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ABSTRACT

This thesis presents computer models for three-phase two windings
transformers  in order to study steady state operations. The computer models are
developed based on MATLAB/Simulink. The computer models are modified so that the
effects of phase shifts due to vector group connections of the transformers can be taken
into account. The simulation results show that the models proposed in the thesis are

able to predict the voltage and current waveforms of the transformer with satisfactory

accuracy.
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3.5.1.2) WAAIAURAFYQNMULY Sine wave (Source)

o as

o & o w . a 5 [V 4
Tuwvudsssfineldmsodygisuuy Sine wave lasfipinedsil

Sine Wave

s

4 . e m .
i 343 zuvieesewndituliadygiauuy Sine wave
Tullsunin MATLAB

9 i 1 i A J
#wiunstlaudn Block parameter tlaueneat
1) VAO

— Sine Wave

Output a sine wave where the sine lype determines the computational
technique used. The parameters in the wo types are related through:

Samples per period = 2°pi / [Frequency ™ Sample time]
Number of offset samples = Phase * Samples per period / [2"pi)

Use the sample-based sine type if numerical prablems due te running for
large times (e.g. overflow in absolule time] occur.

— Parameters

Sine type: |}

Amplitude:
]1 69.7/saqit{3)

Bias:
jo

Frequency (rad/sec):
{120%pi

Phase [rad]:

jo

Sample time:
I

¥ Interpret vector patameters as 1-D

| oK I Cancel l Help I Apply

P i P A 1 o = o
Eﬂﬂ 3.44 msilaue ¥y Block parameter VBIUMAITMIHARQIIMYBI VAO



Tad Sine type flouailu Time based
789 Amplitude Houdilu 169.7/sqrt(3)

— 7
0 I/man - \/:'-I/mn

=\[2—x120

=169.7
V;)hm'c' = \l?%\
169.7
3
709 Bias flauailu o
%09 Frequency Jaua1du 120*pi
499 phase Douduilu o
703 Sample time Pauaniin -1
2.) VBO
Block ;’aran\etersz vBO m
— Sine Wave

Output a sine wave where the sine type determines the computational
technique used. The parameters in the two types are related through:

Samples per period = 2°pi / [Frequency " Sample time]
MHumber of offset samples = Phase * Samples per period / (2"pi)

Use the sample-basad sine type if numencat problems due to running for
large limes fe.g. overflow in absolute time) occur.

— Parameters
Sina type: 'Time based _'_I
Amplitude:

[169.74s5ant(3)

Bias:

jo

Frequency [rad/sec):
{120%pi

Phase [rad}

|-2"pis3

Sample time:
|-

I¥ Interpret vectlor parameters as 1-D

0K I Cancei I Help I Apply I

A I3 L Qo s
sin 3.15 myilousn¥nu Block parameter w83IGIUtNDEGYLITET VBO



7849 Sine type auaiilu Time based

789 Amplitude flaudniln 169.7/sqrt(3)
ﬂ’,ﬂ I/:nax = \/iVﬂJI‘\
=+/2x120
=169.7
L/.'lf:cnxl'=%
1697
3
99 Bias foudnin 0
489 Frequency flaweiiln 120*pi
4§99 phase floudntu -2*pir3
709 Sample time faudnilu -1
3.) VCO

— Sine Wave

Dutput a sine wave where the sine type determines the computational
technique used. The parameters in the two types are related through:

Samples per panod = 2"pi / (Frequency * Sample tirne)
Mumber of cffset samples = Phase " Samples per period / (2"pi)

Use the sample-based sine type if numetrical problems due to running for
large times [e.g. oveiflow in absolute time] occur.

-~ Parameters
Sine tvpe: 199

Amplitude:
[169.7/sqrt(3)

Bias:

jo

Frequency [rad/sec):
[120"pi

Phase [rad):

|-4"pi’3

Sample time:

|

IV interpret vector parameters as 1-D

| oK I Cancel I Help I Apply I
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Ta9 Sine type flaneiiu Time based
489 Amplitude Houdniu 169.7/sqrt(3)
19 Vo =\/§V

=~+2x120

=169.7

Ve =
169.7

N
a4y Bias faud iy 0
789 Frequency flaueniu 120*pi
%99 phase Jouauilu <4*pir3
799 Sample time fouaniu -1

2.5.1.3) wiAn1 (Clock)

Qur

smsuwRnatludganlflunsuanan®MIunT Simulation Iﬂuﬂgﬂ'&ﬂamﬁ

Clock

A i '~
U 3.7 szupdtassvaswnfinmilulysunsy MATLAB

i g
matloudnli Block Parameter ilausnaai

~ Clock
Cutput the current simulation time.

- Paramelers
[~ Display time
Decimation:

[0

0K Cancel |  Hep Apply

| ' Py ™ S
sin 3.18 mslaud ¥l Block parameter 184U IRM

789 Decimation flaudanilu 10
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2.5.1.4) alay (Scope)
dhwadasdanltlunmsuaasnavasnmwusanliaasniale fsudunalesd

. e Y
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Scope

gﬂﬁ 3.19 szuudrassuasaletlulusunsy MATLAB

2.5.1.5) @11a1a§uIN(gain)

o

o . i
Hugunsalldlunisumedygm lesllindd

-

M atris
Gain

gﬂﬁ 3.20 TUUSRaIee RN (gain) Tulilsuny MATLAB

. WARK
nsilaud 1l Block Parameter {loudnedit

~ Gain
Etement-wise gain [y = K."u) or matnix gain [y = K"u of y = w*K).

~ Parameters
Gain:
|W
Muiplication: IElement-wise[K."u] _'J
| s Show additional parameters -----------

oK Cancel |  Hep | appi |

i 3.21 myflowdnliiu Block parameter B3GIWINRYANWU (gain)

Fad Gain Tausnilu 1/NpbyNs

Had Multiplication Uausniu Element-wise(K*u)



2.5.1.6) Terminator

I¥gniulluiuansadugauasingronerinn

;sﬂﬁ 3.22 UL RasU0d  Terminator WlUTunin MATLAB

Temninator

2.5.1.7) To Workspece

& - ' . A ' “ as )
diwmsdoud input fiszudn Aray w38 lasea$™a lu main workspace

1a3lUsunsy MATLAB

:'iﬂﬁ 3.23 3:UU9TRR9PEY To Workspace bulUsuniy MATLAB

b simout

To Worksp ace

] A AAK
msileudiln Block Parameter flauedi69i

s-
u

J

— To Workspace

Wiite input to specified array or stiucture in MATLAB's main workspace.
Data is not available until the simulation is stopped or paused.

r- Parameters
‘Yanable name:

£

Limit data points to lask:

|1ﬂnnu

Deacimation:

|1

Sample time (-1 for mherited):

o

Save format: I Array

Cancel I

o]

Help

Apply

P
n

3.24 mstleuan ¥ Block parameter U89 To Workspace




184 Variable name fland il
%99 Limit data point to last flanednin
789 Decimation HJaus v
789 Sample time fouanilu
%03 Save format fananiu

2.5.1.8) @219 WAQYQY ™ output (Mux)

10000

Array

duaarndyanm output iRadinafn el Aalm)

hux

hbux

P o n a
31]“ 3.25 VLI DIVBINIFINFU LU output

s

. > L &
mitlaudiu Block Parameter ilausinadit

Tuldsunsa MATLAB

— Mux
Multiplex scalar, vector, or matnx signals into a bus.

~ Parameters
Number of inputs:

B

Display option: I none

v
OK I Cancel Help Apply
U 3.26 msflaud Wiy Block parameter @R IVIBFYY MU

789 Number of input flawswiu 5

%83 Display option Tlaudtilu none

40
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2.519) ﬁ?i?uﬁqjm?m input (sum)
diugunsaiflddmivnadyain input nisilaudiezmunsaionldnadaey
o
RRZLATEIMANEY + U -

4 . oo
JUN 3.27 wUUIIRIYAIAITINNY QM input Tullsunsy MATLAB

' Y 4
mitlaudnlu Block Parameter Uausaail

~ Sum

Add or subtract inputs. Specify one of the following:

a) stiing containing + or - for each input port, | for spacer between poits
(e.g. ++|-+4)

b) scalar >= 1. A value > 1 sums all inputs; 1 sums elements of a single
input vector

— Parameters
Icon shape:
List of signs:
|| I
| P Show additional parameters ------------
0K I Cancel Help Bpply

A N L o .
5UN 3.28 miloud Wiy Block parameter va3dUNBFRT LM

789 lcon snape flaudniln rectangular

7i9q List of sign Dauendn + win -+
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3.5.2) milsnaznisilandr iiussuudnaassasginsalane g Tn
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gmsumitloudlukuudians 3 ws Wauennaweinfl ddg 6

o

wilowidy onvii uddzesdms sy mfdesnanussaudiundonll) fidad

q

I
asudn aal

~Gain
Element-wise gain [y = K.*u) or matrix gain {y = K*u or y = u*K).

— Parameters
Gain:
Mulipiication: [Element-wise(K."u =]
| Show additional parameters «---------
oK Cancel Help I Spply l

“ 1 b Qs A
3‘1]1’1 329 mistlaudlviniu Block parameter UBIAIUL BRI

(AWIULUL Yy6 Waz Dd6)

799 Gain faudtiln -1/NpbyNs
784 Multiplication flauei il Element-wise(K*u)
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