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Two-stage emergency control method for a weakly connected industrial enterprise power grid

NIE Luyan, LIU Fusuo, QIE Zhaohui, REN Jianfeng, LI Wei
(NARI Group Corporation (State Grid Electric Power Research Institute), Nanjing 211106, China)

Abstract: The load of an industrial enterprise power grid is characterized by a high proportion of induction motors and
low power factor. When the only connection channel with the main network fails and disconnects, the risk of instability is
prominent, posing a serious challenge to emergency control. First, the characteristics of industrial enterprise power grids
are elaborated from the perspectives of grid structure, load, and technician requirements. Based on the selected load
simulation model, the voltage frequency coupling characteristics of the grid in short-circuit faults and the adaptability of
traditional emergency control measures are analyzed. Second, in response to the emergency control needs of avoiding
transient undervoltage over frequency and steady-state overvoltage under frequency after faults, a response strategy
considering parallel actions of equipment protection and system protection, as well as electrical response driven is studied.
Then, a two-stage emergency control method for such grids is proposed. Finally, the feasibility and effectiveness of the
proposed method are verified based on an actual industrial enterprise power grid, indicating that optimizing the control
timing can deal with the contradiction between rapid recovery of transient undervoltage and steady-state overvoltage.
This work is supported by the National Natural Science Foundation of China (No. U2066210).
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Fig. 1 Typical grid structure of industrial enterprise power grid
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Table 1 Characteristics of different types of load in

industrial enterprise power grid

et Rl HLEHHL & B prEeS
TREN 90% /F0.90
FLANL S & b )
Kie 90% /T 0.90
[N 15% 0.7~0.8
LRI EEAFSE g
* FR A4 5%~10% /NT0.85

1.2.1 HBIHLE & b 5

TRANIS A Anr ST PR B B AL iy o L A fep o 7R3
ANLEREF, 56 KEMENL. BIEN. X/
HER R/ 5] XL KIE . SLHLAE B g, 2
A T 2R A T 90%

IKVBAT M A P R R R /K, A AR ) %
BORMBE . KB BE =N B . KTe) IS &



-172 - B R GARY 524

JUTS5 9 NS (AL 7B BREE. B ML,
RIENL. KTEBESE), HBIHLGAT 5 LN 90%.
1.2.2 K2R A Af

BHEEETFIREREAEEENMDIIRL. &R
A ERLF R T FITE iR T a B, e
ARG 4 . PRI RE . BRI S
SWHEMEE L, KR Gk E S EN
70%LA E,  FBREE JEFAE =B & L Bk, wK
R AR G B BGPTSR A B BT e L
AF A R R Y BET =5 . B
HI ESRI R EIEUN 0.7~0.8, — RS0 358 G 1
TC B AEDOT B R R T A . T2 T s B A7
i R IR TR K. BRWLES RS, G H— A
It 15%.

FEL AR 5 67 7 AH A B 7R (IR Th R DR 0 2 Tl £
T o 3B R FH TGS PH AR 65 LA, DA AR R
W, AEAE NBARL, 7E 950~970 °C Y HE RIS T I8
AN B XK i AR ISR T g . R
FRART — 2Rt fir (4] AT I 95% A b, FE A
MR R YA S, IR K TEIRREES) /)
fifar, HBIHL A LM 5%~10%. DR EE—
KT 0.85, M5 DIZREAE 0.96 iti.
1.3 BREFF @R AL

ANET KM 2 SRR e RS — A, B
g ) SR T B A it P 32 0 SR g i R T s b
BR8] R ik 7. I A SO | Ao | A4S L e
T (R IE 8 AL P2 A BEA R B e, 1B SR FEL M 22 42 )
[ ERE, G m] 2D b1 s 67 gt 2 T Aol Ha ) o B ) 2
B —ANEEFRR, RN, Tl A R
AL B RN, BT N R TR SR, B
Ay Bl I R S R G A I AR ] R

2 EESIERFFE R R IR HIB

2.1 HFE TR E SRS
HL AL A A ey o B IR 4 R B T W S R 4t
HIE R R - B R N, S R, BN LB L

I TN TR Q Ron N
o U, U+ 0

X (R /s +HX, +X,)
Aob: U RIREIE: X, HRENLE TR X,
AL TR R, AREIHLEE T X, N
SRR s MHEIpLEE 2%

% 2 HOF KRR LIS,
AR5 B S, RGHIEBE, s
Ko R EIHL AR TN ROEL RN, 1R

AR R et Bl KA
®2 BERARREIN S

Table 2 General induction motor parameters

FMY  Xipu  Xo/pu.  Xu/pu Ry/p.u. s
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Fig. 2 Voltage and frequency curve under short-circuit

fault of connection channel
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Fig. 4 Comparison of parallel action and serial action mechanisms

3.2 EBJEMmRIRENAY K ST H
AT LA B SR AT IS, Tkl
REGABIERW PR . B 29 Tk Ak AL
) 2% 495 14) 3 2 IR B D) 7y R L T v A
B U DB AP 5 R0 RG] . Kk, @
DB L S A R G R R AT BRI B AR AT
1B, 45 B P A7 R B N B R AT RE D, X R B
A H AR . A SRS IEAR ) H FE B i S IR B R 1
ARFF R, R — B E A AR R 5 A, $2
HH T L e S 2 8 U 3 0 L2 2 4L T R SR
Jik, BEARARAS I L 51 R AR AU o
Ik Al FL 9 2R 558 16 T B B #6485 ) 2R
0,=0,+0.+0; -0, 4)
X 0, AMBEFTH AT g O, AEBREE L
NI O, A s i Bt B T D) )
Qg NRBHURMEITII 11 0, AR KA

23 EI T DIARFE

I TR R TR T, R R TIRR TETh
it O J5, TN R G IR TC Dt el . 20 mE 2%
B FARRBE R Q, /N B AL
e, WS R E R RN (0, - 0,)
IR E (O, — 0,) VIBRHIASA, RGud bR
G R o 22 1 T4 i 25 1 e 2 9032 R B0 )4 A
KA ZRUGEIRMFEE, YRGHEERE 23 1EE
HR VIR AR B b, D) ZEaRsh e TE
FRFEEHIURIZAT B, B Y 6747 A D)3 s k),
BRI ORI . (825 I8 BT BB A 4 A7
FEGAY R R XU, s W D) DU e e 5| 3 R IR AL
MMM, Bk, 9 RS RE, DA
SN A i SR AR R e HI YR A bR, 2
S 52 K A i 2 5 et s e U7) o 25 B 2HL 3 VR S 1L
JEE 1.1 pou., ZERFBEA 0.1~0.2 s AR I FL—F2 K



e P
Hftie, 5

S SRl AV F R B BUR B TV

- 175 -

DIk 25 B0 R B I BBl K, AT IR
(O, — O, FLLREL K KAz Hi], K FTH 0.8 5L 0.9,
N IESE — R R EE R, R KA
L1pu/its, [FIATAEFRSE R A et 45
i AR, HRCRREREC IR, BIEME ATHC 1.05 pu.Ek
1.07 pu., EHIETE(1-K)O, -0,) MR IEY
A, AIEL 2 s.
M EUAN ) 2R G AR A i AE B 52T R, 9
i B3 B A g, AT O A
Ui — Umki
77i - U,-O _Umk,- (5)
X, U Uy Uy, 2800901 RO S AR 2
HLE « WIARIZAT A R A ] K 52 (AR AS BUAE H 1 o
DBk vt B, A LA 4% 019 5 L R
AV
5o
00y,
o1, 0, WA BYIR A R
AR 20(6) FI T ik L e V) FEL A 45 ] SRS 3
%3 iR, ik B RN FIIRER Oy, »
N1 8L 2.
7 3 YIRREB A BRLARVITHI RIS R
Table 3 Control strategy table for cutting off capacitor banks
AT AR THEE/pu. ZER/s X VIREE HIE
1.10 0.2 1 o HeAE
1.07 2 2 Osp k%S

3.3 EABHIFNERISHIRE

FIATRY 5 b I 2 R« ISR His . S
UURL” J7%. TEBIZER B, FIFUEIS
B 47 TR A S B E AR R IR 5] S5 47—
BT, SR TR R R
31T AU, SEEO Al S 2,

568 55006l i e 5 4 B T 0
B A T, Tl B 0T B S O
St 7 R T OO L, 1 S ) o
B F I B YK D) 2 B L e . B A R
HE NI I T (0 2 A (5, S
$5C e Byl L P A s AL S0 L, — B il
BRI S, HERA L, @ FB&E
RNTH (B, +0,) » HIRRA RS RGRY
FATRENUS], B At L Th bR P, VIR 5
i, R AR IRI LI SRR N O, . FR,
SRR AL AR, 2 I A D
SRR, BRI AR U IR KO, - 0,)

(6)

BN AR A . IR TR AN S
TERIA L, SIS 25 YO BT AR G il 9 i, S m]
REHICRE 22 4 L IR A2 R BT UG AT f M. SRt &

5 ff7s o

‘ SIS S N0 BB 2 W T ) 2 AT AR S 13 }47

RIfESeLH
W IFATENE IR

| mmms e R s . Rk |

v

| eHEmmEA N0, WRNEDSGNG, |

A

SRR AT B,

AN R B )

| TR TR M) o 25 2 AL S DGR AT S ) i 2 2 2L }—

&5 E2IEHIFmm BITHIRiER

Fig. 5 Flow chart of two-stage emergency control
4 NRAZRS

FEREL 1 RO RATE 2 st s, SR
PN HL B AL+ A S (R 28 5 T AR, HerpoK
Pl WS BRE g N A AL T2 L2
K 50%, SR EFEAE Sl PR . H B R A
RCSIbR Z (S HU M3 4 FI2E 5 FIR.

*4 SREEENBRNEINRESH

Table 4 Induction motor parameters for high energy

consumption model
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Table 5 Comprehensive static model parameters
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