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Research on Fusion Prediction of Transformer Top Oil Temperature Based on ELM and Thermal Model
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Abstract: A fusion prediction method was proposed to predict and correct the calculation deviation of the top
transformer oil temperature model in IEEE guideline, so as to realize the more precise prediction of the transformer
top oil temperature (TOT). Firstly, the characteristics of the transformer TOT model and the extreme learning
machine (ELM) prediction model was introduced. Secondly, in order to avoid the problem of slow operation speed
caused by double level intelligent prediction, the weighted multi-point extrapolation method combined with the
load curve clustering algorithm was used to obtain the future load coefficient of the transformer which introduced
as the load prediction level of the model. Finally, based on the calculation of thermal model, which the ELM was
used to predict the deviation between the calculated value of thermal model and the measured value, and finally the
accurate predicted value of the TOT of the transformer was obtained. The simulation platform was built and the
simulation results show that the average prediction error rate of the proposed prediction method is only 0.59%, and
the root mean square error is only 0.47 °C. Compared with the other three methods, it has higher prediction accuracy
and stability. The model training speed and prediction speed are only 1.21 ms and 0.39 ms, respectively, which
proves that the fusion prediction model proposed and established has high prediction accuracy, stability and
operation speed.

Key words: transformer top oil temperature (TOT) ; extreme learning machine (ELM) ; thermal model; fusion

prediction ; load morphology clustering
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Fig.1  4-D image of top-oil temperature rise of transformer
A5 e 2% 2 B sk B LFP A [A] 17 4385 L
149 7% s 2 T2 9 3 P = 4 ity T T A ] 2 s o

5 30
0055

: 30,
lify 20 > oC
Tl 1007 aggt%“‘“‘?“’

(a)K=0.2

i I/ oC

30
00 <<
’79‘/5,72 100

(b)K=1.2

304
RC

00 S :
Mg 1005 10 %2“0{1,3;

hiRIteC
S

P2 ANTR) G AR BT A8 s i T2 s T T
Fig.2 Transformer top oil temperature rise

surface of different load factors

84

A P 2 vy 3 - pR R R T 2k R AR
BRI, AR A TR TR, Ho A iR B AT, LA
T TS F5-Fif 2 B [0 1 AR A, 26 25 3 32 FORTHCRGR
BB . #5775 SR IR IR A sh A2, ]
i v T IR TR ) T A B PR VR 0, VE N
A G ARG R AT B 2 0 AR R
0293 0, T T 1 R

do,
TT? =
A2 0, A BT 20 A4 A8 FR A T2 R s 0, R
AR R A T2 iR P AR SR

AR R AR S bRz Tl FE b R e DL
A 1B 1)L A% FnAEfigs , PRI kG Az s Tl R 32 % =X
(4) A7 B A A B, 78 1 25 T00 )2 9 18 10 O 1) KK
RN W)

_OT + eT,U + GA (4>

d9” 0Tk - ‘9”—1
kO . 5
dt At (3)

s Ar Sy B ORI ) SRAE TR R 5 & Ay B 150 1]
ST
Wy TR B A S A
Ty OrxAt  K’R+1 0,
1+TT+AZ [( Rel ) +a]

0., = 0,
Tk 7+ Al Th

(6)
8 s g BUZ IR T BCA RG2S 1 S
T3 N PR BE IR Z TRl AL, DRt B A B 1
PR S ABE XA RV 2077 2 A8 A, A R il
DRSS A K o AEX Ty WU A8 e, iR T
708 s g T2 T e ) T B 5 U R 1 A8 A B P g A
A% ZAEAUAH LU Susa BRI Swift AR T ERRT
1.2 WRFEINTERZEHETNER
e BIR 27 > BILHE TR 457 ot 22 I 2% & Jre i >k , 5
1% e i 2 I 25 A ] 110 Ho A2 5 B 3 2 1) Y
HEFEAE N Ry B B B AL 3B, i AT B )2
Sk R R R AUE , 5 35 B RS Rl 2 e L
SE AT AR AR ME— B AR O B s B R
ZACVERB S I 5, PRI 4 2 7 H T 17 iy 51
N 0 B 12 W S I, O OIS T AR A 0
BRI,
W PR 2T ALY R 28 548 T 1T 3 BT
e PR 27 > BIL ) i A i S 5 B R T RO Oy
W AR
Y = F(HB)
{HZf(Xa+0') (M

X, Y 53531 Ay o 25 O 246 1) B A 1) A i 1Y 1)



B S K FELM 5 #ARA 69 % R BT R bR Gk AT R AT

B A AR 20255F H 554 F 4

K3 ELM M2&55H

Fig.3  Network structure of extreme learning machine
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Fig.4 Transformer TOT prediction model by ELM
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LEE/°C

i 2%

L2 36 | — SR
TOTM
———-TOTM-ELM
34 n :

0 10 20 30 40 50 60 70 80

Bl s
8 :
6h|—ToT™
. ——-TOTM-ELM
S gt
;{,H
w20
0 NN e
-2

P10 78 s g TOUJ2= e i PR AR 58 (5 i 2 T BT L
Fig.10  Comparisons of the TOTM calculated values and TOTM-

ELM fusion prediction values of transformer

FOF B 43 B ot SR ] ELM A 50ph R FH Elman
T 225 ) 25 A 0 T % T Elman [ 28 A0 7 75 RS R0 152
2246 1 il A TR AR 2 A A e g 1002 il i 7
FIXH EE , 00 235 SR R 2 R s 11 s

J T LEA AT LA 4R TR A B MR
DUDRS B SR FH B R4 x5 2216.(0,,,.) YT iR 4 X5
FA (Rysy) IR 2R (M) HEATPEAR 5 32 555K
J&E R VIR ] (o) FVESUI A R] Ce ) R A7 A %o
P R 2 fram o fl 10000 45 5% AT 41, TOTM-
ELM A5 TR R L 42 300 A5 80 A B v 1 il S
FIVRE T P | 1B AR d5 K I 5% 224U R 0.67 °C L, ¥
TRAEXTIR2E R 0.47 °C, FHJIRERH 0.59%, T
DNDRS 32 25 T S 85035 Sy 4 Fhor i b de A T TOTM-
Elman £5 A1 #0458t A8 T 5100 ELM, Elman 5.
88

—O—TOTM-ELM

RQ —Q—I()I‘M-I%Innanw
v 40p Y “ormm ]
= . > S
E38P0-0- 000 A
e
36 . &
0 10 20 30 40 50 60 70 80
B 1
4 r
ot
 offens N
# Qoo Sere e
-2 " e, 0o oo %9
_49_0\0—0~0~0'9'0_Q - & |
6 l|—6—r0‘1 M-ELM—&—TOTM-Elman - -0 ~ELM - <3 ~Elman |

0 10 20 30 40 50 60 70 80
Bl
FUL A8 FE 28 TOUZ R (T i 2 0 e
Fig.11 Transformer TOT predicted value and deviation
5, UL IR G SR bb o — A5 A LA T ) ]
K B2 FFa € . TOTM-ELM #5559 1| 25 msf i) {Y
0.65 ms, T[] 0.09 ms, LYK T ELM Fi ] 45 7
[ 0.52 ms F10.07 ms, 3X f& H T4 SC T $2 5 vk 1
Jn Y IEEE 5 003550 3 I 18V TR 6 A5 Y 1
NGV T g AHERE 28068 TR A g A7 SE K
FEFT R FH AR AT, PP 7 732 B ) 34 2
ms 2%, Y5 e T3 T Elman B2 098 H 3L
ELM [ 28 (1) W o 7 i B sk ] 22 BE 4SS /N, T 21
Elman [ 45 [ 9 Feb A5 75 26 B A5G, 16 HH ELM W) 4%
1 0 B 2 FE AR I 5/ )N
F2 AT FIASE A MR L
Tab.2  Performance comparisons of four test prediction models
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