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Investigation of long-life cathode EB guns for welding of 
turbochargers 

Sofia del Pozo, Colin Ribton 

 
 This paper describes a laser heated cathode gun design which uses a lanthanum hexaboride button 

in a diode configuration. Beam currents up to 40 mA at – 60 kV were generated by using laser powers in 
the range of 19 to 83 W, which fulfils the requirements for welding of turbochargers. Beam spot sizes 
were measured to be less than to 0.15 mm at 190 mm working distance across the current range from a 
0.75 mm diameter cathode design.  
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Introduction 

The market for turbochargers has experience 
growth worldwide, as they can be used to increase 
automotive engines efficiency and reduce emissions 
by 20 to 40%. EB welding the shaft to the impeller is 
a fast and efficient way to fabricate these 
components. Currently this is an automated process, 
which welds a turbocharger every ~32 seconds. The 
EB welding machines use thermionic cathodes, 
which wear with use and need to be replaced every 
~20hours, requiring production to be stopped for 
changing the cathode. This work investigated 
extending the life of the EB gun by using a laser 
heated lanthanum hexaboride assembly [1] as the 
cathode.  

Design and construction 

A. Design requirements 

Electron guns for turbo charger welding use a –
60kV EB gun. The EB gun developed with this work 
was required to generate currents in the range of 10 – 
20 mA at –60kV. Another requirement was that the 
beam diameter (FWHP) should be in the range of ~0.3 
– 0.4 mm. The design described in this work is a diode 
instead of the conventional EB machine, which uses a 
triode gun. Thus, instead of controlling the beam 
current by varying the bias voltage applied to a third 
electrode (grid cup) [2], the current will be varied by 
changing the cathode temperature by controlling the 
laser power used to heat it. 

B. Laser-heated gun prototype 

A diode laser of up to 200 W power was integrated 
with the EB gun upper column. Fig. 1 shows the 

holder for the laser, which sits on top of the upper 
column, as well as the X-ray shielding that covers the 
laser holder. 

 
Fig. 1. Laser head holder (left) and protective safety cover 

(right).  

 
Fig. 2. Lanthanum hexaboride cathode for laser heating, 

mounted in tantalum cone 

Fig. 2 presents one of the laser heated cathode 
designs. The lanthanum hexaboride button is inserted 
in a tantalum holder. Simulations using different 
lanthanum hexaboride diameters were carried out 
using Opera 2d (FEA software for electromagnetic 
problems). The diameter of the cathode shown in Fig. 
2 is a 3.2 mm diameter button. From the simulation 
results, the diameter sizes selected were 0.75 mm, 1 
mm and 1.5 mm; as those produced enough beam 
current for the welding application, as well as meeting 
the beam spot size diameter requirements. These were 



 

“Е+Е”, vol. 53, 5-6, 2018 143

built and tested in an experimental test rig. 

C. Feedback loop control 

The beam current was controlled by pulse width 
modulation of the laser power. Feedback loop control 
was implemented to achieve this. The time to achieve 
steady state was measured to be 250 – 500 msec. 

Results 

The simulation results were compared to the 
measurements obtained from the EB gun prototype 
with the laser heated cathode design. In contrast to the 
triode gun, there was no beam crossover in front of the 
cathode, instead the beam trajectories were divergent 
all the way until the lens. The beam diameter at the 
lens was generally larger than with the triode gun, 
which allowed focusing the beam to a small spot. 

Fig. 3 presents the curves of EB current generated 
from the 0.75, 1 and 1.5 mm diameter cathodes. It was 
observed that at any cathode size, the required laser 
power to initiate the electron emission was similar 
(~19 W).  Even though the beam current curves 
produced from the 1mm and 1.5 mm diameter 
lanthanum hexaboride cathodes produced similar 
results, the beam current curve for the 1.5 mm 
diameter cathode produced much higher beam 
currents even at the 30 – 40 W laser power range. The 
reason for this will be investigated further.   

 
Fig. 3. Beam current generated from 0.75, 1 and 1.5 mm 

diameter cathodes. 

Fig. 4 is a plot of the measured beam diameters of 
the EB generated from each of the cathodes tested 
(0.75 mm, 1 mm and 1.5 mm diameters). The beam 
width was measured along its x-axis (lines with ‘x’ 
markers in Fig. 4), and along its y-axis (lines with ‘o’ 
markers in Fig. 4). The beam diameter measurement 
has been done at Full Width Half Power (FWHP). For 
all the beams generated from the 0.75 mm and 1 mm 

cathodes (range of beam currents being 4 to 25 mA), 
the measured  beam widths were less than 0.25 mm. 
This fulfills the requirements for turbocharger 
welding. 

 
Fig. 4. Beam diameter vs beam current.  

 
Fig. 5 shows a section of a weld on a turbocharger 

produced by the laser heated diode gun at 12 mA and 
–60 kV. The weld took 2.5 seconds, with a slope in 
and slope out of 0.25 seconds. The weld width at the 
middle is ~0.5 – 0.6 mm.  

 
Fig. 5. EB weld produced with laser heated diode. 

Conclusions 

The three diameter sizes of lanthanum hexaboride 
cathodes produced enough beam current for the turbo 
charger welding application. The smallest beam spot 
was obtained with the 0.75 mm lanthanum hexaboride 
cathode, which produced beams of up to 30 mA at –60 
kV. Future work will look at optimising the welding 
parameters, determining the lifetime of the cathodes 
and demonstrating repeatability of the welds. 
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