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Research on three phase unbalanced ratio measurement based on sequence
components and measured values
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( Key Laboratory of Active Distribution Network of Jiangsu Province, School of Electric Power Engineering,

Nanjing Institute of Technology, Nanjing 211167, China)

Abstract: IEC separately defines the negative sequence and zero sequence three phase unbalanced ratio. So, the definition
is not unique. The unbalanced ratio calculated by measured RMS values has no correspondence with the sequence
component definition. It makes for confusion in actual engineering. Based on the size relationship between RMS of the
sequence component and phasor, it is proposed to measure the three-phase balance ratio using the square of the
three-phase positive sequence component RMS divided by the square of the phasor RMS. In this way the definition is
unified no matter whether it is with or without the zero sequence component. On this basis, the method of using
measurement values to get sequence components is constructed, aiming at both the line voltage and current without the
zero sequence component and phase voltage and current with the zero-sequence component. The measurement RMS
unbalanced ratio definition has correspondence with the sequence component. The examples show that the proposed
method of sequence component measurement is more suitable for a three-phase three-wire system and a three-phase
four-wire system. The definition based on measured values corresponds with the sequence component definition. It
guarantees the uniqueness of the three-phase unbalanced ratio in engineering.

This work is supported by National Natural Science Foundation of China (No. 51607083), Major Natural Science
Research Projects of Jiangsu Province University (No. 17KJA470003), and Project of State Key Laboratory of Smart Grid
Protection and Control.

Key words: three-phase unbalance; sequence component; measured value; three-phase three-wire system; three-phase

four-wire system

518

BUOGR. RGBSR A THROGRIRE O,

HEmMB: BRaAA5 L4578 F8) (51607083) ; it

FEEHELELFRENDTH

S A RAFF A 5 E KA B T8 (17KJA470003) ; %Ak w M

-7 IR H 28 R 8, W) R G A R B0
ENHLRCR AR, LRERIRFERIINSE, Rz &,

AN 2 23 B R BE =R AN 44 ) Al
P RG L. BRMNEEEFSE, Bk, —&
W R R AT E PR TR R
(International Electro-technical Commission, IEC)#2



A%, %5

FLT PP oy B ME 1 = A AT L BT 5T - 45 -

R AU 5 0 e B 1) B U < R R AE =
MAFERE, HFNHT =4k R85, TERES, 5F
TR B IS Rt ZAAHA AT E e, R
] FEl b H i Jo e~ = R R AN P48 ) bR e FH P
HALIAE I A7 2R3 Oy BB R e R Oy B T P R 4y
BT EIRAE I E 7 WROR = R X —
FUE TR T A = AHAS 467 B R 7 = AH AN~ 4 i
PR, 68 = AHA PR E UARA g1,
XTHF B FEBAFERNATE RS, MR
WEH AP, . P APEIEE 5%, F5 Al
FE S% AT A THIRE 3% F/F AT 6%
MNRGWETEAPAT . H, FRAPHEESE 5
ATANE 0~1 2 (8], BIAST-i7 B2 AT gL 100%.

I I R L P IR A B AN R T S S )
S RE, MELURASAH T il 75 S A E . N (E T
THEE, BA5 W7 TR P2 (Institute of
Electrical and Electronic Engineers, IEEE)3E: T4 44
(B ST AH B AS P FE (PVUR) 12 S ] e 2 ]
&2 (National Electrical Manufacturers Association,
NEMA) 5 [ 5 oK Hi /¥ 2 53 23 (International  Council
on Large Electric Systems, CIGRE)E X | Z&HJEA
P17 (LVUR) L, oAt b 23 B PR g 20 BB I T 2
EfEH =A R RIRA T RS B Ty 2. 2k
TEWME R DT A EAR R, (A= 57
oy RIS RIC R, A F R T 64
AN ZERBOR, HRGH A5 B AR AR — TSt

Ry E T =4 MY & RS 4 — 7 o &
SAAAT R, LS e A BN R R IE = A A
ST R AR SO SN . (E AT TR AR
F¥ oy EAFHE R /NG RGN B, BT =2k, 1Y
Lt RGILA BP0 &, R = AP AT BEVT A
ARG, FHFH=MIERF T EASUE TS B E T
M2 e LA R &, SEI TR TP e &
EFNBERFANG . =MAPEE ] G —
Kk N e, =1-¢,, TR FH#ELRAVESE,
HAEAE A AL T 0~1 22 18]

TG — W7 e . AP AR b, $2
HENA RS P B RS R, SE 1P
AP B2 A BUE R« SRS R P&
R4, MAHEZABEE BmE N E i & =M%
FAFAE, B EMESRE 8RN, IR P&
MR . AP R Oy EIME T A
TR oy A, R 2k r s S w12 A PR
RV, SREFP 8RN, f it 5 o B R A
XTI B B IE = AP RE . AP RE R T2 B
X Ry A AR, AR AR AR A R T

NEGmE. REMERXR, KRBTSR, W
55 oy B R AR X A = AP A . AP
EREERN. kTR ENESUEA T HEE &
G 0 EAX R A 8, ARE T AP B
(PME—1, A TREN FSRAE T EIS AR S .
1 Fo==HEEE. TEEEESXH
P RANEGHER &, Bk, FHFPE
R AP R . IEC AEARIR H = A AP B
R (CLE ) ). Q) FTR.
£, = '|_2 <100% )

1

gw::%9x10096 (2)
L, s I, GRIER U BRI
A RUE .

T =M= RS, T AFEETR &,
3% (1) F3R = AAHTRE o 6T = A DY el &
g, FENAENF. Tros, Q) F=MA4A
TR, RQNEF AT, WA R
=AM A BA ME— 1. TEH#THE, 4
— ZRH = AT U ) PR AN A R A
1.1 FRE5HENKNXE

Fror BRI NI, RIEXNFR) &L, =
FHAR R T2 R = AR P AN R O FR 7 20 & . DA
Ak, A

=T +1,+1
Iy =1,/-120°+1,,120°+ I, 3)
Io = 1,£120°+ 1,4 -120° + I,
X D0 Ty IR [ 0. A
ERF SUF R R &

K@) TP EMHER S MR, W AMIEF
LA 1,£0°, UF BN LZe , EFHBEIRAN
I, Lo, MHEFMHESFTERNIREN
12=12+12+17+211,cos¢ +21,1,cosp, +

21,1, cos(p, — ,)
12=17+12+12+21,1,cos(p, +120°) +

21,1, cos(p, —120°) + 21,1, cos(¢, — @, +120°)
1Z2=17+12+12+21,1,cos(p, —120°) +

21,1, cos(e, +120°) + 21, 1, cos(¢, — @, —120°)
(4)

LENEIESS
2+ +12=3012+12+12) (5)



- 46 - ®hEAREY DA

B (5) TN, FHLIRAH & RN P J7 RT3
BR/ANEITAI 3 1%, IF HF 7 B AN Z AR
e HG 5 R B R KNI 2R
1.2 WHANFSE=HTEEE. T TEEEEAR

TP E 7o B sl BAE, =H=4%
Hil. WW&H| RAGFAESHNAGEFTENZES,
Gt — ZAHANPA P 8 SCBOAINME . 0 T~ = AH = 2]
MPULEHIATE RS, EFaEetmnTore,
AR DL =A] I 7 B B P i o L) R =
FHPHERE, 1B 20 2 USRI T B = A AT
o HG)AIA, FPor s A B KN T J7 RIS
KRR FKHEAMIET & U 77/ &
7R E o EoE LA, 15

317 317
& = 2 2 2 2 2 2\
Ia+1g+1c 3017 +1,+15)
12
12412412

W = AAAS P RE

(6)
x100%

12417
1Z+12+12

KOFXDNG— T EEFNAGET R =
AP . AP EERE. X T =4 R4S,
FAAF 0B 0 BIAT, AXBEAME—M, H¥EF
WTRE . AP EE IR E 0~1 Z 18], LLF 7 AllE XK
ST RS- A R T S SR = MNPl 2
W2 Er R R
2 SNWE=MHEYEE I EEEESEHINuH

oy eI BEA o, BRI R E RIS S 2
ERMHARR. PEREBENEBRE . HHRAUE,
TAEHORNETIRE, H R ENE N E & —=AHA
qz@fr [14-16] .

IEEE #JE 1 #HHL K AP 5 (PVUR) . IEEE

Std.936-1987 & X an=\(8) .

U U

PVUR,,, = —£mx__ZPmin  100% (8)

gp=1-¢ = x100% (7

Pav

IEEE Std.112-2004 52 SLUnX(9) i

max(U, —U.,|)

PVUR,,, = x100% )

Pav

A MR Up=Uas Us. Ucs Upmax JAH L% 8¢
KA 5 Upmin AAH HL 552 /ME s Upay AAH FLEFIIME

5 B H 2% 108G 7 P 4 R R A P i
(LVUR) 1= (10) 7~

U, —U
LVUR=L£@L—£ﬂme% (10)

s U o NEHERKAE: U, N FAME.
[l B K HL I 2% 1 23 (CIGER) 2 TRl IEC J7 40 &

AR SO0 N, R R 2 R A1l A0 5

(11) .

1-+3-6r

1++/3-6r

U +Usc +Uca

X, r= (UZ, +UZ +UZ, )’ » Hr Uas. Uscs

Uca NZHLE

5 AR S AL RAEH T E S XA
P T, HAXAE, X AP
[ERERTNESF B SRRZ 0 NG R, T
BT LA, AE T NEHE A —EE 7,
25 RS AT R — E [ 2%

Fror P, AP R A —, =
AR SR bR, (HSRIN M. B T
RN B R R A, (RS, A HRAME
— M o R A 0T L PR U = AP
NP1 E e iy QT
2.1 REFDENZKBE. ZBRENEEESR

X2k R R = e 2 rR, TR 2l
& LRI & = MK, AT E S
XM ENE R . LB E A, & AB
LHIEMIEF 2 EAU, 200, AFHERNU,Zp,
HTRAEERFE, WEsEMHEERNRRA

Ul =UZ+UZ+2UU, cosgp
UZ. =UZ2+UZ+2UU,cos(p+120°)  (12)
Ué, =UZ +UZ +2U,U, cos(p —120°)
it s, wfg
Us +Ugc +Uca
3

:§Dﬂ+a (13)
2

WU, = a7 (14)

LVUR = x100% (11)

UZ+U72 =

X IB:U§BU§C+U§CUEA+U5AU§B‘ a:U:B"'
Up. +UZ, -

SRAR AT 5.
U U, =32 a + 2 o=

(15)

1 2
(Ul_Uz)Z :§\/2ﬂ+a —5\/0!—ﬁ
HWHU, >U,, ARkEU.. U,



A%, %5

FLT PP oy B ME 1 = A AT L BT 5T - 47 -

«/2ﬁ+a \/—«/Zﬂ a

Uz = «/2ﬁ+a L/zﬂ a

MHE(6). ﬁm$“5¥%ﬁ N1
R, B EARN, RKGENEXMEIE A
U2 :Lﬁ 28—«
Uz+U?; 2 2\2B8+a
. U 1 V38 [2p-a
YUZ4UZ 2 2 \2B+a
A, X R = 2 2 e, R
(B W] AT S 5 3 20 s SO L PR = AH P A
APHTRE,  SEBLFR f3 5 R A 2 8 UG —
2.2 EEFSENHEBEEENEEE SR
KT Y BREE A B, FEOR/N AT AN B AT
=M, WEHEFE. #& A HIEFSEHN
U,20°, FUFSRANU,Zp, EFHENUZe,,
IR LN
UA =U,+U,Zg, +U04¢2
Ug =U,2-120°+U,Z¢p, +120°+U,Zp, (18)
U, =U,2120°+U, 2, —120°+U 2 o,
% [ B2 v s dii s B2 AH R s AR, AR
FEAHBESEREERR, AL
U, =+/3(U,£30°+U, 2 ¢ —30°)
Ug =V3(U,£-90°+U,Zp +90°)  (19)
Uca =+/3(U,£150°+U, 2, —150°)
HABERRA
U2, =3U7 +U2 +2U,U, cos(¢, — 60°)]
UZ. =3U2+U2 +2U,U, cos(p, +180°)]  (20)
UZ, =3U} +U2 +2U,U, cos(g, +60°)]
JUES)

2 2 2
U? +Uz = 22 +UgBC Yo :%J2ﬂ+a (21)

20U, =§

(16)

& =
7

a—p (22)
#U,>U,, WIE. fUF SR SHMERRN
U2:«/2ﬂ+a+\/—«/2ﬂ—a

! 18 18 23)
UZ_«/2ﬁ+a 32p-«a
2718 18

2 2 2
U2 +U2 402 = 2o e e g gy

IR IAH FE R = AP R . AN B4 o
U2 =\/2ﬂ+a +V328-a

E. =

®UZ+UZ U2 6(U2 +U2+U2)

I \/2,B+a+\/—\/2ﬂ a

w UZ+UZ 107 6(U2 +U2+U2)
(24)

F 3 2 R AR it A R P i, e
(23)AI %, HHIERIE. P rE MU

KPR, BENZKRIRIE. P rE %7=

74y AN RS Rk I o BE A B (24) BT 1,
PR LB AHHEEA RUE ] M55
T IR L = AH ST FE RIS TAi FE R T 2, SK
M _FHMs—,
2.3 EEFSENHEERENEEESR

BeAR & DXAR RN R F = A DU 2l e 28 i, H
ML AET 0w, ERENECRE =M AEE
o/ e BSR4 NP = = e 1LY N W v A o A a2
ANEAME—fR, LRSS BRI E LA R,
CREENT AP L ANl R U 2T SR R A

BLHL & X 10/0.38 KV A5 3% K H A/Yo F1 YT Yo
PR X TSR =M =40 R,
FLYLM B P& = A, AT DA BB o A8 28 v )
LRI B M B IE . AT, M@ 57
3 B0 I () N R A S S RS P
2.3.1 fit A8 A/Yo BREh

R AR IR A, g
AR AL, 1,

o, 6K
I, (RO B 1, . B

fEEM a B EF SN 1,200, FUFHEA
L,Zo s ERFAENI Lo, , MEHTE

I, =120+ 1,20, + 1,2,

I, =1,£-120°+1,/(p, +120°) + |,Zp,  (25)

I, =1,£120°+ 1,£(¢p, —120°) + | ,Z @,

HI T A/Yo BREERCAS &« IR MIAR RIS A %
FE@ R, U2 MAR FEL AN 32 (AR LT R4 R A
JE A FE AN B AR LR C R AN 1 BT

I, I —>]
A o —P
A » L YL a
i
e 1, —>
B v Yy b
i .
: Ty — —»
C > pavvry YL ¢
l o

Iy
(a) M dEged o A



48 - A &REP DM

(b) i 5 5
1 R BliaMeERAkHR
Fig. 1 Relations of primary and secondary side current
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