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A method for computer modelling by the finite element method of the stationary 3D 

magnetic field distribution in electrical machines and various electrical engineering 

devices is described. For confirmation of numerical results reliability the data of the 

testing of the developed software product are analyzed. The solution of model 

problems of calculation of the spatial magnetic field distribution in a turbogenerator 

rotor is executed. The necessity of the use of 3D formulations and numerical models 

for the numerical analysis of processes in real-life structures of electrical machines is 

shown. 

 

1.  !"#"$%" 

  @('%1$%0 @(+0%1$(+)'#$3 "+)(050##+,+ E.0%1(+10<#$60"%+,+ 

+O+(/7+)'#$3 P$(+%+0 @($50#0#$0 #'<+7$1 @($%.'7#+0 @(+,('55#+0 

+O0"@060#$0 7.3 %+5@*810(#+,+ 5+70.$(+)'#$3 E.0%1(+5',#$1#+,+ @+.3 [1-3]. 

Q.0%1($60"%$0 5'P$#F, 1('#":+(5'1+(F, E.0%1($60"%$0 '@@'('1F, 

$#7/%-$+##F0 #',(0)'10.$ $ E.0%1(+10<#$60"%$0 /"1(+;"1)' 7(/,$< )$7+) 

@(07"1').381 "+O+; ".+N#F0 @(+"1('#"1)0##F0 %+#"1(/%-$$ " "/R0"1)0##+ 

1(G<50(#F5 ('"@(070.0#$05 E.0%1(+5',#$1#+,+ @+.3. I+E1+5/, ('?('O+1%' 

E::0%1$)#+,+ @(+,('55#+,+ +O0"@060#$3 7.3 ('"6G1' E.0%1(+5',#$1#F< @+.0; 

) 1(G<50(#+; @+"1'#+)%0 3).301"3 '%1/'.*#+; #'/6#+; $ @($%.'7#+; ?'7'60;.   

@+".07#$0 ,+7F 7.3 ('"6G1' 1(G<50(#F< E.0%1(+5',#$1#F< @+.0; $"@+.*?/01"3 

501+7 %+#06#F< E.050#1+) [4-7], 3).38R$;"3 +7#$5 $? #'$O+.00 ('?)$1F< $ 

E::0%1$)#F< 501+7+) 6$".0##+,+ (0P0#$3 /(')#0#$; 5'105'1$60"%+; :$?$%$. 

>#'.$? 1(G<50(#+,+ "1'-$+#'(#+,+ 5',#$1#+,+ @+.3 @(07"1').301 

?#'6$10.*#F; #'/6#F; $ @('%1$60"%$; $#10(0" [4], @+"%+.*%/ (0?/.*1'1F 

('"6G1+) @+?)+.381 /"1'#+)$1* +"+O0##+"1$ @(+"1('#"1)0##+,+ ('"@(070.0#$3 

@+.3 ) "+?7')'05+5 /"1(+;"1)0 $ 0,+ #'$O+.00 +1)01"1)0##F< %+#"1(/%1$)#F< 

E.050#1'<. 

   7'##+; ('O+10 +@$"F)'01"3 ('?('O+1'##'3 501+7$%' %+5@*810(#+,+ 

5+70.$(+)'#$3 501+7+5 %+#06#F< E.050#1+) "1'-$+#'(#+,+ 1(G<50(#+,+ 

5',#$1#+,+ @+.3 ) E.0%1($60"%$< 5'P$#'< $ E.0%1(+10<#$60"%$< /"1(+;"1)'< 

('?.$6#+,+ #'?#'60#$3. I($ "+?7'#$$ @(+,('55#+,+ +O0"@060#$3 (0'.$?+)'#' 

@+"1'#+)%' ?'7'6$ %+#06#+E.050#1#+,+ '#'.$?' 1(G<50(#F< E.0%1(+5',#$1#F< 

@+.0; [5]. B.3 @+71)0(N70#$3 7+"1+)0(#+"1$ ('?('O+1'##+; 501+7$%$ 

'#'.$?$(/81"3 (0?/.*1'1F 10"1$(+)'#$3 @(+,('55#+,+ +O0"@060#$3. K0P0#F 

5+70.*#F0 ?'7'6$ ('"6G1' @(+"1('#"1)0##+,+ 5',#$1#+,+ @+.3 ) (+1+(0 

1/(O+,0#0('1+(', %+1+(+0 #0 5+N01 OF1* @+./60#+ ) 7)/<50(#+; @+"1'#+)%0. 
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2. &'(")'(%*"+,'- ).#"/0 (123)"1$.4. 5/",(1.)'4$%($.4. 6./- 

4'105'1$60"%+0 +@$"'#$0 E.0%1(+5',#$1#F< @(+-0""+) ) +OR05 "./6'0 

@(07"1').301 "+O+; "$"105/ /(')#0#$; 4'%")0..' ) 7$::0(0#-$'.*#+; :+(50 

O0? /6G1' 1+%+) "50R0#$3 [4-6] 
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,70 7 – )0%1+( #'@(3NG##+"1$ 5',#$1#+,+ @+.3; B – )0%1+( $#7/%-$$ 

5',#$1#+,+ @+.3; E – )0%1+( #'@(3NG##+"1$ E.0%1($60"%+,+ @+.3; J – )0%1+( 

@.+1#+"1$ 1+%+) @(+)+7$5+"1$; 8 – 5',#$1#'3 @(+#$-'05+"1*; 9 – /70.*#'3 

E.0%1($60"%'3 @(+)+7$5+"1*. 

   70%'(1+)+; "$"1050 %++(7$#'1 )0%1+(', )<+73R$0 ) )F('N0#$3 (1) – (2), 

5+,/1 OF1* @(07"1').0#F ) )$70: 
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   +OR05 "./6'0, 5',#$1#'3 @(+#$-'05+"1* 8 5+N01 ?')$"01* +1 

#'@(3NG##+"1$ 5',#$1#+,+ @+.3 7 [7, 8]. S).0#$3 5',#$1#+,+ ,$"10(0?$"' $ 

'#$?+1(+@$$ 5',#$1#F< ")+;"1) 5'10($'.+) #0 /6$1F)'81"3. 

C+#06#+E.050#1#F; '#'.$? 1(G<50(#F< E.0%1(+5',#$1#F< @+.0; 

O'?$(/01"3 #' +O+"#+)'##+5 )FO+(0 @+"1'#+)%$ (0P'05+; ?'7'6$. I+"1'#+)%' 

?'7'6$ ('"6G1' E.0%1(+5',#$1#+,+ @+.3 )%.86'01 )0.$6$#F, +7#+?#'6#+ 

+@$"F)'8R$0 @(+"1('#"1)0##+0 $ )(050##T0 ('"@(070.0#$0 E.0%1(+5',#$1#+,+ 

@+.3 ) ('""5'1($)'05+; ('"6G1#+; +O.'"1$, ' 1'%N0 7$::0(0#-$'.*#F0 

/(')#0#$3 E.0%1(+5',#$1#+,+ @+.3 " "++1)01"1)/8R$5$ ,('#$6#F5$ /".+)$35$ 

[4-7]. 

 2$"105' /(')#0#$; (1), (2) 5+N01 OF1* (0P0#' ) 10(5$#'< )0%1+(#+,+ 

5',#$1#+,+ @+10#-$'.' A, "%'.3(#+,+ E.0%1($60"%+,+ @+10#-$'.' V, )0%1+(#+,+ 

E.0%1($60"%+,+ @+10#-$'.' T $ "%'.3(#+,+ 5',#$1#+,+ @+10#-$'.' -, %+1+(F0 

))+731"3 ".07/8R$5 +O('?+5 [4-7]: 
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  +OR05 "./6'0 #0"1'-$+#'(#F< E.0%1(+5',#$1#F< @(+-0""+) )0%1+( 

@.+1#+"1$ 1+%+) @(+)+7$5+"1$ J @(07"1').301"3 ) )$70 "/55F ?'7'##+,+ 

)0%1+(' @.+1#+"1$ 1+%' "1+(+##0,+ $"1+6#$%' JS $ )0%1+(' @.+1#+"1$ )$<(0)F< 

1+%+) Je [6, 7]: 
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  "1'-$+#'(#+5 5',#$1#+5 @+.0 )$<(0)F0 1+%$ Je +1"/1"1)/81. I+E1+5/, ) 

@+7+O.'"13< "+ "1+(+##$5$ 1+%'5$ (#'@($50(, ) "1'1+(0 1/(O+,0#0('1+(') 

SJJ / , 

' ) @+7+O.'"13< O0? "1+(+##$< 1+%+) (#'@($50(, ) (+1+(0 1/(O+,0#0('1+(') 

0J / . 

 0.$6$#F, +@$"F)'8R$0 ('"@(070.0#$0 "1'-$+#'(#+,+ 5',#$1#+,+ @+.3, 

#0 ?')$"31 +1 )(050#$ $ 3).381"3 :/#%-$35$ 1+.*%+ %++(7$#'1 ) )FO('##+; 

%++(7$#'1#+; "$"1050. L'@($50(, ?'7'6' ('"6G1' @(+"1('#"1)0##+,+ 

('"@(070.0#$3 "1'-$+#'(#+,+ 5',#$1#+,+ @+.3 ) 10(5$#'< )0%1+(#+,+ 

5',#$1#+,+ @+10#-$'.' A (3) ) 70%'(1+)+; "$"1050 %++(7$#'1 ")+7$1"3 % 

#'<+N70#$8 )0%1+(-:/#%-$$ ),,( zyxA . 

 

3. 8"9"$%" :'#'*% )"(.#.) ,.$"*$;3 5/")"$(.! 

  7'##+; ('O+10 $"@+.*?+)'#' @+"1'#+)%' [5], ) "++1)01"1)$$ " %+1+(+; 

)0%1+(#'3 %('0)'3 ?'7'6', (0P'05'3 ) 10(5$#'< )0%1+(#+,+ 5',#$1#+,+ 

@+10#-$'.' A (3), @($+O(01'01 )$7 [5, 9]: 
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,70 JS – ?'7'##F0 ) +7#+; $.$ #0"%+.*%$< @+7+O.'"13< ('"6G1#+; +O.'"1$ 1+%$ ) 

)$70 )0%1+(' @.+1#+"1$ 1+%' "1+(+##0,+ $"1+6#$%' (#'@($50(, 1+%$ ) "1'1+(0 

1/(O+,0#0('1+('), V – +O.'"1* (0P0#$3 ?'7'6$, 6 – ,('#$-' +O.'"1$ V, ; – 

)#0P#33 #+(5'.* % O+%+)+; @+)0(<#+"1$ 6, A:  – P1(':#+; 5#+N$10.* 7.3 

@($O.$NG##+,+ /7+).01)+(0#$3 ,('#$6#F< /".+)$; #0 3).38R$<"3 
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0"10"1)0##F5$, 9A  – )0%1+(, %+5@+#0#1'5$ %+1+(+,+ 3).381"3 ?'7'##F0 

?#'60#$3 )0%1+(#+,+ 5',#$1#+,+ @+10#-$'.' #' ,('#$-0 6. 

 W/#%-$+#'. %('0)+; ?'7'6$ (5) 7.3 )0%1+(' A ?'@$P01"3 ".07/8R$5 

+O('?+5 [10]: 
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 K0P0#$0 #0+7#+(+7#+,+ /(')#0#$3 X'@.'"' @(07"1')$5 ) ".07/8R05 )$70: 
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    ('?('O+1'##+5 @(+,('55#+5 +O0"@060#$$ (0'.$?+)'# 501+7 %+#06#F< 

E.050#1+) " $"@+.*?+)'#$05 @(+"1('#"1)0##F< 8-/?.+)F< %+#06#F< E.050#1+) 

) )$70 @(+$?)+.*#F< P0"1$,('##$%+). 

 K'""5'1($)'05'3 %+#"1(/%-$3 ('?O$)'01"3 #' (37 @+7+O.'"10; (@0()$6#'3 

('?O$)%'). C'N7'3 @+7+O.'"1* <'('%10($?/01"3 105, 61+ $5001 +@(070.G##F0 

E.0%1(+:$?$60"%$0 ")+;"1)' $ ,('#$6#F0 /".+)$3 #' %'N7+; ,('#$-0.  

 B.3 O+.00 1+6#+,+ +@$"'#$3 ,0+501($$ %+#"1(/%-$$ @(07/"5+1(0#+, 61+ 

@+7+O.'"1$ 5+,/1 $501* %'% @(35+.$#0;#F0, 1'% $ %($)+.$#0;#F0 ,('#$. I($ 

?'7'#$$ $"<+7#+; $#:+(5'-$$ 7.3 @+7+O.'"10; " %($)+.$#0;#F5$ ,('#35$ 

%(+50 %++(7$#'1 )0(P$# #0+O<+7$5+ ?'7')'1* 1'%N0 %++(7$#'1F 

7+@+.#$10.*#F< 1+60% #' (GO('< (($". 1). 

 

 

;$". 1. 2(3()*-"#< " 
3(&(*!$#+*<!7,$ #(=6-,$  

 

 I(+,('55#+ @+7+O.'"1$ ('?O$)'81"3 #' #0+O<+7$5+0 %+.$60"1)+ %+#06#F< 

E.050#1+) @+ %'N7+5/ $? #'@(').0#$; ()1+($6#'3 ('?O$)%'). L0+O<+7$5+, 

61+OF @0()$6#'3 $ )1+($6#'3 ('?O$)%' +O0"@06$)'.$ 1+@+.+,$60"%$ 

(0,/.3(#/8 %+#06#+E.050#1#/8 "01%/. H('#$6#F0 /".+)$3 7.3 %'N7+; 

@+7+O.'"1$ ?'7'81"3, "++1)01"1)0##+, ) #'@(').0#$3< +"0; x, y, z. K0P0#$0 

)0%1+(#+; ?'7'6$ (5) @(07"1').301"3 ) )$70 $?+.$#$; %+5@+#0#1 )0%1+(' 
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5',#$1#+,+ @+10#-$'.' A, $#7/%-$$ 5',#$1#+,+ @+.3 B (3) $ #'@(3NG##+"1$ 

5',#$1#+,+ @+.3 H (2) @+ )"0; ('"6G1#+; +O.'"1$, ' 1'%N0 )#/1(0##$< 

$"1+6#$%+) 10@.' Q ) @+7+O.'"13< " ?'7'##+; @.+1#+"1*8 1+%' J.  #/1(0##$; 

$"1+6#$% 10@.' +@(070.301"3 $? ".07/8R0,+ "++1#+P0#$3: 

0 1. JJJ
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Q 222
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   #'"1+3R00 )(053 ) ('?('O+1'##+5 @(+,('55#+5 +O0"@060#$$ (0'.$?+)'#+ 

(0P0#$0 .$#0;#+; ?'7'6$ ('"6G1' "1'-$+#'(#+,+ 5',#$1#+,+ @+.3, 1.0. 

?')$"$5+"1* 5',#$1#+; @(+#$-'05+"1$ 8 +1 #'@(3NG##+"1$ 5',#$1#+,+ @+.3 7 

#0 /6$1F)'01"3. I($ )F@+.#0#$$ ('"6G1+) 7.3 5',#$1+53,%$< 5'10($'.+) 

(#'@($50(, 7.3 "1'.$ (+1+(' 1/(O+,0#0('1+(') 5+N01 OF1* ?'7'#+ @+"1+3##+0 

"(07#00 ?#'60#$0 5',#$1#+; @(+#$-'05+"1$, #'@($50( 0100$$   ($0 – 

5',#$1#'3 @(+#$-'05+"1* )'%//5') [11]. 

 

4. <"+(%1.!'$%" 61.41'))$.4. .="+6"*"$%- 

B.3 10"1$(+)'#$3 ('?('O+1'##+,+ @(+,('55#+,+ +O0"@060#$3 )F@+.#0#+ 
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