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The conventional systems for control of throughout welds used beam current, that is passing 
through the crater in the liquid metal to the space on the back side of sample. In this paper a collector, 
situated not opposite the crater orifice from the back side of sample measures non-independent 
discharge current between overheated spots on the crater wall through plasma to positively polarized 
collector. The features of the collected current and possibilities to its use in automation control system 
for improvement of the back side welding face are discussed.  

Управление на електроннолъчево заваряване на пластини, използвайки тока от 
обратната страна на пластината (Е. Колева, Д. Трушников, В. Бененкий, Г. Младенов). 
Обикновено системите за управление на шевове с пълен провар използват тока, преминаващ 
през кратера в течната вана в пространството под заварявания образец. В тази работа 
колектор, разположен  от обратната страна на заварявания образец (не под долния отвор на 
кратера) измерва тока на несамостоятелния разряд между прегретите петна върху стената 
на кратера през плазмата до положително поляризирания колектор. Обсъдени са 
особеностите на колектирания ток и възможностите за неговото използване в 
автоматизирана система за управление на лицето на шева от обратната страна на 
образеца.  

 

Introduction 
Electron beam welding (EBW) is wide used for 

executing of responsible and expensive joints. Due to 
that the quality improvement of the technology 
process is an actual task. The control of the welding 
depth is important action to ensure the quality of 
welding production. 

One important case of electron beam welding is 
obtaining quality welds through the whole thickness 
of the plate [1-5]. Maximum attention is directed to 
form uniform weld surface from the back side of joint 
parts. It is known, that during electron beam welding 
the beam penetrates in the metal sample through a 
narrow crater. In the case, in which the weld root is 
reaching the back surface of welded sample or plate a 
hole is open there and then metal vapors from the 
crater flow away from two orifices and pressure in the 
crater is going down. As a result the beam current can 
be decreased about 5-25 % and nevertheless the weld 
continues to pass through the whole sample (plate). 
Often, if the sample thickness is more than 5-10 mm 
and EBW is performed with vertical beam, some of 
the liquid metal from the welding bath flows down 

making irregular weld back face, that can be a 
problem, if the joint is used without further machining 
(see Fig.1). 

 

 
 

Fig. 1. Image of the back side of seam with an irregular 
weld back face 

For providing a regime of welding, that prevents 
the liquid metal flow through the orifice, the back side 
opening must be small. There is an invention [3], in 
which the beam current, propagating through the 
crater is collected by an electrode opposite the back 
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orifice, below the welded sample and the frequency of 
the beam deflection is controlled, changing the 
distribution of the beam energy in the crater. The 
mathematic model proposed with this invention is 
unclear and far from real applications as a base for 
automation. 

Practically the passing through the sample current 
is used as indication that the regime of the throughout 
welding is reached. Plasma flux from the crater and 
the generated by the passing beam plasma bellow the 
sample add a component to the electron current and 
change the parameters of the measured collected 
current. In this way there is a necessity of frequent 
calibration of the control system and a large number 
of welding tests. 

In this paper the plasma signal from the back side 
of welded sample is studied at both: electron beam 
welding with steady beam and welding with deflection 
oscillations of the beam and a discussion of the 
possibilities these signals to be used as feedback in 
suitable control systems is given. 

Study of the non-independent discharge current 
from the back side of welded sample and some 
discussion 

The current on a collector situated directly 
opposite to crater orifice from the back side of welded 
sample can become a considerable portion of the 
beam and to heat strongly the collector electrode. In 
the case of positively polarized collector, it can collect 
electrons from the plasma, flowing from the crater and 
generated from the beam electrons passing through the 
crater. There also [6, 7] will burn a non-independent 
discharge with the cathode – the overheated spots on 
the crater wall and the anode - the positively polarized 
collector. Under these circumstances there is no need 
the collector to be situated on the way of high-energy 
beam electrons.  

Scheme of registration non-independent discharge 
current from the back side of the welded sample is 
shown on Fig.2.  As measuring system a computer is 
used, equipped with multichannel analog-digital 
interface with acquiring system of frequency 400 Hz. 

The collected from the plasma current represents 
impulses that obey a complex spectrum (Fig.3), which 
can be explained by the processes in the welding 
crater and the irregular opening of the crater orifice 
from the back side of sample. On Fig. 4 it is shown a 
record of the collected current from the sample back 
side plasma. There are peaks, presenting individual 
throughout penetrations of the beam. 

 
Fig.2. Scheme for registration of the current, collected from 
plasma below the welded throughout sample: 1 - electron 

gun; 2 - technology vacuum chamber; 3 - welded sample;  4 
- collector of electron current from plasma;  5 - plasma 

below the sample;    6 - voltage source; 7- load resistor; 8-
current registration 

Fig.3. Specter of current fluctuations from the back side of 
the sample 

Fig.4. Record of the current, collected by plasma from the 
back side of sample 
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After that the collected current below the sample is 
registered at throughout welds in the cases in which 
the beam was with deflection oscillations. On Fig. 5 
records of the current, collected from the plasma 
below the sample and the current of longitudinal beam 
deflection system, are shown. There the collected 
current obeys impulse character. Due to the 
appearance of series of few impulses connected with 
the frequency of the deflection oscillations, it is 
possible to conclude, that during concrete regime one 
series of current impulses is passing through one 
individual opening of the down orifice of the crater. 
The appearance of rare impulses with longer time 
(Fig.6) are connected with bigger opening of down 
orifice and lower quality of back side face of the weld 
due to liquid metal flowing there. 

The abundance of parameters of the throughout 
current that can be used as feedback signals in the 
control system makes more complex the right choice 
of their values. The integral value of collected current, 
the number of pulses per one unit of time (namely its 
frequency), the time extension of each pulse or the 
average extension of these impulses for some time, the 

product of the frequency of the pulses to its extensions 
– are the candidates for the control parameter of the 
back side current, collected from plasma. Some 
preliminary investigations focused our attention to the 
product of the frequency of pulses to their extension, 
but more investigations are needed. Another important 
feature of the designed controlling system must be 
taking into account the existence of two states in the 
controlled object – welds with open and closed orifice 
from back side of sample and as a result – hysteresis 
in the system behavior. That means: if the feedback 
signal has a value, then it is not possible to predict 
whether the orifice is on or off without knowing the 
history of the weld state. Hysteresis is the dependence 
of the system not only on its current circumstances but 
also on its past state. This dependence arises because 
the system can be in more than one internal state. To 
predict its future development, either its internal state 
or its history must be known. 

Conclusions 
In the paper a new approach for control of the 

 
Fig. 5. Record of the collected current from plasma below the welded sample and the current of the deflection coils 

at EBW with beam deflection oscillations and throughout weld: 1 - throughout collected current Icoll; 2 – the 
current of the deflection coil Idefl 

 
Fig. 6. Rare impulses of the current collected from plasma below the welded sample at large open orifice of the 

crater in the liquid pool: 1 - the current collected from the back sample side, Icoll; 2 – the current of the deflection 
coils Idefl 
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beam penetration through the whole thickness of the 
welded sample and the formation of quality back 
sample side face of the throughout welds are 
described. The passing of the beam through the 
sample and opening the back side orifice of the crater 
in the liquid pool is the reason for the generation of 
plasma below the welded sample. This permits to burn 
non-independent discharge between a positive 
collector and superheated spots on the crater wall 
through plasma. The collected current from a 
positively polarized collector, situated not directly 
opposite the down orifice can be used as a feedback 
signal in suitable control system that keeps history of 
process, distinguishing if the orifice from the back 
sample side is open (weld is throughout) or the beam 
only partially penetrates in sample.  
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