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Abstract: Essentially, transformers consist of two electricahductors called the primary winding and the sdeoy
winding which are coupled magnetically togetheabpagnetic circuit. Transformers work based orptireciple that energy
can be efficiently transferred by magnetic inductfoom one winding to another winding by a varyimggnetic field
produced by alternating current. The magnetic diancore of a transformer is designed to proagmth for magnetic field,
which is necessary for induction of voltages betwtde windings. In this paper, MATLAB-based softeavas developed
for automatic computation of the magnetic circaitameters of a three phase power transformer bedaput specifications
are supplied. A sample design problem was use@itmodstrate the effectiveness of the program. Apam its flexibility
and speed, the program removed the drudgery indalvthe design. In addition, the MATLAB-based safte presented in
this paper will serve as a useful teaching andritboy tool for undergraduate courses in transfortesign.
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. Consequently, the complexity of transformer design
1. Introduction demands reliable and rigorous solution methods. )n

A transformer is an electrical device that trarsfemergy  VieWw Of the challenges, a user-friendly and efiexivay for
from one electrical circuit to another purely bygnatic ~c@lculating the magnetic circuit parameters of powe
coupling. Essentially, transformers consist of ®tectrical  ransformers through the use of software is sefyous
conductors called the primary winding and the sdagy 'eduired. Given that MATLAB is one of the most ptgy
winding which are coupled magnetically together &y mathematical programs used in engineering analiysthjs
magnetic circuit. Atransformer works based ongtfieciple  Paper @ MATLAB-based software tool will be develdjper
that energy can be efficiently transferred by méigne thg design of the magnetic circuits of power transkrs. In
induction from one winding to another winding byarying ~ this case, the software tool will make use of thaTiAB
magnetic field produced by alternating current. Thé‘PPlication Program Interface (API) to extend the
magnetic circuit or core of a transformer is desirio functionalities of MATLAB application to include ¢n
provide a path for the magnetic field, which isessary for design of the magnetic circuit of power transforsner
induction of voltages between the windings. A pattiow Specifically, this paper presents the design of the
reluctance (that is, low resistance to magnetisliof force), Magnetic — circuit of — power  transformers  using
is normally used for this purpose. In addition toyidinga MATLAB-based software presented in this paper. Samp
low reluctance path for the magnetic field, the ecas design problem is used to demonstrate the effeatis® of

designed to prevent the circulation of electricents within  the software solution.

the core. Such circulating currents, called eddyrenis )
cause heating and energy loss in the transformeddition, 2. Review of Related Works
in transformer design, engineers must ensure that

compatibility with the imposed design specificatds met, A transformer has been defined by ANSI/IEEE [3]aas
while keeping manufacturing costs low [1, 2. static electric device consisting of a windingtwo or more
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coupled windings, with or without a magnetic cofer  power transformer based on the mathematical express
introducing mutual coupling between electric citsy?] . presented in this paper.

Transformers operation depends on electromagnetic® aggregating the various GUIs and computation
induction between two stationary coils (the electircuit)y modules into a unified standalone application using

and a magnetic flux of changing magnitude and jigléhe  MATLAB deployment tool.

magnetic circuit). In practice, transformers transf In all, the design and implementation of the MATLAB

electrical energy into magnetic energy, and thectkbato  software was done using the MATLAB’s GUI developmen

electrical energy. environment, also known as the M-GUIDE. The
Given its importance, transformer design is a higilless methodology used for the design and testing ofGh# is

in the electric power industry. Basically, the aiof given in Figure 3.1.

transformer design is to obtain the dimensiondiqiats of

the transformer in order to supply these data te th f\

manufacturer. The transformer design should beechout intie _" e

based on the specifications given, using availafd¢erials i\mmg" v

economically in order to achieve low cost, low wejgmall START —» | Define Task j

size and good operating performance. The transforme u \_j *

design is worked out using various methods based on

accumulated experience realized in different foaapl _ :

equations, tables and charts [4]. Transformer dega Design _’ lonplamapiaiion

complex task in which engineers have to ensure that Figure 3.1 GUI Design and Testing.

compatibility with the imposed specifications is etywhile

keeping manufacturing costs low [1 , 2] In additionorder The useful specifications for the design of magneti

to compete successfully in the global economy,sfiamer circuit of power transformer are listed in this ti@t. They

manufacturers need design software capable of pioglu include:

manufacturable and optimal designs in a very stiore.

Over the years, several design procedures forftaners

have appeared in many literatures [5, 6, 7]. Som&he

literatures are targeted at transformer designtdaching

and hands-on training purposes [8, 9]. Furthermotieer

literatures presented the development or the usarmdus

computer programs for transformer design [5, 10121

1. Transformer Power rating, S in KVA

2. Frequency, fin Hz

3. Line voltage of the high voltage (HV) winding;.\,
4. Connection type — star or delta

5. Percentage impedance, Z%

6. Tapping on the H.V winding, ;f, Ty,

Specifically, this paper presents the design of thd-1. Output Power Equation of Power Transfomer

magnetic circuits of power

transformer and the

In order to derive the equation for output powerpfS

implementation of sample design problem using thf)ower transformers, the equation for the inducdthge in

MATLAB-based software presented in this paper.

3. Methodology

First, it is assumed that certain design specifioatare
given.
expressions for computing the values of variousup@ters
of the magnetic circuit of power transformer areiws.
Secondly, an algorithm was developed for the softvihat

will use the mathematical expressions to automiatica

compute the values of various parameters of thenetayg
circuit of power transformer. Thirdly, the MATLABdsed
software was developed to read in the design spatidns

as input and then automatically compute and disphey
various parameters of the magnetic circuit of power

transformer.

The development of the MATLAB software for desigmin

the magnetic circuit of power transformers considtshe
following:

= the design of different graphical user interfacgblIs)
for entering the design input parameters

Based on this assumption, the mathematical

the windings of the transformer will be derivedfir

Suppose a coil of N-turns is wound on a core tkat i

carrying a sinusoidal flux , then

® = dmSin2tft (3.1)

where®m is the maximum flux density is Webbers, f is

frequency in Hz, t is time in seconds, then the
electromagnetic force (emf), e induced in the isagiiven by
Faraday's law as [13]:

e = N(db /dt) (3.2)

e = ZtdmfN Cos(zift) (3.3)

The maximum emf, Em is given from Equation 3.3 as
Em = 2tdmfN (3.4)

The root mean square (rms) value of Em is given as
E= 4.44fPmN (3.5)

where E = Em #2. The maximum flux density, Bm in the

= the design of program to automatically compute angore is given as

display the remaining parameters of the magnétcic of
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Bm = Oom/Ai (3.6)

where, Ai is the cross sectional of the iron coreaa

Let Kw stand for window space factor where ;

total copper section Area per window

Hence, Kw = Total window Area,Aw
om = BmAi 3.7) Kw = 4aN/Aw (3.19)
Substituting®dm into Equation3.5 gives ggo(renqﬁgtilggo;:Lgélt?ec(;oam:elspz/l\:pN/J = KWAW
E= 4.44f BmAi N (3.8 IN = (KwAwd)/4 (3.20)
eq‘{jz;eio\éoét.agge per turn, Vt is given as E/N. Thus from For 3-phase transformer, S =3EIx 10-3  (3.21)
Vt =4.44f BmAi (3.9) Substituting equation 3.8 into equation 3.21 gives
Thus from equation 3.5 S=3.33fBmAIAmJIKwx 10-3 (3.22)
Vit =4.44fpm (3.10) For single phase transformers,
Thus, from equation 3.9 IN= (KwAwJ)/2 (3.23)
Ai = Vt/ 4.44Bm @.11)  Thus,

For 3-phase each core window contains two sectidéns
high voltage (HV) coils and two sections of lowtagle (LV)
coils [13, 14]. If Nphv and Nplv are the numbefdwns
per phase and ahv and alv are the cross sectioead af
each conductors per window, then the total coppea per
window is given by;

Total copper area per window = 2(Nphv ahv + Npi) al

(3.12)

The current density J is the same in both HV anaaNs.

Thus,

J = Iplv/ alv (3.13a)
J = Iphv/ ahv (3.13b)
J = Ip/a (3.13¢)

where Iphv and Iplv are phase current in the higltage
and low voltage side. Also, recall that for tramsfers

Vplv/Vphv = NIvV/INhv = Iphv/Iplv
Thus,

Iplv Nlv = Iphv Nhv = IpN (3.14)

From equations 3.13a, 3.13b, and 3.13c, Iphv FJahv | ghgitudinal

Iplv = alv/J, Ip = a/J. Hence substituting Iphvyviand Ip in
equation 3.14, gives

Nlvalv/J = Nhv ahv/J = Na/J (3.15)
Hence, Nlvalv = Nhv ahv = Na

Substituting for NIv alv from Equation 3.16 into &Etion
3.12 gives

Sl1-phase= 2.22fBmAiAWJKw x 10-3 (3.24)

The power rating (in KVA) can also be expressegims
of magnetic potential gradient. If Dsc is the digéenef the
circumscribing circle for the core limb, then thea of the
iron Ai is then given as

Ai = kikstDsc2/4 (3.25)

where the Ks is stacking factor, Ki is the iron @pdactor
given in Table 3.1.

Table 3.1. Iron Space Factor (Ki) and K (The Ratio Of The Diameter Of
The Circumscribing Circle To The Maximum Core Limb Length For
Various Core Steps).
Iron
Core Number
Diameter of Core e K=L e
(mm) Steps Factor /Dg
(K3)
Single Frame Duct
Without Duct < 100 1 0.64 0.71
< 100 2 0.79 0.85
<10 3 0.84 0.90
< 100 4 0.87 0.93
100-250 5 0.89 0.95
250-300 6 >0.89 0.96
Double
350-750 6-8 0.86 0.97
Framed Duct
550-1000 7-10 0.98 0.98

(3.16)

Now, the magnetic potential gradient, i$ given as

_ Magnetomotive force (mmf)
- Height of limb(Hjmp)

Him

(3.26)

Then for a 3-phase transformer, the total magnetivn
force, mmf over one limb is given as

Total copper area per window= 4 Nhv ahv  (3.17)

Putting in general terms, whether it is LV or HMu&

Total copper area per window = 4 Na

mmf = 2Nl (3.27)

Putting Eq 3.27 into Eq 3.26 and solving for Nlegy

(3.18)
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NI = H Himy/2 (3.28) Where k, kand kare the same as the ones used for the

. . . _ core in Equations (3.31) and (3.32)
Putting Eq 3.28 into equation Eq 3.24 gives

3.2.2. The Core Window Dimensions

— 2 3
S= 5.2318, Dsc” HnHimpkiks x 10° (3.29) From Equation (3.22), the core window areg,i#\given

For single phase transformer, mmf = NI. Thus as
Sl—phasé: 3.48fB, Dsc2 HinHimbkiks X 108 (3.30) Ay = S/ ((3.33 TR, A; J K,) X 103) (3.37)
3.2 The Core Dimensions Table 3.2 gives the window space factay, MVith k,

selected from Table 3.2 and the value of currensity J
Power transformer cores are built of thin strips othosen, 4 can be computed from Equation (3.37). In
laminations arranged in a number of steps so abtain practice, the ratio of the window Height,, tb the window
nearly round cross sectional area so that bet@esfactor width, W, is between 2 and 4. If,Rrepresent the ratio of
for accommodating iron in the most useful ways ban H, to W, , then
achieved. The numbers of steps usually chosen, &:&,8,7
or 9 [13, 14]. The iron core area; & given in Equation Row = Hy W,y (3.38)
3.25.1t is expressed with respect tg,[x and k. The value
of A; for various core steps can be obtained from tahle
above. Table 3.2. Window Space Factor, Kw, Balbir, (1982).
K;, the iron space factor is there because of thefusteps

It means from the statement above thatR,, < 4

S . ; . ! KVA 3KV 10KV 30KV 100K V
of iron instead of one solid round section of immre. K is
due to paper or vanish insulation between the latitins of 100 28 Ly s fule
the core. 800 0.37 0.27 0.20 0.15
2000 0.40 0.31 0.23 0.16
Dg. = V4A/rkik (3.31)
>10000 0.45 0.37 0.28 0.21

k<= 0.92 for all steps of core. The maximum lengthhef
core limb, Ly, is given in table... for various core steps. Itis However, values of R beyond this range can be used,

expressed with respect tg[n the form from Equation (3.38)
L= K(Dsd (3.32) Hy = R Wy (3.39)
Where k is the factor relating,Lto Ds. The value of k is Now A, = H, W, (3.40)
given in table 3.1 for the various core steps. )
Thus A, = R, W,, (3.41)
3.2.1. Core Yoke Dimensions
The flux in the core limb is the same as the flaxhe Hence, W, = V' (Au/Rp) (3.42)
yoke [13, 14] Hence, from Equation (3.32) 3.2.3. The overall Core Frame Dimension
Bimb A = By Ay (3.33) Overall core frame height, H is given as
H=H,+2L, (3.43)

Where By, and By are the flux density of the limb and

yoke, Amp and Ay are the cross sectional area of the limb  The center —to-center distance, 3 given as:
and yoke respectively. Note thai,B= B, and An, = A.

Then from Equation (3.33) Dec = Wy +Dgc (3.44)
Ay = A (Bn/ By (3.34) The overall core width
In practice, B < B, Empirical values for gcan be W = 2D+ Line (3.45)

chosen from the relation #= B,/ By < 1.25. Put another
way B,/ 1.25= By, = 1.

The diameter of the circumscribing circle for therec
yoke is given as in Equation (3.31)

3.2.4. Weight of the Core

The volume of iron core can be found from the poidu
Ai.Ln¢, where Ly is the mean flux path including the core
limb and yokes. For single phase transformers

Doy = /(4 Ayk / mkiks) (3.35) L= 2(Wiy +Di)= 2 (Hy +Wiy)  (3.46)

Similarly, the maximum length of the yokg, is given as For 3-phase transformers,
in Equation (3.32)
Lot = 2(2Wy, + 2 Dip)= 3(Hy +Wirnp)  (3.47)

Where O, = Dscis the diameter of the circumscribing

Ly = K (Dyy) (3.36)
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circle for the core limb cross section,, kb the window

height. The volume of iron,;\fs given as
Vi = Ai'me (348)

If the density of the iron core in éfkg is R., then weight
of iron, W is given as

(3.49)
3.3. Weight of the Copper

If Epny @nd E, are the phase voltages of the H.V and L.V

winding respectively, then
Nh = Eph\/vt
Niv = Eplv/Vt

Note, for star connection, phase voltage is givellline
voltage/N3).

To calculate the weight of copper, an approximatieles
can be obtained from the conductor cross sectimea and
the mean length of turns,i. Assuming that the window
space is completely filled with oil, we can allozhtlf of the
window space to coils on each core limb. The meéameter
of the coil Dy is therefore given as [14]

(3.50)
(3.51)

Dit = Dy +W, /2 (3.52)
Since Qi = Dy
Dyt = Do + W, /2 (3.53)
v Ly = 7 Dyt (3.54)
The volume of copper ¥is given as
Vep = Ky Lo (Wy/2)H, (3.55)

Where K, is the window space factor. df, is the density
of copper, then weight of copper\Ws given as

Wep = VePep (3.56)

3.4. Empirical Formula for Voltage Per Turn, Vt

In the design of a transformer, the value of vadtggr
turn, V; is often needed to be chosen or calculated qu
fairly from the available parameters. The valueVgfso
chosen affects the size and weight of the transfoam well
as other performance characteristics of the tramsd
Experts have proffered some empirical formula forTwo

S = (4.44f®,, NI) x 10° (3.58)

Putting IN =®,/r into Equation (3.58) gives
S = 4.44 f @) x 10° (3.59)
“@p = /((S-1)/((4.44F) x 1073) (3.60)

Putting®,, from Equation (3.60) into \& 4.44f®,, gives

Vi = (4.441) [(S.1)/((4.44f) x 1073)) (3.61)
= V=1 ((4.441) (r) x10°(3.62)
If we define C =,/(4.44f)(r) x 1073
=V, = CH+S (3.63)

Where, S is the power rating in KVA. From Equation
(3.63),

C =V, NS (3.64)

3.4.1. Significance of C

From C :\/(4.440(r) x1073 , C is proportional to r.
Also, from Equation (3.58) r is proportionaldg,. As such,

C is proportional tab,, and hence an increase in C will result
to increaseb,,, if other variable remain constant.

Now, ®,,= B,A;. If B, is kept constant increasidyg,, will
result to increase in;Awhich is the amount of iron used in
the transformer. On the other hand, N, the numbéuras
indicates the amount of copper used in the transfarFor
any given e, (E = 4.44 f ®,,) and for a particular S, #,, is
decreased, N will increase. So it will be obsenthdt
increasing the value of C will increase the amaiiiton (A)
used and decrease N, the number of turns of coPmethe
other hand decreasing the value of C will decrethse
amount of iron (A used and increase N. Therefore, C is a
constant that indicates the amount of iron, Ai uaad the
number of turns, N, of the transformer. Table 3e3oty
gives the average values that are usually userhitipe for
C [13, 14]

Table 3.3. Empirical Average Values For The Factor C.

Transformer Type Range of Valuesfor C

Core Type Distribution Transformer 0.35 to 045
Core Type power Transformer 0555 to 0.65
Shell type Transformer 1.0 to 1.25

of the formula will be discussed here.

Suppose we define

r = (Magnetic Loading)/Electric Loading)

Where Magnetic Loading &,, and Electric Loading =
IN

a1 = ®IN (3.57)

Thus, IN =®./r and from Equation (3.10),* 4.44fd,,
Also from Equation (3.21), S = 3El x &nd E = VN.
Hence,

3.4.2. Second Empirical Formulafor V,

Another empirical formula for Vt is given as Bilpir
(1982)

Vt = (1/40) ((Sx1000) / Number of Legs) (3.64)

Where, S is in KVA. The number of legs for 3-phasee
type is 3 while it is 2 for sing phase transformé&rquation
(3.61) or Equation (3.64) can be used to obtairaidyf
accurate value for Vt.
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3.5. Algorithm for Designing the Magnetic Circuit of
3-Phase Power Transformer

3.5.1. Design Specifications
Obtain the value of the following parameters frame t
given design specifications
. Transformer Power rating, S, in kVA
. Frequency, fin Hz
. Line voltage of the high voltage (H.V) Winding,
. Line voltage of the low voltage (L.V) Winding;.V
. Connection type — star or Delta
. Percentage impedance, Z%
. Tapping on the H.V winding,pT, Tpo...

~No o wWNBRE

3.5.2. Core Parameters

1. Compute volt per turn,Nrom V, = CV S or \, = (1/40)
\ ((Sx1000) / Number of Legs)

2. Compute cross sectional area of cordrdm A = V/
4.441B,,

3. Select window space factor from Table 3.2

4. Choose value for current density, J

5. Compute window area,Arom A, = S/ ((3.33 fR,A; J
Kuw) X 10°)

6. Select suitable ration for window height to wimd
width from 2< R, < 4

7. Compute window area, \Wrom W, = V (Au/Rw)

8. Compute window height, Hrom H, = R, W,,

9. Choose number of steps for the Core

10. Choose iron space factor,filbm Table 3.1

11. Choose stacking factogy & 0.92

12. Choose diameter of circumscribing circle of&€imb,
Dsc

13. Select K from Table 3.1 for the chosen numbfer
steps in core

14. Compute maximum length of corgyclfrom L= k
(Dso

15. Choose flux density of the yoke,Brom 1< B,/ By
<1.25

16. Compute diameter of circumscribing circle okgp
Dgy« from

Doy = /(4 Ayk / mkiks)

17. Compute maximum length of yokg,Lfrom Ly, = k
(Deyi)

18. Compute center —to center distance of liml,flom
Dec = Wiy +Dsc

19. Compute overall core width, W from W = 2B L,

20. Compute overall core height, H from HF2L,,

21. Compute mean length of flux pathyfrom L. =
2(2W,, + 2 Dy

22. Compute the volume of iron; f¥fom V; = A;.L

23. Compute the weight of iron,;fsom W, = V; P

24. Compute number of turns in H.V winding,,/ffom

Nhy = Eond Vi
25. Compute number of turns in L.V winding,, Nrom
Ny = Eplv/V'(

26. Compute mean diameter of the coil, Bom Dy, =

o

33

Dsc + W, /2

27. Compute mean diameter length of turg,ftom L. =
T Dt

28. Compute volume of coppercMrom Vg, = Ky, L
(W/2)H,,

29. Compute weight of coppergirom Wy, = Vgpep

The flowchart for the design of the magnetic cirafi
3-phase power transformer is shown in Figure 3.2

[ enten ]

e

/ Input Transformer Power rating, S in KVA
Input Frequency, fin Hz
Input Line voltage of the high voltage (H.V) winding,
Vinhv
Input Line voltage of the low voltage (LV) winding, Vinlv

Input Connection type —star or Delta
Input percentage impedance, 2%
Input Tapping on the H.V winding Tp1, Tp2 ......

1

‘ Compute transformer Core Parameters | J
1

| End ‘

Figure 3.2. Flowchart for the Design of the Magnetic Circuit of 3-Phase
Power Transformer.

4. Results and Discussions

After coding, the MATLAB-based program was tested
with a sample power transformer design. The desigat
and the results obtained are shown in the varioteeashot
of the program user interfaces. The sample desigblgm
is as follows:

Design the electric circuit for a 8000kVA 3-phaSéHz,
220kV/11kV, delta/delta connected power transformer
construction- core, cooling-OFAF, temperature rideoil
50°C, percentage impedance 11.5%. The transformer is
provided with tapping £2.5%, +5% on the high vold#iV)
windings. The voltage per turn is 40,Amnf W= mm, H =
mm, D, = mm, where H is the overall frame height, W is
overall frame width and [ is the diameter of
circumscribing circle.

4.1. The Input Specification Module

The input specification module for the electriccait
parameters of power transformer consists of theutinp
interfaces used to capture transformer input dath t@
process the data as shown in Fig 4.1

4.2. The Input Preview Module

The input preview module Fig 4.2 renders suppligaut
data from the input specification module with nataole
field on its own. It provides the user option tther proceed
with computation or return to input specificatioodule for
correction.

4.3. The Output Module

4.3.1. Tabular Output
The design output interface (Fig 4.3) displays Itesu
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obtained from calculations made by the design sof#wT he
results are displayed in tabular format (Fig 4.3)he design
output interface also has option to proceed armd al
graphical view of the sample design output (shomirig
4.4); option to return to compute new data, optitmclose
application and option for printing the designules

B clectric — I - P
ELECTRIC CIRCUIT
INPUT SPECIFICATION
— Power Rating, S (kKA1 — Frequency, T (HZ) —High Yoltage Rating, Vinhv (kv)——  — Low Voltage Rating, Vinhv kv)——
8000 50 220 "
— i Temperature,Tnp (de. oelsius)— — Vokiage per Turn, Y (kV) — prea of ron Core, A (ser. mm)— [~ Diameter of core finb, Dsc trm) ——
50 40.82 1149347 430
— Connection Typs e ight, — Owerall frame Height, H (mm) — Cverall frame width, W (mm) ———
(0 STAR
57.6 9832 13131
@ DELTA
I
I
RESET CONTINUE
Figure 4.1. Screenshot of the Input Specification Module.
Bl cicctric_preview SN R [—c—
P REWIEW
— Prewviews
FPARAMETERS SUPPLIED
[see data definition at input specification)
=5 o000 [Py
T S50 H=
Rl el g it zz0o s
il 11 (%)
Temp 50 den
Wt 40.82 Sovs
A 114934.7 sormm
Dsc 430 mm
o 57.6 mm
H 983.2 mm
At 12121 mrr
Connection Type: DELTA
| Return | Proceed
Figure 4.2. Screenshot of the Input Preview Module.
—_— Iy —
Bmgwicent, w 4 S@8l iy
Print Result -
MAGNETIC CIRCUIT RESULT
RESULT SPECIFICATION
USHNG DELTA CONNECTION
Voitage per tum, ¥t 406248 R Overal Core Height, H: 983208  mm
Cross-sectional Area, Al 1149347  sqmm Mean Lenath of flux path, Lk 179200 mm
Window Area, A 1086821  sqmm WValume of iren, Vi 20596318 cubic.mm
Window Width, W 18.0002 mm \Weight of iron, W 19837 ig
Window Height, Hee 57 6006 mm Nom:of tums in HY, New: 538989
Maximum Length of core, Lme: 4171 mm Mumi of tims in LV, Niv: 126848
Diameter of yoke, Disyic 4771182 mm Mean diameter of coil, Dk 4380001 mm
Mzodmun length of yoke, Ly 4628046 mm Mean dizmeter length of tum, Lmt 13791585  mm
Centre-to-centre dist of imb, Dec: 4480002 mm Vokme of copper, Vcp B33521 68 cubic mm
Cverall Core Width, W. 1313104 mim Weight of copper, Wp: 624 kg
COMPUTE NEW DATA PLOT GRAPH (L0SE APPUCATION

Fig 4.3. Screenshot of the Design Output Interface Showing the Sample
Design Results Displayed in Tabular Format.

4.3.2. Graphical Output

Fig 4.4 presents result obtained for graphical wutp
interface of the Matlab-based software for desigmower
transformer.

[E=SC)

Print Graph ¥

B magnetic graph

MAGNETIC GRAPH RESULT

Transformer Type

| Update Graph

Core Type Distribution Transformer x4

45 pCoreType Distrbution Transfomer ]
| Core Type Poweer Transformer
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&

i i i i i
805 0.1 0.15 02 025 03 035 04
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Fig 4.4. Plot of VoIt Per Turn (V;) vs Constant, C for a given transformer
Power Rating, S.

4.4, Discussion of Results

The output in Fig 4.2 and Fig 4.3 show that for ghesn
power rating, S = 8000kVA, and Volt per Turn Y \of
40.82KV, theamount of iron (A;) used is 114934.7 sq.mm
and the number of turns for the high voltage and for the
low voltage windings are 5.38 and 1.27 respeativisl
addition, from the graph plot of Fig 4.4, it can deen that
for any given power rating S of the power transferrthe \
is proportional to the constant C. This resultnidime with
Eq 3.64 which states that C 5N/S. With the aid of the
Matlab program, it can also be demonstrated tlatahy
given C, increasing S, will increase, ¥ccording to the
relationship, ¥ = C (/S). Similarly, other useful
relationships among the transformer parameters lman
easily demonstrated using the Matlab program. ttiqudar,
given that C is a constant that indicates the arnotiimon,
A, used and the number of turns, N, of the transfarhence,
it can be demonstrated with the Matlab programittaher
variables remain constant, increasing the valu€ ofill
increase the amount of iron jAused and decrease N, the
number of turns of copper.

5. Conclusion and Recommendation
5.1. Conclusion

In this paper, a standalone program was developed i
MATLAB for the design of the magnetic circuit oBaphase
power transformer. Mathematical models were dewadop
for all the parameters to be computed and thensigae
algorithm was developed. Based on the mathematical
models and algorithm the MATLAB-based software was
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developed and then a sample design problem wastased3]

demonstrate how the program can be used. The sitypf

the mathematical models and the modular naturehef t g4
program make them relevant for teaching and hands-o

training on power transformer design. It is alseyeto

upgrade the programs to accommodate the desigthef o

(5]

kinds of transformers and the use of other design

methodologies and also for incorporating optimizati

issues in the program.

5.2 Recommendation for further Works

(6]

The scope of this paper covers only the designhef t 7

electric circuit of 3-phase power transformerspémticular,

the design considered disc winding with rectangular

conductors only. Further work is needed to covkeotypes

of transformers and other form of winding layoutsda

conductor shapes. Also, design optimization was ng9]

considered in this paper. However, the modularreatfithe

program makes provision for the program to be wasil

upgraded to include the optimization module. Consetly,
further work is required to develop the matheméativadels
and program codes for those additional modules.
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