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Abstract

Abstract

In recent years, with the development of electric power, we have found that we
can not live without electricity, whether it is a variety of electronic products, or the
Internet, the transmission of multimedia, are not separated from the role of electricity.
In this high - speed development of the community without the support of electric
power, we can not be so easy to obtain a variety of knowledge, which is undoubtedly
a great impact on our life. Followed with power related problems, which in order to
make the power system can be a safe and stable operation of the power system, power
transformer selection and protection has become a big problem, once the transformer
problems will have serious consequences for the normal operation of the system, and
due to the high cost of transformers, maintenance difficulties and so on, so do the
power transformer protection is very important. People use the method of differential
protection to improve the reliability and sensitivity of the transformer to prevent the
failure of the transformer. The differential protection caused by magnetizing inrush
current is the most difficult to control in the process of differential protection. Around
these problems, the relay protection researchers have proposed a lot of methods for
the identification of inrush current.

In this paper, a review is made on the typical excitation inrush current
identification method, and its advantages and disadvantages are briefly described. The
complex problem of transformer inrush current transient process is analyzed, and the
scientific analysis and Research on the mechanism and the related factors of the
transformer inrush current, and the related factors, and the comprehensive display of
the waveform characteristics of the current. On the basis of understanding the theory
of wavelet analysis, the basic principle of wavelet packet analysis method and its
implementation algorithm are described. From the viewpoint of energy, a new method
of measuring the wavelet packet is proposed. The state of the transformer inrush
current and the internal fault current are simulated in different conditions. The new

data is obtained by the new data analysis. The energy spectrum of 4,3 (W) is obtained.
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Abstract

Because the inrush current has different mechanism, so it can get different energy
spectrum. Through the comparison of different time spectrum, we can draw the
corresponding data, and integrate all the data into a reasonable criterion. This method
is concluded by a lot of experiments, so this method can be widely used in various

wavelet analysis.

KEY WORDS: inrush current; internal fault; wavelet packet transform; transformer
differential protection; energy spectrum
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Tab.1.1 2009-2013 power system of more than 220kV transformer protection movement situation

| 2009 £ 2010 4F 2011 4 2012 2013 4
EYEREL 180 182 179 183 182
EmEERY 166 170 170 179 180
RBNRE 14 11 8 4 1
EFHRK 0 1 1 0 1
EHEIEE% 92.22 93.41 94.5 97.81 98.90

F 1.22013 4 220kV K LA E BRI TGHRPFERE R

Tab.1.2 2013 power system components of more than 220kV protection movement situation

mA ZEHERF REHRYF  BRRF R B R &t
EIERE 182 396 134 1 713
EREEIRE 180 394 132 1 707
RERE 1 2 2 0 5
B RE 1 0 0 0 1
ERZEE% 98.90 99.49 98.51 100.0 99.16
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Fig. 1.1 Unloaded Transformer Operation
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B 12 y—i, B 4
Fig. 1.2 y —i Magnetizing Curve
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ReTRARER, FUERSBERSBR. ERFLHIVIMIRETERE,
REVRTERERFBENTIEPRETHE AR ERONERA LN
BUERKI R BRI, HRARMBER. HIXBRKERN B TFRERKLF
HMBERRE, FHCENEMN, REREZANBBRIEL TR, BEBER
BEHARRE, FUBERRNEARS.

B TR AR BRI E R R D, Fril A4k s 88 ML ie, 7
A5RA, ERESDRFWE. BT LI ER R R AIX B R FAA AR
TREEREHRPHOERAAE. BRRMNEBES ZHFERETEISH, o
TGN BRI —F AR, U ZS R RIS RE.

o

B21 5 MHEMTEERHFRLS

Fig.2.1 Single-phase transformer no-load closing when the equivalent circuit

B 219, [ARENEHRRK, r, ARGMERBE, L, ARERME
B, n, AREBRBUEEE, L, ARERN—RSARBRK, r, AREHN
—RGAREME. RES T\ E =0 HEREW, o AREVHERA, AFE
ERERBEFER:

u (H=U, sin(a)t+a)=ri+‘2—!;/ (2.1

A, Y AESRERYBHE, r=r +n, +n, AEIRHEE, FRNEE.
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ZEFBBRIAT

w=(L,+L)i+y,=(L,+L,+L,)i=Li (2.2)

R, BEBETWE Y, = NO,, N, hERERREHHAGY, O, hEERES
BB, BB L, MBS g, B, By, =L, BREHL, A
ERMRE. BT SHMTDRBRAESLE, BERMIER QD B8
BAALE, BERMA RSy TR

. dy
U =ly+Z2 2.3
,, sin(at + @) Ly/+ . (2.3
KB T R(2.3)18:
w =y, sin(ot+a - @) +[y, -y, sin(a - p)le™'” (2.4

Rep, y HHERESBRAME, BMEy -—2Un |y b RRE,

t=L/r ARER—RWNEREIRNREL, ¢=arctan(ol/r).
AR (24) R, TERNWESHEy REXTR I ENZFROESER

SEFMAER. —BERT, SRAEBRKEHITATEME, FRTL2m%E

BegfE, AR (2.4) AIEMARS:
W =-y, cos(wt +a)+y, +y, cosx (2.5)

BHRERBENAXUE, KERERKOCHEUIFEHRZ Y = 7() (K
B=f(H) %) REREHEASSHOER T LK M AT, wE2.2877R.

¢

(a) 4k G ALt 45, (b) 4k S AkGt &5 BhB A L
B2.2 K/EBESAL W b KR mAE R A B

Fig.2.2 Magnetizing curve and inrush current illustration
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22 @A ﬁ&EﬁﬁMiﬁﬁ#&Blﬂ% 4%, Yo 5L SPRXT S A,
WSy, xR . SERERENEMEEE Y <y B, BIBBEHTEX,
BEE BhREFBR i ~ 05 BBDHEANEAME y >y, 0, FhREFRTIS RN . LA

L

i =—=U—2[cosa—008(0t+a)+u] (2.6)
.

m

- RER 2.6) TKB, Hor+a=xif, BRIBREEE .

- =—%(cosa+u+l) 2.7
oL Y

BJ5 W ARR AL TEOUT B AR B RE R R A -

i= 2”’—[cosc‘t —cos(at +a)+ u]
i,()=y oL Vm
0

;tgwtwtz (2.8)
BEBAMNEFEATN T URRRESMREERL,, HFE5ZRREFAT
fh, B7CABESCRY RO LY B A SR AL B . B R L R ST
wAE, PEBRRNEETE, XMEHRSZEIEAFRNAR TR
S, B, MEERZROEENEELANRRER B3R ERBERE
BT RSB R B RRMERE, BRAARELX.
B 6, 808%li, =0, RALR (2.8) ARBEREH R RE R,

cos(at, +a) = cosa + LY 2.9
Vm

ot, =27 —(at, + @) (2.10)

REAR (2.9 MAK (2.10) T LASK H Rh#LEFLE BT A -

6, = at, + 27 — wt,) = 2arccos A = 2arccos(cosa +u) (2.11)

m

i MATLAB 27 B MR ERTHE AR . WERBBRBEEEE
T EE R RN RGBSR R .
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B2.3 $A0LE B mARR
Fig.2.3 Single-phase transformer inrush currents

AT, AFAe. FEY REMEEY 7T mR R,
WA U E AR D BREXBSHEAE, REUELEASHEREDR
fEHE, ROTURAZIE—IIAR, SHAARLTEN, MEERLR
RIEME, XEHRERINT AR TR S R WA AR LI AR, TR 5 e
W A B IE EL A R R

FhRLE IR B S AT 46 BT LA 4R BATXH — &R L, RERNRBERE W
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ZEBRBAI

TIAFHREA:

a. BhEGRmEIAEIN A, HERERRTH RS —M; BMEER R
FIRL /N, 40N R TE U BY TR T A

b. FIEBRASERKIEESEMIEAIERNRTE, FEHKERM
OB ERE, T RIRE TSI A AR A

c. BERTEB/ANKBEVIHACSEWHRBERAEE, SREAN
0°BY, FHREVEMAIE(E AR KE; B AERNEFEE ZMEERF, ¥T
ZHTERSHENEN, FIUEZMHBEEY—BSHFE—SAEMMAMNE , X
MM ZESFATHREESN —E HAANREEMMEFER, TREERXFH
FHHZ EER =6,
22 BEBMEGERESH

EE—BEMNP, JZEMTERRAUREFHAELN, HEEENZESR
AHRSHAANREENBRER. EEXMANERREDLZES &£EGHK, i
—ESREEMERRZE, SREMMBRSFE TR, Xit4HE
MHERFEREHK, REERKEFHFER, HERREN RS —W0.

A UUFBETRERAE], SRR RRATENE. 1 2.4 FioRT, .
T, AR HEETHRESR, JTEEFEBITH, LTZHBA. HLHFEEN
RGN, 1E T, P& H IR BRI A X B B R0 B 7 9

A T1

n
(A
B24 AERABHKRGEZLE
Fig.2.4 Two transformer parallel system

B 2.5 U,()ARERFLE; L 5RDHAREMABRKSHEE; L,
Ry, » Lo, MR, ,» L,FR,FHREERTM—IRGEELE ZIRGH KRB
B, RRhEER S EE; L, MR, , L, MR, » L, MR, FHEE
ERT,H—RGAS _RGAKNREBMEE, RpERSRuHEE. £E
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B EBERMHT

B 25 AEEAAERBHBGFHLSE
Fig.2.5 Equivalent circuit of two transformer parallel

Bl 25 AW BMRESRFBRNSHEEE, BESRTMESHEERT, B
BRREABAIE) ). 4R =R, +R,, L=L,+L,, R =Ry, +R,,
L=L,+L,: BU,((t)=U,sin(or+a) Y RARFEE, HF, BELEEE
AU, WA a. BIEKCL EEMKVL EEF

Rz +L ‘+R1i1+ =U,, sin(wt + @)
dt

A

d
Rlil+%=Rziz+% (2.12)

I =ll+12

L
XF, w,w,—TEET . T, HKHE.

T B E AT AT, %Hut(zu)ﬁﬁﬁﬁﬁﬁikﬁﬁﬁ
UBBIEESY AGMEXR. AARINEBRE—MER, YHETERFE
MBEE—ROER, FERBREROTFYaBESY D, #E4R=R=R
L=L=L zmgttms 7 bl R & FRE ms s s R i AR HT
%, BERTUBH—MFOLTEEBBEXLRORT (213) (2.14):

W,(:)=§u,sm(ma—a)—%[w,(o)-Wz(o)]e‘“_%”+%[W,(o)—wz(o)]e‘f’ (2.13)

R+2R,

w,(t)= %U,, sin(ot +a-6) —%[yfl 0)-v, (O)Je_“"“" +%[W1 0)-v, (O)Je%' (2.14)

oL +2L)

’ = ] 0=
A, Z=y(R+2RY +(L+2LY arctan REoR

» BRRAR T KIAVI IR
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RERBROHT

MRS T, OFIHBRAHH v, (0)+ v, (0) « HHTH & B EBMRELIRAIE,
T — WM AR R R R AR . 1 2.5 EFAIE mE R

%=UJ—(RS+RI)1'1—RS1'2 (2.15)

%=Us ~ R, —(R, +R,), (2.16)

XRBFBEU,()RAHNAREH, B [ U sin(or+a)=0, 45xt

(2.15), (2.16) FARUHIT I AMHR L, BERESRERE—NRAHEA
H R 1 B 53 1 A

Ay, =_'['+T(RS+R1)1'1 (r)dr - rTRsiz(t)dt (2.17)
Ay, = _..["'TR:Z'l (¢)at - f+T(R, +R,)i, (¢)dr (2.18)

BATTUESHME (2.13) f (2.14) ERENRXYS, URWE (2.17).
(2.18) FIREHHFRABERER P, HHMFRETEERIT, RAEF
AR R

BT FSEROESMT, TUTHEFEFEFUTNA:

a. HEERANFEANRERMENZEFHELRFENNBEREREE TR
AR, XRMERINFABEAREHRREECRAAMERAET A ETH.

b. XEEBLTFERGHARE TR, BIRBIERFLE—RARLEE
TRESBORNFRA B EZHHK, BB EKESFEHRAD.

c. JBITEERMAPBERL T ERBRRER, HEHTHREZERKG
HERSLTRAMBIRE. BRER, FNBRAMBEARAELRE, &X
B R, ARAIFTIEAT R R AR .

RIEE 24 REBLHBRAMTERGEER. REHESEWT:

B3 RIR 220kV. S0Hz, FXHPH 6Q, FX L 0.2H.

BIERT T, SEEEAR, 35 450MVA. S0Hz, —IREEHEHUE LR 220kV,
“WRSHEBERE 500kV, R=0.002Pu, L,;=0.08Pu, R,=0.002Pu, L,=0.08Pu,
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22 2L AT

AR =0, £1=0; =0, £r=1.2; 13=1.0, £3=1.52.
R 300MW. 100Mvar. 50Hz.
T,7E =0.5s HZFH &R, TERERRSTEERNBERNEE.
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mA
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o 02 0.4 08 08 1.0 12 1.4 1.6 18 20
s

@a=0",r=10Q, v,/y, =06 —KUREHRK

B2.6 #4075 /E B F AR
Fig.2.6 Single-phase transformer sympathetic currents

B EREMNANFERK ST, RIOTUBHXF-—HER, 4FA.
RS SR FER A EMBERTRERAN, ROWAHAE, La
FAERAEKE, EHFERAPRERSANRED, AL, KHEERREE
N, HEMNBRARER. TASERSER-ENERS [ RS & TXHRE
A MARZAMAXNTANGERAEREFTERNERN, FEREKREERK,
BEA G E AR, AT UEENERENRERRSEE. XREHR,
AR RO LRI AT RAREENRN: FANNEE ARG
RN FNERA W, NHNEREERNEE T, H6ERE, RITHmE
RS F B MR EFHRFRSREL, BRER, T, WHERBER KK
RIEY , P SR B9 A0 DL Rt 2 S (E B B [ALRR RS S AL BB K RTTERR R
FEFZRMBEARK R, REXAXEBRNERSIEA, WRERZRE
BERMN AN ME, KB URRASTHERE M T —MURMHE,
MATHRTREREBWMENERE . 732 548 B PR3 BE A0 178 i 0 3%
IR AR Lo BT LAAE X AR VR S B R, — R, S8 A R A
RMHERE Z RE AR, MNBRAELSSHEX.

23 EESERE AR

EREREZLSRE, HEARAINZERNBL, FHEEARSE
PRI HREE R —MEANEE, —EREERELTRESR, REH
A=A ER, RERRESA®, E—ARNREREERETRERN
FERRRAREERR. ENERZWNTHE 2.7, 2.8 Fx. FUAMH, KoM
YRR Ns & RS R R RE.
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ZEFBRHT

Ac
Ac K
X

B27 ¥BLARALEAER 28 HBELAALEES
Fig.2.7 Fault current doesn't flow through transformer Fig.2.8 Fault current flow through
transformer

W 2.9 s, RN BEERSHIBFE R, BATTUMNENZERHE FE
Reapg PRI, ERIBIRESI R R — MRS, BT LR XA RIN
REHRT, BN BEIBYEURNEHRNFEEL.

L R, L,

B 2.9 X EZH 5

Fig.2.9 Transformer transient model

REE/RERERMEIEGE, TLFIHTH:
( . diy | dy,
u=R,zl+L171t+—Z——
di,
dt (2.19)

dy _ .
<E-—Rzlz +
d_wzum
dt

Lil =i2 +im

AF: u, REERDEIHES: v BRERKOHE; LHIR! RKB5H
B, RRESRREREERK REZEZ—RERMEIR! KRR HE. HE;
LRFEFMRER _KERXBEE REZEHEEHZESR _RERKNHEIR!

KBTI AW, BPH. SHEEHREN:
u(t) = V2U cos(wr + @) (2.20)

R AR AR R, WA Y S A F RN«
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R EMAAT

i(t)= «‘/—2_Icos(w't+a—¢) (2.2

Kep: I=U/NR+X*; p=arctan(X/R); IF%IE(TE RS s TR AL RE 4 5
BX=oL+wl,; R=R +R,.

25 [ 88 T % B AT T — YR 31 B 1) " RELRY Bl AR X — R IR AR, T 2R AR
BN BT ASEE AN S TR S B B P B, 5 PR PR B o AR, MRS SR 04K BiE

BT (2200 AE:
w(t)=w, sin(or + @) (2.22)

B, y, =V2U/o.
BEJXSMEL =0 BT ZIR A, BERTIKEBEMHEERER R, « B
REBN L,  TEBXIINREMEE, KRIRBEREHBIRN, ATLLZE, Bli 0.
om= Rt Xl | e g, U
IRK ]XK|
i =2I cos(or+a—-p,)+ [x/flcos(a - )21 cos(a - @, )]'”T‘ (2.23)

HF, RR=R+R,;, X, =X,+X,, =0(L,+L,)=0L

AR, M.
u,, (t) = mu = 2mU cos(ot + ) (2.24)

REBEREMERN, HROHEASRE, R (2.20) X F ¥(0-)=¥(0+)

i Y s
w(t) = my,, sin(ot + @)+ (1 + mly,, sin(a) (2.25)

—f&k, WEFERERSIMEEREY, £/ TIERABT SR, UL,
R # b LAY MR LA BB ANt
F t=t ZIHEEYIRR, RER ZIKEBRKEEARZEHNR, . BERREHNL, .
BeEt, RhEAERER L, BREBMK. XIMEYIRE M BEEKREERE, TES—KE
B B BB B BELAR Y IR BIBRAR /N, RIRERT RS . B SURT RLE BN 4 R R 52
FE Ry, SREBEYHEE, XFERE (219 XA Ya-)=YEHBRERMN
BRI
Y=y, sin(a)t+a)+y/lp t>71 (2.26)
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R RERAAT

Kby, =1+ mly, (sina)-sin(or +@)), Bz HEEROGR.

WS PRV TR v, BOTEFE. ZECCHN R R R R R
MRWERITE 2.10 fin. BHRESROBNEE Ny, . EREEEET
MXSMEERE y <y, » BEFJKEAEMN, BHEERLHFK, EHETE,
WEYIRE, WRy >y, RESRKOEM, RREBRRERD, AAEET
A L

v

/ \/ E # & B E:ﬂﬂﬁ

B 210 RREEBARSILHLANE HRE S KR IHAA

Fig.2.10 The flux and restorative inrush current of nondestructive transformer external faults

RIEE 27 RABVL=MHBERKEHRBAGEER . REHESEWT:

F1#8 % 3000MW. 100Mvar. S0Hz, {HEH(E]H 0.5s.

ATETREREERMBI, B AR ER/ BRI B AR
BE =0.05s WAMRHMEYIG, BERBAFERMEHE. XERAH A HRHE

o , ] , 1[x10
o.s‘r
= 2 AN
E f\r[‘”-,’\ i jwjf\}r\/\/\/\/\/
=S e U
V E , ‘
5000 : . . . 0 T
0 m WI%O:m W00 ¥ s
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Fig.2.11 transformer recovery currents of A phase

BE LRI AT 0, ZEARETIRRATAY 0.05s PY, 25 TSR A B o W s
WEYIRSE, KEWBRER. R, STURERIEENEA o R
SR BRE —E .

ERESR IR, HBPaM o MKEEBREEMX, KERTE,
25 [ 28 ik F e VI RS i K BB AR, M TTIRE BT K2,
BN RN, B TFIERBE BRI RAT, BT UAZEAR R SR d R LAY i P e
TR MBS E FANAS, XREYHRBEFHESY,

24 FENG

BEEFERZVURERHAHENNGEERY, KEREYETHAN—R
FUSHE, AT, FIASEREMLMER, RKBHT HENEARE
B2 (BB R ANAR DL B R A

(1) ERERFIFNBERE, CRMRBREIEE, TR AR
AEH, REREHE RN BEBRASTELREZRER,

(2) UG RMARERFERET A, TUBHEARKRERARHTER
JE 23 TAERIBE 1] W EUR R R AL BN R AR, ER AR BB BERE,
XLBARRE T ME R A 42 WO AN R R BB 08 T REAIGARA
ARG, FRRERASFFEITLHAO M.

(3) EFHEBKEME, MBERMKAREEA, XRERIIEED)
REESIRHT T HANE R . RERIIMFRETRENSEOHELS
MAMERERTE, ERXAINEAERSESESERNKRERERRES
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SR RFETIRR G I, SBURRERERK~E.
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3 NRSITER

3.1 /MBI B AHER

LAE, BEMBRENSENBEMTTEFEEMKRRYE, R
BARMNRZRITE T, TOAER 328 77 T8 B A fth R FRAE BR 46 T A 9 4347,
EHTFXMRER, EHEER7ENERM ERBEXN, BUEERKMIESR
LA EA T — @R ELLRE N . SR E AT A & X/ DRE T R ZR K
B — BRI TR DB SR, EREES X RN RE S#HT A,
fRR T RIS ENE R I (8] 2 3 R MR LB EE R R D PR A3
B B/ EREEFB AR, T RENELMRRRT ABERENE O
KARBEFRBARI R AW TEIR. FEEJLER, DMEMTERFNE ENE
KT, BRTHEEMRRNFS B, FERMKZE, RBEERERE
FHEONA, FB, TEH, BEFWEARTZNAH. Bk, MgEah
BRI ZHNARRMEXHE Y.

3.1 MNETIRIESRYIEH

NERHRESH: By(@)eLR), Byv@)eP(R) , BMy()RFHTHE
¥, EHEEMTRy(o)HELMN:

2
CW=IM<w 3.

R G.D ADERBTEFEME, v D BERRRERER N

BATTUNFBLE, NMERE—FKEFROSRKEE, horrErst
THERERS, EFRZ—EHRASEIF, NFEEATEN “Baift”: &2
TR N, BIERERERIE

K NERE () AT PBRESE, THEHKy,,():
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MNESHTER

y/a,b(t)=%y/[%} a>0, beR (3.2)

AF: a HHFEET, KREEREEMT R b AAFBRET, RBREE LK
BBy, (VNEKBTSEa, bHDMEERR.

BEMNZHREFHACEOEZRY, FERS. TDAEMTERE—BRES
BELE, MR- INMIIERES, MEESEFUBA DR, M
BB MERB () x, y LERPIBHEER, ARG/ MEELE
EENRAHENNESRERFS, XRHTHREMNRRNRSE, BETHFS
IR ERRRAE -

3.1.2 EENETR

ERL(R)ZRFHRY f()ENRETRITRF, RXHBT AR ()
HIES N, HRIEAN: '

W, f)a,b)=<f,y,, >=|d? L f(t)t//(r—;—b]dt (3.3)

NS B NS RN, U RAERB IS N — RN,
o> 0 RREH ANEFRS BHREET, CRIMIEERE NEER, 3 Ha
Bk (/a8 AFBAE()RRESEY, BARERTRENE, KLH
KRTHEME, REEHRENEE, NEEIRTRAER S HRaEL
S RIRLET VG, REESNERRSTRaETy,, ()R
R, B IE AT SR S L BRI B b, TZERE MR R ETR RO R
FRERMMETIES, KERROTS, MR FRNAMEE KRN
AFEULH.
i ABHEREGERN, +RTLREN. RN EEETE
VEAMAR (1), WES/MNEEROBERIAE, LEERAR,
f(’)=c17 [;{ [ (Wwf)(a,b)[%w(%)]db}% (3.4
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3.3 BHUNETS

EENBAEVEN LSRN AT, LABRITERL, X—BHiidE
MABEB MR (DWD) .

EGNEE R TSN - FIRESH o EBLAR— R HBRE
b=kalb,, a=a, EFT BIKa 21 REEEHBEEq,>1, BjeZ. B
MNEES () BT RIE R

V0 = oo Tw (a1~ kby) (3.5)
ERES () BB
W, £Xab) =< £,y >=ao 2 [ Feyla;’t — kb, i (3.6
HEHARR:
FO=22Cow, 0 (3.7

JjeZ keZ
KA, CERS5ESTRINES.
3.2 ZHERSR

1988 £ S.Mallat ZEMIE EA /M ERNRE T — N BRI ERBT AES LK
i, EEL9#ESH (Multi-Resolution Analysis) E(E RES IS, £4
PEMTEEBERE PR)RAPED/ | HEL— S RETFEARFFY |, B
% P(R) 2 M EXHHERMBR— B EXTEEFFIW, | EF—ELREEH
£ fO)ERRASFRTEE LB, W AR)FHERLE () RTE—FFIER
RBHGEIE, f(e) AN FF 25 8 B AE RO 25 50 2047 FOBR 9T AT @ X e sk st
B

St F 4508 L2(R) FHI % RS RIE L(R) R 2 LT &K —AN 2 8
ﬁu {VJ }jeZ :

a BEMH: NV,={0}, UV,=L'®R):

b FBAEY: (el o fG-kel, o [Q7x-keV,;
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c. EXREFEN: HTEoel,, #8{px-k))., RV, IFFEEXE;
d BEM: V,cV, ., jeZ;

e. HEEtE: f(n) eV, o f2x)eV,,, jeZ.

WEARENFZEY,| R LC(R)EOESRENNT. W, AV, EV,, 0
EXAHZER, WV, =W, +V,Z/NEZE, SREMNEEER Y, (x). B ER%K
50, RERHE () TP REBEERRETERY,, SRRy (x) 0TS

R R W, K. 8.
v, =spanlg, ,(x)) kez (3.8)

KA, () ARERS, B, (x)=27602" k), v RREZME. Bt
HREFSPRATTBE, RKTHHAEW, LM, B f(x) ULV, LEFE
3, BEEARRMTTLAY WA, v, EREaW, EEBHEE. 0t
FRBRY ()FE f()eV,, BT LERHMEN KR EEENS v, MBS
BAW, BHAREBERDSV,E—FoR. 2N ERRTEIEERE
LHEBERSFBE IS BY S AREZE YNGR, BEER R
ETHESHRES £/ ()MEHES 70), 8

{ﬂ@=zqm@ﬂ=zqm®

keZ keZ (3 9)

H0=3d, w,27)=3d,w0

keZ keZ

He

(3.10)

d;, = (v )
S RERFREMPMNEBARE.
3.3 NEESHR

NEEBAE AP EERER, BRTUBRFHIWRNET O, BIAKE
MNBEERBERTIR, HROKBEBETERNIHE. ZoHRSTRAREHR
ITHTRMEE R, ERREREIA 0. 1 ZHEImE, FURRARERE
BENBEN N IR EAGIEH. TAZK ST EIR RS2 EIMREAER SR
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B 3.1 BR=ERE/DEASTEN, ARREH, DRrEH, REMFSHERTR
NEASRENER (BIRE. BHXRERA:
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33.1 NEBEREFRR

(1) MEREX™
EXPMERBw)MRERSRI)ELE, K-REXEHN:
p(t)=2> ho(2r - k) (3.11)

keZ

wl(t)=+2 g,8(2t - k) (3.12)

keZ

Kb, g BESPFRITFHIERRE

ATH—PH ZREFE, EXTIEHEXR:
Uy, (£)= 2 By, (2t - k) (3.13)

keZ

Uy, (1) = «/Engw,,Qt—k) (3.14)

keZ

Kb n, g MERAR G, (3.12) WEERH. LUn=08, u({)=6(),
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.
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BgielU), g TRTA:
g ()= d/"u, (2t -1) (3.15)

]
IEEARREE: {47 R (7] 5 {4r)
de'zn = Zak-ﬂdl{ T
k

j ; (3.16)
dlj,zm = zbk-ﬂdliﬂ
k
/J\&@Eﬁ]ﬁﬁ: 2] {dlj.Zn} 1= {d’j,2n+l} k {dljﬂ‘,,}
dlj+1,n = Z(h’-dekj.Zn + gl—dekj,2n+2) (3 17)
k
332 hEEgEE
E =3 b kf (3.18)
k=1

(3.18) RAFBiMAHRELE, FAME—BRESHERRT, ®HOX
LR EREBNAV BIEA/DRRBIFIERE. HENFHMAMENS
PEIRRE, (3.18) AF: n HESERBESE: x(k)WRHERFESLPIERTHR
FiTPHLNEMRES.

EESHITT | BMEESR URBATETUME - MIERE TOTF:
T =|E,E, Ey-.E . | (3.19)

TIMEERHESE | MUFRATRRERTRTA:
E (k) =[x (k) (3.20)
R (3.20) A/DBEREERIE™.

3.4 NERBES S BRERIER
3.4.1 /N ERFRIERR

MREBBEFENANRE, MESIMEHNRREAMR. Bk, SR
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a. B3, BEPMRAEEIE, B ITRENEIHERRERESR

32



MNESTER
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b. XIFRME, T/MNERBAMRERETFR, BEFBSTEREMAML RZ,
MR PRRBAREXNRYE, SRELEAMIH.

c. EXM, RUIEMERBZIEANFEXRE, NARTESR, BOEHER
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d. HKE, MENEAFERTRERERE. S/ KRS NPVERERN, &
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WRFENTR A
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455 db r B RE, db HTHERM, HWEAKE N RR, FTLUXAREATLA
E{E dbN, M8 EREMERIE, 2N-1 A/NMERBRRER B ZHKE.
Bx N=1 4, dbN AEAEXFRME (BMIELMEMAAL). — M RECEF REHILIHNH
MXEKESHEARE, Eit dbN BEHZ—HREX. BER/DMEHIEEK
EEHREXRRTIEY . HPMBHERELEA kB, W Daubechies MEH &
INIEER, HXBEKEZE /DK 2k—1, F i Daubechies /MEMNX—E SRR
BILH . EEFERDEN, CEZRBHERENIEKEZENXR, EER
EN P RITE.

RE B RGRABIRE R, ASUEHE dbd /M R 22 528 RhRE TR F A0 P 308K
B BB IREAT IR o

dbd REBZHEKEAN T, RERBURBRER 4 K/ MNRES, BHTHN
FREAEERY, BERREEESAYRE, FHit, RESNATEMNTE;
dbd PNEEIENFRETSHE, MERBEAREFNRYE . A XTERRK RS
MBEFRRLTIRHEIERE, WEFEEANIR; TR LR A R
AL, BRTE, iRFEEAIR.
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B 3.2 db4 e R S HE R R
Fig.3.2 Scaling function and wavelet function of db4 wavelet
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Fig.3.3 Wavelet packet decomposition and frequency distribution
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Fig3.5 The result of fault currents with wavelet packet transform
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B FEAIMTREER (3.18) (3.19) HRHE, RTLEL, K
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3.5 KBIG

EENMAT PESTHELRELR. BENMENEN, ELPMEZRSR. BH
NERBREE X, URESRESTOHELART. ENET PEAKE
AREAENMNEHEX. MNEESMENEMEE R DEEREMAXHES. &
AR HE T AT RAR/DNERE D dbd D, FERE j=4, KEEHRE
A 2500Hz, F&EHTHUENMNEESBEMELSMENL. RN, A MATLAB
PIESMS, B THEMARERTEH RSB SRENHEER, #TTHE
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3R H VB AR T R IR KA .
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B, ERHNRELREITS, ZKIEEEISIREM BN ARENABRR TS
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FTHEERIRAER . Fitk, SEABREIRM AR RRTN. T
TR%, HEXEK.

RN, BEEFA MATLAB B #HTEME, XMESERMER,
ERNTELWHRE. ZHESEAREEMNTAM, KKELTEBEMEE,
FARBER BSERNES BT -E=EREER, BRNBELER
FEB AT CAE E WA 473838 . SimPowerSystems FE & #K SPS £7EH &%
HHEEKKE, & MATLAB FEETREHA.

L bR R AN R RV A D B IR BUS I BE B 2, T BB XX B FE
BT E ST ARG L F F MATLAB K SpS T EA, BT R EAERY,
FARENFELEEHM, BHER.
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Figd.1 Simulated power system model

RESHBFEMNSE. HERE 500kV, $HZF 50Hz, RZEKFE Re=0.65Q,
Ls=6.65mH.

BEBAZHENGH, XA YWARGHHRENSGHENREREE. S5
WE: BFEHN4SOMVA. —RSGABERE 500kV, “IRGARE BE 220KV,
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Fig.4.2 The simulation model of transformer normal operation
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Fig. 4.6 Relay Flow Chart
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Fig. 4.8 System hookup of transformer with external faults
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Table 4.2 The simulation results of the recovery inrush current and A

BRLIREAE BAF RHR B TIRR S 1R S PR U

AMEH  ABHIE ABZ#M SWEE A ABmE  Apmm SHEM
a=0° 1.004 1.002 1.001 1.003 1.090 1.006 1.009 1.056
«=30° 1081 1081 1080 1081  1.004 1072 1077 1102
e=60° 1001 1001 1081 1003 1072 1170 1277  1.056

a=90° 1.080  1.083 1005 1077 1039 1088 1099 1102
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AfEEHt ABAHIE] AB #ih ABCHEM 7%MEE 21%[E [

1=0.01Q 0.876 0.757  0.614 0.781 0.694  0.698

a=0°  r=10Q 0.852 0.887  0.769 0.667 0675  0.685
rr=100Q 0.791 0.754  0.694 0.638  0.693  0.693
=0.01Q  0.867 0.716  0.802 0.805  0.694  0.697
@=30°  r=10Q 0.924 0.778  0.771 0.749  0.698  0.675
BEN 1y =100Q 0.883 0.814  0.668 0.686 0.697  0.783
r=001Q  0.877 0.846  0.825 0.891 0.687  0.694
@=60° ;=100 0.814 0.834  0.852 0.861 0.681  0.691
r=100Q  0.778 0.832  0.704 0847 0693  0.671
r=0.01Q 0877 0.868  0.852 0.814 069  0.692
@=90° ;=100 0.855 0.847  0.821 0.841 0.693  0.691
r=100Q  0.713 0.887  0.979 0.838  0.698  0.695
r=001Q  0.716 0791  0.877 0.825 0696  0.691

a=0°  r;=10Q 0.776 0771  0.802 0.801 0692  0.693
r=100Q  0.754 0716  0.867 0825 0694  0.698
r=0.01Q  0.852 0.887  0.879 0880 0675  0.685
a=30° =100 0.771 0798  0.814 0.823 0693  0.691
EEN r=100Q  0.754 0.694  0.846 0832 0694  0.697
=001Q  0.769 0814  0.878 0.868  0.692  0.689
a=60° ;=109 0.832 0.846  0.894 0.847 0696  0.89%4
=100  0.814 0662  0.847 0879 0693  0.696
r=0.01Q  0.858 0879  0.661 0.865  0.698  0.687
a=90°  r;=10Q 0.846 0.805  0.825 0.778  0.694  0.681
;=100 0812 0.887  0.881 0689 0693  0.693
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