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Abstract - This research study proposes a model 

design of transformer by using finite element method 

(FEM). The transformer used in this experiment is the 

single-phase transformer rated 165 VA, 220/12 V and 

the three-phase transformer rated 1 KVA, 6,000V/ 

380 V. The objective of the study is to compare the 

results of actual measurement and finite element 

analysis by focusing on the magnetic flux density, heat 

transfer, and transformer efficiency. The results show 

that the studied model can be used to simulate the 

transformer. The parameters of the transformer model 

created by finite element method are similar to those 

collected by the actual measurement.  The single-phase 

transformer model has error about 2.89% and the 

three-phase of transformer model has error about 

2.13%. It can be concluded that the design of 

transformer by using finite element method can 

simulate the operation of transformer in the actual 

operating efficiently. 

 

Keyword – Transformer, finite element method, 

simulations, magnetic flux density, efficiency. 
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V5)WQQL%A5&'(#$)*+,--.! (Transformer)9X:#,/(0<!8)Y5
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 !"#$%&'()*+ ,-./01&2 '34'5670 89:;'34'$15(193<1=1>? =#&. 
@86=,AAB1-./C(D>3DE=;'E>F> (G1(>DE>@6./H>(193-; I#&. 
@86=,AAB1@706:J9DE=G<1K8L>7. =HM. !8(9"NKJ9+O =&+ /D-701=PF
9/&,8*Q=(19HM.=I89:&1"H>(193-; I#&. @86=,AAB13<1
H#.K;2CK/61@6:=I89:&1"H>(193-; I#&. @86=,AAB1   F
[1] - [5]F

-./C K#7!>2E GQ =&2>D(/'GD C#61CPF30 1>,-. K 6) = K#)>@6:H#.
J/1&;<1JDRH>K9+O =-D=(601/-D=G:K#)>,-.G1(=1>/'GDC#61CPFM'E>
32O,-.3<1(19SQ(T1H>K9+O =>2EU-CHM./'42,A,>7N-'AKA K9>;NFF
 Finite Difference Method; FDM)!#9+ /'42,A,>7NK 6'K&>7NF
(Finite Element Method; FEM) &1/'KJ91:#N#1J<17 IF@3>
(193-; IG9'=FVQO=H>8WGG!ID>/'42,A,>7NK 6'K&>7NK9'O&K?.1&1&2
I3I13H>(19><1&189:C!(7NHM.(DI=1>31=-.1> +O>PF,&0/01G:
K8L>31=-.1>=1>/'S/(99&F#9+ @&.@70H>31=/=(19@53CN()71&F
VQO=/'42,A,>7NK 6'K&>7N>2EK8L>(19><1K 1 =JNJ/1&9%.H>-.1>701=PF
,&0/01G:K8L>J/1&9%.H>J"'7S1;79NFJ/1&9%.H>/'42KM'=7D/K6?F
9/&3DE=J/1&9%.31=-.1>V A7N@/9N@6:X19N-@/9NF&189:( IK?.1
-. / C(D > F 3< 1 H#. ; 1&19*M0 / C3< 1>1C891(Y( 19"N70 1 =PFFFFFFFFFFFFFFFFFF
,-.U-C;:-/(F#62(K62OC=(196 =Z'-6 =*%(? =(19  (@II32O
KJCHM.(D>&1H> -27F[4], [5], [6]F

FFFFU-C=1>/'GDC>2EF,-.SQ(T1K(2OC/(DI(19G<16 =(193<1=1>? =
#&. @86=,AAB 1-. /C/' 42 ,A,>K 6' K&>7N U-C;9. 1 =@IIFFFFFFFFFFFFFF
G< 16 =#&. @86=,AAB1 K;&+ >G9'=? =#&. @86=,AAB1F 
1FKA;F@IIKM66NF(Shell Type)F?>1-F165!VA,220/12V, 50HzF
@6:#&. @86=,AAB1F3FKA;F?>1-1 KVA, 6000V/380V, 50HzF
59. &3DE=G<16 =(193-; I#&. @86=,AAB1@IIK8[-/=G9@6:
6D-/=G9K5+O #1J01J/1&;%RK;2CH>#&. @86=,AAB1FJ01J/1&9. >
32OK('-?QE>H>#&. @86=AB1@6:J0189:;'34'$15? =#&. @86=
,AAB1FK5+O ><1,8K892CIK32CI(DIZ6(193-6 =G9'=F*.1Z66D54NG1(
(193-; I3DE=; =/'42&2J01H(6.KJ2C=(D>F()G:K8L>Z6-2H>(19
/'KJ91:#N@6:SQ(T1#&. @86=M>'- +O>PF VQO=/'42(19-D=(601/M0/C
6-J01HM.G01CH>(193-6 =G9'=F@6:89:#CD-K/61,8,-.K8L> C01=
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!"#$#%"&'(()*"+,&-.%,'/+&0112"3%4546780109:,+6:.9;<
)*":/=9>8?)@;%,&>*"!"#>3$,(-.%,'/+&;%9'((!A,9 :BC?,9*"
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 !" #$%&'()*+,-)./012334$56+-)1/78*9:8#$%;

     -.%,'/+&>8? IJ% I9!" #>3$,(.8, 5KA  2 J963  03%'!A               
-.%,'/+&0112" 1 :1$ '((:J++< (Shell Type) L9"3 165                

VA, 220/12 V,50Hz '+@-.%,'/+&0112" 3 :1$ L9"3                 
1 KVA, 6000V/380V, 50 Hz '$3&3E&#K/>8? 1(a) '+@#K/>8?  
1(b) ;".+*"3E( 
 

  

MNO MPO 

 !"#$%&  -.%,'/+&>8?IJ%I9!"#>3$,( 
 (a) -.%,'/+&0112" 1 :1$ 
 (b) -.%,'/+&0112" 3 :1$ 

!"#>3$,(-.%,'/+&0112"I9-%,&/Q6(E;6!"#>*"!"#>3$,( 

2 4678 DC,>3$,(R35!"#:/S34&)# (Open Circuit Test) :BC?,-"
DA"D4".$KT:$85>8?:!63LGF9I9'!9:-+U! M<=O '+@>3$,('((
+E34&)# (Short Circuit Test) :BC?,-"DA"D4".$KT:$85>8?:!63LGF9  
I9L3+43;E49*" M<=>O VG?&!"#>3$,(-.%,'/+&0112"'$3&3E&
#K/>8? 2 VG?&!"#>3$,('((:/S34&)#'$3&3E&#K/>8? 2(a)'+@!"#
>3$,('((+E34&)#'$3&3E&#K/>8? 2(b) ;".+*"3E( 
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 !"#$%!" !"#>3$,(-.%,'/+&0112" 
 (a) >3$,('((:/S34&)# (Open Circuit Test) 
 (b) >3$,('((+E34&)# (Short Circuit  Test) 

 
)"!!"#>3$,(-.%,'/+&I9-%,&/Q6(E;6!"#>*"I-%03%DA";A"&W 

3E&'$3&I9;"#"&>8? 1 '+@;"#"&>8? 2 
 

'( ()#$%&  H+!"#>3$,(-.%,'/+& 1 :1$I9-%,&/Q6(E;6!"# 
 

*( (+,-'. /& 012( #34.5&

Pc (W) 4.30 

Pcu (W) !".10 

Bmax (T) 0.9239 

Tmax (
o
C)  32.50 

 

#$%$&'() " !"#$%&'()*+,-)./"0 3 12(34+-)0/56*786#$% 

 

*( (+,-'. /& 012( #34.5&

Pc (W) 39.50 

Pcu (W) 30.00 

Bmax (T) 0.5120 

Tmax (
o
C)  29.50 

 

 !?;#$%&'()*+,-)./01'-@A@8BC2326D)08D,6:E;

I9LEF9;,9L,&!"#,,!'((-.%,'/+&0112"3%4546780109 
:,+6:.9;< )@IJ%R/#'!#. ANSYS 13.0 I9!"#)*"+,&!"#
>*"&"9L,&-.%,'/+&0112">EF& 2 J963 VG?&#K/>8? 3 '+@#K/>8? 4 
'$3&L9"3L,&-.%,'/+&0112"'+@!"#!#@)"5:.JL,&
'(()*"+,& 1 :1$ '+@ 3 :1$ I9'(( 3 .6;6 ;".+*"3E( '+@
DXY+E!ZY@:[B"@L,&-.%,'/+&0112" 1 :1$ '+@ 3 :1$ I9
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 !"#$%&  !"#$%&'()**+, 1 -*. 
(a) /0,1/$(!"#$%&'()**+, 
(b) 2,32345,6-"7/$(%8859,'$( 
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 !"#$%&! !"#$%&'()**+, 3 -*. 
(a) /0,1/$(!"#$%&'()**+, 
(b) 2,32345,6-"7/$(%8859,'$( 
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 Item 

Value 

Single phase 

transformer 

Three phase 

transformer 

 Rated voltage 220/12 V 6000/380 V 

 Rated current 1.25 A 1.52 A 

 Rated power 165 VA 1 KVA 

 Frequency 50 Hz 50 Hz 

 Core thickness 20 mm. 50 mm. 

 Primary turn number 950 turn 31 turn 

 Secondary turn number 80 turn 8259 turn 

 Primary conductor area 4.56 x 10
-7

 m
2
 1.102x 10

-6
m

2
 

 Secondary conductor area 1.102 x 10
-6

 m
2
 2.36 x 10

-7
 m

2
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.3#,(!"#$%&'()**+,A!#"C/0,1%'4'=2><4-7D0-1C6E2=8 

!"#$%&'()**+,53F(%'#E .FG(BCG59,-&H0$C2&342,3!0IG(:J$K#$(
29,!01:;<'=2><4-?@,4A!#2=8!"#$%&'()**+,-@JG$A!#"C
:;<'=2><4-7D0-1C6E2=8!"#$%&'()**+,53F( LIG(A02,329,!01:D,
:;<'=2><4/$(!"#$%&'()**+,54&342$81#E6.DE0.9,:=M        
N .DE0)1#%2D .DE0BCG-&H0%20-!'O2%'4.DE0BCG-&H0/1'E1 $C2B=P(
6=(K#$(29,!01:D,.Q,@$,2,RA!#2=8%8859,'$(-7D0-1C6E2=8
. Q , @ $ , 2 , R 5 3F ( BCG A 7# A 0 2 , 3 B 1 ' $ ( % . 1 ( 1= ( 
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'( ()#$%&* :;<."8=KF/$(!"#$%&'()**+,BCGST2.3#,(1#E6U&3%23")*)0KV 
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Core 

 

Material : Steel 

Density : 7817 kg/m
3
 

Thermal Conductivity : 20 W/m.
 o
C 

Specific Heat : 446 J/kg. oC 

Relative Permeability : 7000 

 

 

Coil 

 

Material : Copper 

Density : 8300 kg/m
3
 

Thermal Conductivity : 386 W/m.
 o
C 

Specific Heat : 385 J/kg.
 o
C 

Relative Permeability : 1 

Resistivity : 1.724e-008  . 

 

Air 

Density : 1.205 kg/m
3
 

Thermal Conductivity : 0.0257 W/m.
 o
C 

Specific Heat : 1005 J/kg.
 o
C 

Relative Permeability : 1 
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 !"#$%&  !"#$%&'()*+',-./0112" 1 !"# $%&'&()*+"+,!-.(!/,01  
    (a) 2342&4/5,46,3,7-8!#%,6986/3!5.:;+""<4 
    (b) 2342&4/9%-,=*>!;($7?@,A,5/%-6B.8+""<4 

 

  
(a) 

 
(b) 

 !"#$%&  ;49=$#-C5/%-6B.8+""<4 3 !"#$%&'&()*+"+,!-.(!/,01  
 (a) 2342&4/5,46,3,7-8!#%,6986/3!5.:;+""<4 
 (b) 2342&4/9%-,=*>!;($7?@,A,5/%-6B.8+""<4 

 

D4;9EB=*> 5 6.F9EB=*> 6 6#$82342&4/5,46,3,7-8!#%,698
6/3!5.:;+""<46.F2342&4/9%-,=*>!;($7?@,A,5/%-6B.8+""<4       
1 !"#6.F 3 !"#=*>2G4,&H$%&'&()*+"+,!-.(!/,01 
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 I.;49=$#-C5/%-6B.8+""<4A,5%-8BJ(CK0(;496.F;49
=$ #- C5/% -6 B. 8+""< 4 $% & '&()* +" +,! -.( !/ ,01  LC&3 4
6CCDG4.-8=*>+$%D4;&()*+"+,!-.(!/,017-85/%-6B.8+""<4=K@8
6CC 1 !"#6.F 3 !"#/*23 4A;.% ! 2* '8;KC23 4=*>=$#-CA,
5%-8BJ(CK0(;49 $K86#$8A,04948=*> 5 6.F04948=*> 6 04/.G4$KC  
 

5( (4#$%&! I.;49=$#-C5/%-6B.8+""<4A,5%-8BJ(CK0(;496.F FEM    

                 7-85/%-6B.8+""<4 1 !"#  
 

Parameter 

Result 

FEM with  

ANSYS 

Experiment Error 

Ploss (W) 78.77 76.40 1.26 

Bmax (T) 0.9263 0.9239 0.26 

Tmax(
o
C) 34.369 32.501 5.74 

 (%) 52.526 54.909 4.33 

&

5( (4#$%&  I.;49=$#-C5/%-6B.8+""<4A,5%-8BJ(CK0(;49 6.F FEM   

                7-85/%-6B.8+""<4 ! !"# 
 

Parameter 

Result 

FEM with  

ANSYS 
Experiment Error 

Ploss (W) 68.140 69.500 1.95 

Bmax (T) 0.4999 0.5120 2.30 

Tmax(
o
C) 29.013 29.500 1.66 

 (%) 88.203 85.967 2.60 

 

       D4;04948=*> 5 LC&342342&4/#EM!#*'9&/7-85/%-6B.8 
+ " "< 4  1 ! " #  9 F 5 &3 4 8 ; 4 9 = $ # - C A , 5% - 8 B J( CK 0( ; 4 9                   
6.F&()*+"+,!-.( !/,01/*23 42&4/2.4$!2.N>-, 1.26%,23 4                 
2&4/9%-,7-85/%-6B.8+""<4 1 !"#9F5&348;49=$#-C              
A,5%-8BJ(CK0(;496.F&()*+"+,!-.( !/,01/*2342&4/2.4$              
!2.N>-, 5.74% 6.F234B9F#(=)(O4L7-85/%-6B.8+""<4 1 !"# 
9F5&348;49=$#-CA,5%-8BJ(CK0(;496.F&()*+"+,!-.(!/,01            
/*2342&4/2.4$!2.N>-, 4.33% D4;04948=*> 6 LC&342342&4/      
#EM!#*'9&/7-85/%-6B.8+""<4  3 !"#9F5&348;49=$#-CA,
5%-8BJ(CK0(;496.F&()*+"+,!-.(!/,01/*2342&4/2.4$!2.N>-, 
1.95%, 2342&4/2&4/9%-,7-85/%-6B.8+""<4 3 !"#9F5&348
;49=$#-CA,5%-8BJ(CK0(;496.F&()*+"+,!-.(!/,01 /*2342&4/
2.4$!2.N>-, 1.66% 6.F234B9F#(=)(O4L7-85/%-6B.8+""<4  
3 !"# 9F5&348;49=$#-CA,5%-8BJ(CK0(;49 6.F&()*+"+,               
!-.(!/,01/*2342&4/2.4$!2.N>-, 2.60% 
 

 

 



5.  !"# 

!"#$%#"&!'"%()*+,(-.%)/001"2,343567/0/89:;(%5;+89:
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*,().H5=F95#"& I24-==!'"%()B()*+,(-.%)/001" 1 ;0? +7E>"
E3"+E%"2;E%JG(8;K%7G4.&C+"L 2.89% -%C-==!'"%()B()
*+,(-.%)/001" 3 ;0? +7E>"E3"+E%"2;E%JG(8;K%7G4.&C+"L 
2.13% !M)?"+"&@?&N./2,3>"-==!'"%()A7G?&,")BMO8?"+"&@
8'"/.DP,!'"%()#"&A2?(=*+,(-.%)D8*,().H5=F95#"&/2, 
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