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4 Testing and Planning of Load of Oil-Immersed Transformer )
when Non-linear Load Condition in Bangkok
and Surrounding Area

Siriwich Tadsuan

\ South East Asia University, Nhongkham, Bangkok 10160 /

Abstract

This paper presents the testing and planning of using oil-Immersed transformer under non-linear
load and over load condition in Bangkok and surrounding area. The purpose of this research is to extend
the lifetime of oil-Immersed transformer. The simulation of load cycles and calculation of top oil
temperature, hot-spot temperature, top oil temperature rise, hot-spot rise temperature, loss of life and
lifetime of transformer were presented. There were 4 conditions of temperature of the transformer from
simulations : 1) yearly average constant ambient temperature ; 2) yearly varying ambient temperatures ; 3)
control of ambient temperature at 25 °C and 4) varying ambient temperatures in a year and load cycle
adjustment. The result showed the damage protection of a transformer due to overrated heat and
application to transformer's other areas at different ambient temperatures or with large (k\VVA) transformers.

Assistant Professor, Department of Electrical Engineering, Faculty of Engineering.
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Input Meteorological data
eadm(j) :average of daily max ima for the month j (over many years)

eadn(j) :average of dailyminimafor the month j (over many years)
j=1~12 indicates the number for the month
j=1 January Badm(1) ©adn(1)

j=2 February 6adm(2) 9adn(2)

j=12 December 9adm(12) eadn(lz)

(TX:timewhen ambienttemperatureis maximumin day e.g.,14.00)
v

j=1~12

Bad(j) Zé(eadm(j) + eadn(j))3 meanvalue of monthly temperature

8

1 12
an =5 zead(j) :yearly average ambient temperature

=1

v

j=1~12
admx<ead(' No -
(when j=1 0admx = 9ad(1))
Yes

Badmx = ad(j) : maximum value of monthly mean

<

No
(when j=10admi = 0ad(1))

admi~ ead

Yes
Oadmi = Oad(j) : maximum value of monthly mean

A :%(eadmx—eadmi): amplitude of yearly variation of daily mean ambient temperature

v

6b = eadm(j) _eadn(j)

i=1~12

No
<0
bmx (when j=1 ebmx :eb)
Yes
ebmx zeb

®

U 16 LHUEINIAUMAMITRND AT TD9nUM)RLIRNBY
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©

I
B =—0 pny : amplitude of daily variation
2

v

i=1~12

AO. ~ =0 ,/.\—0..:temperature difference between mean value
a(i) ad(J) ot monthly and yearly average

i=1~12

No
(when j= 12A6a(13) =A6a(1))

do=
AByjj) +‘A9a(jj+1>‘
i1 ]
DX=| X.D |[+15+do+91
1

D: number of days in each month
D1: number of days from 15th of jj month to 15th of (jj+1) month

m 2 3 ji-jis+do —— 12/31
ji—1
1 2 3 YD DX —— 365

1

Output
O, . A. B, DX, (TX)

End
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MINITITUURSWAIUN Na5. TR

inputl.

1.Trms R 2. Pcore 3. Ptank 4. Rac 5. Rdc 6.6y,
7.0gr 8.T 9. n 10.MaxTopoil 11. Max hot-spot
12. Ambient temp (p for the doubl idal

variation) ®ay , A, B, DX, TX
input2.

1. Number of step load(N) 2. Pload/phase at step|

3. Irms at step[n]

[n]

N|
»

Calculate Top oil temperature rise at

the end of each time interval

|:> Equation (7)

Is top-oil temperature rise at
end of load cycle within 0.01 celsius of

top oil temperature rise

final temperature

Set inittial top-oil temperature rise equal to

4

Forj varying from 1 to 365 day

|:> (Number of day per 1 year)

v

‘ Time=0

Loss of Life=0

2 wneu-dguieu 2551

T =273 + Hottest-spot temperature

v

t Calculate

Equation (6)(—) 3 (Loss of Life)

)
OROR®
A A

No

1. Set Top oil rise at t(n) equal Initial Top oil

rise at t(n+1)

2. Set Time = Time + tn

Forn varying from 1 toN

|:> (Number step of Load per 1 day )

v

Fort varying from t0 to tn

v

Calculate and Save data
1. Top oil rise [Equation (12)]
2. Ambient temperature [Equation (28)]
3. Hottest-spot rise [Equation (26)]
4. Top oil temperature [Equation (12)+(28)]
5. Hottest-spot temperature [Equation (27)]

Day =365

op oil temperature>Maximum Top O
temperature

ottest-spot temperature>Maximum

Mattest-spot temperaf

Calculate, Display and Save data
Equation (7) (::| Life= 1
|:> (Number of hour per 1 step Load) - Total Loss of life
»
P
Y
Select Displays Select
1. Top ol rise 1 1. Displags
2. Hottest-spot rise
2.End
3. Ambient temperature
4. Top ol temperature g
5. Hottest-spot temperature
6. Loss of life and Life
(hours,day,years) \ 4
7. Return End

Display
1.Top oil temperature
OR

2. Hottest-spot temperature

SUR 17 uwudsmMImuIMMANgUn e, ugaisuazoglinuzemiaulasuuugiingy
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A159N 4 ﬁagaqmwgﬁumﬁauL‘ﬁaaﬁuﬁ\lﬁ'«mmmﬁuﬁagmaaniuqqﬁﬂuﬁwm

W.¢. 2544
4.9. n.A. ﬁ.ﬂ. [$\RIN W.e. {8 n.e. ®.0. n.y. @.9. W.8. 5.9
Mean maximum (eadm) 32.8 33.7 33.1 36.1 33.7 33.4 334 33.1 33.7 32.3 30.7 31.2
Mean minimum (eadn) 23.8 23.9 24.9 27.7 25.2 25.5 26.0 25.5 24.8 24.7 21.9 21.9
W.7. 2545
Mean maximum (eadm) 31.8 33.4 33.9 35.8 34.4 34.2 33.7 32.7 32.6 32.7 321 32.3
Mean minimum (eadn) 21.4 24.4 25.8 26.8 26.1 25.7 26.1 25.1 25.0 24.4 24.0 23.7
W.7. 2546
Mean maximum (eadm) 31.6 33.1 34.8 34.6 34.6 33.5 32.3 33.1 32.2 321 33.4 31.0
Mean minimum (eadn) 21.0 23.8 23.2 26.1 25.8 25.2 24.9 25.5 24.8 24.7 23.9 20.4
W.7. 2547
Mean maximum (eadm) 31.9 31.6 33.9 35.9 34.0 33.3 33.7 32.9 32.6 33.3 33.9 32.2
Mean minimum (eadn) 21.7 22.6 25.9 27.2 26.2 25.7 256 25.3 24.9 245 24.7 20.3
W.¢. 2548
Mean maximum (eadm) 31.8 33.3 33.8 35.0 34.5 33.6 33.2 33.2 32.7 32.8 31.9 30.2
Mean minimum (eadn) 21.6 25.6 255 27.3 26.6 26.8 26.0 25.8 25.1 24.8 23.9 21.8
W.¢. 2544 - W.¢1. 2548
Average Mean maximum 31.98 33.02 33.9 35.48 | 34.24 33.6 33.26 33 32.76 32.64 324 31.38
(039mAverage)
Average Mean minimum 21.9 24.06 25.06 27.02 25.98 25.78 25.72 25.44 24.92 24.62 23.68 21.62
( eadnAverage)

nguil 18 luwansFeuiiisuditiald (1]
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LLazmﬁﬁmmaoqmwgﬁumﬁau ARUUDNLINRDN
whvnaaalanmsin (2920 °C) falndAusiunig
yMuIBNIN (28.89 “C) z\hugﬂﬁ 19 {uwan1sviune
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0 L] = — -
® a Maxmum Ambient Temp (Predict)
® ™ Mamum Ambeent T (Measure)
k] iaggnnme—rims
Og 2 27 "
Onf 6 Y5
O M- ot 1
E P 3. s, S o
£ % .E TR & Rt s e S it M
§a 6 : .
Fer &yl y ........ Mimimu Ambiens Temperature (Measure) |
gl E 15 | M Aot Temperature (Bredict)
12 12
10
: 8
[ ]
4 3
2 A o e ARAdaasasacnsss s
0 T4 T 1013 1619222528 31 34 37 40 43 46 43 52 55 53 61 64 67 70 73 76 79 52 85 88 91
1460 919 1378 1837 2295 2755 3214 3673 4132 4591 5050 5500 5958 6427 6695 7345 7804 6263 8722 Time(day)

Time(hour)

Ui 18 aaumpiiuindonesusiazilionannd] we. 2549
0zy = 2889°C. A = 2.375, B = 504, Dx = 148,
Tx = 14.00

sUil 20 paumgiiindoNgegALaTANATBIT I TUT 1
A 09 31 WA WA 2549 (92 )

. V. J——
ol _ A
B A '_"l|,u|;;|.|. e
& J
5
£
218
£
12
9
6
3
01 108 215 32 429 53% B4 TS0 BS7 964 1071 1178 1285 1392 1439 1606 1713 1820 1927 20 1
Time(hour)

sU# 19 gumpliuiedauiiau 8.a. - WA WA, 2549
(PpunSauNnveel)

34 msasemAnumpiuazeas ldo )
Lﬂ%ﬂuLﬁﬂuqmwgﬁmmﬁaumﬁﬂuuﬂm
naaﬂ?]ﬁ'uqmwgﬁmé’aumﬁumﬁmamﬂ
TuiiilisaeeTginslvaniiannnin #ie

vifauaediogUil 22 sdaurgamgiisne fildanns

A Ambiest T "ame'MnimmAebmempum{Pudicl)ﬂ36.30C
O T Pram=312%C
% \ . O
32 4
% s
o . il \
g " \ Awnmbnt\ntl'mpemnﬂ\leasm)=30.jc
¢ % Menamum Ambient Temperature (Predict) = 26.22 C
E e
=
s-
4
L e e e A . e o LB S e e s e s B S
12 3 456 7 8 9 10111213 14151617 18 1920 2122 23 24
Timehour)

U 21 goumgiuindexiufl 28 wa. 2549 (Agean
el 36.30°C, [11] Jald 345°C)

F1anva9ufl 28 w.a. 2549 uaméﬁ’ogﬂﬁ 23-25 Uay
HaMIFWINA % onugaiisuazenglinuuanad
m3wil 5 uliidegldeussmipulasiivhune
Tduansnatude 4.1238 3
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% 167.88%

4
1404 1 12,\5% 112,\5%

60+
404
204

il il i Il L
0 2 4 6 8 10 12 14 1618 20 22 24
Time(hours)

U 22 Jpdnslvaszaendautasiundas Tu

F9f 1 uastaai 3

Iims(pri)/phase = 9.88A (112.5%) Usznausiiy

I = 8.78 A(WNANIBUURI100%), lns= 4A, ln7= 1.9A,
Ihii= 0.5A, lns= 0.35A

Famii 2

Iims(pri)/phase = 14.74A (167.88%) Usznausiiy
Ini= 13.17A, lns= 5.9A, Inr= 2.8A, lhir= 0.78A,
Inis= 0.5A

150
140
130
120
1o
100 4
§$ oo o o849 o g
o ps oy
E‘B‘J e G )
= 50 —&— Hot-spot of transformer at vary ambient temperature
g —&—Top oil of transformer at vary ambient temperature
I CrT e ~%-Limitvalve ofhotspot e
10
T
1234567883 10NM1213W8151B1718180128MNH
Time(hour)

;mﬁ 23 Wisuiiisugaumpiiindusnuunuazyniougn
S ERIIEN

3

4

2

%

B 40 —-Top oil of transformer ak vary ambient temperature
30 —~6—Top oil of transformer at fix ambient temperature(28.8% C)
0 -Lintvaestal =00 P
10

Time(hour)

12 3 4 56 78 9 10NM121T3WII5617T8190N028M

gﬂﬁ 24 Wisuisugaumplidudiuuuliisgungi

a

U

wIndaNALaztURsuLaInann )

150
140
o004
130
¥ o=
12 Ao \
10 ?
o100 l k\u
5 P
280 13.;&—."9_‘“ = ‘9""
£
fw
= 50 —&— Hot-spot of transformer t vary ambient e
g 6~ Hot-spot of transformer at. ix ambient temperature(28.89 C)
il %= Limit value of hot spot
10
q ——r——TrTTT"T—TT—TTTTT
12345678 9101112134 151B178190002824
Time(hour)

;mﬁ 25 Wisuiisuguvginiougailiogungd

a

U

wIndaNmaLaziURsuLanann il

aeefl 5 Wisuidfisy %eaguile wazenylden

%a L FRYLRY oyl
(%Loss of Life) (Life)
s iwIasen 10.45 9.5692
wlasdsuanaad
qmmuﬁmﬂﬁaumﬁ 7.30 13.693
amanil 7 28.89 °C




N3ETITBURT AU 895, T 31 afuil 2 wsneu-Aguieu 2551 353

35 mﬁ’mmmﬁ’nqmngﬁu.azmq'(a’i'mu
Lﬁ"aLﬂ%ﬂmﬁﬂuqmwga‘immﬁauLﬂﬁﬂuttﬂaa
mam‘ﬂﬁ'umsmuquqmwgﬁmé’au’lﬁmﬁ
Tunsdifiasnsamuauaungiiseuq ane

fa):ﬁmﬁ"’as:uuﬁummﬂmmuqmﬂgﬁﬁ 25 °C Ty
nioudasmaaanamislugenaiaelvaaiuiinee

Hredaeyliundourasld Seigumgiishe ves
Tuit 28 w.a. 2549 IﬁLﬂ%HULﬁﬂuﬁagﬂﬁ 26, 27 UAY
NANIAUIUAT %anygeLde LLa:mzﬂﬁmu ARG
msei 6 wiuldimengldanuiviunslduansieiu
fv 102 1

120 - -_— = = — — 150
10 140
100 s e i T o AT o A 1
¥y 120 4
80 /M 10
© B0 =--ee=nee- X/VV ,\a:.&\.\ ...... amu
g ¥ %0
2 |saag ettt s 3w
f o 1 B 70 J-eemeenmmmeenssneen s
g & g
&40 ~&-Top oil of transformer a vary ambient temperature & 50 8~ Hot-spot of transformer at vary ambient temperature
1 -6~ Top oil of transformer at fix ambient temperature(25 C) ;g =6~ Hot-spot of ransformer af fx ambient temperature 2 25 C) |
fg ~¥ Lirnt value of o1 2 =+~ Limut value of hot spot
| [ 5
0 LN S s p S S S S S S S s s m e s s s | L ——— —
12 3 45 6768 93 10NM1213141516171819020304 12 3456 7893910111213 1415% 1718190022034
Time{hour) Time(hour)
sUi 26 wWisuifisuguvgiihdudusudeguvgll  sun 27 Wisuifisuguvgiiyeseuge egungd

U
wndeNAsuLaInapaliazAILANgLM)A

9

WIARONT 25 °C

A15N 6 LWSsuiey %08

U
wndenRsuLUasnaenluazAIANgamnN
WIARENA 25°C

Wiy uazenyldon

%A FTYLFY

ogldam, I

(%Loss of Life) (Life)
gmnnluedan 10.45 9.5692
wlasiouanaad
qmﬂgﬁm@ﬁaumﬁ 5.06 19.758
ananil 7i 25 °C
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100+
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60 1
40+
204

o 2 4 6 8 10 12 14 16 18 20 22 24
Time(hours)
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g E i —8—Top oil of transformer at vary ambient temperature(before) ‘

—&—Top oil of transformer at vary ambient temperature(after)
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