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 k –  а ; 
 v0 –    а а  а а. 

 

 
 1 – ч а   а ч  а : F  – а а  ; gF  – а  

а ч  а ; F  –     а  а ; F .  –   
а   а     а ч  а ; a – а а ч  а ; 

m
 – а  а а а ч  а ;   – а а а  а а; z  – а  

а ч  а  [Spherical welding pool model: F  – arc pressure force; gF  – gravity of the welding pool; 

F  – viscous friction force when the bath oscillates; F .  – surface tension forces from the outer and inner 

surfaces of the welding pool; a  – half-width of the primary bath; 
m

 – reduced mass of the welding pool; 

  – thickness of the metal being welded; z  – sagging welding pool] 
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 2 – а  а  а ч  а   ач  а ч  а    1t : 

а – а   а ч  а;  – а  а  а ч  а ;  0I , 1I  – а ч   
 а  а ч  а    ач а а; 0z , maxz  z  – а  а ч  а  

  а , а а   а ; t  –   а; 

01 z)05,0...02,0(III   [The oscillation graph of the welding pool when the welding current jumps at 

a time 1t : a – is the law of welding current variation; b – graph of welding bath oscillations; , 0I , 1I
 
 – welding 

current at equilibrium of the welding and after a surge current; 0z , maxz  z
 
– sagging of the welding pool 

at its equilibrium, maximal and steady; t – time of transition; 01 z)05,0...02,0(III  ] 
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  а а а   а , ча а а  а ч  
а  ча    а   150  50  ( . 3).   

ча  а  а ч  а   ч  а   ач  
а  а   а . 

 
 

 3 – а   ча  а  а ч  а     

а  а  а    а   [The graph of the variation of the 

oscillation frequency of the welding pool with a change in the depth of penetration of the joint versus the change 

in the current of the pilot arc] 
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 4 – а  а  а  (а, )    ча   

а  а ч  а   ча   а  а ( )   а  

а ( ) [Oscillograms of current and voltage (a, b) and the corresponding frequency spectrum of welding pool 
oscillations for cases of incomplete penetration of the joint (c) and complete penetration of the joint (d)] 
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 5 – а  а  а   -  а    
а  а  , а  а ч  а : а –  а  

а ( а );  – а  а  а;  –  а  а  а  
а ( ча ,   ) [Oscillograms of current and voltage during pulsed arc welding with 

additional short-term excitation pulses, welding pool oscillations: a – incomplete penetration of the joint (lack of 

welding) b – normal penetration of the joint; c – complete penetration of the joint with sagging of the seam 

(a case close to the burn-through)] 
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 6 – а а  ч  а ч а а а ч  : 1 – а ч а  а; 
2 – ; 3 – ч  ; 4 –  а ч  а  [Installation scheme of the optical 

sensor on the welding torch: 1 – welding torch; 2 – lens; 3 – optical fiber; 4 – surface of the welding pool] 

 

а а  а а  а     ча   а  
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 7 –   ча  а    а ч  а    
а , ч   а  а а а  ч  а ч а [Time and frequency 

charts for the oscillation of the welding pool with incomplete penetration, obtained by processing the signal at 

the output of the optical sensor] 
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 8 – а а  а  а  а    а ч  а  
[Functional diagram of the penetration control system for welding pool oscillation] 
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 9 – а   -  а : а – а ч   (I , t );  –  

 (I , t ), а  а ача  а ч  а [Pulse shape during pulsed arc welding: 

a – working impulse (I , t ); b – excitation pulse (I , t ), imposed on the beginning of the working pulse] 
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 10 –  ач а а   а   а  а ч  а   

 а  а   -   а  [Determination of the quality of welding by identifying the 

frequency response of the welding pool oscillations during periods of impulse and pause in the welding cycle] 
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Abstract – The article presents the results of studies carried out to build an automatic system for 

regulating the depth of penetration during argon-arc welding using signals of welding pool 

oscillations. Methods of control and algorithms for controlling the process of argon-arc welding of 

critical structures by welding pool oscillations and extraction of the oscillation spectrum are 

proposed. 
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	Eh.A. Gladkov*1, N.A. Simakova**2, R.A. Perkovskij*3, T.V. Brodyagina***4
	* Bauman Moscow State Technical University (MSTU), 2nd Baumanskaya St., 5, Moscow, Russia, 105005
	**Volgodonsk Engineering Technical Institute the branch of National Research Nuclear University “MEPhI”,
	Lenin St., 73/94, Volgodonsk, Rostov region, Russia, 347360
	*** Certification Center of Urban Farming (TSGH), Perevedenovsky lane, 13 building 15, Moscow, Russia, 105082
	Keywords: welding pool, the amount of penetration, optical sensor, welding quality.

