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AN ON-LINE ALGORITHM FOR PREDICTING THE TEMPERATURE
OF POWER TRANSFORMER WINDINGS
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ABSTRACT The paper presents an on-line algorichm for predicting the average temperature
of power transformer winding according to its foad current. The algorithm has accounted for the
whole history of load gurrent and variations of ambient temperature. The overload capabilities of
transformer can be increased by monitoring and conirolling the winding temperature and the neces-
sary durability of the ransformer can be ensured. The algorithm can zlso forecast the future winding
temperature and the time of reaching the max, permitted the assumed future laad current and oil
temperature.

KEY WORDS electric power system; relaying protection; transformer; micro-computer ap-

plication

0 Rl B

FENM X20/LER, TR LSS A 5 EEER 2 FHCRE T YR R
FRE T, —ELR AN+ M B i A ) e A 97 HE 3 SR AR 7 b — SR R A
PR O ot 3 B 0 . B BA AR R SR BT S LR T W IE B, 509 (] 3F B bt o
Bt RE R REM AL HAHURERTETH BB EAETREE
WHRAB T/ 0 (5] R VAT AL & 3 FE EE BE A 7 S840 3 BE A SR A Bl i wy AL I (e 1 P8 VT
EREHBM G S, it RO BB SRR ET fH.

BB S AR DT EREFRAKLANBE RIFEFETER S (EOERH T

» o B85 1990-06-15


http://www.cqvip.com

54 F K 4+ F % # 14915

ERETHE AR ESRAMNASRFRENI0C . EERALERTIR - ERAH
HETR.ERT S0 RE RETULE A 0. i HE AR 2 LARTaT R e T R g B K
Rt 5 3 f 25 26 A it ) SRR AL LT R e 2 0 SRR R B
GMANHREP XERADARCERITRELARERR FTHSHRM N EMR
H. o TFRESHER FTORASMIEMBE GHPEEREER. YR IERFRUTERS
A SR TR R AR M SR RS M A Bk i A K AL
A W SR T TR R T .
dT]

/ G,C, + 8@, (T, — Ty) = P,
W (‘_4(.2-—4-62(1 (T, — Ts) =P, ' (1)
|L ——+ Siay(Ty — T — Sy (T, — Ty — Sy (Ty — T3y = Py
o P— Fi#t: §— P FmEH,;
i G— Mk c— Mo,

MR 1.2.3 Sy Fl R HE B ,
HXHEERT —FH250MVA THEF KBS SHET
P, = 520kW, P2 = 300kW, P3 = 80kW

G0 = 13,8 » 10°WS'C!, Say = 26 = 103WT!
Gz(’g = "8-4 -~ IOEWSC—T' S]ﬂz = 12 P lOsWC—]
gy = 122.9 x 10°WS (7, Sia3 = _25. 7 = 10*W !

AXEXHMOBHOBEREEM EBET -t RATHREN ELRE. X
$rdk ALATA 980 1 Ak S0 DN XL BN TR 4578 B 28 A0 SR #E 7 H IT M A0 T B AR BB 5K
ot 3T A BT SR AL VR L BT LA SE B A B 8% v 20 R SE ey £ ) AU e R

1 BFFE

L1 BEMRTH/RFEESE
EARESHET, ZABEETE A AREHE. AEFEAIFA B HBESIImP.

ERRETHRARTEHTERR .

1P
A o 8 !
5 P ' (2
\ R
AT, = AT, + AT,

AP AT — GABEREMYTFHRESHPYBRENEE AT, — BEERASSE
R P AT.— SETHRESHTYBENEE:A— AEHHES
RN — BEFHAEE ;s — SEEAEREEE.

HFERAED PHERERRY o SHARE AMRT RAXBRTAVRSGEREFEX.

EWWIT AR RERE, - #EREXRRENERAAHTHE.IR2ILHT R


http://www.cqvip.com

4% F48 Yo —HEAEREIRASRGERER 55

G 2 B e i | A W AR FET o LR .
L2 EEWATHAFEESIE

TE (R B ESATEIEZIVEEO] B EAEESARGEPORE . &
it Reg R PR En. LA S ESAR T EF AR N RE R ES S#
Ei TR W Ay i D EE BT LK e RS AT R W T SR M T T R

[ (£ a0 g% + ST, — T3) = P1

) (T T3 3
sihids — £y
1 Ty = To= - 5
S T G SRR T
it I B vl T R ] R
dT,
GICI—d-l—-i-S.rq{T]—Tg) = P, . {4}
Sedat,

T “ = 5ot S

TR0 RA (PR SR M T-H 77 B AR R ER.
VI LI B O PR S A #e TSR R FET e W TR (O FHFER
2, HEW o RN o DT . BEFEMHAD FoRARTH T BAWF

a7 ,
G0 ~d—|!‘ + Sy tT ey — Tstdd) = POt (5)
& ATUY = T — Tydd I ERXTER:
a0 dAj;‘” L S AT = P — GG dT;:” (6)
. P’{£)=P1NJ—G.C,%3:‘—D
Tstd) — Tydd — & D
= Pty — 6,0, st = ks{ 2
AF b ffITINER.
Ay F LY.
dAth} ey _ Prct)
a T 0,870 =30 (8

MEATR. REER T A HEFRAAIHFAEATEHB, RAMER I KBAT ) H TR
ﬁgﬂfﬂiﬁfﬁiﬂﬁﬂﬁﬂqﬁﬁ A IEC fEFERM I LT HA R

Te=T0o+ L. IAT 9
Ad,T o HEHERMN EHMWA . EXERSITR MBES 7 EAME. D FELWBT
ZF A% 6Y AT iR, 8 ot e 30 B A B AR S e AR P e, R st iR 6930 L 30E B B A IR 2R

b Fel: ok T -
1.3 3CEFNE
R H, W p R, EATO = 08EST . R AT HEFRE.
ATty = P L1 — e-;:‘:[) 10y

ng L2


http://www.cqvip.com

56 ' X 4 ¥ ¥ 4 1991

Syh

=ty =
&, r{z',}—S]ﬂl{] P, T =

. AT = P r(d) (11>
L P AP BRI AN R B RIE ] L R B — S Bt A AT .
AT = POLIry)y — PUDITPG — 4 + PU3Or(t, — 8} — PL3)7lE, — ty)
Fish —lo=b —f=lh— =1 —lg= e =k
0 ER% .
AT =PG4 — 7(38)) + P3O 12k) — r{k))
=P(1IR(1) + PC2IR(2Z) + PL3IR(3) + PLAIR(A) (12

4
= EP(::)R:’::)
» =]

RO = £ (k) — r(3k) R(2) = r{3k) — 7(2F R(3) = 7(2k) — rik)
R(AY = r(k) — 7(D) P2y =0 PiA) = 0
% P o HEEEE, ATLGE A S E— KB 2 A TE R —E T, K
W/ 0] B PR Y- s g B FT AR B 12) RERR AT BikRAH -

Lyt
AT = 3 P(RIR() (13)

a=1

AW R(a) = rlnk]) — rlin — 1DE); P (o) FERFIE — sk <! <— (n— DEPFEPY P BT
BHHk—— §—1 P @ PEE w—r ) BRREMNN,

m1F o> AR A R s —RR#REE 15 ~ 30

srehZE 4], BB & 9 — % B (Filtm 0. 16

I
Erly

B, RAR U KA L. X E LN £e3) sy O
PRI H M () pRIAR L (0 BUHSB D D
REH ¢ AVETONED MR ERRE MO KW Y — ]
PO R LAY & 4 B 2 ¢ 2 /i SR AR b R 4 :
Uy AR AR R e L XTI KRR 1 1 chEH
(13> pY IR 3 15 SE B 7E 3L M Ak 78 R BB S8 L) ?Eﬂﬂﬁ?ﬁfﬁit(lﬂi&%‘ﬂ:

AT = i‘:Ann)R‘.m + Emnmm + D CURIRAR)

T «=! a (147

+ D DR + E]Emn.(n)

=1

. AMe) Bn),C(r),Din) B 41 F] R FERF BT — nk, <i<<— (0 — 1}k,r — [W, + 5k)
<t — W+ s — D), — (W, + W, + ek )< t<— (W, +W,+ (n — 1DkJI, — (W, +
W+ wWw.+akt)<<i<<— W, + W, +W. 4+ (n— D), —(Wo+ W, + W, + W, + 0k <
{<— (Wa + W, + W+ Wi+ (n — DK B FEIThERIE.

B,(n)  By(nY R.(n) By(n)  R(n) 42 B BB T RIEE 1N () B REAE,

Rurky ko kask, AF B M EE— Aln), B(2),C(a) D(n), E(n) TR BE W, W, . W, W,, W, 4} B
# A(n),B(2),C(x),D() B(ay KWy BEE.



http://www.cqvip.com

LARE L EF: X &% —HIHREEBENERHERRS 57

1.4 FE[FHEIE

A 16 A% A 4 #E O P R R (6 ] -

(1) FlatSe 2R [ AF 512 A9 A% R

(2) WBEREFIIERERE. P, BHAARHE P .BHE. EZRIEY. R
ENE—1r RGO WS, Pe= PRe%
K« fIERRFAEMNEESEDHETEE, HIE. Po = (1 +8%)ER
ERXF T RS R R LATHR.
1.5 RPN AISARFA/HESEHEATRE

HFHRAMMHA—EHHER] HNEFRRASIAMSESE T FEBRABTFELD
EEZFIREM NEELIHL K ~BENMUEAEEHEE. FA I —BIEGEHE
o EREMREAFTMBENZGFT . ATUMEEEMRGEALAEST AT BN,
A7 32 J AR R R B A% B0 DU HY O L DR LE B IR RS 2t S AT R it

FARXNO (O TLUEEEEEE RERTAMBERE T, I8 F¥E BT HEY
SARYE EHHESNFNREAFERANT. A28 HHERA . EXTLIER
MREMEE NERNERAZH. . B SAEH G . MBHSHEGFT. AL ETHRLE
SR —I W EE AP R R ATFED . EMRER M E2 .

_

iHE AT (o), T

¥
Tutoud > g
¥

HE AT30) 7050 o > 0

<z Tt 30) = 10T o

S

HE AT, TS

A

A
< 715} 2= 1400 ——————y

\Vf/
FifR -

R AT, Tul) LGt 30

<1

¥

B e < 2

< LG

14z WiREREN
i, tmax 2R SR iR Fo VFELSE (i ] 4 1Y e ) B B 2 5,


http://www.cqvip.com

58 F % X # ¥ # 1ud]

1.6 FES[HFEHICR
RS TSHARFARET BT I ERIC R TR b AR CR7]HY .
AHRGHESFERBRIHBCHUEFEE L LBTETESCN . EETEINIFF.
MR — R AR OB C LA LR -
I = 1,28
T e=Ty—98C; T, EWELEE,
H ot el LR S 7T AW R F N «Th>98 COHEFEERIR B 0 .

L = I’-nz% L

2 {ARItE

FTHCRO]FREH T HASER R ORI B EN T ES S50,
P = 250kW.,G,0" = 13. 8 X 10°WST 1. 810y = 26 X 10°WT !
EEMENEERMBOTANTE.
Tytt) = 35 -+ 34, 543521~ 1132103 _ 5 ARI[7Re ¢ ANOSH-10-34 | ] GYTNEGe—2 19HT4-10-31
FARCRHEEENEIR 170 S AT 73w B3 a 480 19 8 B in
P 3Bk ) BRI iER 3 e 1 53000 H B SR ey iR,
EA O B BB CRALED,
k, = 0.18 = [.28 & = 10.234 K, =81.92 &k = 655.36
W,=1.28 W,= 10.24 , = 81.92 W, =655.36 W, = 5242, 88
AARETEEESMENZEEBWRTE P mE 2 FR&F P EEBEE RS
TAX103RE. R A0% 2476 < 1008 A D HESE ATW, B EED R
BRBE S OTRIRA,

sl 2 1 4 A 0 b o< 10 &> 10 1D, 1C
RECC) Hsl

B 3 A HERMEE f TS fTed 00 Sen il 7 il 2%
I—HAVHRE 22— Pl 3 — R 50 RBiRe



http://www.cqvip.com

F1A% w41 X EE, —HUFEESHABEGERER 59

N AD]

=

|:|-

o - e 4 o« 1! & - 10 g~ 1 HEIEEN R
s

I 4 %4383 7 iz TR 09 208 FH 2
) —HAFHRE 22— TR

3 &

D FXERATHEERSARTIEKROERM L BH T —-FH Y ga TR
BT RITEE LS RAUK £9800 T 1 80-1 D0 8K T 4R 4570 HE 28 A9 S48+ S 0 S5 4 i
FREE . FRRERLETRFEST # M T, W T 2438 608 Hnd a1 Py 77

2y FFEHRT B AL BT 693 L R R I 6 S R o
XL % ¥ 20 R S B A 3 A B 2R A9 SRR BE S 4 20 M 1R B A A 2R Y S R B B
720 R X PR UESE 1L AR 6T 402 FF By . 2 R T R AH TR R BT A& A T > USE o 8 BE T
KNS ZAEI ST BT/ I Bk
. 3 FEWEHHESXB[NBERNEHE . EXPHREENTES SR F, 50
BEREELECZA,

D bR AR AR AT, WA RS E R IR T B AT 2 BKER .
£ F X &

"1 Kiss K.Szita T, Uthazy G. Some characteristie Design Problems of Large Power Transformers. In . CIGRE, 12-07.
Framce ; 1974

2 Mikhailovsky ¥ A etal. Methods of Temperature Rise Caleulations of Power Transformer Windings. InCIGRE,
12-18. France; 1984 -

3  Venkatcawalu P, Prasad A R. Numerical Prediction of The Temperature Distribution In The Coils of A Trans-
former Winding. Tn, CIGRE, 12-04. Francc , 1984

4 Renchon R efal. Protection And Automation Keeping Effcctive Overload Capabllities of Lines And Transformers.
In,CIGRE, 34-02. Francc: 1970

5 Burton P J etal, Recent Developments By CEGB To Improve The Prediction And Monitoring of Transformer Per-
fotmance. In . CEGRE, 12-09. France , 1984

6 Franklin A C,Franklin D P. The J&P Transformer Book. England: Butterworth, 1988

7 Hochart B, Power Transformer Hardbook. England ; Butterworth , 1987

& Wen An. Development of An Algorithm For Diode Overdoad Protection. Progress Report. England ; UMIST, 1 989


http://www.cqvip.com

