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Transient Voltage-Frequency Cascading Emergency Control for the Receiving-end Grid with

New Energy and Energy Storage Participation
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(1. School of Electrical Engineering and Automation, Wuhan University, Wuhan 430072, China;
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Abstract: In response to the transient voltage issues at the load center of power grid with a high proportion of new energy,
this paper proposes a transient voltage-frequency cascading emergency control method that involves the coordinated par-
ticipation of new energy stations and energy storage. The method is characterized by the ability of new energy stations to
temporarily reduce active power output to enhance dynamic reactive power support capabilities, which is of significant
importance for the transient voltage security of nearby grid areas. Furthermore, the reduced active power output from the
new energy stations can be compensated in a cascading manner by remote energy storage systems to avoid frequency se-
curity issues in the system. Therefore, based on transient voltage and frequency security assessment indicators, this paper
establishes a two-stage optimization model with the objective of minimizing the cost of emergency control. This model
optimizes the power regulation quantities for the participation of new energy stations and energy storage systems in
emergency control. Finally, case studies using an improved IEEE 10-machine 39-node model demonstrate that the pro-
posed two-stage optimization calculation can accurately and efficiently derive cascading emergency control strategies.
These strategies can deeply utilize the dynamic reactive power support capabilities of new energy stations to improve the
transient voltage security of the system while coordinating energy storage to ensure frequency security during transient
voltage control.
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Fig.1 Strategy diagram of transient voltage-frequency

cascading emergency control
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cade emergency control mathematical model
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Table 1 New energy station output and capacity parameters

WEEESE  AHEMW B /Mvar AL/MVA
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NE4 640 170 700
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Fig.6  Post-fault dynamic behavior of system instability
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Table 2 Reactive power output of new energy station
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Fig.7 Dynamic behavior of induction motor load instability
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Table 3 Transient voltage security margin for some nodes

B T
BT A SRR R T & I it R -39 R T
Z L ¥tk
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BELk 7 ~0.2556 0.856 1
BELE 8 —0.1927 0.847 3
BELE 18 03436 0.9540

R4 BRIk B X A

Table 4 Tripping margin for new energy station

U6
B OERERATA R S0 R
S 594 B A
NEI1 -1.090 4 1.050 0
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NE5 -0.263 3 0.5516

TRWE T, 17 R A v 22 A A T RBT RE R 37 3 1)
JERPRAR BEA BT Tt . thAh, B 8 BT iy i B
SERATLLE Y, AR H IR I [ 3 s R R I B
KA R TSR S T RAy S AR
MILG(E 6). WbEYIbR G, S8R S h iR R5
B A HUR IR R B0 R KCE(B] 8(a)), S T H
TR SCHEA R FE BN g KA VIR R .
EARERERZ, Bl T A D 70 ae k3 b
(NE1. NE3 1 NE4)FigRELE 25 6(b)H HI s
KISHLEE(G3 1 G4), I Hpraeds Mk ra i )
FUEREAME A DI )2 I A S . Btk 4h, B
LIIHATE XS DA e I & S, HE 8(b)HIF*
W R A A AR R R RS e . X TE 6
T R G R AR A5 (R AR R 2 S A T DA
B, BRUE T ARSCHTHE S SR I SRR 0 T3 5 R A8
BTN CHERE A 8



1628 i LR AR

1.2
= S Y s
1 ‘F/’A"/\,//" N
s AN

=
&
H BEAR3 ee BERT
® ----Bptkd - - RRLR8

BRERS — BRI

1.0 1.5 2.0 2.5 3.0 3.5 40 4.5 5.0
B 18]/
(a) HLJE HH 28

0 05 1.0 1.5 2.6 2.5 3.0 35 40 45 5.0
B a]/s
(b) Th #f i 48
Bl 8 R H AR A R S g S5 I RGBS

Fig.8 System dynamics following implementation of volt-
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age-frequency cascade emergency control strategy
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Table 5 New energy station reactive power output(new energy

accounts for 60%)

HeU AR H 73/ Mvar PeAbE i F3/Mvar
NE1 290 800
NE2 170 800
NE3 160 0
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NE6 260 0
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Table 6 Voltage indicators of some nodes(new energy

accounts for 60%)

T EBOYT RHR IR RCETRENR o LE 30%)
Table 7 Voltage indicators of some nodes(new energy

accounts for 30%)

SR SRR ERERR e BN ERRR Fai el BSHELEMEER el SRR
B2k 1 0.8927 NEI 1.034 4 Rt 7 0.8745 NE1 04528
B4 5 0.844 6 NE2 0.565 5 Rp2k 12 0.861 1 NE2 0.459 6
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Fig.10 Frequency response curves of the system before and
after energy storage compensation (new energy accounts

for 60%)
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Fig.11 Frequency response curves of the system(new energy
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Table 8 Energy storage capacity demand under different

proportions of new energy

AL HIBE  RAMEA B O R D)
/% /MW {72 B K AE/Hz HMEE/MW
30 0 0.25 0
50 1409.16 1.17 11613
60 2189.20 2.50 2110.0
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Table 9 Calculation time for each stage
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