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Frequency security assessment and optimization considering dynamic frequency
response of motor smart loads
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2. School of Physics and Electronic Information, Guangxi Minzu University, Nanning 530006, China)

Abstract: To ensure fairness and economic efficiency in generator output schedule adjustments during frequency security
assessment, a frequency security assessment and optimization model considering the dynamic frequency response of
motor smart loads is proposed in this paper. The model employs an optimization-based approach to assess the frequency
security of generator output schedules and provides the optimal adjustment scheme. To accurately represent the frequency
stability constraints, a full dynamic frequency response model is introduced to establish the relationship between the
pre-contingency generator outputs and frequency dynamic characteristics, while tracking the dynamic frequency response
of each unit during the frequency regulation process to limit the frequency nadir. At the same time, a dynamic frequency
response model of motor smart loads is established to capture their dynamic characteristics during primary frequency
regulation. Compared with the traditional static load models that only consider the static frequency characteristics of
conventional motor loads, the proposed model mitigates the overly conservative results caused by neglecting load-side
dynamic frequency response. Simulation results based on the WSCC 3-machine 9-bus system and the New England
10-machine 39-bus system show that the proposed frequency security assessment and optimization model achieves a
balance between security and economy while effectively alleviating the frequency regulation burden on the generation side
by leveraging the dynamic frequency response of motor smart loads.
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Fig. 1 Augmented network based on generator classical model
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Table 1 Electricity market clearing results of WSCC

3-generator 9-bus system

Gl G2 G3
Pg"/MW 60 150 105

BT RS A ZAD IR, BT 5 K55
PRI ANAS o AR 22 A% BRI i RIRE S
S AT 19X <55 SR AT 5 51 A PO A1 23 A 1 )
B, A3 RGUIARAEN BN 5 BEVS A 24 /AR e g 2
Ko BRI EMNIRME £, =59.2Hz, SHXIAFRTE
FERITRB AN 5, WEMR DK h=0.025,
SL-FSCO 7 (R4 2 K% 45 SR Wk 2 o

%2 WSCC3#l9 Tim &% SL-FSCO 1REH
MEZERLER
Table 2 Frequency security correction results of the SL-FSCO
model for WSCC 3-generator 9-bus system

B AL u N BB i)
R MW ARTIMW AR e 2 7
Gl1 0 0
34 G2 0 0 0
G3 0 0
Gl 0 0
36 G2 0 1.2 24
G3 12 0
Gl1 0 0
38 G2 0 6.7 13.4
G3 6.7 0
Gl1 0 0
39 G2 0 15.9 31.8
G3 159 0
Gl 0 0
40 G2 0 16.7 334
G3 16.7 0

M SL-FSCO LR (R 22 o A% 45 R p T LA
A, XT 34 MW KWLBL TN, B gitdlg
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Ja, BRI DA R R E TR, R
XFACEALHS o RIBEAT R, H s shis™ E
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g U B SR AR A rE AL EE g iR R R 5 2
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AR E AL 3 AR R D056 T B R4
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FRIABEE IR 1) HORS A o BOR BT I o) A ks
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G A AR D [ THEAEL, 2 51RO T AR ) 4



T R BE LB LT Bl A AR i N [0 2 e Rz LA

- 103 -

. AR RBINEREWRERC S ),
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Fig. 4 Frequency response of the unit with the minimum
frequency nadir under different f;;,, for WSCC 3-generator
9-bus system after the SL-FSCO model adjusts

the generator output plan
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Table 3 Smart driver parameters of MSL for WSCC

3-generator 9-bus system

P /p.u. R, Tipfl Tlprz C,
0.75 0.015 1 0.1 0.9937
(O-]’Dl) (GzaDz) n H C,
(700,0.001) (700,0.001) 0.05 6 0.0199
% 4 WSCC 3 #l 9 T H % MSL-FSCO =811

MERERIZER
Table 4 Frequency security correction results of the MSL-FSCO
model for WSCC 3-generator 9-bus system

T 15 Bt 19X AL APRIMW AP MW REBHE I )
28 K/NMW LRSI
Gl 0 0
38 G2 0 0 0
G3 0 0
Gl 0 0
39 G2 0 1.7 3.4
G3 1.7 0
Gl 0 0
40 G2 0 5.6 11.2
G3 5.6 0

3.2 FEIE= 104139 BRERLK

U R 5 0 ¥ it T S5 4 SRR T 37 I S Y
K ), BARGE RN 5 Fros. A MSL-
FSCO #RAXSZ tH A ih RIBEAT IR Z iz, wE
TiEMS DK =015

=5 FRKZ 100 39 R ARFENHIAHFLER

Table 5 Electricity market clearing results of New

England 10-generator 39-bus system

Gl G2 G3 G4 G5
Pgo/MW 332 582 700 564 480

G6 G7 G8 G9 G10
PQO/MW 350 530 579 880 1100

RBEHTFA% 22 10 WL 39 T H RGN M 26 H £
AN, BT 5 26 [ AR AR . ¥
TRARSR B N 26 RAKMUBEM, 32 X EEIh R
111 MW. 75 5010 EAG 100 MW HLEIHL 6 g ideid
N MSL, FHBEEENIERBI BT EAERE,
HA Rk BN 28 ZH WK 6 Fis.
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Table 6 Smart driver parameters of MSL for New England

10-generator 39-bus system

£ pu. R T Tipra G
0.75 0.05 1 0.1 0.9937

(o-laDl) (UZsDZ) ,7 ’u CZ
(700,0.001) (700,0.001) 0.05 6 0.0199
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TR Fp AR B I A 2 AR G Hb A1) 1 AT 1 T B
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Fig. 5 Unit frequency response under different f;;,, for New

England 10-generator 39-bus system after the MSL-FSCO

model adjusts the generator output plan
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Fig. 6 Frequency response of the unit with the minimum
frequency nadir under different fj;,, for New England
10-generator 39-bus system using MSL-FSCO
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Fig. 7 Frequency security correction results of New England

10-generator 39-bus system with different MSL capacity
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Table 7 Frequency regulation reserve on generation side of
New England system with different MSL capacity
MW

MSL % & 0 50 100 150
R ELO S RS0 341.43 115.29 10573 97.11

GRS, 4REKN], BE%E MSL FE1
BER, AR R A 2 F B RE 2 e o Xt RN TE
I3 W B N MSL S 1) B 20 i 0k H
MBS T RIS BRI, X RS rh S 2 H )
HUGAATREAT B REALS0E, AT AEAS S 0 RE 8 i 11t
HZEEIRMINL, 25T R G R E A
BFBL
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Table 8 Maximum frequency-regulation power provided by
ordinary motor loads and the same capacity MSL

Y EhHL MSL
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4 R E 0.05, SRR REIRS) A% E 1Sl 28 01T
HH AR 8 B 5 I 8] 5 R T, ML, AN T, (DX R
MSL # AR B 8 Firs. FILLEH, BT,
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Fig. 8 MSL active power curves corresponding
to different 7i,p
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Table 9 Adjustment cost of generator active power output
corresponding to different Tj,p

T fE 1.5 1.0 0.5
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AR AR, XS LU LRI Bhig st A7 e
£

WS 1: 0526 RA KM, #1846 Th
I 110 MW;
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Fig. 9 Frequency dynamic characteristics under different

disturbance scenarios
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Table 10 Calculation time under different integral step length

Badkis BB THEL /s
0.02 400 353
WSCC 3 #l
0 4 i 0.04 200 16.9
TR 0.06 133 9.7
0.02 400 7276.6
I 0.04 200 1757.9
HHERS 22 10 ML
39 i bk 0.06 133 755.4
PRIRE 0.1 80 403.2
0.15 53 119.1
IEEE118 Y A% 0.15 53 79 534.8
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Fig. 10 Infeasible convergence curve of IEEE118-bus system
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