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The Intelligent Control Algorithm of a Transformer Cooling System
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ABSTRACT: In order to improve the efficiency of a transformer cooling system, the intelligent
algorithm was developed. The intelligent algorithm is composed of a setpoint algorithm and a
control algorithm. The setpoint algorithm was developed by the neural network, and the control
algorithm was developed by the fuzzy logic. These algorithms were used for the control of a blower
and an oil pump of the transformer cooling system. In order to analyse performances of these
algorithms, the dynamic model of a transformer cooling system was used. Based on various
performance tests, energy savings and stable controls of a transformer cooling system were
observed. Therefore, control algorithms developed for this study may be effectively used for the

control of a transformer cooling system.
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Fig. 3 Optimal inlet oil temperature.
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Fig. 4 Optimal oil temperature difference.
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Fig. 5 Neural network for the inlet oil
temperature setpoint.
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Fig. 6 Neural network for the oil

temperature difference setpoint.

Table 1 Weights and biases for the hidden
layer(Inlet oil temperature setpoint)

J Wiy W) b;)
0.021556 -1.0527 -1.4214
2 0.098403 0.13541 -0.36644

Table 2 Weights and bias for the output
layer(Inlet oil temperature setpoint)

J W%j, 1) b))
1 -7.2597 -10.8995
2 30.7216
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Table 3 Weights and biases for the hidden layer
(01l temperature difference setpoint)

J Wi Wi )

1 -0.26164 0.2010 -0.06581
2 3.4831 1.4041 -0.98238
3 -0.02158 -3.2435 -3.3749

Table 4 Weights and bias for the output layer
(Oil temperature difference setpoint)

J Wi b

1 -10.1358 5.2739

2 0.02939
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-0.009 -0.006-0.003 0
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Fig. 9 Membership for ASywer.

Table 5 Rule base for the blower control
algorithm

- A A
1 LL LM MLMMH HM HH
0
-16 -10-6 -4-2024 6 10 16 (c/20s)
Fig. 7 Membership for 7} ,.
1 LL L M H HH
0 5
-3 2 -1 0 1 2 3 (C/20s)
Fig. 8 Membership for A7 ,.
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S, ump =5, old +AS (7)

p pump, pump

0:17] A_‘i 6})1;771[),(}l(1% %)ztrrzj)g O]ﬁ %}1\‘% gn]é‘l—q

LL L M H HH

-1.6 =11 -0.5 0 0.5 1.1 1.6 (T/20s)
Fig. 10 Membership for 7j 4.

LL L M H HH

-0.3 -0.175-0.125 0 0.125 0.175 0.3 (‘c/20s)
Fig. 11 Membership for AT} ,.

LL L M H HH

-0.0033 -0.0016 0
Fig. 12 Membership for AS,,,,,.

0.0016  0.0033 (20s)

Table 6 Rule base for the oil pump control

4, 2DEE M5EHM

Rty WA 28 o] et RS Algsle] A
AdaaZy AojdnaEor TAH A sAold
Y ZEe A5 BAskd Adgs Fughs) W
A 2ele] FEARAe 970 kW FH], 22
EWE LYHAZ 90 kWE QAEYH, 4 kWE &
%2 FAg A

F$E7)9 QAHFEZE 100% 7Fs8ts 7|E=8w
Holl vl Aird AAGEGgLdugFS AL

of 2(8)% 2(9F A&stlom
Aploss [ VV] = Pno7‘mal - Poptimal (8)

Poptimal

Pnormul
0:17]/\1 Pnormal% /\E]_\j% %‘H Oi_j_% 7]%%%1&01—%94
Ploss %7(4) Poptimal% @Xg ?ﬁl—l‘ﬂ%% A]’%‘;’l— 75‘"?—"0/]
Py S ©JW @ Table 7% Table 89l thFd

Table 7 Power savings[WW]

S
APIOSS [ VV] mitr
01(102(03]04|05|061]07]|08/09]10

-15 275214418 |5519|4855[4750(4105|3330| 2550|2430| 998
-5 |2789|4450|5560(4890|4763| 4130|3381 |2597| 2465|1076
T . .| 5 [2851]|4502(5602(4938|4781|4158|3393|2608(2494|1094
['C] | 15 |2883|4576|5656|4971|4796|4191 | 3458|2607 |2508| 1099
25 |2861|4580(5670(4933|4876|4222| 3483|2662 (2545|1130
35 |2881(4631|5783|5048|4955|4538|3523|2762|2635|1175

algorithm Table 8 Power savings[%]

Tya S .

AS pump AP[,,S s [%] il
LL L M H HH 01]/02]03]04]05[06[07]08|09]1.0
HH L M H HH | HH -15 |69.3|61.0|50.9|36.8]30.5|18.8|12.7| 80 | 6.2 | 4.7
H L M M HH | HH -5 169.1]60.8]/49.9]36.6]30.3]185[12.6| 79 | 62 | 45
AT M L L M o | oA Tvil 5 [69160.7|496|365]30.3|184|124| 7.7 | 6.1 | 45
d [C] | 15 |689]60.5(495/36.3|30.2(182(124| 7.7 | 6.0 | 43
L LL L M M H 25 |68.760.4|49.4|36.230.118.2(12.2| 7.6 | 5.9 | 4.2
LL | LL L L M H 35 [68.7]60.3]49.2]36.0/1290.9(18.1|12.1| 7.4 | 58 | 4.1
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Fig. 13 Oil temperature(Initial start-up test).
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Fig. 14 Control signals(Initial start-up test).
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Table 9 Step change of 9.,

Timels] St
time < 500 0.3
500 < time < 1000 0.35
1000 < time < 1500 04
1500 < time < 2000 0.45
2000 < time < 2500 04
2500 < time < 3000 0.35
3000 < time 0.3
55 - - —
50 —T i,neural Ti —Td,neural —Td —Tair,i
45 7 — 13 é L — L_
— 40
L 35
230
T 25
3 20
3 15
10 —
0
0 500 1000 1500 2000 2500 3000 3500
Time[s]

Fig. 15 Oil temperature(S,,;» step change test).
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Fig. 16 Control signals(.S,,;, step change test).
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Table 10 Sine wave change of S,

Time[s] Smtr
time < 500 0.3
. . 27r(t—500))
< 2Xsin| ———— .
500 < time 0 sin 1500 +0.3
60 {—T i,neural —T i —Td,neural —Td —T air,i

50

o —" N SN

30

20

Temperature[C]

0 500 1000 1500 2000 2500 3000 3500
Time[s]

Fig. 17 Oil temperature(S,,;, sine wave

change test).
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0 500 1000 1500 2000 2500 3000 3500
Time[s]

Fig. 18 Control signals(S;,: sine wave
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Fig. 19 Oil temperature(Z};. ; change test).
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Fig. 20 Control signals(7,; ; change test).
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