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Phase Sequence, Reactive Power, Power Factor Measurement and Load Monitoring Analysis
of Three-phase Unbalanced System
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Abstract: Understanding the three-phase sequence, three-phase reactive power and three-phase power factor of the three-phase
unbalanced system is the premise of controlling the three-phase load imbalance. Through the real-time monitoring and analysis of the
three-phase load, the control system can be driven to make real-time dynamic adjustment to the three-phase load imbalance to achieve
the three-phase load balance state. Based on the experiment and algorithm analysis, this paper establishes the measurement and
load monitoring of phase sequence, reactive power and power factor of three-phase unbalanced system, which provides theoretical

reference for the measurement of low-voltage power system and the treatment of three-phase imbalance.
KEER: ZAkAp; ZHAY; AN ERY; ZARAARTE; R
Keywords: phase-sequence; three-phase reactive power; three-phase power factor; three-phase load unbalance; load monitoring

HEeIME: #eA8TakB 346558344508 (A %5, 2022D01B64) ; FE IR L3 K ¥ A#F X% A B
(TR B %% . yzyxm2022016)

DOI: 10.12346/peti.v4i4.6960

15l8

AN R g U AR AL B AL C AR S AT
PR St AS AR 2 0 = A P i — A R Ry . — R
MRECE — AR . — AR, EE — TR . —AH
DIRARIEIE , S8eh.O S, IR I E, T
OIS AHIRRIFRRGE, AR = AR B XI R oA o R 43
i (IE, 7UF) KEm &)y, E/F: A, BAH, C
FAE 1200, FHBEEHHET . 7)F: AML BAE. CAHH
HoA 1200, FRBRWETERHEY . EJF: AL B C =AAMALL

HRl T APEBUSE AAHEAR] T BA AT  R 2 S EO0
IR, T ST R R ANE SE P S 2 B AR
FRNEAXIFR, IR AEIR B o PRIHCRG ZEXT =R 617
SEF RN, JE i B AR S AR S A

WSO T FIRPR I, BT — AR R A
Fe . JoHy . DR RS G M AT T D = A
AT B AT B

2 =N
SRR, 1 RUE.

(MEERN ] goF (1988-) , 3, Wi, YW, WdHES4ails A shiahl . B Rge iy SEHDIR.

42



Power Engineering Technology Innovation

o~

Bt H Cz )(Cr > bz s at)T ’ X‘_J—/E\:;J‘ziﬂﬁ
OF, (4, 9)
t

j(2a)l+§7t—w) j(zm—gn—w) j(zmu%”—w

———==wU,V, Re[je

5 )+ (e

)+ (e )1#0

2
( 2(ut+§7r—(p¢k7r )

@ b, cHHEM, atik AN, MIERE: Fteo)=(@A,

C B B C
BNCr)(az’cnbx)T ) X‘Tﬁ*ﬁﬁﬁ
1B A (L)
ot

E1EHF. AlRFXE
B AR A TN

23]

A4,=U, coswt =Re(U, ')

j z—zzr
B, =U, cos(t —én) =ReU, ¢ )

2
C; =U, cos(wt +§7[) - Re(Um e,/mwg,,)
@ a, b, ¢ EJF, Vm HFESIEE, a. b o N =H
=R R P, 0.
a, =V, cos(wt—p)=Re(V,e™ ")

2
Zr-p

b, =V, cos(wt —%7[ -)= Re(Vme’jW3 )

‘(ut+zzz—
SO 14

¢, =V, cos(wt+ % 7—-@)=Re(V,e )
*@iﬁ[‘?ﬁ‘lﬁ F(L(”):(ArsBuC/)(aubrsct)T ’ XTJ—;H;SJ‘ZTJ%/Q%'

OF (t,9)
ot
VI SE R A IR AH P S RS — 3L

@# a. cHHEH, bIEBIN, WiERE: Fte)=(A,

) jQotdig)

= U V. Rej(e’/?" j(zm—g 3 _
=aU,V, Refj(e )+ (e )+ (e )1=0

- a)Ume ReU(ej(Zwl—w))+(ej(zwl—w))+(ej(2wl—w))] £0

( 2wt7¢1:k7r+% )
@#a, bMEH, cHCW, MERE: Fte)=(@A,
Bt’Ct)(bzvaz’Cz)T ) Xﬂ‘ﬁ:;}éifﬁ%:

OF,(t, )
ot

2i-p) i

2
=aU,V Refie”" 4@ )1 (e

4
/(Za)w;n—w)

)]#0

( 2(0[—%7!—@#1(/! )
X IR R AL, AF(Le)=0, H Ftk+1.0)=F(tk,¢),
DR —2

BEALTT I # 3F =3P W= AR 3
HE R 2 R
3=HEESJ[LNIERHNE

VTR B DRIt O 2k | PRI A
S, H 5 e A DL e G AL L
BRI, PV e P T = A FL e, RSB £ R
B, = e LG T T = TR R R AR =2l
LT L IEL
31 =RFEM=AEEERHNILINhE

THEF (tk, ¢)

A
T v
T i
S F(tk, &)=F (tk+l A0 PP IR

Higezk i 3 Fis
ik
-
\ 4 I
FHEa, b, ¢
AEHF
v A
HU{EA, B, C
A 1R

B2 ZfEfEFeNEERER

43



BEAOTERAREF -F45-F4H8-2022F 128

g

Bo = Wa FF
\‘{ . m

o . ‘r“ -:\, #

B3 =REM=METERZLININE
ER%%%‘%E@Q?& P] N Pz \ P3 ﬂl%ﬂ%ﬁ[ﬁ] s ETH%%U%
B =Uyclcos(90" -9,) = \/EUA[ASin¢A
P, =Ugl5c0s(90° — ) = \/EUB[BSin¢B
P,=U ;1.cos(90° —¢.) = \/chlcsingoC
o, T R R AR, BT RLA U, =3U,
UCA = \/gUB P UAB = \/ch o
= HUPREHZ N
P+P+P = \/§(UAIAsin(pA + Ul sing, +U I sing.) = \/§Q
W= M. 0= %(P1+PZ+P3) .
32 WRFM=ETEROLININE
fﬁguz*ﬁgfﬁ%%%j‘%ﬁg ) Eﬂ UAB:UBCZUCA, IA:IB:IC:IO
SCURET L B 47k, WIPRIIRZ 20,
P =P, — P, =Ul cos(30— )+ UI cos(30 + @) =~/3UI sin =30
ﬂESﬁ%ﬁEM%%:Q=j§R%w=§%
33 —REFEM=HETEFZOTININE
2 = RS g — U T (Volt) Ak $14% (Load )
FRXTFRES, A — LR ] 4 Bk M eI o, a2 A
WA 5 FiR.

=33

A______4E,_*y$
|

vV #,
G

B 4 HAMRA TR E
44

Ua

5HER

HI &l 5 T Upe 5 U, IARZ2E 0 90° , TP cos B=sin®
AR AR S HO TR, WS He s = AR S 4B TJE ) 2%
H: Q=B L sing . TiiAH IR W =U I sing W 0=3w .
ARAE, HFE— R 3R E MO DL 3 A7 R A %R G
B AT . WA R R A R A YR A
| AN O STV B S i 912 O N v P
HUEZI Upe 5 #5700 B AR 1y, HLRZTN Ugy 5 00 C AHH
Wi I, HUEZ Ugo

4 SAF R Th 2 FEH RN E

T 078 Fs i 57 309 ) 2y 58 P =Ulcosp , Firi cosp Sy 1)
RIKSL, ¢:arctanX‘7X", H-o0o<p<00°, Hx,>X., >0,
cosp > 0 NEMEGAG X, <X, , p<0, cosp > 0 N ZEPER

WX, =X, ¢=0, cosp=1FH MR FHUPREEE
W B 2R R R B B AN 6 T o

A *|
@ *_ (cosy @
220V AR R T
L3 c
N 1
@) by «© ()

)

& 6 SaEThERHHINE

DL 6 $4k, FLRBT 73BT Z, J 220 V., 40 W
AT CREMESAE) , Z, 220 V., 2000 W B XL (J%
PESAE) T Zy B 220 V., 40 W BT L 4,708 25 BRI 4]
B (M) K6 (b) () (d) Fiw, Sl it 5k
P 1.

R 1 EERHARNEEL N EL

mEEN U(v) I1(A)  P(W) cosp AL
CENE 218.7 0.18 39 1 FRE

A 2203 0.19 29 0.73 &

TR 221 0.177 38 0.9 bk

QMR 1 BRI AT, BSR4
FRPIAE T S A DR AE . SRS T LR A 2, —



Power Engineering Technology Innovation

RBICI R TIFRE . AR, AR At DAL
SESHIAE T TR DnAE, P T UGE A okt =
SRS AN VA AT 2 25 DR RSO e o L 552 AR T 8 ) 28 D 12 4

1817,

5 =AM

Ho AL IO M0 2 2 B R [ TR R T R G P R
Wi, BEESFIH A/D B, KH R, B, DPRER T f
T BRSO ARR AR S, PRI HAL AR DL RS
H P R X S L S o A R . FRLEA K
IAERET RGEPFR, IR SRR SCBL A Sxt e g g
PR T, IR AT 25 SR A AR R A H 7 677
REVE(E ', B R DR B Ty S e (X SR TSR A s A
PR T, HsH R 7 R,

BT o - p
p—y ;EEA:
;a Wl 2 &
. e e e | —
i g g |

O s I ﬁ%
o N B
T 1

& 7 =18 fafar by M o JR

6 Z512

AR AFC S oL 28 495 — A 0007 8 AL = e, B 4 P 4 s
B, BT AR ORI RS T i
T SRR 2 . SIS TR
P AP AR PRI B, 44t T e R
WE, F RN G TSR T SR AR S
9 FL ) SR, ST T LR R LA R 9 — MU
W R BSR4 AR
TR A TR B RS

S E30H

(1] W EGRRER R IET . 0UF . 07 BRIIRRm —AHItH
JF AR H B (T30 L U R, 2015(3):64-66.

[2]  HEHEFS OE T R R AT S D] WKL #8,1998(1):11-12.

[3] 72 LA M)A = S HREE,2009.

[4] B EENI, 55 2 A 0 — A r 5 A T A 5 B i SR BRI PR
FL#%,1998(1):10-11.

[5] BB ATV = AH FL IR P R R B P AT (0] AR VR 2 2
%,2013(10):77-79.

[6] A A, 28 B, 4 Rl L o g AR A= A S or W U 3R G 103 T
[J]K542,2022(6):182-185+190.

(7] WAR, 55 A B WD | AR TR SRR L R S [P
1 #:201920641938.X,2019.

45



