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A combined deloading method based on the underfrequency and undervoltage relay

LI Ye', ZHANG Baohui', BO Zhigian®
(1. School of Electrical Engineering, Xi’an Jiaotong University, Xi’an 710049, China;
2. State Grid XJ Group Corporation, Xuchang 461000, China)

Abstract: Conventional undervoltage load shedding (UVLS) and underfrequency load shedding (UFLS), designed
separately without considerations of the load characters and mutual influences of the voltage and the frequency, may
result in excessive or insufficient load curtailments. This paper proposes a combined deloading method based on the
underfrequency and undervoltage relay. This method uses the real-time measured local responses of the frequency and the
voltage to calculate the proportion of UVLS and the accessional proportion of UFLS adaptively with considerations of the
influences of frequency and voltage dynamics on the load active power. Furthermore, this method adopts the larger
proportion between the proportion of UVLS and UFLS as the practical load shedding proportion, and then transmits the
practical load shedding proportion to the underfrequency and undervoltage relay, thus triggering local successive load
shedding. Simulation results of IEEE 39-bus system have proved that the new method, compared with the conventional
one, can adapt better to load characters and disturbance types, thus protecting the power system from frequency and
voltage instabilities more effectively.

Key words: frequency; voltage; load characters; load shedding; stability

HESSEE: TM614 WHERT:  1674-3415(2015)24-0048-07
0 3= (EMS)Z53R1S RGISAT ToLEdh, Wil st )
(==

A R A HL S AR A2 T R SRR E M I
BN, CAFRIE PR A )2 N AR R
R IR AT i ) R R Pl i) e — T B
2, RPN RGP FOE MR LS R E VA
O R P

ARRATURMIC s 9 28 2 22 93 Oy 4 vp s i R A
GG 5. b AU R %, B
BETH T R R G5 (WAMS) B RE B R

RGUBATIRES, FESBN R AN e 75w K
O S bl %07 R BARBE TS A 5 185 Bl T
GIEVN S EN 2 T S A RIS S O NP EPSEIN
B s e vt

il e ] 2 R 10 3 2 W D) iy ) g
55 B ARG He gl 8e 48 i AR AT, R
B AR H I A5 PR B0 B s A R 3R AT Bt R 8 D)
S R R R, T, (AR K
HL R GRS WL (K AR EL R, AR 2 5 (K



W, %

(S A e R e WURES - 49 -

A R A5 A, JE AU AT el e, 78
PEEREN T AT REIE AT I VB K ). KT
TR, FRHEACEE BRI TR, Bk k&
AR D7) A7 A 2 ) 672808 () ity -, 1EAT 20 15X
AT R D) 47 A 425 T SRS TR DAL A Bl HAA ER
(B A S bR ST, SR 1817E % e iR i
FRAZ g Al B SE T S R A RS E DUk
Bk AT B B e IR ENE o SCER[ 1948 T —Fh
ST 2 ARHE A SN 2 AN i ek £ 4y 425 11 e O
SIEIIE 1L CAMRBE R G AR A R AR e e, 3¢
HR[2017E 2% F& 6 fur 4 Th Th 2 A0 e e i ity 1, 1
O EE S R SE LY fff o SCHR[21732 . GOOSE
FEAMEREE D2, e T —Ph SRS B 1) 7 s T BE 1)
BT 78 LA AR eyl e B AR TR sk

ATLLEH, 22 AT BRI R D) 67 fup 8
WA T M5, (UEN AR AL AR
AN A 1R S B N AREPE, 7S5 REAUR 5 R )
(PN b AT ARG R D) F iy 428 1 (P 5 HE e AT 75
. 72 /5 AN

FiAh s ARG R AR S AR R D A B A
LN P A gk AR I AR R R, AR
e A Be AR AR L R (1) B0 ) S A TR A
FEMBRA I, AMUED T ghids, itk 7H0E .
Heh TAE, i ELAESEHERh AT D) S A

SR b S0 A b g A S PRI AT s 4k
H A B Bk 7 v, 1% IEAE T SR A R AR AL
S AT T2 S M Al b, AR i S A A
by A7 A PRI 2R 5 P e A B, B B BRI R ek o
FUEATRA B Inoda g, Mk A7 2 Ut i) 61
fif. IEEE 39 W RAEMT G KLU, Zriks
238 o3 B AR e i 7 VAR LG, BB SE G M Y,
G R ERIE SN L AR 1, RETE A R R B A2
RGN ARG e R A e 1 o

1 DAl RS BB R 4 1%

Gt 1T T Th 26 55 3R G2 B 6 Ay RESE H

K, W AR e AR, ().
Voo

B =PL0(K) X(?O)” ()

e PLR BT IIENR s Pro AT #UEAT ILh

By VAT R AL s Vi ABUE il s, SR

RGN fo WBUEHEW 50 Hz; $RE0 o BE— K

4 0.5~2, JRELpIE BN 1.5~6, SKhrRGE Al

KHGEH SR GA RAEERIRBE AR LR ik

KM o M p HABAED) . 24 RGN A b

RAETRRIAALIS s T G R A IR,

(VA7 D Sh 5 e B W] S g

AR BRI IS B v ek P
G AT TR B 982D, IR 7y (R 404 r s
FrPERs A B+ R Ui PR S AN A7 o LR A 91
RN IERNL. AR, RSB0 ™ B RGN
R S R PR R I, o i R AR e A1
P9, IR R oAz 7y (K047 Th D) 5K Bl R 4L
SR B P PR TR N, LI A7 (R0 L s
PRI O D) St A N PRI, AR BT
AR P27 Ze s v B By R4 i I R
TR s U7 G Ay 72 7l 10 2850 12 AR A A7 4 HL s A
B R G AR A S ) 7 B 2220

2 (RSRE4E R RSB E &

AR RS SN RAR 2R A I R B, SEI A
MR R LA, B Al SR A
R IR D Ty &, IR & B EAR A 5E b
DIAg e, AR R e TR D) ST 12
2.1 RERSEVATEGRE

A5 S0 A G DL A R R 3 8 1 D HR
R mmpkv, WER(2), 1 HAEMZ B 5 15
ARG S I gk P ] 35S T AR IR D)
i, FFICAE I R D) A

V,-V>01V, @)
A, v ok S A g REEG
_p_p Yy Ly
ARy =R ﬂ&b)ﬂﬂ) (3)

A APLy ARSI D) oy s P Ay SIS ) %

ot TR IR VR £ 4350 S 47 A B

S ENa R 17 b S EE VR ) T B P % W SRR DN )
SRR DI Prs VA :

Ve S

PLs:PL_APLv:PL(a) ><(70)ﬂ 4)

R BORECHT o RS AmRE A, RIRSERE

AP BEER X AT Y AT DI D) AT P, WAL —

E ARG A B D)3 Pus N5 REERE

TR PUARSE, B2

Rs=H (5)

WG, AT R A R R I 38 T P SR BB
i, B V=V f~fo

AZIT RO SERE T VIS, 2 R 3 A g

JE P e 8 PRI TR, A b — ) digar 422 41

JEAERIELL 0.5 s N, AW IRZE KT 10%,

I HA S RRERIE s AE R AR, BT s 1 2 xX

M (O) A F G ATIR Hs JakZEe ) i far et )5



-50- CE R R R EEL

%;so t€(ty,ty +0.55) (6)
s ¢ RIS TE] s oy Ryl R AZ AR HE R R R 4 P 21
2.2 RSB EYI 2 E
H R RGBT LU R B 55 e W Ik
BRREAE 58T TR fiurs ZET Age DA K B £ 3 1)
DI 5 APxpo 45 PR3N T 87 Anr REZR IR A2 A 4L 1 Py
URZH 2 (), M A AR EL, -
/<ty te(ty,t; + Aty) (7N
s fir RN KR AR T IS s o M il
ST AR s At AR SRS I SE R
AAEARAIIR R R BRI, AR S (1% 47 far B
2 [P AR T FL R ) S B D) A4y i AP
_ Ve Jis
Mﬁ—ﬁ—ﬂgg)xg? )
At APy AARIREEE — R Invskdists A oh
AT A — 40 T T, B (A 2 —Fe 1 I
fioh 49 Hz, WI(®) T £i=49 Hz.
2.3 KRV EiItE
R 4 S I PR B A BE 28 10 i A S 40 ) TE B
IR IR AR A I D S fr =, A PR UEAR A
WG IRRE  Pr R a ], 429 B AR ZE D) 1
Ao R R 93 V1) By St IR B R AELAE A S B (1) D7) 47
fffe, FERF 20 ms i kgt O, HEHTEIR
I far 4l o
AP, =max {AP,, AP} 9)
A AP D SEBRHH VI AT s APLy B AP
53990 g A1 s 9 R Al 23 1) D7) 47 A
2.4 Yotz
A SCARAIC R 4k rE AR IS v, 1
N7 Bk i = R

3 BHhE

h T U WA ST AR ARUAR He 2k HL 25 156 5 sk 23 7
EAESMISIE ARG, ORI RS
AT &F A FE P (Power System  Analysis  Software
Package, PSASP)7E4nE 2 Bz~ IEEE 39 i R4
8 R V=R s AT NS B 7141 SO 377 [N 19 2 S
FhIREN T IR BAR, IESEg TR TR 11
PR A N R, AR H () R
BRI P o=1, p=1.5.

5 B vp R H A GEAR AR s 95 287 5843 0
WK 1R 2 PR. 5oh, AEARSIE H PR
FE 4k AR SR AT S, AR e T TR
CL R V) A7 A 5 A S A 23 C A (R

A

ARV
5

AR, = P~ P (" x(
I/l(‘

1 YIsfrimizE
Fig. 1 Flowchart of load shedding

2,
l 257726 28 29:

lln

=)
A

— 11

l

4 10
31 32
ov © b
2 IEEE 39 i S &%
Fig. 2 IEEE 39-bus system



W, %

(S A e R e WURES

- 51 -

1 EREMBB AR
Table 1 Conventional UFLS scheme

IR BT T/ Hz BIVELERT /s PGS /%
1 49.0 0.2 7
2 48.8 0.2 7
3 48.6 0.2 7
4 48.4 0.2 7
5 48.2 0.2 7
6 48.0 0.2 7
gk 1 49.0 10.0 5
F2 REREREAR
Table 2 Conventional UVLS scheme
IR 51 M/ pu BIVELER /s PGS /%
1 0.90 0.5 6
2 0.85 0.5 6
3 0.80 0.5 6
4 0.75 0.5 6
5 0.70 0.5 6
6 0.65 0.5 6
gk 1 0.90 10.0 5
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Table 3 Comparison of load shedding results

TG TT % Bk 7y %
a — . P R Ji i (9 E IR iy B puS7I i)
D)o . DA . o o . L
Ik ik /MW H/MW H/MW eIk H/MW
H/MW /MW
0.5 784 6 180 2 964 939 189 5 1128
1.0 784 6 180 2 964 972 299 5 1271
1.5 784 6 118 2 902 722 380 4 1102
2.0 784 6 75 1 859 774 447 4 1221
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