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Abstract In the electrification of the railvay the electric locanotive is a running and shamp change in the single —phase trac-
tion load W hen the voltage fluctuations caused by it are in a more serious situation it could lead to the phase™ locked loop
used in the detection method in a state of losing lock that cannot be accurately detected Based on the active current separation
method a detection method without phase™ locked loop is put forward for single ™ phase circuit hamonic and reactive current

Theoretical analysis and simulation show that the method can detect real ™ tine single — phase circuit hamonic and reactive

current which is sinple in principle and easy to achieve

K ey words phase ™ locked loop singlephase circuit hamonic reactive current real™ tine detection

hE4ES, IMS35 STERERIRTD, A STELE, 1003—6954(2009)03—0041—03

TERSALERIE T F I HLGE J— B e A A
Bl SAEARKERR . 15 AT HE X RN T R A
VLA DTS 2 P O L S P O TR S i e o
AL, P R E R B ) R A ASEAT

S T RN 7 AR 2, A SR
SRR B P DO R HEAT 20 A8 -5 v 9 o S [ 45 2 A
B B IE AR TXAE 54 B 5 v I AR 5 (m g
VRS A8 P O PRI o 9 7 B R B A ) P AR B
Toh I T A5 B R A 0 . % R R T
RS S

AT A B 5 e O e [ 39 AR B3
ERTZEERABAHT AR, {3 A SRR B AT
DAFSE) H ) HL P ) AR (LA 5 R B E 5
s L H R H S B B R R R
(R 23 5 ECBURER AL T T0 BT A T 0 15 HE Bl b 01T
SR DA TR L AR 8] L v O o S ) 5 A 4 B0
TEARFZLAZS S, 350 70 1 R HA U ke A0 TG T L

TEA IR AN BB R SERE L 32 0 T —Fh TG40
B R FhL R O T L AR I e S TS 1%
EIERZSSHRFYIAR A T A ZEGHH AL
VER RN HH 28 LR O IS R TC Th A B, % R
T A TR AN B I A AR SZ L IR A Y S

TE T ORI, BIAR R, B 55,

L TeBUH I Y B F B S AT T T

RS T ) A Jr

Sk Hcbe P B MRS, & (1) =
Uscoso B IR TF 32 o 9 s P 9 3 00
.

L) =l con(@1H9) + 2 1, cos(mar 7,

(not @) =i, (0 i, ()i (v

=i()ti(y (L
A, 3 (o BEREIESE R, (0N BRR R T
U i, (OSBRI LS TS i, ()R BRTE U
L P ORI TR i (ORI f s P, O I I
R ARGL A

— R R AR A SU A i ik b
iy nld 34 TR,

A (DF PR L AT, coso U 5 LM
R R ABALAY IEBX &, G SRAEM TR LR ©
B SR TC T s M TS B3 I i

T R O L R R RIS 50 H s 203 A VR UG

e 41

=1, cos?, coswt— I, sin®?; sinw t1- % 1. cos



o5 3255 3 mle AR Vol 32 No 3
20094F 6 A Sichuan E lectric Pover Technology Jun » 2009
WM fE A AR R 50 HAR i i, 7F H. B =100 i, () i, (D) (11)

AR EE A BEA R T SRR B2 50 His (R . AT DL
FEE IERZE SR AME o =2rf =50 Ha L
R ®h QNIERTZES B sin(ott0), cos
(wit0), ¥ EXPIBFETELL cos(wit0), A,

1( ) cos(wtT0) =1, cos(wtTP ) cos(wi10)+

53 I, cos(nw t 79, ) cos(w t10) :izm [ cos(0

—6) Feon (216 F0)]H S 2 {eos
[(nTDwtt?, +0]cos[ (n—1)wtT¢, —
0y}

> = _Ilm
He HRAER: [, = cos(0— @) (3)

BB AT 205 0 0 60
VA (1) cos( -+ OWEITIERE. TT13 1,

FIHE KX (DHPAETRLA sin(ew ot 0), 4,

(D sin(ott0) =1, cos(wtT P )sin(wt10)

+ égl,m cos(nwt ¢, ) sin(wt10) :izm [ sin(0

— %) Tsin(2wt ¢ 1+0)] JV%S% {sin[ (n
+hot+¢, +0]sin[ (n—Dwtte, —0)]}

(H
H RO ER.
k

I, :ﬁsm(e_@l) ()

R [ B B AR E BB B 2 % (1) sin (0t 0)E
LI

His (3)53 (5)mTHE .
Lo=2 [T T (6)
$ = Garctg_il (7
FEkdh . B 0=07 1,
% :G*arctg_Il (8)

L
b REEES E —MEALA O UERZE
5 sin(ott0), cos(wtt0)hS%, X (7). (8)k
AT L, P AT AT A5 BE A D) s B TT )
R T AR IR R T -
i, (1) =L, cos?i coswt (9)
ig () = L, sin® sinwt (10)
o« A2,

15X (3) ~ (11 )My FTAURE B (1 B AH R % 1
ATeoh i A B an ] LR,

EJ@—% i
i b’

CM’@@ ANE

B 1 £nREE

HIE LAz il s 14 7 B PR B i i (e A
FIARF BT EAT LA S DSPSCER, [R b fi I e i 2s |
RGIR UGB A% | iy 2 B AT S 3L AT fRT A T R LS

24 v D HE R AR AR 25 L A LAUIE R ZAE S
sin(@t10) cos(w it 0) k23, N K R Ik B K
WIRIAEA ¢ SRR IR IRAE L AIRIAR A P
L, #5 0=07 U],

L

U
¢ = *amtg—(I (12)
UP
Uy, =2 U, 11, (13)
w, ( t) :Ulm COSSO] cosW t ( 14)
u, (1) = Uy, siny sinwt (15)

w (1) =U,, cos( 01+ )+ Z:gUmn cos(nwt+9,)

(16)

L, =2 pr+fl (17)
I

P, =arc 18

L (18)

FY G TS F 9 e A S LA R T 2 L I B i
AR

i, (1) =L, cos(P1 — % ) cos(w TP ) (19)
iq(t):_llm sin( P _(pl>SiII(wt+(Pl) (20)
(D=1 i, () i (Y (21)

2 PiEIIT

21 BMEBEETHTHER

FT Matlab /Sinulink 15%F_ERAG I 5 2= 3647 T
P8, 5B A E R TR AT B2 BAH PR R
W, BEMEBEE o BREE (08 2(a)fiR. 1
MRS T BRI R, TEA R ILE 2(b),
(¢)\ (d). (e)s
22 BMEBEEEBTHER



5 3285 3

20094 6 A

meEhEAR Vol 32 No 3
Sichuan E lectric Paver Technology Jun , 2009

DB AU R L e A A T AR S AT O F A

us(V) / is(A)

1A)

ih(A)
o

PRSI Dz, M o  FRIRLEOE LAnIET 3 ()BT
Ao BMEE w&A 35,709 LM, (5o

15 -
| z’ us is
T AT
[\ ! | i B!
J
I \ | \ . [ i
/AR A VA S
b 1 A N N N R [ I |
Voo b I \l | i
A / Voo Yoo \
-5 L‘ 'I, \ “| ](! / ‘ r‘ ‘ [’»-
I R AR S
- \ Vo Vo \ |
T n'. \/ “\/ \J \
%5 051 052 053 054 055 056 057 058 059 06
t(s)
(@M MHEE. IR
5
v’
oF
s
\ Iq

05 051 052 053 054 055 056 057 058 059 06

1o [ /’\’/\
pS R PR T
s [ j'.‘(:\‘_/
Y P
301‘11'\,/\{\_

t(s)

(b)ETIE IR AR RN B0 &

BVEVRVERYE
IV V VYV

15 L L L
05 051 052 053 054 055 056 057 058 059 06

«s)
() =P A TR
8
AN N
IN A A NN
[V ) / / [
o i B [ \ I
< o " \\ / \ [ \ | \ /
- b Voo | /
Y A O A \ [
/ \ / \ i \ I | \
A \ \ \ ,'/ \/ \
8}/ \ / o/ J \/ \1
E.S 051 052 053 054 055 058 057 058 059 06
t(s)
(d)F:9E TE o e
15
10

104

15 L L L L
05 051 052 053 054 055 05 057 058 059 06
s)

() 1BV HL I
B 2 ENEELTHERNMAESER

JEREW R m B B . R R 1
HERME 3(b), (¢)PR.,

Bl 3(byRREd i p R R, B S £
SR R B (AR ME fh 2k, iR L, oK
29 0.1 sJa PIHIZRE & dr it BIZ 7 V5 REAS S
HER AT HE R L IR . 18] 4 (o AT B FR IR Y
Rl EE R

80
v .
60
40~
i AR R
S |
s d H I ] j | ‘ J lJ
8 !
.
Y, i
W NER YRS
\ 1
¥ v y v I\J’
8 062 064 086 08 05 092 084 096 098 1
(A
(@FEMHEE. BT
15
real v: \ ﬁ f\ A A N .
i v nn n i
10 H }\ A il
i | P i
\ I
5 I i i H
BEEE i |
< of ¢, :
= { i
RERE
5 i
IR
T o
o ! ! ¥ by | \I i ! \
‘f\y y Vov vy !
detected value
s 0.1 0.15 0.2 0.25 03
t(s)
(b)FE % HL AL
15
real value

ih(A)

15 s " 4 s
0.1 0.15 0.2 0.25 03

ts)
(c) VP IR

B 3 ENEERETHEARNGESR
SRR
BB AT Br it b T8I A

(F#% 60m )
. 43,



% S2E5 SH
20094 6

N AEAR
Sichuan E lectric Pover Technology

Vol 32 No 3
Jun , 2009

— AT EBERIRE, 4RI T R E B 4
SR (IAGA —TS)RA k. Bk 7 3Cmk [5]
R AGA B, g/ T IR, Itk 5
o R Ve TR T —Fh bR ERRAY OPP[R) S
kT v A7 L4 FE R T % T R B A R

5

' : — ——1AGA1
a8} ) IAGA2
L —— IAGA-TS
46} [ =
1
a4} h
1
42} l
Vo
2 a4} /I RS —————
- 1
38f |
!
36} ll
34} \
: I
32} i 1
: 1
\
3 . ' s L
0 § 10 15 20 25 30 35 40 45 &0
7
b = o
B 3 EEE UTHiRRGFHELERILE
17 T . . ; ; . ;
\ ———IAGA1
16} - o IAGA2
1 IAGA-TS

PMU

PMU

B 5

EEE STH SR FBELE R

SE

(1] VERHE. AN, oMb . 25T 25 AR A B9,
B S IR SRR E: [ )] A A L 2006, 29
(2), 44—49.

[2] Marin F J Garcia—Lagos F. Joya G, et al Genetic algo-
ritms for optinal placement of phasor measurement units
in electrical neworks[ J]- IEEE electronics Letters 2003,
39(19), 1403 —1405.

[3] Nuqiu R F Phadke A G- Phasor measurement unit place-
ment techniques for complete and incomplete observability

[J]- IEEE Trans on Power Delivery 2005, 20 (4), 2381 —
2388

[4] Baldwin T L, Mili L, Boisen M B, et al Power system ob-
servability with mnimal phasor measurement placement
[J]- IEEE Trans on Power Systems 1993, 8 (2), 707 —
715.

[5] VW MER MEL, % BIRG PMUZHH 1k
PO SRR BESE [ 1] 4k, 2005, 33(7), 31—37.

[6] Z=5i, TU/RER, B8, S —Fh oot i A 0 ke i o
PRECE T EE [J] SRR 2005 20(12), 5761

[7] SrinivasM, Pamaik IM- Adaptive Probabilities of Crossover
and Mutation in Genetic A lgoritms [ J]. IEEE Trans on Sys~
tens Man and Cybemetics 1994 24 (4), 656—667.

[8] FE/NF- BB gL Sk —Be W A S8 e Bl
[M ] 74 % 2238 K Hi Rt 2000,

[9] A H Mantawy Youssef . Abdel—M agid Shokri Z Selin-
Integrating Genetic A lgoritims Tabu Search and Simulated
Annealing for the unit canm iment problem // IEEE Trans
on Power Systems 1999, 14(3), 829 —836.

[10] FE& Eeetbesg: L VA (M ] i B

2001
EEET:
FHK (19827). F AEHLE LT QAR A%
AERIL B,
B sk (1965—). 4, HAITANF, KK F LR A %A
B B AT #F A TAZR B ITAE,
YFiE B 8. 2008 —12—15)

(L% BR)

R R R R AN 7 12 L TR AE AR 5K A S Y AR

AR 1 AN AT PR 0 AE VB A 0] HE TR AN T 2

UL, TR SE TR R R A 5 S
SEH

(1] ERZ Bk, XHEFE W E s miTshses (m] It
. 60,

WU A, 1998, 209 —238.
[2] SRBREE, FB4kE . J7.0°F BUAHE A [M ] R B TR
KW AL, 1994, 1—18
WeFEEHA. 2008 —12—26)



