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Figure 3-4. Definition of the focus diameter dFo and 
the aperture angle α1 in the convergence and α2 in the 
divergence area 

Figure 3-5. Beam cross section variation with upper 
focus and under focus  
a) with error due to astigmatism 
b) without error

Figure 3-6. Coil system (stigmator) for beam astigmatism correction Figure 3-7. Using a statically 
deflected electron beam to weld a 
joint which is difficult to access 

3.1.3  Deflecting 

During the welding process the electron beam may be statically deflected with a pair of coils 
positioned under the focus lens, Figure 3-1. For example, this is necessary if butt joints with 
particularly difficult access are to be welded, Figure 3-7. Normally, the maximum allowable 
deflection angle β is about 5°, limited by the increasing distortion of the beam spot, the size of the 
protection shield in the lower beam gun or the presence of a light optical viewing system. 
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Figure 3-2. Spot diameter variation in upper focus 
(dFÜ) and under focus (dFU)  
a) eccentric and oblique beam axis 
b) centric and vertical beam axis

Figure 3-3. Coil system for beam centring 

3.1.2  Astigmatism correction 

At its focus the electron beam hits the workpiece surface like a cone standing on its tip. The beam 
in-plane angle is known as the divergence, convergence or aperture angle, Figure 3-4. According to 
[3-1], the focused beam angle is measured between its outer limits (asymptotes). If this aperture 
angle is not the same in all axial beam levels there is an astigmatic aberration which will adversely 
affect the possibility of an imperfection-free weld seam. The electron paths do not meet together in 
a well-defined spot but form elliptically shaped and separately oriented ovals at different levels. 
Astigmatism ovals appear when monitoring the focus by changing from upper to under focus or 
vice versa (through focussing), Figure 3-5. To avoid this an astigmatism correction coil (stigmator) 
system is installed with pairs of coils arranged with the same poles facing each other in the beam 
gun chamber. It acts by shaping, that is pushing and pulling the electron paths, Figure 3-6, to restore 
a circular beam with a uniform aperture angle, Figure 3-5. The value of each coil current must be 
calibrated so as not to exceed a maximum value and over time may have to be increased to 
overcome impurity effects in the beam gun. 
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It should be noted that the exact path of the electrons from the cathode to the workpiece is in 
reality rather more complex than just described. Just as with light optics, beam aberrations 
influence the shape and position of the beam focus. In addition to stray electrical and magnetic 
interference fields in the beam gun and focus lens, the aberrations are caused by the physics of 
electron beam generation and transportation (thermal expansion, space-charge effect, aperture 
angle error, astigmatism, scattering effects, etc.). With the exception of astigmatism, electron beam 
is not corrected because the other aberration corrections are very expensive and these errors hardly 
affect the welding process. For astigmatism correction, see section 3.1.2. 

Figure 2-13. Electron beam focused by an electro-
magnetic lens. 

Figure 2-14. Example of the effect of changing the 
accelerating voltage UA on the relationship between 
the focus distance AF and the lens current IL
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