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Abstract

With the development of industrial technology, harmonic pollution is becoming
severity in power system. We usually adopt passive filter and active filter to filter the
harmonic in power system, and make sure the harmonic distortion rate satisfy the
national standards. However, the harmonic voltage and harmonic current are also kinds
of energy, merely its frequency is not the same as the fundamental frequency of the grid.
The harmonic energy of power grid can be extracted and utilized, meanwhile realize
using the harmonic energy and filter the harmonic at the same time.

This paper proposes a new method of harmonic extraction, which base on the
harmonic sequence characteristics and the principle of fundamental magnetic flux
compensation, and combined the single-tuned filter circuit and three-phase transformer
to extract harmonic energy. A single-tuned filter circuit in series with the primary
winding of the transformer, and they are paralleled in power system as a whole to filter
harmonic, meanwhile extract grid harmonic energy from the secondary winding of the
transformer. A fundamental tuned circuit is paralleled with the primary winding of the
transformer. The equivalent impedance of the fundamental turned circuit at fundamental
frequency is zero and bypasses the capacitive fundamental current, meanwhile makes
the harmonic extraction circuit as a short circuit, achieves the goal of extract harmonic
energy without consuming fundamental energy. A transformer based on the
fundamental magnetic flux compensation series between the grid and the passive filter
to improve harmonic impedance of grid, force more harmonic current flow into passive
filter and maximize the harmonic extraction.

Finally, the harmonic energy extraction model is built and its working principle is
analyzed. Using MATLAB built the harmonic energy extraction model, by means of
simulation, this model realize extract the fifth and seventh harmonic energy from power
grid without consuming fundamental energy, and provide power to load as a three-phase
source. The simulation results verify the feasibility and correctness in theory of this
method.

Key words: phase sequence of harmonic; harmonic energy; fundamental magnetic

flux compensation ; three-phase harmonic extraction circuit
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(3) Hn=3k-1, B ny2,5 8 I, =AHIEHHER KD, B HAERE A
FFERT 22/3, C AHHLIREL A AHHLIRT S 272 /3, 1K S8 B i HL IRt 350 9 B
F?T /EZ Error! Reference source not found

BELJE 7 2 1) = AR 20 A 2 It L I 1) A AR PRI (3 ER AT 8 SR A 5% 2-2 B
N, TSR A R AR R, AHALAR A ZE 120, JU1 B AHAT C AR FL IR )

2-7)

Bt RiE AN
i, =21 sin(@r —27/3)+ Y. (~1)' V21, sin[n(et —27/3)]
n=6k=1
k=1,2,3L (2-8)
=21 sin(@r —27/3)+ > (~1)'V2I, sin(nar —2nz / 3)
i
i =21, sin(wt +27/3) + jz (-1)'V21 sin[n(wt+27/3)]
Foraal (2-9)

=21 sin(wt + 27 /3) + j: (-)'N2I sin(nat +2n7/3)

Hn=6k—11, BB B A M7 272/3, CHIEEBALL A M5
2713, IXECUEVE IR R ST

Hn=6k+11, BAIEBKBEGRL A MFE272/3, CHIBE B A AT
27 /3, IXEEYCH A IR N T I

B IR BT o A5 H DA G500 FEUER A7 i (1) = AR e R 0 FEL I 7 A R R AE 1 U
RO —E M FRE, 5. 11, 17 UGB RBUN TR, 7. 130 19 kil
BERPUN EFFREE . DGR BT I AR T, ] DU I 43 1 38 FL RS LA = AH 1 7
AIEHCH K, FEAE A=A IEFR A .

FEL X ) U P S A 1S 10 LA FE R G B b7 A U e, 3 50 P o o (1 18
W L PR AR W AR



2 HME BRI AT

o 0 e A TR T R GELFURIE I BA I, hF
U SIS R FRE I R I 5 L 55 4R VB 8 0
AR R

G LA, PR B 0 26 VAV P — 2 ORI . TR, 2
HEAT 5 RO P 50— R SR AR S 28 BRI o 6 =
FI e FER B R R (R A, SRS 1 5 R FE = A S
AR BRI R L, (G T B LER, TTOBE, K T i A
BIRI G2, (8 AR
2.3 B MIE RS

5 A A A X R — IR U IE SR B, U
PRI, 3TN T = 27/ 0 03 R u(r), — A K L
FltE, TSR SR S

u(t)=a,+ Z (a, cosnwt +b, sinnat) (2-10)

n=1

A
1 2
a4=5- jo u(et)d(et))

1 2
a,= py '[0 u(wt)cos nwtd(wt))
h =L [ u(en)sin notd er))
" 2xdo

(n=1,2,3L)
7E R (2-10) I L GAR, 5 SUBEO 1/ T 94 AN SEE, B3 T4k
SO 0 5 BN
BT B (HR) S — S I B A B, 38 n YO0 2 R N
n VBT M 5 R RAT AU 2 e n KR HL T 417 2 HRU, W46
HRU, _ Y 100% 2-11)

1
KU, N n CAEBOR A RUE: U, N A R
n YBT3 HRI, Rom N

HRI, = 22100% (2-12)

1

AL, NS n UOBEBRIRA RUE: 1 R R
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GRS N T e A7

R WA 26 (THD






GRS N T e A7

)5 R [ A& T R AR AZ G L, S SO A5 ORI IR B A U 5 25 70 B )
ARUEZ
R I S B U, AR AL & 1, 0 ) e SN

Uy =,2.U; (2-13)
n=2
I, = 215 (2-14)
n=2
FH, PV 38 e R AR S THID, RN EEL I V7 S A8 26 THID, 43 3l 58 SUN
mq:ﬂwmw, (2-15)
1
IH
THD, =~ x100% (2-16)

N T ORAE 28 I HL R R T A, 25 A I v ) P A7 e 2 (9 2 PR T A A
(P EELRE A0 2 D L R e A 87 L A T 9 L 0t L IO A B R L 18 46 1) IE 5 18
PR, A EVE 2 B SRR AT T PR F DX R AR A o ) X AR A Y
AR T U 5 R 1) 08 U IR N L DO ) TR OB PV, AU L O R R L R A R AE PR VETE LY
PRAIE FL P [ 15 5 3 A7 I N HL I 1 % RSB LR LA Error! Reference source not found.

HAT{EE PR b3 24 [EEE M1 IEC X P Fh HL Bt 2 bR ifE, FRIEIES 50 K HLRE
frEbRAE R AL b, RIS S R E R EE, e HPE & bR ME GB/T 14549-93
CHLRERTE 2 FH HLIE D

PR HE RS SHORERAE, B2 FH X 18 i rLHe R R N H IR () 1
B VA . 0T AN F R R S A L FR, B S0 70 6 PR 1 95 i A8 et AN Al
[Fo 22 2-1 25t 724 H L 18 L s PRAE

x2-1 ~HABMEKEE (HBEE) RE

Tab.2-1 the harmonic voltage (phase voltage) limits of public power grid

BIREBHRIEE AR (%)

RLRIRRFR LR (kV) LS IR R (%)

LI K
0.38 5.0 4.0 2.0
6
4.0 3.2 1.6
10
35
3.0 2.4 1.2

66




2 HME BRI AT

110

2.0

1.6

0.8
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2 HME BRI AT

A FERE S A P A% RE AN R o 2 7 IRAED) AR R
2.2 EF] ﬁﬁﬁ E{J jtiti:,fﬁ Error! Reference source not found. _
R 2-2 AAILERE BB ERAVHE

Tab.2-2 the limits of harmonic current injecting into the point of PCC

e RO VR R BV HL I TRV EL(A)

s B

kv) & &
(MVA =, 5 4 5 6 7 8§ 9 10 11 213
)

0.38 10 78 62 39 62 26 44 19 21 16 28 13 24

6 100 43 34 21 34 14 24 11 11 8.5 16 7.1 13

10 100 26 20 13 20 8.5 15 6.4 6.8 5.1 9.3 43 7.9

35 250 15 4.1 7.7 12 5.1 8.8 3.8 4.1 3.1 5.6 2.6 4.7

66 500 16 13 8.1 13 5.4 9.3 4.1 43 33 59 2.7 5.0

110 750 12 9.6 6.0 9.6 4.0 6.8 3.0 3.2 2.4 4.3 2.0 3.7

R 22 (B EAAERRHBBHERATE

Tab.2-2(continuing) the limits of harmonic current injecting into the point of PCC

bro#E EHE VB B IR SR VHE(A)
HE B K
kv) & &=

(MVA 14 15 16 17 18 19 20 21 22 23 24 25

0.38 10 11 12 9.7 18 8.6 16 7.8 8.9 7.1 14 6.5 12

6 100 6.1 6.8 53 10 4.7 9.0 4.3 4.9 3.9 7.4 3.6 6.8

10 100 3.7 4.1 32 6.0 2.8 54 2.6 29 23 4.5 2.1 4.1

35 250 2.2 2.5 1.9 3.6 1.7 32 1.5 1.8 14 2.7 1.3 2.5

66 500 23 2.6 2.0 3.8 1.8 34 1.6 1.9 1.5 2.8 1.4 2.6

110 750 1.7 1.9 1.5 2.8 1.3 2.5 1.2 1.4 1.1 2.1 1.0 1.9

TE: 220kV FEHERE K 2= EL 2000M VA,
N TR SR NE R A BN E T REE R EEN, TR AR Q-17)iE sk
b B X HRBIT 90 VR BV O FEL RAE, B

13



R N 2 e A

7 =Sk (2-17)

el
P T N BN Sy, N AYEE n JOEBCRT SCVHE(A)s 1, NERRH S n UGER
B AAVHEA); S, WA ILERE SR/ N A EMVA); S, NIEHEREA S
(MVA).

Y SLERE A Z AP, RS FH P R L RN T I FRL AL 0 VR % U
FEZ R A B E RS A& St R &S ' T 5. 28 i N
PRI n SRR AR HE 1, & T H &

1,=1,8,/S)" (2-18)
A 1 AT 2-17 TR RIS n OEW B AVHE: S, 858 AN AP B B R
& S AANHEESPEERESE;  HASINERE, %K 2-3 BUE.
& 2-3 Mz EIRBOE

Tab.2-3 the value of phase superposition coefficient

n 3 5 7 11 13 >13 KA IR

a 1.1 1.2 1.4 1.8 1.9 2
2.4 BB AYIE R TR

HL IO ) A 2 A A7 it 7 VAR R R DB (1 TR, 4 — 040 Bk dpl v R A R 1S
B) B2 g v | NN s 0 =S e PR v I T e -2 i o= I e ) B e W e
e, VBN HILRAR1—3 5, RIS o o At 47 i () TE #0847 P2 AR e, A
ﬂéu ﬂ: EE M H(] ééglcj\{s ﬁ*— Error! Reference source not found.

=2 R o R A DR R R R U P R I RS AR E I, AR R R T
ey HL S B IR /AMR A, 10k FLAEF 1 = AR S B, BRSO 2MW, B
MR 2.5MW, 10kV LSRR 10MW, AJLIERE S 1) 5/ %A &
N 100MW . = AHE s B R 5P okt 1 IEIEHR, H 5. 7 UGB BRECKR,
DR HZ PR N BRI 5 7 U oh &gt 47 5

IR EFR GB/T 14549-93 HU5E, ASHL Fo VA IS FEIRE N

1/1.2
I < 20{?—'05) —6.3(A)

1/1.4
I < 15{%} —5.6(A)

10K FL 0 5 2 5602 1 A 7 E W L TR U, RN



2 HME BRI AT

s VIR A AR AL I R R AR R
HRU, <3.2%

HRU, <2.4%

THD, <+/0.032* +0.024> = 4%
BB HEL H 75 A 238 R TG U P P g AR R AE [ PR B RV Rl 2, WUz FH P v E N FLY
R AR

P, <3x10x0.032x6.3 =3.49(kW)
P, </3x10x0.024x5.6 = 2.33(kW)
5 F1 7 VBB A1
P, + P, <5.82(kW)

BN I TN T2 P LI Th 21 0.29% o 24 L R B BE/INE, SR B A it
Yo FL TR (1 O P TR R 7 R BRI B [ AR SR VE Rl 2 P, LR F R e T
AP R RELLIR S, o R A AR AN — 43

R A0 K 1 R SRS, RIS I8t P o B et AR AR /N — 4%, (R R

R e B LRI o — A48 11 F IO B85 4 1) PR DX i BT R e v g FH P N LY

FR I D) 3 S B0 R A R ) o B S 4gr Dy 300 75 kW I HLIRY, o A 5 17
fif S H N 60 75 kW, BTN B HAE D) D 3O IX LA AT 1) 0.2%, U HLiE B T
BB IS 1200kW, 4E4512% LT 1051 /5 kKWError! Reference source not found.

St F L T R BRI IRIR, A AT A, AT [ AR
I FR VAR, JUHCVE N FE I PR D 238 AR K1, 4 L Sk BRI Gk . Bt
— Hb X ) AR B 7 A RO 2 b LD P A e, ) A FE R N 3 R
5 OE TR &S 190kW, 5B R AT B 1.9%, FHik iR =L 166 1
kW-ho JEH A HU A RO D 28 (R I Ak, L= AR (R U D 2 R A U, B
AR & 2% FH FEL 9 24MW, - 3R U1 S50 AT R (9 38 3 D 26 9 1.48MW, B 4F DLARI
5000h 15, WA IS HLAE 740 J5 KW .-hError! Reference source not found. - T 47 — /s
FHHL 1ISMW (4R LR #S, RTRI A I Th 38 IMW, &4 AR 6000h 15,
AR B HLAE 600 73 kW-he

15



R N 2 e A

M CA BT el BUE S X5 H R R TR AR LRV 3, H AR i e o
FEAH L, JE I I H A SR IO BURE X F 0 1 P RE SR oK, IR AL
NP RREM BN, AT, IREHEMRECR, AMEEE T RIEAT
B, P AERCR IR G R o DR R I U L E B EUT 78 B A ARG O L FH I 5%
MZGFIE -

2.5 dFIE 32 B HA R At L B B TH R FI T R [E 3

FEIESZ R R B o, A SOOI, R o B0 R AT R R M IE SR . R
A LI 73 Sl 2R 7s A
u =2U sin ot } (2-19)
i=21 sin(wt — @)
Horhr o Jy R UL Ja U AR £
WIS IR P RN NP =Ulcosp, THIFE QKR NQ=UIsingp, I
TR SFRNNS=UI, DWERNBALRNA=P/S.
FEE A B AR I 52 A WIS R B R, A DR A e S5 IR SR HL FL B AR R
IR ThZ3AE— A I - 218, B DI P E XN
PZ%J?” uid(ot) = nZO::UnIn cos @, (2-20)

PN B=U, I, cosp, » MUEWHNIIEHNP=3U,I, cosp, .
EIHH Q, i LN

Qf:iUnln sing, (2-21)
8 O, R IR R IE 3240 B A . 7EIE SR My Beol, 38 M
KEINNENIE, FHTIIRAN, BNENEGPHENE, RS
BUE R REIER, O For AR AP IR . RITEIEIE SR Wb e,
W B T RS RS VO I TN TD M T Th T2, T 5 — e TN T 2
PETE DDA, AT H I % T ARG F e, Brvor! Reference source ot found. . 2[5 |-, S
FER T T A R T AR ELAME R . Bk, 31 ARSI D, (848

S =P+ Q!+ D’ (2-22)

D F2 AN RIS R R oL B AT LR 73 2 [P AR (1 o 3K Tl PR 4

P Ul cosp [
A=—=—1""_"lcosp =vcos 2-23
S Ul 7 (2 D ( )



2 HME BRI AT

b, v=1 /1, BUEB AR RUE AL R BUA 2 L, FROERBREL, 17 cos g,
FROREH A B R DR . AT DA, D DGR h 2 i i Rt AR RS R L IR I
TR AL AN B E 1), FL PT EAFE R R AT D it 98 T Bl L I AT 4 30
HL AL o

17






2 HME BRI AT

TEIE LB h, ST e P R IR IE, R R N, —
FRA B R AE JUAS A 3% o ThTh e, T 7E Ho AR b AT R T
THEE, EFH A V3% B Pl P [ % T 8 14— R I [ty Brvor! Reference source not found.
PR - AT R UL, T P T T MR/ 1308 VB S B R e
ThaE B, BRIV JEORE IR 1 — B 43 R i T AR B AL S B T IR I B A I B
SRR L
2.6 KE/NEE

AR B R 1R A e ARG AR ) B U A D M R R F PR T IR PR R S
R, VEAT OB 1 R RN URORH P R PR AR AR I 2k B R VS U A PR R, A
LR b At T A R AR SRV Y L R R R T R . T A S B T
AR I L BESE I, AT e I mh ] R B S AT A 41, i o R 5 A T
FLTh AN T 2 R T SR T 0 #r

17






3 PR 5 R

3 iR RAIT S E
3.1 LRI 2SR S B AR R I

0B TS VA BT, ST R DB S A A R 7 4 7 2 R
SV B — M S . RS MPIERRE R, CURER AR R IR R N
Yo )T e A, HEGHRT D SlEER. BT T RENME S AE AT 2 ARSI
R BE5DHTZNHT & MIER S . LIRS A H AR A Byias i HEs
I IE Y R NG A TR, FEEE R TR, iU F AR At — AMIE P
B, AU ARLR M S AR B IR, RN R B I LA, AT S I B
R B . W B TCIRIED: A5 A BV IR A« OUE 1 8 I AR AN U AR
T H L) RS I BT bl LZH S R YR A A — A S P e s A
3.1.1 BiAIE R ee T

BRI B B S M 8] 3-1 BT, B EE C -
HIB S L AHTE R BB AT e AT n UOE S, S C
e AR BT Z, Lg

R

an = an + J(na)vl’ -

1
(j) (3-1)

s

Horb o, NHUGE THMMAER, R, NIER A HIE B,
Bl 3-1 BLIFTEIEHES

EEA KH%% E[,:J EEA KH ’ EE’/?E’%%T')E'\ ﬁ?ﬁ/ﬁ\& E[,:J EEA KH*D EETJLL%% E[,:J ﬁE“zﬁ EEA Fig,3-1 sing]e tuned
filter
RH

H R R SR R T 51, Mo L=1/noC W, Bln=1/(wNLC), TEVEHE HAL
Zy, =R, , WH R, AR/, IR S BERAZ UG B R BURBHSTRE, n B
Rl R, 70, BERR AR I . o e B U LR, R R I A
RO KOEESUEMEIRDL, Z, ? R, T R D% R R RN . ]
I SR o PO R R U, RSN LI T DR U U R R B S S T R B 11
AR, NNZ U HIAUKE A B TRV AR i, SEBRIERR 1 I 1 H 1

FEV VT BRI JE IR AN, I8 S R B X U U AR PERE (R . L AE
SLPRIZATIN AR f 5 HBUEM f 8H —E MRz, XA & IRt R A
RIEIRES o HEUIE D 2% R 5 R GUAUE SR T 1 3R UG BOTUR M R, TE
ARG R A WMFE S B3 A A BRI 38 I BE DU (25 HoAR/IME, 8
RORARZE, IX IR LR A9 Y18 I8 745 11 2K 11 Error! Reference source not found. |
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3 PR 5 R

FE 73 M AT A A% o B8 BERFVERE WA I, B L R SERR AR N 0, BRARE DL R L
AR o, WHERZES o K HE AR RECRERE, M6 &w, B

w0 —o,

5= ” (3-2)
BT SIS L
Z, =R, +]jn(1+90)w,L —m] (3-3)
BB RO 0,
0="00 - (-4

R, noCR,
WES=1, 6> =0, ML EFRAT 5
Z. =R, (1+j260) (3-5)
PRtz Ak, FZR AR B (1 2 BUE SE PR IS AT 1 72 A R A A B0 8 (9 AR A
H & KT EANER R IR, LR ARSI AR I 2 e A S A2 Pt 2 A7
—EREE, IR SERR S BONNE IR (e B BV, T BRI AR ) S Breor!
Reference source not found.  [&| I, 7EJEPR AR THIE R, RSB EAR WL . AR
SHARZE (RN S, = AC/ C BB SHORZ(R N S, = AL/ L) JEPZRAE n K
AT FHATUE N 1

Z. =R. +in(1+0w.(1+5,)L—
fn fn J[ ( ) s( L) n(l+5)a)s(]+§c)c]

5 & (-6)
:an[1+2Q(5+7+7)]

XA (3-5) FIRA, SIS EIER N ZE BUR R 5,
5,,=0+0.56,+0.56, (3-7)

HE KR S, o T8 B i K ARG B 1%,  FUAE 1 22 5 B AR 28
WEE L LA IR R R A S GS AT N AR B AR R R AT O, FRME W 22 S L
PRI HIE R 2 N BRI O N . TR FIER S, =+0.01. 5,=+0.01.
5.=+0.02, ZEEMERNS,=+0.025,

BRI A I S QA VIR R, BUAR, =no L/Q, $Em O, ¥l
TRV A (R BAUREI )N, 8 L PR A 1 O [HI% N 30~60,
3.1.2 ZMr Si@isR 2R

19



R N 2 e A

HL X v U S A, RIS 2R G BHLPAE e I N BT R, DR b B B
UV AN K I JE R AR NPRAREA, JE
HOR R IE R B AS o Ry PR PR AEAR T Bl
S Pl Py I L, T DU B — R L b R |
o UG e R, SR AR T UL R, 98
5 a5 BELAC WY S 1 0, AR I 5 HL U AR e d -

U Bl 3-2 —Bris st

N . o . L Fig.3-2 second-order high-pass filter

re A PR A SCPR IR D€ 0 o » % AL Y
TR ASAT B OB PE A A C Y RO e PR o TR PR LAY R v E e A L
ZER NP 3-2 Frw, ST SRR RN
1 1 1 . Rnw)L L R’no,L 1

jno,C (R jno, L R +(nw,)’ I’ JRZJr(na)s)zL2 no,C

M v I 8 A H A A AT B PR A I T A Y, HBH R —» oo, R JE
W AT AN — NERIAR N @, = 1/LC FIRHIEIEN R : Mo - oif, JEHRE
AEERON—RBEYT, Z, =R. SEbr b, EIEBEHRS T @ MRZ )5, JEHRAE
R B8 (A i B A R A IR EH TR I, SELDERR M G

M W i e AR B A R BT 0, RRPE R R R L ORI, H A RHBTE A
L PR, IERRDY I, R R RS AR RS e B A A, R R
SESR (R B IR PURAE, 12 AE i 28— BHPUIR VE I N 2 BRI DTS
PEo SRR T HBOUEAUR IR BN, i il S as i P T & kg ok, A
TASEARG 122005 14 18 30 R Dy 188 31 e BELA7C 1 1R e Je o 2 i e 245

B A AR SR £

c L

) (3-8)

fn

o
f°_27ch (-9
FEANEE £ 0F N AR LV IRy
n0=i= ! (3-10)
f  27fCR
B R A TR R BN
L
m=—s (3-11)
fEEdER T, X OfEN
R
0= (3-12)



3 PR 5 R

E PSP e X O 5 IR AR T O EHAE, EAETHIR S Mg A
RRE B . R @ IER AR T, T AR ARG IR IR A, R 1k F B
U i LR
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3 PR 5 R

T G A (14 A L E AT — RO D S v T TR A 1) B U IR IR S P e v R O
AR, 0 16 M B v K AR T B N 1 TE B AT 3 T8 75 KA L
TR IBE BT /N T B AE R B — MBS, m 22— 5 O B3RS,
[FIFE S5 R AR S B . — M O HICN 0.7~1.4, MR m BUE N 2~0.5
Ao B RN A IS AT R A R AN, TEAH Y SR YA N,
BRBTREARSE, AP O {E [ # Error! Reference source not found. |

AT BEAG mE PE AR IR, TEIERR S O AT LR C B A mE
JEP AR . C BUEWR AR — PR BEAEIE L 2, JEBMEREN T I F =B mi@ g i 2% 2.
6], 5 W s g A — AR R R B MmO, IR B R . 5=
B iR IR A A L, C B e IE I IR A AR R R R IR S, T DK ek i i
jrj,Ei ﬁ Error! Reference source not found. o
32 TR R NREBS LTS
3.2.1 TR B M T T A

HL ) FL T B AR AR DB IR AR B 17 AR rB L AN T FETE D B
A, AR IR BRI ) [F) I 7 B0 B BEAT e DA% o TE RIS I A AE SR N
EAEMEEP, WUV MR M E BB II AR B, AR iE i H I
R B B T AME R 25 18

TCVRIET A% IE H AT FIBERRAE LM, DU FL L 3 (I I BH T I B R P B HE
PO R o X TR AR, A VR, AR TR A S, vHMR
M BT AME, v F R DR RO e Rp FL R i I R e B iy
AL, AR A RO AME B /D T U B A M AUE &

EAT R e AL DR AR FL X T 10 [ P /2 TE D AMER R, T8 SR T A 7 1
R AR IE P EOR TS B B, IR IE AR AE R TS T D AR AN R I EOR, R
IR A R RIS B AR, 0 2 T IIAMEZOR Error! Reference
source not found.. FHHLZ N, SB—FINAAR A GG B, T HAE P19 AME A A5 Y
TETIDEIS XIS BCR IR o

SR VT NG SIS SRS 1) S S8 5/ NP (54 SN B R 5 A i e SR BT N S 8

FIU, 2R, TEREIEDE R, it n VORI S I F ISR s 17 N
U n*
no_ )] _
I(l) —l——a)SCU(l)ﬁ (3-13)
-o.L
w.C

s
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R N 2 e A

PP RS E T TR N

n n n
Qi =Unli = 0.CU;, PE (3-14)

R 7 R Y R U P I AR R TR, it
— YRR R 1, ML R O, 4
U

- Q) -
lo=7Ral (3-15)
oC R+olL
2
P pp— (3-16)
@1  Rol
oC R+ol

PR P BRI A R, A% FEAE ML P A PR O B B
VLR b ORI 1, PR T 5 B MU A R P A B R A )
R B, TN M AR AR S, A SRR T T TR B S A

¥, AP

1 n \2 1 2
S =90 + 9 :R(Iu)) +Wlfn (3-17)

{EE R YR A X SR I AT T AME O, o HURR DA O, ELI LR,
DRIk, FESEPARFEAKAITEOL T, R g s 0 70 Th 75 B A Y SR AR DR R 35 L
DRI T £E e e P A (R BT IR T, L7870 25 8 i vt 38 R 4 X F I 18 T B A3
Error! Reference source not found. .

322 RINEEERESHITE X

PEIEBR T, VRIS, PR R AR . T A
U L A5 PR AR/ OSSO B P T LA A e 0 A b LE 3, B
HARGHIE R AR, o B R AHT AL SRR T R n i
L, 56, LU, SRR L, B

N

(3-18)

T A A TP L, SO L, ORI S,
1

1, 5
Son =090+ = Rlﬂn +W]f(n) (3-19)

s

TERE A S i L (1 R TC T 7 A



3 PR 5 R

2

n
On =Uyly = a)SCU(zl) 71 (3-20)
H _E R g =R
n’ U,
Sy =510, +—=L2] (3-21)
2 1O nQ(l)

WOEEREN S, =U 1, » W ERIIR LERX N
Sen = ﬁ[Q(*n +—] (3-22)

2, S(*n) =S,/85 Q(*I)ZQ(I) /Sy
1 ST S 0 =1/ B, 57, AR

2

S (3-23)
L 14 4 BRI T D) 45 &K
Onin = 0,Ci n?—z_lU o (3-24)
/N 2 R BN L () LA A
_ Ly n-1 (3-25)

min m 2 \/;

SRV P A (R 8 0 2 10 B8 SR AR 28 4L R
1.

3.3 RGEHXIRRER S HBIR N

B e B I TSt LR 2 ], i s AR A LSO e
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Fig.3-3 the equivalent circuit of passive filter circuit at harmonic frequency
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