

The complex consists of electron beam tool powered from on-board power supply network, control panel and set of connection cables.  

If required, the complex is additionally fitted with an autonomous power source.  

Unlike the earlier developed electron beam guns for space applications, the new gun is upgraded by installing a triode emission system with a cathode of tablet type (from lanthanum hexaboride). The gun is connected to the power source by a high-voltage flexible cable, and is able to form a sharply focused beam of not more than 1 mm diameter in the focal plane at up to 80 mm distance that will enable the operator to perform the technological processes without excessive effort and will provide convenient observation of them at a sufficient distance from the object location.

Hardware specification 
1. Electron beam gun (EBG) 
1.1. Weight of 2.5 kg;
1.2. Overall dimensions: 240 mm length, 75 mm diameter;
1.3. Up to 2.5 kW power; 

1.4. Up to 10 kV accelerating voltage;
1.5. Not more than 1 mm beam diameter;
1.6. Working distance from 50 up to 80 mm; 
1.7. Up to 8 mm beam penetrability in aluminium alloy welding.

2. Power source
2.1. Weight of 12 kg;

2.2. Overall dimensions: 350 mm length, 120 mm width, 200 mm height;

2.3. Up to 2.5 kW power;

2.4. Up to 10 kV accelerating voltage;

2.5. Power supply from on-board power supply system or autonomous DC source (=100 V or =27 V). 

3. Control panel
3.1 Weight of 2.5 kg;

3.2. Overall dimensions: 250 mm length, 200 mm width, 100 mm height;
4. Set of cables for external and internal connections
2. Hardware complex for electron beam welding on the ground 

In order to perform electron beam welding on the ground, it is necessary to have a vacuum chamber, as the process of electron beam welding proceeds only under the high-vacuum conditions with application of a robot or a manipulator. 
Vacuum chamber dimensions depend on the overall dimensions of the object being welded. If it is intended to weld small-sized samples of up to 200 mm length, using a manipulator, it is enough to have a vacuum chamber of up to 1m3 volume. 
If welding or cutting of materials of more than 6 mm thickness is to be performed in the chamber with application of a more than 15 kW electron beam, it is necessary to use a chamber with up to 10 mm wall thickness. 

If a robot is used during welding, the vacuum chamber dimensions should be sufficient for performance of this work. 
Fig. 1 shows a general view of the manual electron beam tool for performance of the technological operations in space environment. 
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Figure 1  General view of the developed manual electron beam tool 
This tool can also operate as part of a manipulator or robot. 
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