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Computation of Oil-Immersed Transformer Life Under the
Yearly Average Ambient Temperature

and Double Sinusoidal Ambient Temperature
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Abstract This paper presents the extension of oil-immersed transformer lifetime. The
simulation of load cycles and calculation of top oil temperature, hottest-spot, loss of life
and lifetime of transformer are studied by comparing the equations of double sinusoidal
ambient temperature model with equations of yearly average ambient temperature model.
The results reveal the significant differences of two models which will become a good
example for a modified use of transformer in the field work including a protection of
overheating transformer and economic concerns.

Keywords: Oil-Immersed Transformer, Hottest-Spot, Ambient Temperature, Loss of Life
, Lifetime
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! a -4 :5 < a a a
msun4voyaguugiuiadewiosdui’ldainnisinudeyavesanifiggiionineingunmna

9. NFUNNUMUAT (ST et 455201)

W.7.2552
u.n. n.w. ?Jﬂ 1.9, n.a 1.9, n.a. a.n. n.g. f.0. Wy 5.A.
Mean maximum( 0 g4 ) 314 349 353 358 34 335 332 34.1 339 33.6 332 332
Mean minimum( Oadn ) 20.8 25.1 26.4 26.3 25.9 26.3 259 25.7 25.4 249 24 23.9
W.7.2553
Mean maximum( 0 g4 ) 329 339 35.6 36.9 36.7 35.8 345 337 33.8 32.3 32.7 32.5
Mean minimum( eadn ) 245 26.7 27.1 28.5 28.5 27.1 26.3 25.6 25.5 25 24.5 23.8
W.7.2554
Mean maximum( 6 g4 ) 324 34.1 31.5 342 349 334 333 332 33.1 33 34.2 32
Mean minimum( eadn ) 22.6 25.2 24.1 26.1 26.5 26.7 25.6 25.8 25.7 253 25.6 228
W.H.2555
Mean maximum( 6 g, ) 33.1 33.6 36 36.9 35.6 342 335 335 329 33.6 33.6 34.1
Mean minimum( Oadn ) 24.9 25.7 273 27.8 27.4 26.8 26.1 25.9 25.2 25.8 25.8 25.4
N.f.2556
Mean maximum( 6 g4, ) 33.1 34.7 35.6 36.3 36.5 34.1 33 33.9 32.7 329 333 30.8
Mean minimum( Oadn ) 239 26.2 27.3 27.8 27.8 26.5 26.1 26 25.5 253 253 21.1
W.A.2552 - W.A.2556
Average Mean maximum
(B4, Average) 32.58 3424 34.8 36.02 35.54 342 335 33.68 33.28 33.08 334 32.52
Average Mean minimum 23.34 25.78 26.44 273 2722 26.68 26 25.8 25.46 25.26 25.04 234
( Gadn Average)
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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 Oadm(1) Yadn(1)

j=2 February 0adm(2) 9adn(2)

j=12 December 63dm(12) Oadn(12)
(TX:timewhen ambient temperatureis maximumin day e.g.,14.00)
v

j=1-12

1
Oad(j) =E(eadm(j)+eadn(j)): mean valueof monthly temperature
¥

12
eay =é zead(j) :yearly average ambient temperature
=1

¥

j=1~12

No
(when j=1 6admx = 0ad(1))

admx < 9ald( j

Yes

Badmx = Oad(j) : maximum value of monthly mean ‘
\

admi>ead No -
(when j=16admi = 0ad(1))
Yes
‘ Oadmi = Oad(j) : minimum value of monthly mean ‘
“
!
A =%(9admx—9admi)3 amplitude of yearly variationof daily mean ambient temperatuie
v

i=1~12

eb = eadm(j) _eadn(j)
v

Y o ° ' a P a v
E‘I.Iﬁ 9 HAUAINITATUIUTIATWITINIADTAING VYUV HULLINADY
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&

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

v

i=1~12

AO. =0 ./ \—0. -temperature difference between mean value
a(d) =Pad(j) ~Vayyg monthly and yearly average

i=1~12

No
(when j=12A0,(13) =A0,(1))

v Yes
| =i
Dix AGa(”)
do=

AByjij) +‘A9a(jj+1)
i1

DX=| >.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

171 2 3 ji/1-ji/5 +do 12/31
ji— 1
1 2 3 > D DX 365

1

Output

0 A, B, DX, (TX)

ay '’

End

y o o ! a P A '
Eﬂﬁ 10 HAHANNITATHIUHIATNITIVADIANG ﬂlﬂqqﬂlﬁgﬂllﬁﬂﬁlﬂﬂ(ﬂﬂ)
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inputl.
1. R 2. 3. 4.
Oor Ogr T
5 n 6. Max Top oil 7. Max hot-spot
8. Ambient temperature (p r for the double-sinusoidal
variation) ® , Ayear, Bday, DX, TX

input2. Step load(K) and each time interval(t)of step load

N

»

Calculate Top oil temperature rise at

the end of each time interval

Is top-oil temperature rise at

end of load cycle within 0.01 celsius of

top oil temperature rise

Set inittial top-oil temperature rise equal to

final temperature

a4

»|  Forj varying from I to 365 day

v

‘ Time =0 ‘
Loss of Life=0

Forn varying from I to N

v

For t varying from t0 to tn

v

Calculate and Save data

1. Top oil rise [Equation (9)]

2. Ambient temperature [Equation (11)]

3. Hottest-spot rise [Equation (10)-(11)]
4. Top oil temperature [Equation (9)+(11)]

5. Hottest-spot temperature [Equation (10)]

‘op oil temperature>Maximum Top

temperature
ottest-spot temperature>Maximum

Hattest-spot temperat

|:> Equation (7)

|:> (Number of day per 1 year)

Equation (5) <:|

ONO
A

T =273 + Hottest-spot temperature

v

tn Calculate

> (Loss of Life)
t

0

v

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

rise at t(n+1)

2. Set Time = Time + tn

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

Equation (6) <:|

Day =365

Calculate, Display and Save data

Life =

|:> (Number of hour per 1 step Load) Total Loss of life
»
Y
Select Displays Select
1. Top ol rise )
1. Displays
2. Hottest-spot rise
. 2. End
3. Ambient temperature
4. Top oil temperature ;
5. Hottest-spot temperature
6. Loss of life and Life
(hours,day,years) v
7. Return End

Display
1.Top oil temperature
OR

2.Hottest-spot temperature
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' ci < a Y
MInY 323% Ui 15 unsmlgumgiiniadeuves
Ui 13 W.0.2557 HAGIgAINNTHIUIG 36.24°C 910
M3Ia1iA1383°C dIuANRATITUINNTTIUY

33.8°C uazam ldnnmsia 31.62°C

Yearly average ambient temperature
40 - (Measure) =30.1°C

Maximum ambient temperature
~ on May 13, 2014(Predict=36.24°C) ™

2 A AASRARRORORORRRARRAN A bk ki ku naunkiki
528 Wlﬂlﬂlﬂﬂlm
724
g 20 - Average ambient temperature (Predict) = 29.77 °C E—
216
512

1751 1501 2251 3001 3751 4501 5251 8001 6751 7501 8251
Time(hour)

5U7 12 gumglinadonvewaazd Tusnaoall w.a.

a4 a

2557 (8,760 12 1119)

|

I ——

=

1201 401 601 801 1001 1201 1401 1601 1801 2001 2201

Time(hour)

U7 13 gumgiiadeunvihneveudon i.a.- w.a.

CaN

W.7.2557 (PounTauunvesil)
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T———-Maximum ambient temperature on May 16, 2014 (Measure :] 39.1°C)

[ T A
o D O O B o

- R
o s @0 oo R

Temperature(°C)

1 6 111621 26 31 36 41 46 51 56 61 66 71 76 81 86 91
Time(day)

y a v ° v
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I = o
BFINIUN 1 U.A. D3 31 W.A. WA 2557 (92 IU)
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& o ®
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o
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o &

Temperature(°C
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% Load 140%
A Transformer 1

140+
1204 90% 100% 100%
100+ 75% —Fx -3 -

80 + o | 7

60 + f

85% 80%

40+ 70% 75%
204 Transformer 2

4 4 4 4 4 4 4 M .

+ + + + t t t t t t t +—>»
0O 2 4 6 8 10 12 14 16 18 20 22 24
Time(hours)

v o

H v
Ui 16 Spdnsmszvesmifeutlacii 2 ¢

€

g il = == S

2
g
1»3_" 50 T ~* Hottest spot of transformer I at vary ambient temperature [~
g
&

T7] o Hottest spot of transformer 1 at fix ambient temperature

20 —{ —=Limit value of hottest spot

12345678 9101112131415161718192021222324
Time(hour)

D -

51U 17 WS suieugumgiigadougaveaniionta

AT 1 UeaIUN 13 W.A. 2557

5 oa?
o] St e eeettcood

-¢-Topoil of transformer 1 at vary ambient temperature -
-©-Topoil of transformer 1 at fix ambient temperature

—¢Limit value of oil

0
12345678 9101112131415161718192021222324
Time(hour)

v
a

-7
51 18 nfouiisugamgiiniuduuunionas

A7 1 Vo IUN 13 W.A. 2557
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150

__|+Hottest spot of transformer 2 at vary ambient temperature
| -&-Hotest spot of transformer 2 at fix ambient temperature |
— = Limit value of hottest spot

Temperature(°C)

MW B om0 D e
S8588cS58ES5a3385

oo

12345678 9101112131415161718192021222324
Time(hour)

a Y

5U7 19 uSsuieugumgiigadouganiiontlaiin

a4 a a

2 ¥99Tuf 13 WA, 2557

% gg I -#-Top oil of transformer2 at vary ambient temperature
=3 - ~5-Top oil of transformer 2 at fix ambient temperature
= ?g |7 ~Limitvalue of il

I A e e e L B e e e A

1234567809101112131415161718192021222324
Time(hour)
v

517 20 uSeuieugungiinduduuundenas

)

A% 2 VoI IUN 13 W.A. 2557

~ a = = 9
MINN S weuiey % BTQﬂQﬂJLﬁﬂLLﬁ$GWEJﬂTiGl%TIu

= =

gamgiinndoy %01 N gy 21gM31Han

(Ambient Temp.) (%Loss of Life) (Lifetime)
nifoulag 1 maese) 13.2819 7.5291]
nifoulas 1 wldennlananail 16.3331 6.1231l
nifouras 2 magsel) 1.1836 209
nifoulag 2 wdeunlamaeail 1.4765 203
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. 70
aa | ]
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“lummamamwnmnﬂaan Wht]’ﬂﬂlf]ﬂ’jﬂ 34 Sa - -#-Top oil of transformer 1 at vary ambient temperature(before)|
, , &30 -+{-=-Top oil of transformer 1 at fix ambient temperature(after)
S A o =) D 1
uaaigininiszvesndoutlas 1 AimsUiunlaeu 2 fg T Limitvalue of ol
nmmﬂgﬂ‘ﬁlézﬂugﬂﬁzl 0
123456788101112131415161718192021 222324
Time(hour)
% Load - ~ a? o g ' o
M 140% 3UM 23 nSsumeugamg AUy new / 1w
140 Transformer 1 '
120t USunamszveadun 13 w.a. 2557
1001 100%
85%
80+ 75%
6o myd 6 15 suiousorgngydonazergmslinu
404 .
204 %orghgades | e1gms 1o

> (%Loss of Life) (Lifetime)
0 2 4 6 8 10 12 14 16 18 20 22 24

' Time(hour) vitfontag 1 16.3331 6.122554 7
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% Load
A

140+
120+
100+
801
60 1+
40+
20+

Transformer 1 = Transformer 2
120%

10 12 14 16 18 20 22 24
Time(hours)

»
>

! !
T T
6 8

~ =+

!
T
0 2

'
v o A

: v
31l 24 Iansmse welimsvuuniieuias

¥

~+-Hottestspot of transformer 1 (not parallel)
~=Hottestspot of transformer 2 (not parallel)
—Hottestspot of transformer] & transformer2 (Parallel)

|~ Limit value of hottest spot
0 T —

12345678 9101112131415161718192021222324
Time(hour)

5U7 25 uSeuiiouguugiigadougalivuuauu

a4 a

VIR 13 W.A. 2557

"] -e-Topoil of transformer 1 (not parallel)

i -&Top oil of transformer 2 (not parallel)

—Top oil of Transformer] & Transformer2 (Parallel)
| > Limit value of oil

L e e e L e LA s s s s s ey e
12345678 9101112131415161718192021222324
Time(hour)
v

a5 o Y

514 26 WS oiiengungiiniud iy livuiu/

b} a
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