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Abstract

This article presents the design of a MATLAB App Designer program for studying the performance of
electrical transformers. The program was designed to meet the important learning objectives of
undergraduate electrical engineering students, such as the operation of single-phase transformers, electrical
models, transformer testing, load characteristics, efficiency, voltage regulation, three-phase transformers
and vector groups. The developed program featured a user-friendly graphical interface, making it easy for
students to use as a tool to learn the principles of operation and analysis of transformers in the electrical
machinery course. Students could select the topic they were interested in studying and entered the

specifications according to the performance characteristics of the transformer. The program produced both
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numerical and graphical outputs for the calculated results. These results could be used to compare with
the results of manual calculations, leading to a better understanding of the principles of operation of
electrical transformers. Statistical results of a student satisfaction survey showed that most students
believed that the use of the program makes learning more interesting (average score 3.84), helps to check
calculation results well (average score 3.97) and leads to a better understanding of the operation of
transformers (average score 3.97). This can be used as a guideline for result analysis or applied to future

work.

Keywords: MATLAB App Designer, Transformer performance, Transformer testing
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1. n¥feuvatanunf (Ideal transformer)

2. wuudassmsliihvesmsioutas (Transformer electrical model)

3. Msnedauniisulas (Transformer testing)

4. ﬂmé’mﬁuzﬂ’ﬁﬁhEJIMamJEJWﬂaLLUaﬂ (Transformer loading characteristic)
5. Uszansninmasniu (All-day efficiency)

6. Shanevessioutas (Transformer polarity)

7. nauLanwas (Vector groups)

8. niouUaslniln 3 wia (Three-phase transformer)
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—G.— iB. = loc
|YC| - GC ]Bm - Voc (2)
PFye = cos 8 = —2¢ (3)
Vocloc
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1 1
Xm=—

Bm - |Yclsin6
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2.2 NMSNAFDULUUAND93T (Short-circuit test)
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Ideal Transformer

500

400 600
300 700
: . \\
200 /) 800
100 \ / 900
0 1000
Power Supply
Data Input Data Qutput
Power Load (S} 20000 VA Turn Ratio 12
Primary Winding (N1) 1200 turn Secondary Voltage (V2) 28.36 Volt
Secondary Winding (N2) 100 tumn Primary Current (1) 5878 A
Primary Voltage (V1) 3403 Volt TR VR 7053 A

Calculate
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Equivalent Circuit
02186 04563 3 0.00454 0.0021
R L X, R

&,
1449287

Primary Side Secondary Side

Approximate Forms of Equivalent Circuit

0426 0817
R, =R+a'R, JX, =X +ja'X,

Primary Side Reference

Transformer Data Rating

V1 2400 | Volt vz 240 Volt
R1 0216| Ohm R2 0.0021| Ohm

X1 0463| Ohm x2 [ 000454| otm
Re Ohm xm [ 124028] onm

Turn Ratio

0.00426 000917
T,
- i =720, g
R,=4R g =igheik:

Secondary Side Reference

JUN 9 wiheansiseuiesauyandioudasliih
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Transformer Testing

Transformer Rating
R

Open Circuit Test Data

Voe Volt

J\;_,_((‘v\‘ 'E oc [ 027] A
TR =

High voltage side (HV) Volt
Low voliage side (LV) Volt
Rated power (5) VA
Frequency () Hz

B Equivalent Circuit Parameter Refer to HV and LV Side
&

@—@ Short Circuit Test Data Re(Hv) | 11.3882 | kohm Req(Hv)| 0.7 | Ofm
L
E w vee voit Xm (HV) KOhm Xeq(HV) | 034| Ohm
= ¥,
5
? Ise & Re(V) | 2.85| konm Req (L) onm
Psc w xmav) [ 0.85] konm Xeq (LV) ohm
Rewr N Row Ao
088577 034438 I Vn 024144 0.08607 l
+ +
+ +
220 Vi aVyp220 o Ve Vip110
B R IX a0 N a R, X r -
34015 ‘1 28471 085039

High Voltage Side Reference Low Voltage Side Reference

U 10 nihsamsiSeuinisnaaeundioudasiuih

AudnuazAiventsaussnuzmsinnuvemioulasilesinssrelnanyalwit fide Aiddluihiidiglivan
Aridagades AUseanSain Anszuaviney TufsAnsaiuiud wazdnsnnsiuasuuUausaiy ng
Ussmnanaveslusunsuduil sxdnmmmainudinamurnauasdoulvvedianditinua smdsdusedy
nssuamalawesludiusing 4 vesuuuiians warduansnswiustavnmnisiiny Wendeudasinisdnelvan
fsgdusing o vesaviidn eliFeudaunadiuaudiussenisdUssansanidnisdsundamuvnelvan
fitwlhnfstunasduanaadondioulanihnuuinalndadicn dgud 11

Transformer Loading Characteristics

Transformer Rating

[ 2a00] v v2 240] v
R1 ohm R2
ohm X2
[ov01] omm Xm

Transformer Loding Output

k]
V1
0.0021| Ghm

0.00454| Ohm

X1
Rc

100 - 1443| Ohm

©
s

o
S

% Loading | 100| PF | nsa\ Lagging () Leading
70 V1| 245389 V. degV1 | 0.8043
Tumn Ratio | 10|
= 50 v2 | 240 V. degvz | o
g - E1 | 2426 V  degE1 | 0.4063| 0| 1682 A
s E2 | 2426 V degE2 | o0a4mez| %VR | 2246
T 40 — -
| 8361 A degll | 3285
30 E— I
12| 625 A degl2 | -31.79)
20
10
o 20 40 60 30 100 120 140 150 | Totallosses|  230] KW Emiciency | 9823] %

Pout (kW)

3U# 11 niheamsieuinadnuaeniselnanvemdeudadlih



MsasinensAdasuazinalulad ans.ddu | UN 6 atuyl 1 unsal - Weey 2568

Avansalunsvhaunaeauremowlas azfiansanaind mdsnusedalus (Hourly energy) ansle
wasenailinssnelnandidssduaudesnisvesidenu asusznauiids (Power factor) wazsuaudiluslunis
yeuwanaafy nsfneluded TUsunsuasmuinAUsEansamnasn iy saudsAmdsulunisviau
WA UgaLde wazuansnTrinslndnuis furemteutas def{iBouliouteyarfitanioutas uazTnanse
Hlusdeannsafinsziunmsialsmudonis fguil 12

All-Day Efficiency Hourly Load Profile

%Load Operating Time (hr)  PF
Transformer Rated Data

20 4 0.8000
Primary voltage (V1) 10| v Rated power (S} VA 50 2 0.9000
30 5 0.8500
Secondary valtage (V2) V. Copperloss (Peu) 1750| w 70 3 0.7500
20 4 0.8500
CIOESE) W 80 2 0.9500
03r Daily Energy Output [(Generate Data | [ AddRow | [ Delete Row |

Transformer All-Day Energy

Input Energy (Win) kWhr
Output Eneray (Wout) fawhr
Energy Loss (Wloss) Kwhr

All-Day Efficiency - %

Operation Time hr

2 Calculate

Energy Output (kWhr)
o
@

JUN 12 wihenensiSeuiuseansameaeniuresmdoudadivih

mﬁ‘wmaawﬁaLLﬂanLﬁaaﬁnwmzﬂ'ﬁﬁa%mw uSesddyfuninasnselunisvheu nsdiidesddnse
wasnnnimisirevunuiuiieiiunnuaunsalunissnefidany gl 2 wuuie dransuuuEsuiy (Additive
polarity) LardraBuUURN&1aiY (Subtractive polarity) nsAnwndul TUSUNTUILUAAIFUNITHOIITNAABY
iauﬁﬂﬂ'wLLiﬂﬁuﬁifmsijwmamﬁmuiﬂqﬂLLasLLiw‘i’ﬁ Faasflnrudiudaudnuazuesaans ﬁqgﬂﬁ 13

Transformer Porality

High Voltage Side

H, H, H, H. Additive Polarity
LAMAA_J v =
@ @ v2 10| Vit
X X
v3 330 Volt
X; X, [ calculate v3 |
Additive
Low Voltage Side
H, H; H, H; Subtractive Folarity
i volt
8 @ v2 Volt
X X
V3 0] volt
.1 X X,
Subtractive

v
v o

UM 13 nihsamsiSeustianevdondasliin
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nsfnwingunmesvesmiieudatlihauma Wudnisemilafidnadanuduauliiudisou duiunis
ponuuulusunsudiull axdrgliianunlanisrevnaiandellasaumaiuuneil (Wye) uaginan (Delta) A

naunmesae 9 Fslaeviluazidungu Yyo, Yy6, Yd1, Yd11, DO, Dd6, Dyl uaz Dy11 iudiu Tsunsuazuana
MwanvugnIsHornan ANduTUsllaisuiuniin sudanagesvosussduliifiuuwsIgwaz LNl

ANUANTUSANNAUNNNeS F9019nseiunIelinsmin (Leading) wava1vas (Lagging) 1d snugun 14

Vector Group
Voltage Phasor
250
SN o = H.V. phasor
mE /N
150 / \ \
i oy
PRUIS \ [
2 gl N : f i N
SN NG L\ prassangie
E 0 - / ’
5 - - '\ - I/ s ,
g =0 o pe g \ &
= ik R : } L
= 00 A g/f \ /f)
asof A / % ]
200 i ik \ //
250
Rated Voltage Relative Vector Group

High voltage v
Low voltage v

1 12 1
Yd1 o )
LV Phasor ° 3
8 4
Plot Phasor > 7
“

Winding Cennection

.
afa
W

@ n
i e

als 2 f %’: 8

W W

Circuit Diagram

High voltage side
() Delta

FallSN

(®) Star

Low voltage side
(®) Deita
O star

a1l b cl
A1 B c1 N
% % .J'. .%
° o ol
a2 b2 <2
A2 B2 c2
HV side LV side
(30 deg lagging)

UM 14 wihdamsiBeuingunnnesvasmlioudasiniinansima

vifouvadlninansuna funvmwdhiiddalunisdsnemdslniivesssuulninidsanuma Feialuns Ty
ufunifouasanusfuazovnaauuuinain-ned (4 — v) dwsunsldnudumiowanfiuusiduazsionuy
Nedwadn (¥ — 4) lnendnnsieudnsdesuntonvadliiiinaion drstufinsiunarfinnsanu
szuvanla fasuluiadonisdeudd fFeuauselinadmadumsinnaudnvaznishauremde
WUAY 9INANUINLIITL NI2UA TaTNa (Phase) uazfians (Line) 1949AmIAUsIf LAY LIIgInILdNuaIEATAe
ynandiimun sifsruszavsam Sssndudedideyaiidnveamsioutas 3 wa faguil 15

3-Phase Transformer

Transformer Rating

i e Rated power (S) 100| kVA
itk
;i o High voltage (HV) | 11000| Volt
# ‘Winding Connection
Low voltage (LV) 415| Volt
High voltage
- |
s Current (HV) ‘ 525| A ) Delta
’ current(Lv) [ 139.10] A J3EE
Type [TNOSCT-100/11PNS UNI ] Loadloss (Pcu) | 1750] W e
o{1LPL525913] Yearof mautacure[2014] . |5 *) Delta
No-load loss (Pc) 145 |
Ratedpower[100 JkV-A___ Moctstmes[3] ‘ ‘ o star
TRANSFORMER to speciication (INTUZO o S s
- ) | %
™ St s ey Short-circuit imp. (Z) ‘ 388
HV[11000 +2x2.5% [5.25  |LI75 AC28
T jacs ] i i
LY ACS Transformer Loding Calculation
Tap no. [HV voltage [V] | [ Connection symbol Dyn11
1| 11550 |[Cooling ONAN o
2| 11275 |[Rated frequency 50 Hz % Loading PF 0.5
3 11000 ||Short-circuit imp. 3.88 % 3
4| 10725 ||tosd losses 1750 W
5[ 10450 |[Noisdsses a5 W VL(HV) | 1131007] v VP(HV) | 1131997 v Pout | 6375] KW
463 kg
e 300 vewy) | 23061] v Pin [ 6488 kW
2 Mass of active part 279 kg L) 1500 B L) |
100 #g i 0] A 1P (HY) 227] A Efficiency | 98.26] %
indings. K oseal Ny Taurus
IEC 50296 ILw) 10432] A 1P (V) 10432 A W‘
5 sl VAV AIA | Core materal geam-onted slectical siee L
T 5 ofcore

3U# 15 nihsamsieuindiowdasiiihanuna
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4 73U 31 AU Nine

n15lElUswNTI MATLAB App Designer dwsunisiieuiaussausnsvitnuvemdoudadliin dinguszashiite
Sunsuanudaviuresindnw lunmsldiduwmmaimuiaisdeatvayunisieudsieiviasesdnsnalih
MIBNITIATIZANANDUTDIAZLUUIINAI TR NLUUTI@DATans s (uiaiun wazany, 2564; o159 Laz

ARlE, 2564) Usenauemieg AUl Sevar Alede wazAdotuuiInggIu Mannsed 1 lnenadsiateyanaunu
wansliiiuindnAnwalngineuiiamesdiud (29 aw) nefinunidnuazingldaulusunsy MATLAB d1uiu

2 A F3nualiiveeldau 31uau 12 au warliwe3dn w17 au

= ° a & o = Ao
M19719N 1 Na?ﬂiﬂ]ﬁ]ﬂ'}'ﬁiﬂmL'WusuaﬂUﬂﬁﬂ‘ﬂqmﬂm@ﬂqiiﬁﬂﬁuﬂiu

U (Govay)

e 1 2 3 4 5 Anade  SD

1. nsldlusunswilvinisSeusianuadls 1 3 4 15 8 384  1.04
N (32)  (9.7) (129) (48.4) (25.)

2. 91 TUSUATUAINITOYI8ATIVADUNE 1 3 4 11 12 3.97 1.11
Aunlan (32)  (9.7) (129 (35.5) (38.7)

3. mstalusunsuylifaanudilanisyiee 2 2 3 12 12 3.97 1.17
yeaneuasluiunniu (65) (65) (9.7) (38.7) (38.7)

4. anansoranilsunsulUivseiuazasy 2 3 4 8 14 394 126
HAlAMNNANIVINTT (65) (9.7) (129) (258) (45.2)

5. ansadszenaldlusunsulunisvineueae - 2 2 4 13 10 387 115
Fudinlaluowan (6.5) (65 (129 (41.9) (32.3)

6. M3lilusunsuiiuselevilsoniseus 2 1 5 10 13 400 115
(6.5) (3.2) (16.1) (32.3) (41.9)

7. nsldflusunsufinnusndusienisiseus 1 3 6 13 8 377 106
(3.2) (9.7 (19.49) (41.9) (25.8)

8. IUsunsufieenwuuaisany ddnwaenisld 1 3 4 13 10 3.90 1.08
NUNYLAZAZAIN (32)  (9.7) (129 (419 (32.3)

9. lUsunsuuansnanaulauuudladnenay 2 3 il 10 12 3.87 1.23
FaLau 6.5  (9.7) (129 (323) (38.7)

10. msiflvsunsuludnwasiifuidonisdeny 3 1 4 11 12 390 125
w3nsdnsnaluiihduse 9.7  (32) (129) (355) (38.7)
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