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Thesis Title Analysis of Electromagnetic Forces in Distribution Transformer
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Name - Surname Mr. Nawapong Nutadee
Program Electrical Engineering
Thesis Advisor Assistant Professor Krischonme Bhumkittipich, Ph.D.
Academic Year 2013
ABSTRACT

Damage of distribution transformers is an important factor that affects reliability of
power systems. By this reason, the remedies of transformer problems are complicated and take time
to resolve. Consequently, transformers have to be improved the high-quality of administrations in
the design process, manufacturing, and maintenance for expanding life time of the transformer
which depends on various factors.

In this thesis, a selected distribution transformer has been simulated by using
MATLAB/simulink and finite element method (FEM) programs to show an electromagnetic force
occurring inside a transformer during normal and short circuit conditions. MATLAB/simulink
program was utilized to create a magnetic circuit model comparing to FEM program which was
used to draw a transformer structure. The flux density is calculated from each program that was
used to determine electromagnetic force in the distribution transformer.

This study demonstrated that, in normal and short circuit conditions, the electromagnetic
forces simulated from MATLAB/simulink and FEM programs were slightly different in axial force
about 44%, which affects flicking of coils in axial core of transformers. Regarding, there are many
different parameters in each program which is calculated the electromagnetic force. Hence, different
transformer simulation programs may provide different expected results. Consideration of

appropriate simulation program is important to estimate a hold operation of transformer.

Keywords: distribution transformer, flux density, finite element method, electromagnetic forces
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Transformer Rating Watt Loss Short-circuit
(kVA) No-load loss, for system Load Loss Impedance
voltage of : at 750C (Percent at 75°C)
22 kV 33kV

50 160 170 950 4
100 250 260 1,550 4
160 360 370 2,100 4
250 500 520 2,950 4
315 600 630 3,500 4
400 720 750 4,150 4

500 860 900 4,950 6.5 or more
630 1,010 1,050 5,850 4
1,000 1,270 1,300 12,150 6
1,250 1,500 1,530 14,750 6
1,500 1,820 1,850 17,850 6
2,000 2,110 2,140 21,600 6
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VAV =0 (2.22)
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VAT =0 (2.23)
A A a v A J dy @ 1
e T Avguugivesing Wou lvveuwavesTandtlymiszinniiinezeglu
o Y 1 v o A a I 1 ~ g}/ [] dy
sumsfmualdnnuandneniogungil a gauigaiiuained dymnsassediatiisiamso
Jd a o @ o @ 4 [ -
1935035 Il ludwamuaismsferduiniszgna 190 Tanddaym 1dasil

dot13 gilvesTandilaymmisnzaedng nlih luawm IWihada

: WA
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iiAn

Volt =100V :>
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Ves (xz > )"3 )

Ver (27, 31)
Ver (x5, 35)
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A 1 [ SREA a 14 9
mﬂgﬂ‘ﬂ 2.30 mmmmﬂﬁﬂﬂmﬂ‘lmmsflumamummmiaﬂizmm“lmnﬂ

V, = Zslai (X, )V, (2.24)
=
o o =2—1A[(X2y3—x3y2)+(y2—ys)X+(X3—X2)y]
a, = 2—1A[(X3y1 = %Y )+ (Y2 = Yo X+ (% = %, )y]
a, = 2—1A[(x1y2 — %, ¥y )+ (yy = Yo )X+ (X, = %, )]

a X A A P
1ag A A9 NUNUDUDALUUA (e)

1
A= E[(Xz - Xl)(y3 = Y1)_(X3 - X1)(Y2 - yl)] (2.25)
ﬁ"lﬁ%ﬂﬁmﬂ’liﬂlﬂﬂlldaglﬂaluuﬁﬁuﬁ'lﬁ'lﬂ’liﬂi%ﬂﬁlﬂﬂ’liﬂlaﬁ Variational Method

{ Y " Jd v o a 4
naguaumsnn VAV =0 egluzin1s Minimize Wansunasnumelueamud

« 2
W, = EJ'g|vve| ds (2.26)
3
Tag VV, =YV, Va, 9ldaums 226 1ilu

Lo oo o

Yy 3 f a d
uaz 1@ Coefficient Matrix Yoo UA0g Uz
®) © (e)
Cll ClZ ClS
[C (E)]: C21(6) sz(E) Czs(e) (2.28)
© © (@)
C3l C32 C33
Tay
C," = [Va,Va,ds (2.29)
RS iV :
Matrix Element Cij © 04 Coefficient Matrix 175 18210
c," = IVaiVa-dS
1
= oz (02 = s )y = v+ (% =% Mo =, ) oS

1
= ﬂ[(yQ - Y3)(y3 - Y1)+(X3 - XZXX1 _Xs)]

@ _ 1
C13 = ﬂ[(yz - Y3)(y1 - Y2)+(X3 - Xz)(xz _Xl)]

53



e 1
Czs( ) = _[(Y3 - yl)(yl - y2)+(X1 - X3)(X2 _Xl)]

4A
c,® = ﬁ :(y2 v, )+ (X, = X, )2]
C,,® = 4_1A :(y3 —y, P +(x, =% )2]
C,.” = i :(y1 —v, ) +(x, =%, )2]
C, 9 =C,®, C.0-C® C,®-C®

(i0'1& Coefficient Matrix VOUAAZIDANUTUZITUADUABNIAD N1T5IUIDT
Coefficient Matrix maqu@iagmﬁmuﬁum%’mﬂu Global Coefficient Matrix gluﬁﬁazuu Index
YoId19 U THUAIEH 2 52V AD 52U Index AMSVOAUUATDUADZIOAUUS (Local Index)
1823211 Index M3 7a3211 (Global Index) M3 Coefficient Matrix ¥9UAAZIDARIUFTIN
Uszneufuiiu Global Cocfficient Matrix 111 9A0I9AIWANI U521 Local Index fU
Global Index
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UNN 3

fﬂﬁﬂ’ﬂﬂ!!ﬂ‘ﬂ!!ﬁ%ﬂ]iﬁ%]ﬂ!!‘l.l‘l.l%o”lﬁ’t’)ﬂ

a a (y o
Tunentinusi 141151054 MATLAB/simulink a2 FEMLAB lumsadauuusiaod
9y Y a o o 4 a a [

yosrdouaslwih vnzimanisaniees uazdraoungmsaimananuAaNs o9 (Faul) lu

FY & 1 Y a [ 9 o 1 [} S A a 49!
szuu Iihdaaanaldinanisaaas lumisuidas tazyimsmausaguinuian ey
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luvazimanisaai9as Tagamsedunimaninld sz llgnisesnuuuudouasi

119 9u934

3.1 mseanuuundeulaslviih

Tumsesnuuunoriladlvih deetimsivuaaimsiimesveandeuasneu Iag
Tudneniinugil ¥Fedmuavesms lufhdaugimng awmsied 3.0 Judedmuandnlums
pnuL ez Idnmsesnuuy Watiuwusiassluldsunsy Taslumssians 9214 2

T151n53 Ao MATLAB/simulink 118 FEMLAB 1ieynsafSeuieuna

M3197 3.1 Yorimuavesns lihdmginandeuasuuia 100 kVA [10]

= 1 d‘ o
510021509 AniruA
9
vanyouilag 100 kVA
szuuluih AULTIAUFI 22 kV

MULTIAUET 400/230 V

duiiaud 4%
agaudeluunuman 250 W
mgaaeluvaada 1550 W

ANND 50 Hz




3.1.1 myeenuuuniioudaslnii

Tumseenuuvaz 14 1dsunsy MATHCAD lumiseenuuy dudlulisunsy

4
Fmsuiasnnimesangveardeulas luanideiiaenrdeulad vuia 100 kVA 22 kv

{ 3 @ ] X °
uazong Ui 3.1 Wuared1eTlsunsy MATHCAD Fvzoenuuuaudenivuayesnis i

naannmMsmueg Idaaee veandeuad lwih seanunsasih lafawundonlad i 18

Specification
Rated Power [kVA] P-100 Phase phase = 3 Frequency [Hz] fr- 50
Step voltage 2.5 % or 5 % of lapping step= 2.5 Norminal tapping Ky'e -3

Connection.=1 for Dyn11 Connection = 2 for Yz11 one1

Rated voltage LV[kV] U2.04

Rated current LV [A] 12« 14423238 If2 = 144,328

flumber section in HV ~ nS1 .1

Oil system (1 for sealed type or 2 for conservator type or 3 for air cushion type Oilsys = 1

Y

Impluse voltage test [kV] BiL= 125

Withstand voltage test 60 sec.[kV] Withstand = 50 Induce voltage test 20 sec.[kV] Induced - 50

Ambient temperature [deg C] ta = 40

Winding temperture [deg C] tous - 65

Top oil temperature Sealed & Conservator type = 60 ; Air cushion = 55 [deg C] toa = 80

Symmetrical Short - circuit current for H.V.[KArms Iscsymhv = 0.088 Asymmetrical Short - circuit current for H.V.[kApeak] Iscasymhv = 0.125

Symmetrical Short - circuit current for L.V.[KArms Iscsymlv = 3.608 Asymmetrical Short - circuit current for L.V.[kApeak] Iscasymlv = 8.869

Molt/turn, a9 Pid - P75rnlx3 - 204201

Flux density [Tesla) BT - 1654 Core loss [W/kg] po= 0684 Pod - Pomax = 18.743

Mo - load loss W] Pod - 250 Pomax = 233.257 Po-222149 Po% - 12537

Load loss (W] _Pid - 155 x 103 P15 1207 103H'5muw - 1248 x 102975%‘(’ - 1.288 x 10:P85%K' - 15.042

I ¥ ¥

Jmpedance voltage [%] ukd - 4 uk75 - 3.158 ut‘lefs - 459 ukdm.e. 36 ux= 2873 tolc:- 1.03

Jmpedance voltage [%] ukd - 4 uk185 = 4.601 vkdmi = 3.6 uxl =44 tolfe = 1.05
e . U85 = 3,173

519 3.1 Ar0813 115105 MATHCAD

L'

1. HAaINMIMUIALLUVYARIANAN

Y Y1 a Jd 1 1
ﬂ’li@@ﬂllﬂﬂﬁﬂ@uﬂaﬁLL‘]J‘UeUﬂﬂ'JﬂﬂaiJ ﬂgulﬂﬂWWTiWiJLﬁﬂﬁ AN 9’]']1]@]']5']\11?]

3.2 Failullamudeimuavesns Iihdiugiing

19 3.2 ﬁﬁ'auﬂawﬂmmmmau

3189021080 ANooNLLUY
9
vuavyelag 100 kVA
Flux Density 1.654 T
Impedance Voltage 3.1%
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M990 3.2 wilouasuaalauuunay (fo)

518@3&%8@ f"h‘ﬁf’)i’)ﬂlmﬂ
Core Loss 223 W
Load Loss 1307 W
Frequency 50 Hz
Coil
Outer Winding Inner Winding
(HV) (LV)
Voltage 22000 V 400 V
Current Density 2.577 A/mm’ 2.583 A/mm’
Winding Turns 3401 turn 34 turn
External Winding Diameter 324 mm 195 mm
Internal Winding Diameter 245 mm 227 mm
Length of Coil 213 mm 213 mm
Core
Leg Yoke
Area 1.85m’ 1.85m’
Length 443 mm 788 mm

2. W'ﬁi]’lﬂﬂ’liﬁ’lu?ﬂ!uﬂﬂﬂl@ﬁ?ﬂlﬁaﬂm
9 = Y a g
mseonuUndaudasuuuvaaIfiagy fﬂzhlﬂﬂWW'lﬁ']llmf]i AN TUATTIN

# 3.3 Failullaudorvuavesmslilihdauginm

a v &
M1319N 3.3 ﬁmﬂllﬂﬁﬁmﬂﬁjﬂuﬂﬂlw,ﬂﬂu

519021080 ANDoNLLUY
9
vuavyelag 100 kVA
Flux Density 1.654 T
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M9199 3.3 WiloulaguaalauLLMasY (919)

518@3@]8@ f"h‘ﬁi’)i’)ﬂlmﬂ
Impedance Voltage 3.1%
Core Loss 183.7W
Load Loss 1226 W
Frequency 50 Hz
Coil
Outer Winding Inner Winding
(HV) (LV)
Voltage 22000 V 400 V
Current Density 2.577 A/mm’ 2.583 A/mm’
Winding Turns 3401 turn 34 turn
External Winding A9 176 mm A9 158 mm
817251 mm 817 233 mm
Internal Winding A319 227 mm 73149 118 mm
817 334 mm 817 193 mm
Length of Coil 213 mm 213 mm
Core
Leg Yoke
Area 1.85 m’ 1.85m’
Length 443 mm 594 mm

3.2 Mg uumsdiasalaalisunsy MATLAB/simulink

o . . o (% L2 .
1un13591899 MATLAB/simulink 31809018 1dd2u1)5v9919a1 w50 'Inid Tauuy (Time
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32.1 Mamuaamsimes 14y MATLAB/simulink

1. faanszue i

Tumsdnnammnszuadales thamszualdnugagavesrnioutlag

9 T a A L4 9 d'
WIsAEMBNNLAUFU N BLYaY MuaNNITN 3.1

| r)x100% 1
loe (1) = FL(T) X 3.1)
%I1Z 1000
A A [ Y
1D lg (Tr) A0 nIzuaanNITveIHdaIlag

I, (Tr) Ao nszualdanugagavendeutas

A a A J 9
%Iz o amwgmuwawmuﬂm

MI9N 3.5 ATUIUAINTEUE

"llﬂa’]ﬂﬁ}TL! EIJ@YG’I’J@W%)TL!

anmeznszuavesniionag 1
WY (HV) | u33g (LV)

- 7 1.51 144
nIzualnd (A)
I 2.14 204
. 7~ 48.87 4656
NIZUTANINT (A)
Th, 69.11 6583.6

o 1 4 [} <3 )
2. MUIUMIATAARDULLVAN (Magnetomotive Force)

o ' 4 ] < o 1 § 1
Tumsfnumisius undewminian hanszuanned ldluveaiegu

@

VIIUIUTOUUDIVAAIA GmJﬁiJﬂTiﬁ 3.2 [17]
F = NI (3.2)
A [l <3
B UIUAADULNLUAN

=

fl

ﬁ’f) UIUIDVVDIVAAIN
=

fl

A
3] ﬂiztlﬁﬂqﬂaiuﬂlﬂﬁﬁﬂ
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° Y1 A Aq Y ° I
inﬂﬂ1§ﬂ1ﬂ3ﬂ!%$1ﬂﬂ1@ﬂll¢ﬂi"l\1ﬂ 3.6 Iﬂﬂﬂizllﬁ‘ﬂi%ﬁluﬂWiﬂT‘Ll']f,l‘lilzlﬂu
NILUAFIYA

Y o v 4 v <
GniNﬁ 3.6 mmmmtmmﬁammmaﬂ

YAA[INNAY wa’mmﬁﬂm
I1YNIT aN1g
HV LV HV LV
Normal 2.14 204 2.14 204
Ipeak (A)
Short circuit 69.11 6583.6 69.11 6583.6
N (turn) 3,401 34 3,401 34
F=NI Normal 9,812 9,812 9,812 9,812
(A-turn) Short circuit | 316,531 | 316,531 316,531 316,531

9 1]
3. MIMAUNAINAE voIniToL)a

4 { Y o <
1) MIMNUNUINAAVDIUAUHAN (A )

cores

A A 9 oo < 0 v t &
DITUINUNUUIAAUDILUN ULV AN ﬁ’lll']ﬁﬂﬂ’]ujﬂ!llﬂ Fi]'lﬂgﬂﬂ 3.5 G]Nblu
av dy Yo Sldy A < g’/ = [ T=
Q1u3ﬂﬂuulﬂﬂ'n’iuﬂ Glﬁwu‘ﬂ(’ll@\ulﬂulﬁaﬂ VNN VAAIANAN LASVAAIALNAIY ININUAD 1.85
ﬁ'lﬁ']\u“]fualllﬁi Tﬁ"ﬂ 0.0185 913 1LUAT

a < {
(ﬂ) LOUIURANUAAINN AN ) Llﬂulﬂaﬂﬂlﬂaﬁﬂmaﬂu

d' v 9 <
31]7] 3.5 MWAAA UV UUNULAAN
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A Y < v J 1 Y o
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(n) vaaanay (v) VARIAN DY

517 3.6 MGG IUIUUAAIN

U

——————————

e e I B e B
=
L |
--———_(.-.—.—tll_———_—
fn.
L]

¥

d‘ = dl 1 1 1
3‘1]‘1] 3.7 NUNVNFDIIN TEHINVAAIA HV tag LV [1]
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¥

A A ] U 1 9 A
WUNUDNFDIINWICUINUAAIA HV Uag LV Llﬁﬂﬂllﬂ@"mgﬂﬂ 3.7 uag

o dy ~ Y ~
ﬁTﬂJTﬁﬂﬂTugﬂJWTWHT]hlﬂ@TﬂJﬁllﬂ1§ 3.3 [1]

d d
_ 1 2 |2
A =1, (§+do +§ m (3.3)
A A a Y
$V3)] | A0 AVYNURNAYVDIVAAIALTUITOU I

d,d, Ao AnNunUIEAAIN HV tazLV
d

. D 3283321I19UAAIA HV 1ag LV

o ¥ {1 U 1 1 Y {
inﬂmimu’gmmﬁuﬁ%mmﬂumﬂmmmazﬁma ﬂ%blﬂﬂ'lgnllgniN‘ﬁ 3.7

Favzah llmunaraisuanauauds ae 'l

v
A 1 1

v Y
M13199 3.7 A iuNeIneluvaaia

YA[IANAN VARIAN AN
v A A v A A
519019 RN 817 NUN AN 817 WUN
(Jy) (Jy) (n3..) (W) (uy.) (n3.14.)
< =
UHULHAN D
. 4 599.74 0.0023 4 587.28 0.0023
VADIALUITIA
YAAIALITIFI D
. 27.5 741.04 0.0203 9 749.36 0.067
VADIALUITIA
UDNUAAIA 15 1064.46 0.0159 15 1100.32 0.0165
<3 =
UAULHAN D
. 96.5 902.75 0.087 104.5 1199.76 0.125
1N

1 [} <
4. MIMAINNUAUNIULLIED (R)
<
1) Anudumuunuman (R.)
o 1 <] I 1
TumsAmNanANUAUNLLIMAN ABInTIUANNENVRLINUIMAN TR Az

] &I A Y o <3 9 A o A
PN LS NWUNUU R QUBDALDUAN Iﬂﬂﬂgl‘lﬂ UMRINNTDONLLU W @N']Glsffmluﬂ'ﬁﬂ TUIUSUAUNTN 34 [18]
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R = At /Wb (3.4)

C

A A ' = Y <
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Abstract
This paper presented the study of electromagnetic forces in distribution transformer using
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transformer between under normal operation condition and short circuit conditions. We generated
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Abstract
Thiz paper present: study of electromagnetic forces in

tranzformer using finite element method. The elec ic force
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effects in tranzformers have been P

and short circwit conditions. This study proposes two types of coil
appearances for simulation, namely, a circular coil type and a zquare
coil type. The density of flux leakage can be computad for representing
the electromagnetic forces that occurs in transformerz. The simmulation
results showed that the

of coil in effact the

‘PP

density of leakages flux. The circular coils have denzity of leakages flux
less than the square coil resulting in well distributions of leakages flux
d in circular

1

out off transformers. The gnetic force 15
coil less than a square coil. The high electromagnetic force in short
circuit conditions cause damages of transformers. Consequently, the

propozed design can reduce the damage from fault to the transformer.

Keywords: distnbution transformer, finite element method, elecromagnetic
forces, leakage flux density
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