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Accurate Diagnostic of Electron Beam Characteristics  
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Diabeam - potential for online quality control in electron beam welding 

Currently, several hundred machines for electron beam welding are applied in Europe, especially 
in the fields of research and development, aircraft and aerospace industry and automotive. The industry 
requires a beam tool which meets the highest demands made to the reproducibility during serial 
production. In order to meet this requirement, extensive measurement and test welds are carried out 
after the beam generator has been manipulated. A core problem which is faced by all manufacturers of 
electron beam machines is the objective measurement and documentation of the quality of the electron 
beam which is being produced by these machines. 

Since neither standardized methods nor neutral measuring technique products exist for 
manufacturer-specific beam measurement system, the significance of those quality-controlling measures 
and their documentation is difficult to recheck and it is not comparable. The ISF has been developing 
with the assistance of the company aixACCT a manufacturer-independent measuring system. Within the 
scope of this research work, beam sensors which are suitable to correctly measure an electron beam 
with high accuracy have been developed. 

Точна диагностика на характеристиките на електронния сноп (У.Рейсген, С.Олшок, 
С.Уфер). Диабиим-потенциалът му за контрол при електроннолъчево заваряване. 

Понастоящем няколко стотици машини за електроннолъчево заваряване се използват в 
Европа, по специално в областта на изследванията и технологиите, самолетната и космическа 
индустрия, както и в автомобилостроенето. Индустрията изисква лъчев инструмент, който 
посреща най-високите нужди за възпроизводимост в серийното производство. За да се 
посрещнат тези изисквания, интензивни експерименти и тестови заварявания се правят след 
всяко манипулиране на  електронната пушка. Същностен проблем, срещан от всички 
производители на електроннолъчеви машини, е  обективно измерване и документация на 
качеството на електронния лъч, който е получен на тези машини. 

Тъй като  няма стандартизиран метод или неутрална измерителна техника, която  да 
съществува за специфични за производителите измервания, е трудно тези измервания и 
документирането на контрола на качеството да се повторят или  сравняват.  Институтът по 
заваряване в Аахенския Университет разработи съвместно с фирма aixACCT един измерител-
независима измервателна система. В рамките на това изследване е разработен лъчев сензор,  
подходящ за коректни измервания на електронния сноп с висока точност. 

 

Introduction 
The electron beam is a tool which is capable to 

provide welds which meet highest standards of quality 
and reproducibility. In every modern production chain 
where special attention is set on consistent quality of 
production, the metrological supervision of the 
production tools is part of the standard. Currently, 
several hundred machines for electron beam welding 
are applied in Europe, especially in the fields of 
research and development, aircraft and aerospace 

industry and also for special applications in the field 
of automotive. Particularly the joining tasks in the 
aircraft and aerospace industry require a beam tool 
which meets the highest demands made to the 
reproducibility during serial production. Especially 
there, a correctly-aligned and optimally stigmatized 
beam is necessary to achieve a consistent 
manufacturing standard. In order to meet this 
requirement, extensive measuring and test welds are 
carried out every time after the beam generator has 
been manipulated. A core problem which is faced by 
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all manufacturers of electron beam machines is the 
impartial measurement and documentation of the 
quality of the electron beam which is being produced 
by these machines. Within the scope of the routines of 
the automatic beam adjustment, the functional range 
of modern electron beam equipment comprises, as a 
rule, also a manufacturer-specific beam measurement 
system. Since neither standardized methods nor 
neutral measuring technique products exist for this 
type of application, the significance of those quality-
controlling measures and their documentation is 
difficult to recheck and it is not comparable. 

Necessity of beam diagnostics 
With an efficient beam diagnostic system it is 

possible to guarantee high standards of seam quality 
and reproducibility. It is a basic requirement for the 
transferability of processes on different systems.  

A simple case of application is for example the 
determination of the real focus position, even at high 
beam current. This knowledge is particularly needed 
for thick-plate welds. Furthermore the determination 
of the optimal performance range of EB generators 
and the best working distance for each specific 
application is possible. It can be established whether 
procedure was accurate after manipulations at the 
triode. Information about the change of the focus shift 
with increasing beam current directly correlate with 
the geometrical conditions in the triode (Figure 1). 
Incorrect installation of the cathode, incorrect spacing 
between Wehneltcylinder and Anode and incorrect 
filament current are immediately noticeable [1].  

Options of beam measurement 
Measuring beam quality can be conducted by three 

different basic approaches. The most simple method is 
the Arata Beam Test, where the penetration shape at 
specially geared test sheet is analyzed [2]. The 
surveying of the electron beam using photographic / 
optical methods is only possible for very low beam 
powers [3]. Furthermore, it is possible to infer on the 
beam quality using the backscattering electron image 
of a defined geometry while the beam is oscillated on 
a test setup. The measurement structure is composed 
of metals of different density and has different 
backscattering characteristics [4]. Alternatively there 
is the possibility of measuring the beam power density 
and its distribution directly. Thereby either a wire or 
slot sensor is moved relative to the beam or the beam 
oscillates above a hole or slit diaphragm sensor [5] 
[6]. 

 
 

 

 
Fig. 1. Correlation between change of focus shift with the 

geometrical conditions in the triode 

Options of beam measurement 
Measuring beam quality can be conducted by three 

different basic approaches. The most simple method is 
the Arata Beam Test, where the penetration shape at 
specially geared test sheet is analyzed [2]. The 
surveying of the electron beam using photographic / 
optical methods is only possible for very low beam 
powers [3]. Furthermore, it is possible to infer on the 
beam quality using the backscattering electron image 
of a defined geometry while the beam is oscillated on 
a test setup. The measurement structure is composed 
of metals of different density and has different 
backscattering characteristics [4]. Alternatively there 
is the possibility of measuring the beam power density 
and its distribution directly. Thereby either a wire or 
slot sensor is moved relative to the beam or the beam 
oscillates above a hole or slit diaphragm sensor [5] 
[6]. 
 

Measurable variables and their influence 
 
After the analysis of the primary signal the base 

measuring value is obtained as power density and its 
distribution.  
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Proceeding from this value it is possible to calculate 
the equivalent beam diameter. There are two different 
types of the diameter to be determined. 

On the one hand there is the beam diameter d 
based on the maximum intensity and on the other hand 
there is the power density diameter dp (Figure 2). The 
power density diameter dp is one of the most 
important values for the quality of a weld [7]. 

The offset between the edge beam focus and the 
inner beam focus is also measurable. This offset is 
caused by spherical aberration of inhomogeneous 
fields of the focus lens and results in inadequate 
reproducibility when an unfavorable working distance 
is selected. With the measurements of the power 
density and its distribution possible astigmatism and 
the alignment condition can be evaluated. 

Using repeated measurements in different working 
distances the beam caustic and the aperture angle can 
be surveyed (Figure 3). 

With this values the emittance can be determined 
which can be declared as the geometrical beam 
parameter product [1][8]. 
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Fig. 2. Principle of the equivalent beam diameter 
 

Fig. 3. Context of beam caustic, the aperture angle and the 
Emittance 

Diabeam; development of a beam measurement 
system 

During the last 25 years, the ISF has been carrying 
out research developing manufacturer-independent, 
uniform standards and measuring methods which 
permit the objective characterisation of the beam 
quality and allow also the comparison between 
different beam generators. Within the scope of this 
research work, beam sensors as laboratory models 
which are suitable to correctly measure an electron 
beam in the plane have been developed. The 
developed measurement setup consists in a combined 
slit and hole aperture sensor. The beam oscillates 
above the sensor while the measurement. Between the 
single measurements the beam is deflected on a 
parking area. Using this laboratory system it is 
possible to carry out stable and reproducible 
measurements up to a beam power of 15 kW [7][9]. 
Although the system has proven itself for years in the 
laboratory operation, nevertheless it reveals some 
disadvantages. Extensive setup operations for 
calibration and adjustment were needed before any 
measurement. Because of the outdated controlling and 
measuring hardware there is a slow data processing. 

Based on these findings, a market-driven product is 
currently being developed in cooperation with the 
company aixACCT as a developer of highly-accurate 
measuring devices.  

To this end, the laboratory-tested aperture slit 
diaphragm sensor system has been further advanced. 
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The combined slit and hole aperture sensor is 
maintained but the two linear slits were replaced by a 
circular. The small construction enables even to 
measure in small chambers and with low deflection 
angles (Figure 4). 

 

  
Fig. 4. Measurement-tool with and without translation 

stage 

Due to the actively cooled measuring device and 
the separation of signal recording, transmission, 
amplification, etc. beam measurements at high beam 
powers up to 30 kW are feasible. Between the single 
measurements the beam is deflected on the parking 
area. Measurements at high beam currents can be done 
by various strategies. At older beam generators 
without fast beam deflection the single line scan can 
be used (approx. 2-5 s per measurement). At new 
generation of beam generators with fast beam 
deflection the deflection field measurement can be 
used (approx. 0,08-0,3 s per measurement).  

The system can be temporarily installed into 
existing electron beam welding machines. Also a 
permanent implementation via interface with the 
equipment control is possible. Thus, automated beam 
control in regular intervals is possible.  

The operating software permits simple and clear 
assembly and also intuitive handling. 

Different user-levels are created to use the system  
both as a decision assistance in industrial use as 

well as a scientific instrument with the necessary 
adjustment possibilities. 

The circular slit aperture enables an automatic 
determination of the calibration values and an 
automatic adjustment by measurement of the signal 
shift without extensive setup operations by the user 
(Figure 6). The beam measurement system is designed 
as a self-learning system. Errors during installation 
and calibration are avoided by using the circular 
reference geometry which allows an accurate 
determination of position and characteristics of the 
deflection amplifier/coil system. The measurements 
can be carried out as operator-independent sequences 
automatically between welding processes. 

Movement in the Z direction allows the detection 
of a possible angular deviation of the beam from the 
central axis. 

 

Fig. 5. Automatic calibration and adjustment 

 
Fig. 6. Three-dimensional view of the power density 

distribution 
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By online illustration of the beam diameter d 
(based on the maximum intensity) and power density 
diameter dp, the display and measurement of 
astigmatism is feasible. 

The Z-axis drive unit enables the measurement of 
the beam caustic in definable steps. 

Beam caustic measurements allow the easy 
determination of the focus shift with increasing beam 
current and the determination of the real focus point at 
any beam current (Figure 8). 

With these values the identification of the offset 
between the edge beam focus and the inner beam 
focus and the calculation of the aperture angle are 
possible. 

 

Figure 8. Surveying the beam caustic 

The development of the sensors is addressed for 
different-use facilities. 

Industrial use: 
Decision support in an industrial operation, 

whether the tool “beam” meets the required demands. 
Scientific use: 
More profound knowledge of the welding tool 

“beam”. 
The option of the implementation of additional 

functions, especially based on demands of the product 
user, is one aspect of the system architecture 
respectively the functional structure.  

Further suggestions regarding desirable features of 
the measurement system for use in industrial EB 
welding machines are welcome. 
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