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Transformer’s economic life assessment based on random and fuzzy theory

LI Ran, HAN Biao, LU Yun, LIU Hui-lan, ZHAO Bi-ning
(School of Electrical and Electronic Engineering, North China Electric Power University, Baoding 071003, China)

Abstract: Evaluating economic life of power transformers can effectively guarantee the safe operation of grid and improve economic
efficiency. Full life-cycle cost theory used as a guide, environmental costs and social responsibility costs taken into consideration, a more
comprehensive full life-cycle cost model of the transformer is established. Since evaluation parameters have random and fuzzy
uncertainty, random fuzzy theory processing evaluation parameters are introduced to handle the two kinds of uncertainty simultaneously
and a new assessment of the economic life of the transformer model is established. This model not only can get economic life expectancy
of the transformers, but also can get the economic life interval under different confidence levels and interval whose chance measurement
is the biggest under the same economic life span. An example result shows that the random and fuzzy theory applied to the transformer
economic life assessment is feasible and effective, and it can provide more detailed and diversified information for decision makers and
has a certain reference value.

Key words: life cycle cost; economic life; random fuzzy theory; different confidence levels; chance measurement

SCHRBR IS : A SCE

PESES: TMTL 1674-3415(2014)01-0009-08

PR AL o AT ARG AL 22 DUAE A (1A

0 33

A s AR WL 28 Rl i B IR e, AR
1A G P IC e BRI 2 T SR AT Y
KIJLTE, HEER e, S, @UtisiTag
Feispm ER BT, BT R R
(02 s 25 OB R SR 59 AEAE DAAEAR N TR A AT
A2 s s AR, AT B AR I AR e B TR RE
SEC AT R B WA AR AT GER)
IBAL, g Al ok BORIZE5E k. TR, X
A A REA TG AR A VAL, BAT O LR

KA A a5 FIYIA (LCC) REA [t
JU» SCHR[4-5175 18 T A2 s a4 75 i Jo ST A (R0 T ¢
P BATYE . WOERUR DU AR, (EAE

B SCRR[6] TR L, 58 T B A T 57
THBEAEA, (B RS 41

KA AS LT AR, SCHR[7-8 R A2 s
e B A g/ MEL IS L PR R A D 28 s 5% (10 2835F
A, AU RE T HBA, AR A i R 4
MIH A, FEVPAS LT dr i i % e L4
Dt SCHR[OE LR SCHRI ARG B, 23651848
P25 AR USSPl siAS S, i LAk &
S A o VT <0 o P [ O (RN wP e A 9
ARG SCHR[10127 5 H 18T RE . MBSk
o AR P DEREER RS A SH T
RETEAR, K ER G IR (B R MR R SO £835F A7
ATEEPR s SCHRLLLTRE DRSS B 10 . 42 s 2% BT



-10- CE R R R EEL

LR VAL, N T AR s i BB XU Wi i 1
CRE AP BR; DR SCRRE RS e g 1R A2
P g% 25t P RE LUR PPAL 2 ECHAT I A LSO A
SE PEXF PP AL 45 AR50 o

ARAE ERWFFBORFEA F, 2855 I8 IR
A2 s A A A . N . ik S AR I
M GEVERE . S EBOHUBMIAN A VS5 B I
TATEAFAIEM, AL T R TR BE 1428
Fe g2 G At VEAL BT o ERAIRY R LSS Y 22 iy
REANFIZERIVAAE SR, Ol T A A g
i VPARE R HANEZS Y PPAl A R S R
SEAIORAT BB BE, (LA DPAL 25 R N5 B T
B S HE.

1 BEHIE#IEE

1.1 FEHEMT ERENSNE

XEEET 2002 AFEHE H BEAUBORIAR 7 1) e X 4
BHHE T KRB AL S EMS, drseiE
%%ﬁﬁﬁﬁ%,ﬁ%ﬁ%mﬁmﬁiﬁﬁTﬁ%
PR

E ST W E JE AT REME A (] (O, p(©), Pos) F|
BEMLAZ AL A T AL, WK & A& — N PEN LB AR & .

JE N2 B s AEMER A (Q, A, P) PRl
WA, a2 @ XAE T REMEEH (@, p(®),Pos) L1
BORARE, W E =n+a 22— DBEHUE AR,

JE S 3 W E St E AR AT REME ] (@, p(®), Pos)
IBENUEAS &, H B & R i) Borel 45, NI
USR] & e B bl & A MIX ] (0,1]21[0,1]
—A~ ek, B

Ch($ € B)(a)= Cigga inf Prig(0) € Bj

Horb o A RE AT RETE K, BEHLERR Y
a Pz
1.2 FEAEMIRIUE %

FEALBE— OB UBCH 2R e, Kl e vt b
B A RIS . P, X Ees T kSRt
HUREH A i B AR S BRAE AT B 2 8 OB S ik

1D WISk

S 1GW B BN USRI A ) -

QD) §€=0;

(2) 733 O A EGH AL Pos{6,}=¢ I
0, Ck=1, 2, ---, NO, He&—MrRp/PHIE
5

(3) #a=min E[f(£(6,))]

b = max E[f(£(0, )]

(4> X [a,b] HBEHL™ A7

5 W r=0, Ny

e etCr{fe®|E[f(E@O)]=r};

(6) M r<o, N

e<— e~ Crif0e®|E[f(EON]<r}s

(7) EH 4) ~ (6) HNIK;

(8) M E[f(E)]=av0+bAO+e(b-a)/ N o

2) REE LR

KBRS EMEGEKFa M BT, Wi
Ch{f (&)= f}(a)> B MK £« X TAERLAEMN
BEAFa M B, REEBSEEDT:

R 2R B E B AT USRI AL ) -

(D 35l N @ F1 35 4 ELil &2 Pos{6,} > & I
0, Ck=1, 2, N), Htped—"MPNRIEL:

(2) KW Hr)>a RN r; Hip

H() = (maxt, | /0,) +minf1 v, | 70,) <r})

(3) &[A]r,
3D MLl BRI
HRPE— AN BN S AR, nTDOR TR S
EMEFAKFa T, W

Cr{0 e ®|Pr{f(£(0) <0} = B} >

(KB o
SR B(HL 2 I FE REN LR A0 -
(1) 435 AN © T B35 iU &2 Pos{6,}=¢ I
6, k=12, -, N), Hre 7R/ PIIEE:
(2) KW L(r) > o FIEBKH s Horp

L) = (axive | £©0) 2y + minfi=v, | £(6,)<r)
(3) &M r.
2 TEFRLCCRERAFHMEMLS

HAL ) 45 4 7 i JE B AR A B MAHE D T K
WM& F Rk, A% R & Mkl %
Ty #%. R BT BORSOE H R RIK A
AR RE, e A, RS RE TR N i
3R LCC /M — P BB S A0 7 k180, A 4 A
RS P RS A R L. AWM. SR =R
], A SRS AR TR 3% LCC BUA e 1.,

2.1 WIAHERK

A s A AU LT AR AL TR 2R AN BATHT R
IO, AFEAR g A LB e A5 W 7
YRR USRI P . sk, Rrkiik o H 2
AT B AU, %A K 2E A A i LA 391,



H T BEH USO8 108 T A 20 50 75 dn VP A - 11 -

R, G
J& T IR

B AFLCC

prsbik s | | B |

| vk | | Eti ey ok

o
w
it}

i
B9

==

1 AT ESE LCC
Fig. 1 Power transformer LCC
G =¢,t¢, TC; (D
Hrr: o, WA LR WA ESA; o, N
GAGWPREA s o, AHAWMICHA. ¢, ¢, TR
PEAHOCTORIIRAT,  IX I AR A e, ANHff
EMEA ST FORH R Z 518, BN, n 2
ANt FABAHIR A KLY 0 ) B AR ) 2%~2.8%
HABMIME, H=MBME (2%c,, 24%c, »
2.8%c;, ) FiRo
2.2 TITHIPHRA
A s AR IBAT YEY AT AL IR 28 M IE AN IBAT
IR AR R Y348 R 48 1B AT B R A 2
FEAFEREFENA . AR Y A . s AT Yk
PO SRR R AR, LIS AT Y AR
ULy
¢, (1) = ¢y (1) +Cppy (1) + )5 (1) 2
Hrpe o), WEEFEA: o), AMBEAS; o, H4ED
JSAR
2.2.1 BeFERCA
A RAAE N R Ge f E kg, B
BRZ, HFERL BB R 3%~5%, HAEFEK
AALFE P BAFE AT B AFE A IS 73, ST
S G Rty
¢, () =aT, AP+a(0.15], +0.85°)F,  (3)
Horbeoa i, —IH 0.47~0.5, AABRIAH
SEVE, =M (047, 0485, 0.5) FR; T,
HAEIBAT /NN AL, B8 7605 4, AR HIE, HU1; [
HEE, —REL 0.5~0.65, HABCHIA &,
=M% (0.5, 0.075, 0.65) Fony PN
KE: B AR,
2.2.2 MEERA
YR o T RFAL R R I 52 A RS AR AR R
RN, = AR S RN ) SR 2 CO,,
CHs, NOx%. #EGETE, —6 220 kV LR AR T

FIFEIS 1 905.3 MWh, REHFE 1 kWh HLEER /1
0.875 kg CO,, HNZ G AL AR BFA =421 CO, 1A £
1 667.1 t, [FIIHLJJAR IR AR 10 F AR AT e A 82
Ji BB ARG R B AR 2. Kk, f %
BB AN LCC H, AR A AV AE B SR A 5 £
A D[R] B SR S AR R BE 3K o AR SCHE SCHR[3]1
FEAl b, R IAEE A S AR A TR = AR TR
Rk, W ILHA AR R FE, HE HBFE
FRAEAE IO BFEAE N P A A B AR ) LR 25, it
(175 1 4 PR B R A AR Oy

¢, (t) = (E, (1)~ E,)C, + PCFY (4)

E., =R AT,

e E CNESZBRIRE; E, NERRHERRE C N
R IREF AR R A PCFY g TG
o N e 2t i B T A T S (R A 2 P o

B BBAMEE T AR R AR 1 S R B FE
AT REEER R MM, @ MBEHLE,
WA [F) R T A T 38 2 AF (W SERR I RE S, R AL IS
Mo A, AR X2 W, Ll
SESZPR PR RO REAAR, DL SE BRI B I
BER N PARKR, AT IS 15 H e IR IE 2
SN ~ (u,07) 5 H L B A BRI nT 73 A bn ik ke
W, =MW R; ke X 2 g
E, (t) - E,, A BENUBORIRCE A e ks H A, %
BB RBP4 s A
HORIMAS R, R PCFY WA R, H
HIRKHIBRIAS e, = M5k s,
2.2.3 YEPriA

BRI ARG S . TATH.
THRIE s RS AR . H IS AAS . TR AR
PRAEE . XL FH AR AW, HATRERIA
e tt, AR RN BRSBTS, 2
L2 BENLYE, AR K BT AE &I, 4Pk
RGBT IO —FHREOC R, FN, A4
(Y A AN S 2 B, I — 2 AR
A MBS R, BT LR, AR 4
PRA [ AT B LSRN AN e M, ST 4
PORRAAE I Sy

+PI’T, (5

py

¢, () =a, +be” (6)

Hrh, ay=(a,a,,a,)
2.3 [FHIRKRA

B [ IRATHIR R, BEASFE20] f By (1)
MO H 25 0998, HH A A A& R 5 | R 5 AN



S12- CE R R R EEL

2 ELAEE B ) Al R 28 5 R IR L ™
HLPr IR, RS ™ BN, A2k
LN C R PN R SO ANER: 3 C i P I TE S E R R
K GERTUERA) Py, b, HE#Ep Lk
LG A5 DA P A R FME S eA Tl 45
LA R 2 B AR 5 O P IR IR AR A A
TAHIRE, A ANV AL B2 B, Tx 4
SIS RV S 4 SE brfs LN Ta] - £ESC B
feE N TR, LA S B . ez, JRIR. ik
T ERIEA N, ASCHESCRR[18] 10 JEAh |, #
TSy G R PR AR R Dy

¢,(t) = aaT +r(t)(RC, + at {(MTTR, + ) HT-T,)C, (7)

Horpe a it w bR, T HESbR s
HUNTR]: o s RC, MW IE R AR a
B RAER KR, MTTR, NWIIREBEINE; B
AEEI AR, 7 T RIE R c o
LA R I )BT S AT I B . X (7D s oy
(1138 SR A PR A 25 PR 4 5K 457 FLI [R) /N T4
VRS TR, O UE, b B Ak S A2
PR, Abie AR, Rz, WE A TIT
A o

R AT IR A R AT, BRI (8) i
7N o

Amt™! 0<r<t1,
r)y=44 L<t<t, (8)
Aymat™™! L<t<t,
Hrpe A, 4, ARSI HE XS m,
m, HTEIRZSHL

AN E AT A a i 2.2.1 FTFTR, FH =AM
BOMIRERIR; Jagirl, AR R b D2 i/ ME Y
15 kW, S KAEA 25 kW, B B A E
Ve, = AMERIEL (15,20,25) #ors BEBA. &
S TR I K 2 B R RIS AT IRES . THEA R
PIZE T WM SR e, A [ e A AR
1, HA—2BRA e, [FAEH = Ao £
TR AR AR 1 R R BSOS BRI, 2
KEHIEHI M, KI e AR 2 i 2 (1) 73 A 2
L Sk, HEMEESEA,, A, A BRI,
SR R R I B AT BEA BRI AN e s AR
R SEBR s N ) ¢ 5 R AR BT IRES A K,
BA— RN e P, AR e 88 D7 47 (1A 5K
B WS ) e, A IR TG — s (PR, DAARSK
B HL IS ) R R AR A AT SEZ G 45 FEL IR ) ) UL
FNYANR, AT IRl G T 1T IR A IS 43

A SRR I TA] £, 5 )2 A FRERAT S BERHE
RUgr i, TR AN, AETE L fEgT
AKX, AT B A T, e
SC2 ATEH, t—t, TR HAT R U X AN E 1 -
2.4 REALE A

R AR AL S A8 AT I A A, i P S
AR A P ST B o AERRR IR, B 22
—OERWM T WIS, Wi AR
Ao AR AR IR R AL AR L RTIR A 18 R AR |
Wb B A AR BRAR RN, LR

t, —t

e, ()= ¢, +dc—pe,, 9
0

Hordre ¢, AR A8 BT Z s ¢ O TR PR AR
B de MARERAR; p WER(EZ.

ANENE AT AR AEYRER A R, 5
NTHH. st RIS — RYI b E 2
M, HTAREMRAERZ, e fER
s HA B MBI e, H = MBI RN
AR s 2 TR ARAB 26 FR A I 253504 i Ak IR S 0%
BA IR IBORIA E , FH — ABOIE R R .

3 TEFMHEWANREKRIHELES T

A RAAE N RGP E L)W, RV
R IERERS, MU B RAS Y, M %% 8
PERBIBON , X8 F B Ak AU (0 DA/ 08 5 AR AR S e
ARV DTk A A o At AN ) H P A R e
DA R B HU AR A U Rl
BEAC PR —ANERTS, DRG0 B3 5 HAd e ) AR e 2%
R BE IS e BRSO — 3 57, HARTTAR
PRRAIE R4 K% LU P LU HRAR DAL
JEOU, S A s A A U NS A Ly

I, = 87605APS, , (10)
Horpre [ W AR RBAEAEION . & AR AR EREA
PEHBE DT . AP MWLM S N EUE
A L TSR,

AHEMEINT: & R I LAALE . P
f RN IR R ZR 50, AR 0 i e e
LR T AR R/, R BRI i e
F =SB RRR: AP B 78 F A T4k 7 A ik
IANETOANE], R R A IR KA E T, =5
BERBCR R 1 IO HTIR] 2.2.1 WA

4 ETREHEMIRR R TERE T HFamiTld

4.1 EFFEmER
FEXT HL AR IR 2R 8 05 75 am AT VR ), A2 78



0ROR, GE

H T BEH USO8 1038 T A 20 50 75 dm VA - 13 -

NGBS ECA e R s . —f, NG
ZHR AP RN LA G E PERIZR, N H AT E MRS Ab
BURBSRIANH 2 R 25, S BEA AR FE8 A 2R ] s L
A BEH RO XCE A 2 (R 2, T R Big,
G T TR N A (EL 1 ) AR s B AT AR A VA
PNy

E(T) = I,(T) - LCC(T) = 87605APS, I, —

(6 + 3 (e 4O+ )+ ¢, 1+ )/ T

(1)
b E(D) N B AR R et S 800
SCTHTHTIA o
4.2 ZFHFMTHER
(D ARIEHEE 1, WLV IAR AL I 38 72 T i
S AR TR 28 AN A IS 2055 25 i () SR A
() WTHEEGEKFa g, S65HIE2,
ALK A2 — e B2 5 1 22 35 5 i EDUAEL DX )
HAR QR
F fE), Ma>050, ] LR H 2
CrizeZ|Pr{f(E() =)= B =a KK S, idh
X, IR, wTLATE B L
Crize Z|Pr{f(£(2) < [} 2 By 2 a
/MBI £, e kY . M
CrizeZ|Pr{f ()< X }<1-B}za
Lh&ezwﬁiﬂéu»>2%d—ﬁ}2a
MX <Y, f

Crize Z|Pr{X, < f(E(2) <V} 22B-1} >«

Ly =281, Xt BRI T £(&) B a bl
20 y IERAE X A

(3) M T EEE KT a, WK E AN
KRN o B2, BETTE LA R R X R
Zo Tk FE d I I 7). B P T

o FARE —A X A [, ] HREE 3 T
3 2

CrizeZ|Prix< f(E(2) <y} 2 B2 a

KB B £(E) BT X [x, y] (9 a0 HLEs N
B XML T A e N XAl [x, y] I o HLES o [FBE,
W] LUK 20 56 A5 i T T ST N X W6 I PR 2 0
B, FUINLSE I R IX A 25 A3 e X ]

5 &l

LA AL T RIEAT 24 (K 5 i 0 AR s 1] L

KD, GG ARSI At PP gk
Irab o vl .
FT 1 TEFAERER
Table 1 Basic information of transformer A

IR A IR A
T A 500 1B 5N RAIE (8,8.5,9)
TR B 25 (LA R RS (0.05,0.07,0.09)
TEAFE 280 BEHIN TR (0.02,0.025,0.03)
S ARG 490 W2 7 (0.18,0.22,0.26)
AT IR (15,20,25) | BBEMAYME (0.82,0.885,0.95)
FEr Rl (9,10,11) | BEEARZE (0.005,0.0065,0.008)

A DL EBEAH I DA R 2 A a3
Jis i LCC H A SR A BRI 2814 3 ot AL o AR
JVEENB], AR A EES fEL P o LE S ] 2.

WA A
28%

PR
5%

D&
32%

BATRLA
N N 14%
A= 7N A

6% 8%

2 BRAEIERR & LA

Fig. 2 Proportion of the annual costs

FHE 2 AT, 7048 e fs A A R AR, B0
BEA AT A Y 8% 6%, SHRIE K
AT ASYEY AT 5 FEBIAH 24, AR R 2% ik
A B R, 2 s AR R s IR 2 5 A
DRI AR SC U B FE 52 i 2 A VPl 5 5 S e ff mT 5 o

FHAEI I R E BT IR) ¢ ARl &0, E Bl
¥t o BTFE FRE, N Matlab 80FHE T e/ 3
M IUEAF B AR AN E = ar® + bt + ¢, I
BB BT . ik, BRENHREE
(1) BE AR 20 AT eR A

A AR
7%

E=at’ +bt+c c=(c,¢,,¢;) (12)
FIEL, WRPHES IO AL By C 5 KAE

YRS AE K 18032, 195.69 J7. &l 3 fios.

FEGEVIAL T L BR e H — VP S5, HARE
o5 HIPPAL &5 MEIRE S A OCME B, AR gE &
BEMUBRIRAU R A, =7 VP AR e 3% (28 57
FF o

(1) &y EEE

WS AL L 28 i KAEYE A d, |

E(t)=d W13, t=(-b—+b’—da(c—d))/2a, K a
SRR AR R, AR AR BRI IR B AT LS R A



_14- CE R R R EEL

SiasNE 1, WRHANS
240

220

200

180 Fmiimiimimim 8L g TR T

160

Hol s

140

120 ¢

100

5 7 9 1113 15 17 19 21 23 25 27 29 31 33 35
FEhy
3 TERFYMETHBES
Fig. 3 Tendency of the transformer net benefit value

THE SR USRS BIN, R AL s
TR 25.8 45 MBI N C I, £y
PRAN AR 4 2 5 A7 i by 27.6 4.

PP AR A B A5 dan Bl prik 2 AR Ik 28
IAFETIANE, 2 MR S AR P P REBT, F5PF
AR TR AR 25T A7 bR, R ZIRR. Tk 2 I
AR LT VERERLLT, A I e (K T4
DAL AR IR 28 A fe KRR, A PP AR AR 0
LD IF A ) AR PG SRR o PRI A SCAEPRAR LA
RIEAF AT an iy, eSS A RN, A
A KA B

(20 L2 I R A 2255 75 i FUARLIX 1)

MR 4.2 WHA, ATRLK B AR L2 DI
D5 X ie], i RUK 2 Pios.

R2 FREGETEERNEFHFwXE

Table 2 Transformer economic life range under different

confidence levels

S RAF RS B SRAFEAS C
o =0.6,y=0.7 (24.7, 26.8) (26.3, 28.4)
o =0.6,7=0.8 (23.4, 27.9) (25.2, 28.6)
=09,7=0.7 (23.1, 27.8) (26.1, 28.9)
=09,7=0.8 (223, 27.2) (25.1, 29.1)

M b AN R L2 T BE PR PP A 5 AR
Mo A, B y MRV X TRIRE 2 AR, AT
PSRN HL R, 2y AR, BT o 3K
PG DX R R B2 A2, A7 FPPAS X TR) Y OB L2 3K
B, B EAGACE o My (RS, PRSI )RR,
RGN B o My N, VP
A DXTRIAZ AN, AL AEVTAL DX T8]) A K AT REPE R B2
No FESCBR A, AT DU ZORE R IE I B AR

Ko

(3) Mozl fE 5 R 25 73 i X [A)

R4 4.2 PRI, ATLLSK HOAH [R5 BE X JA] v
LB B KI5 FF X Ao 4o =0.8, LA
2 M, 152 EE Rk 3 P,

#z3 EEHN2HZXENSNER

Table 3 Measurement value of each interval when
the span is two

X [H] BEHEB AR C X [H] BEHEB DK C
[10,12]  0.003 0.005 [2022]  0.113 0.18
[11,13]  0.014 0.026 [21,23]  0.14 0.20
[12.14]  0.038 0.078 [22,24]  0.15 0.21
[13,15]  0.045 0.091 [2325] 0.4 0.32
[14,16]  0.056 0.098 [2426]  0.32 0.36
[15,171  0.065 0.105 [2527]  0.58 0.38
[16,18]  0.083 0.107 [26,28]  0.52 0.42
[17,19]1  0.092 0.108 [27,29]  0.49 0.22
[18,20]  0.101 0.11 [28,30] 0.1 0.11
[19211  0.102 0.14 29311 0.3 0.09

& 3 113, Mk DR B h S RAR RS,
DX [25,2 7] ML A B e ks ik B IR 2% C A S Il
AP s g IsF, X [][26,2 81 L2 I 3 65 Ko

DA =R AL 25 nT 4, T REN BRI B i
(1A R 2R P AF A AN A T WEEAE, 1 L2
H T AN B A AT PR PT A DX 8] A S AT [R]85 P X )
HL 2 DU RS f K 85 5 DX TR), Tt DA ) e 28
TGS SE R ANV, A AR T {5
SEFR Y R 2 2 M E A S R 5
6 it

HL AR s A A e v L Y v B B B, I
LB R I RS SRt e —, &2
DRAE HL RE T FERIL I P E PRI B8, DM A8 T sk
AT g an oM i A B o L35 B AR I 2 4 75 fim A 3Y)
AR BEHISON B AR I g2 G MERESE IR 5,
P AR AR BT AR AR E o B TATLEPPAG 2 AR
I HAT RO USSR XA E T, 37 73k T Bp AR
BRI 8 A DF A7 ar VPA B AL . PPAG S5 RAN
HREL i 2 D AF dan W1 B(E, iy LIS RESS AN
BAG KT I 2575 diw DX TR LR [ 5 58 (1 X T v
Bl B fs K AF X 8], BERS A WL D 24w RSk
R N TEN R Z oINS R, AR T
PRk, BAT €M s E.

5% 3Tk
(1) e R, ARA, AT, 55 T milind #2810



L

N

HET BEAUSDR PG (1742 T A 857 A7

avEAL - 15 -

(2]

(3]

(4]

(5]

(6]

(7]

A s A 4 Pt
164.
YIN lJin-liang, ZHU Yong-li,

Transformer fault diagnosis based on Gaussian process

W] R THARZER, 2013, 28(1): 158-

YU Guo-qin, et al.

classifier[J]. Transactions of China Electrotechnical
Society, 2013, 28(1): 158-164.

Bz, WA, HETE, AE. H AR M AR Sk A
ZAFFRLER[T]. T HAREIR, 2012, 27(5): 1-10.
LIAO Rui-jin, YANG Li-jun, ZHENG Han-bo, et al.
Power transformer oil-paper insulation aging research[J].
Transactions of China Electrotechnical Society, 2012,
27(5): 1-10.

TRERIL, B, BAE, & BT ZEIRNH AR
UGS VAL TVE]. B THEARZAR, 2012, 27(5):
13-20.

ZHANG Yi-yi, LIAO Rui-jin, YANG Li-jun, et al. Power
transformer insulation condition assessment method
based on cloud theory[J]. Transactions of China
Electrotechnical Society, 2012, 27(5): 13-20.

D], 4005, BEE, 5 a0 AR ER
%EE%&D&@&%&E&FFE@}E%[J]. HLM R, 2011,
35(2): 207-211.

LUO Xiao-chu, LI Le,

WEI Zhi-lian, et al. The

application of the whole life cycle cost theory in power

distribution  transformer  reformation  investment
decision[J]. Power System Technology, 2011, 35(2):
207-211.

TFUREE, WA, R, 5 R T aedda A
i e & s I IF o], tﬁjjx%/uﬁéf)ﬁﬁ i, 2011,
39(6): 61-65.

YIN Lai-bin, MIAO Chun-ju, CUI Xin-qi, et al.

Distribution equipment modification research based on
the total life cycle cost[J]. Power System Protection and
Control, 2011, 39(6): 61-65.

TLABWE, RICHE, BREES. XA M ) A 4%
G A i S AR R AR K N T (0], 8 B e B,
2011, 31(9): 50-53.

JIANG Xiu-bo, WU Wen-xuan, CHEN Xiang-wei.
Interval analysis applied in the power transformer life
cycle model[J].
Equipment, 2011, 31(9): 50-53.

PMIB, PREARE, GKARZIR. ka5 iy Jo ) AR 11
A v vt B A B AR A i LI PR A (0], RO R AR,
2011, 5(6): 96-100.

cost Electric Power Automation

(8]

[9]

(10]

(11]

(12]

(13]

[14]

SUN Peng, CHEN Shao-hui, ZHANG Cai-qing.
Substation equipment life cycle assessment based on the
whole life cycle cost[J].
Technology, 2011, 5(6): 96-100.

D, arvz, DB FE T RS 8T K8 ) AR
Hs A5 285 75 i PO SVE T FE D). THAEOR S A 3k,
2012, 31(1): 74-717.

LI Wei-guo, YU Qian, LUO Ri-cheng. Large power

transformer economic life prediction algorithms based on

Southern Power System

risk analysis[J]. Computing Technology and Automation,
2012, 31(1): 74-717.

KR, T, RAL, G B IRARATTAR aA Y
Je N A T]. tﬁlxxmvk, 2012, 36(10): 235-240.

LIU You-wei, MA Lin, WU Li-yuan, et al. Power
transformer economic life model and application
example[J]. Power System Technology, 2012, 36(10):
235-240.

TURK, LR, TKIE, S5 e AR AR B A
VR[] L R G AL A B4R, 2010, 22(3): 86-90.
LU Ji-lai, WANG Cheng-fu, ZHANG Bo, et al. Power
transformer in service economic life assessment[J].
Proceedings of the CSU-EPSA, 2010, 22(3): 86-90.
TKBE, RV, KRR TSR RS 3 s s ST
CREAVTAE BRI By A3k, 2009, 29(10):
74-78.

ZHANG Yong-jun, XU Tao, ZHANG Liang-dong.
Comprehensive economic benefit model of transformer
update considering risk and return[J]. Automation of
Electric Power Systems, 2009, 29(10): 74-78.

MFEE, . A EIE AL M) JERt: TR
Hi R, 2005.

LIU Bao-ding, PENG Jin. A course in uncertainty
theory[M]. Beijing: Tsinghua University Press, 2005.
SIRTT, Mk, RERE IS, A A B BORAE L )
RGN ERR 0], B R Gk H S, 2011,
39(17): 149-154.

CAI Yi-zhu, LIU Lu, CHENG Hao-zhong. Life cycle
cost technology applied in power system[J]. Power
System Protection and Control, 2011, 39(17): 149-154.
Wigk, EAA, FRiGAE, S T dr RIS 1
NRGL TR 0], W RS A sk, 2012,
36(15): 45-50.

LIU Lu, WANG He-jie, CHENG Hao-zhong, et al. Power

system economic evaluation method based on the full



-16- CE R R R EEL
life-cycle cost[J]. Automation of Electric Power Systems, [18] Al 2% s g4 F v R IR A AL BT 9E[D]. 1558
2012, 36(15): 45-50. bR, 2010.

[15] fHrdr, FokaE, Juhs, & AmulidudEh 4 ka4 HE Zhi-jian. Full life cycle cost optimization research of

P i A 2 AR LW SE (0] ) R G AR L
2010, 38(7): 69-73.

CUI Xin-qi, YIN Lai-bin, FAN Chun-ju, et al. Study of
LCC for power transformer in modification of
transformer substation[J]. Power System Protection and

Control, 2010, 38(7): 69-73.

[16] Amoiralis E I, Tsili M A, Georgilakis P S, et al. Energy

[17]

efficient transformer selection implementing life cycle
costs and environmental externalities[C] // Proceedings
of the 9th International Conference on Electrical Power
Quality and Utilisation, October 9-11, 2007, Barcelona,
Spain: 1-6.

W, FET LCC BRI i RIW VP v SN
MIWEFE[D]. HER: HRK, 2008.

CAO Yang. Power equipment procurement evaluation
method and its application research based on the theory

of LCC[D]. Chongqing: Chonggqing University, 2008.

[19]

the transformer[D]. Baoding: North China Electric Power
University, 2010.

WA, AT, BEz, & B REEEFR A
T PE B A R RS [0, ) B B ki 4%, 2005,
25(11): 1-4.

LEI Xiu-ren, REN Zhen, CHEN Bi-yun, et al. Power
system reliability evaluation study of the uncertainty of
the mathematical modeling[J]. Automation of Electric

Power Systems, 2005, 25(11): 1-4.

et HEA: 2013-04-17;
EHTEIN:

& HHF: 2013-06-03

F K (1965-) , %, Hd, MEAEFIF, HEFTE

H I R GAHTH 4

% (1986-) , B, @1EEE, MEHRA, R

7€) A TR B A E-mail: 920646599@qq.com

Eoo= (1990-) , %, MEARE, ARF@ AR

Aot b izl



