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Abstract. This paper shows the results of experiments to study the effect of the auxiliary voltage with frequency 

fi= 40000Hz on the stability of arc discharge at the limit mode of the welding process with single, coated 

electrodes. This effective method of connecting rolled and prefabricated elements of metal structures has found 

widespread use in their installation, manufacture and repair in the construction of various facilities: industrial 

and civil purposes, thermal and nuclear power facilities for responsible purposes. In this regard, the increase in 

the quality and technological, strength parameters of welds, the productivity of the manufacturing metal structure 

process, is largely associated with welding modes and an increase in the stability of arc discharge as an important 

element of the system: "power source-arc-welding tub-product." Improving the performance of the welding 
process under consideration is particularly important under mounting conditions in conjunction with its stability 

is an important task on the agenda. When performing the study, the following criteria and their values   regarding 

the stability of the welding arc were taken into account, such as: lexpl - rupture length in mm, coefficients of 

variation: KV(Iwd) - welding current, KV(Uwd) - voltage, qt - constant time, as well as their numerical values 

were obtained. The obtained numerical values of the above criteria were obtained based on the analysis of graphs 

(oscillograms) of the dependence of the electric current (Iwd, A) and the voltage (Uwd, V) of the arc on the time 

of the process duration (t, sec). The obtained results of the analysis indicate an increase in stability, a decrease in 

inertia of the deviation of the resistance (conductivity) of the welding arc when the auxiliary voltage is applied 

with a frequency of fi = 40000Hz at the limit mode of welding with coated electrodes. 
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<;7BFB6?9A<<, D9@BAF9 < @BAF4:9 EF4?PAOI Q?9@9AFB6 B5N9>F4 EFDB<F9?PEF64. 
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E64D><: CD<@9A9A<9@ E64DBKAB7B FB>4 CD989?PAOI C4ECBDFAOI ;A4K9A<= 
(@4>E<@4?PAB7B < @<A<@4?PAB7B E64DBKAB7B FB>4, 8?S 6O5D4AAB= @4D>< LFGKAB7B, 
CB>DOFB7B Q?9>FDB84), KFB 6 BF89?PAOI E?GK4SI 6O;O649F CB6OL9A<9 >BQHH<J<9AF4 
D4;5DO;7<64A<S @9F4??4 [2].  

'?GKL9A<9 GEFB=K<6BEF< 8G7B6B7B D4;DS84 A4 CD989?PAOI D9:<@4I E64D><, 5G89F 
ECBEB5EF6B64FP EF45<?<;4J<< < CB6OL9A<R F9IAB?B7<K9E><I E6B=EF6 EB98<A9A<S, 
CDB<;6B8<F9?PABEF< CDBJ9EE4 CDB<;6B8EF64 6 J9?B@, Q>EC?G4F4J<BAAB= A489:ABEF< 
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!4 BEAB64A<< &' 1272-125-55224353-2013(F9IA<K9E><9 GE?B6<S) A4 E64DBKAO9 
C?46SM<9ES CB>DOFO9 Q?9>FDB8O @4D>< '"!�� 13/55 AB@<A4?PAO@ 8<4@9FDB@ 
dQ?9>FD=3,00@@, @4>E<@4?PAO= E64DBKAO= FB> 8?S A<:A97B CB?B:9A<S E64DBKAB= 64AAO 
EBEF46?S9F: IE6.BEJ=130�, 4 @<A<@4?PAO=: IE6.BEJ=90�. 

� D4@>4I 84AAB= D45BFO BCD989?S?< GEFB=K<6BEFP 8G7B6B7B D4;DS84 6 A<:A9@ 
D4ECB?B:9A<< E64DBKAB= 64AAO 59; D4;89?>< >DB@B> A4 C?4EF<A9 FB?M<AB= t=10@@ <; 

 
3 #D<>4;  <AEFDBS $BEE<< BF 27.02.2017 N 126/CD "5 GF69D:89A<< %# 16.13330.2017 «%!<# II-23-81* %F4?PAO9 
>BAEFDG>J<<» URL: https://www.consultant.ru/document/cons_doc_LAW_278905/  (84F4 B5D4M9A<S: 04.03.2023).  

https://www.consultant.ru/document/cons_doc_LAW_278905/


34                                                         2023;13(2):31–38  �?>5а?PAаO O45@AаO 55з>?аAA>AFP / Global nuclear safety  

�G@4ак>6 !. . < 4@.  ИAA?54>6аA<5 к@<F5@<56 … / Burdakov S.M. et al.  Arc stability study…  

 

 

EF4?< @4D>< �%F3EC5, E <ECB?P;B64A<9@ 6B;89=EF6<S A4 E64DBKAGR 8G7G 
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% CB@BMPR EC9J<4?PAB= <AHBD@4J<BAAB-<;@9D<F9?PAB= < GCD46?SRM9= 
E<EF9@O, BEGM9EF6?SRM9= HBD@<DB64A<9 6ECB@B74F9?PAB7B A4CDS:9A<S U<@C=80,0�, 
K4EFBFB= f<@C=40000�J < EN9@ 7D4H<>B63BEJ<??B7D4@@ ;46<E<@BEF< Q?9>FD<K9E>B7B 
FB>4 (IE6.BEJ, �) < A4CDS:9A<S (U8.BEJ, �) 8G7< BF 6D9@9A< 8?<F9?PABEF< CDBJ9EE4  
(tCDBJ, E9>) (E@. D<E. 1) [10]. 

�?S BCD989?9A<S ;A4K9A<= >BQHH<J<9AFB6 64D<4J<< KV(IE6.BEJ) 8?S E64DBKAB7B 
FB>4, < A4CDS:9A<S KV(U8.BEJ), CBEFBSAAB= 6D9@9A< 8G7< t, 5O?4 CDB6989A4 B5D45BF>4 
CB?GK9AAOI ;46<E<@BEF9= Q?9>FD<K9E>B7B FB>4 (IE6=IE6.BEJ, �) < A4CDS:9A<S  
(U8=U8.BEJ, �) 8G7< BF 6D9@9A< 8?<F9?PABEF< CDBJ9EE4 (tCDBJ, E9>) 6 EC9J<4?PAB 
D4;D45BF4AAB= CDB7D4@@9 8?S Mathcad©.  

#D< E64DBKAB@ CDBJ9EE9 A4 @<A<@4?PAB@ FB>9: IE6.BEJ=90� (59; (QPC)), CB?GK<?< 
E?98GRM<9 ;A4K9A<S C4D4@9FDB6 GEFB=K<6BEF<: lD4;D=14@@, KV(IE6.BEJ)=30,488, 

KV(U8.BEJ)=51,648. IE6.BEJ=90� (E (QPC) f<@C=40000�J): lD4;D=28@@, KV(IE6.BEJ)=43,597, 

KV(U8.BEJ)=38,021.  

#D< E64DBKAB@ CDBJ9EE9 A4 @4>E<@4?PAB@ FB>9: IE6.BEJ=130� (59; (QPC)), 

CB?GK<?< E?98GRM<9 ;A4K9A<S C4D4@9FDB6 GEFB=K<6BEF<: lD4;D=16@@, KV(IE6.BEJ)=13,887, 

KV(U8.BEJ)=14,596. IE6.BEJ=130� (E (QPC) f<@C=40000�J): lD4;D=31@@, KV(IE6.BEJ)=16,379, 

KV(U8.BEJ)=14,322.  

 
$8AC=>: 1. �028A8<>AB8 M;5:B@8G5A:>3> B>:0 (IA2.>AF, �) 8 =0?@O65=8O (U4.>AF, �) 4C38 >B 2@5<5=8 

4;8B5;L=>AB8 ?@>F5AA0 (t=t?@>F, A5:), 2@5<O 87<5@5=8O t?@>F=17,00 A5:: 0)IA2=IA2.>AF=130�; 1)IA2=IA2.>AF=130� 
A (QPC) f8<?=40000�F 

Figure 1. Dependences of electric current(Iwd A)  and arc voltage(Uwd, V)on process time(t, sec), measurement 

time t=17,00 sec: a)Iwd=130�; b)Iwd=130� with QPC fi=40000Hz 
 

%F45<?PAB D4EFGM99 ;A4K9A<9 KV(IE6.BEJ) 6 5B?99 K9@ 1,4 D4;4 @B:9F B5B;A4K4FP 
G69?<K9A<9 K4EFBFO C9D9ABE4 >4C9?P @9F4??4 E Q?9>FDB84 6 E64DBKAGR 64AAG >B784 
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CD<@9AS9FES (QPC)  CD< FB>9 E64D>< IE6=130�. #BA<:9A<9 KV(U8.BEJ) 6 1,0231,4 D4;4 
@B:9F E6<89F9?PEF6B64FP B CB6OL9A<< EF45<?PABEF< C489A<S A4CDS:9A<S A4 8G79 CD< 
A4?B:9A<< (QPC) f<@C=40000�J A4 <EE?98G9@B@ E64DBKAB@ D9:<@9. 

'E?B6<S GEFB=K<6BEF< E64DBKAB= 8G7< @B:9F 5OFP BCD989?9AO E CB@BMPR 
<ECB?P;B64A<S GD46A9A<S 8<A4@<><, < CB?GK9A<S A4 BEAB69 A97B 69?<K<AO CBEFBSAAB= 
6D9@9A< t, BCD989?SRM9= <A9DJ<R 64D<4J<= EBCDBF<6?9A<S (CDB6B8<@BEF<) 
C?4;@9AAB7B B5N9@4 8G7< CD< <;@9A9A<< FB>4 6 E<EF9@9 «<EFBKA<> C<F4A<S338G7433
E64DBKA4S 64AA433<;89?<9» (D<E. 2). 
 

 
$8AC=>: 2. �028A8<>AB8 M;5:B@8G5A:>3> B>:0 (IA2.>AF, �) 8 =0?@O65=8O (U4.>AF, �) 4C38 >B 2@5<5=8 

4;8B5;L=>AB8 ?@>F5AA0 (t=t?@>F, A5:), 2@5<O 87<5@5=8O t?@>F=1,00 A5:: 0) IA2=IA2.>AF=130�; 1) IA2=IA2.>AF=130� 
A (QPC) f8<?=40000�F 

Figure 2. Dependences of electric current (Iwd A)   and arc voltage (Uwd, V)on process time(t, sec), measurement 
time t=1,00sec: a) Iwd=130�; b) Iwd=130� with QPC fi = 40000Hz 

 

'D46A9A<9 8<A4@<>< 8G7< 6 8<HH9D9AJ<4?PAB= HBD@9 <@99F 6<8 HBD@G?O (1) [9]:  
 

E68
E6

EFt8
8

t
IR

dt

dI
RθU

dt

dU
θ +=+ ,                  (1) 

 

789 t 3 CBEFBSAA4S 6D9@9A< 8G7<; 
      R8 3 8<HH9D9AJ<4?PAB9 EBCDBF<6?9A<9 8G7<, BCD989?S?BEP <; 6B?PF4@C9DAB= 
I4D4>F9D<EF<><;  
      REF 3 EF4F<K9E>B9 EBCDBF<6?9A<9 8G7<,  BCD989?S9FES <; 6B?PF4@C9DAB= 
I4D4>F9D<EF<>< 8G7<, >4> BFABL9A<9 C4D4@9FDB6 D9:<@4 E64D><, "@. 

%?98B64F9?PAB, <EIB8S <; HBD@G?O (1), @B:AB BCD989?<FP C4D4@9FD t 

6OD4:9A<9@ (2): 
 

EF
88

888
t

R
dt

dI

dt

dU

UIR
θ

−

−
= .            (2) 

 

&4> CD< D9:<@9 E64D>< A4 IE6.BEJ=90 � (59; (QPC)), t=0,04E9>, EBBF69FEF69AAB 8?S 
E64D>< A4 D9:<@9  IE6.BEJ=90� (E QPC) f<@C=40000�J, t= 0,018E9>.  

&4> CD< D9:<@9 E64D>< A4 IE6.BEJ=130 � (59; (QPC)), t=0,079E9>, EBBF69FEF69AAB 
8?S E64D>< A4 D9:<@9  IE6.BEJ=130� (E QPC) f<@C=40000�J, t=0,032E9>.  

#BE?9 6OK<E?9A<= ;A4K9A<S t CB>4;O64RF H4>F<K9E>B9 (5B?99 K9@ 6 864 D4;4) 
G@9APL9A<9 <A9DFABEF< 64DP<DB64A<S Q?9>FDBCDB6B8ABEF< 8G7<, >B784 <ECB?P;G9FES 
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A4?B:9A<9 A4 A97B (QPC) f<@C=40000�J CD< <EE?98G9@B@ D9:<@9 E64D><. #B8B5AB9 
G?GKL9A<9 GEFB=K<6BEF< A45?R84?BEP F4> :9 CD< 99 BCD989?9A<< <EIB8S <; 
CB>4;4F9?9= D4;DO6AB= 8?<AO 8G7< lD4;D [3]. �;@9A9A<S CB>4;4F9?9= GEFB=K<6BEF< A4 
<EE?98G9@OI D9:<@4I 6989A<S E64DBKAB7B CDBJ9EE4 @B:9F 5OFP E6S;4AB E 
6B;A<>4RM<@< AB6O@< GE?B6<S@< <BA<;4J<< < D9>B@5<A4J<< ABE<F9?9= ;4DS84 (<BAB6 
< Q?9>FDBAB6) 6 C?4;@9 Q?9>FDB8G7B6B7B D4;DS84, KFB 5O?B CB>4;4AB 6 D45BF4I: 4) B5 
GEFB=K<6BEF< 7BD9A<S E64DBKAB= 8G7< E <ECB?P;B64A<9@ <AHBD@4J<BAAB-

<;@9D<F9?PAB= < GCD46?SRM9= E<EF9@O; 5) B H<;<K9E>B= @B89?< Q?9>FD<K9E>B7B 

8G7B6B7B D4;DS84 E A4?B:9A<9@ 6OEB>BK4EFBFAB7B A4CDS:9A<S [10,11]. 
�ECB?P;GS D9;G?PF4FO B5D45BF>< BEJ<??B7D4@@ (E@. D<E. 1,2) E64DBKAB7B 

Q?9>FDB8G7B6B7B D4;DS84, @B:AB BCD989?<FP 97B 8<A4@<K9E><9 I4D4>F9D<EF<>< 6 C?4A9 
<EE?98B64A<S GEFB=K<6BEF< A4 CD<@9D9 E>BDBEF9= <;@9A9A<S E<?O E64DBKAB7B FB>4 < 
A4CDS:9A<S B5B;A4K9AAOI >4> dIE6.BEJ/dt < dU8.BEJ/dt EBBF69FEF69AAB. #B 84AAO@ D45BFO 
�.(. '64DB64 [12] CBA<:9AAO9 69?<K<AO dIE6. BEJ/dt < dU8.BEJ/dt ECBEB5EF6GRF 
G@9APL9A<R GEFB=K<6BEF< Q?9>FDB8G7B6B7B D4;DS84 KFB E>4;O649FPES 6 J9?B@ A4 
>4K9EF69, 4 F4>:9 A4 F9IAB?B7<K9E><I, CDBKABEFAOI C4D4@9FD4I 6OCB?AS9@OI E64DAOI 
EB98<A9A<=, CDB<;6B8<F9?PABEF< E64DBKAB7B CDBJ9EE4. 

�?S G>4;4AAOI 6OL9 GE?B6<= 6989A<S E64DBKAB7B CDBJ9EE4 (IE6.BEJ=90� (59; 
(QPC)) < IE6.BEJ=90� (E QPC) f<@C=40000�J), 5O?< CB?GK9AO E?98GRM<9 D9;G?PF4FO CB 
@4>E<@4?PAO@ E>BDBEFS@ <;@9A9A<S dIE6.BEJ.max/dt < dU8.BEJ.max/dt: 

dIE6.BEJ.max/dt = 8,913103, �/E9>; dU8.BEJ.max/dt = 2,035103, �/E9> 3 59; (QPC); 

dIE6.BEJ.max/dt = 1,34104, �/E9>; dU8.BEJ.max/dt = 2,158103, �/E9> 3 59; (QPC). 

#D< D9:<@9: (IE6.BEJ=130 � (59; (QPC)) < IE6.BEJ=130� (E QPC) f<@C=40000�J), 5O?< 
CB?GK9AO E?98GRM<9 D9;G?PF4FO CB @4>E<@4?PAO@ E>BDBEFS@ <;@9A9A<S dIE6.BEJ.max/dt < 
dU8.BEJ.max/dt: 

dIE6.BEJ.max/dt = 8,504103, �/E9>; dU8.BEJ.max/dt = 1,949103, �/E9> 3 59; (QPC); 

dIE6.BEJ.max/dt = 8,546103, �/E9>; dU8.BEJ.max/dt = 2,812103, �/E9> 3 E (QPC). 
 

�O6B8O 

#B86B8S <FB7 E <ECB?P;B64A<9@ 6OL9 CB?GK9AAOI D9;G?PF4FB6 CD< CD<@9A9A<< 
@4>E<@4?PAB7B E64DBKAB7B FB>4 CD989?PAOI C4ECBDFAOI ;A4K9A<= 6 D9:<@9 
E64DBKAB7B CDBJ9EE4 8?S ;484AAB= @4D>< Q?9>FDB84 (dQ?9>FD=3,00 @@), BF@9F<@, KFB 
<ECB?P;B64A<9 QPC f<@C=40000 �J CD<6B8<F > CB6OL9A<R 8<A4@<K9E><I 
I4D4>F9D<EF<> Q?9>FDB8G7B6B7B D4;DS84 < ECBEB5EF6G9F G?GKL9A<R GE?B6<= 
B59EC9K9A<S 97B GEFB=K<6BEF<. "59EC9K9A<9 QF<I GE?B6<= CD<6B8<F F4> :9 > 
HBD@<DB64A<R @9?>B;9DA<EFB= EFDG>FGDO E64DAB7B EB98<A9A<S < CB6OL9A<R 97B 
CDBKABEFAOI < E?G:95AOI E6B=EF6, KFB 5O?B CB>4;4AB 6 D45BF9 B EFDG>FGD9 @9F4??4 
E64DAOI EB98<A9A<= CD< <@CG?PEAB@ 6B;89=EF6<< A4 8G7B6B= D4;DS8 [13].  

�ECB?P;B64A<9 CB>DOFOI Q?9>FDB8B6 <EE?98G9@B= @4D>< A4 CD989?PAOI 
C4ECBDFAOI D9:<@4I F4> :9 @B:9F 5OFP D9>B@9A8B64AB CD< E64D>9 @9F4??<K9E><I 
>BAEFDG>J<= E CD<@9A9A<9@ E<EF9@O >B@5<A<DB64AAB7B C<F4A<S (QPC) 8G7B6B7B 
D4;DS84 6 A<:A9@ CB?B:9A<< E64DBKAB= 64AAO. 
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