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Aggregation modeling method for wide-area multi-source heterogeneous reactive power resources

considering dynamic response characteristics
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[ Abstract] In the receiving-end grids of new-type power systems, renewable energy sources, power electronic
equipment, and diversified loads are expected to be extensively integrated, resulting in reactive power resources
characterized by diverse types, wide spatial distribution, and significant differences in dynamic responses. Traditional
aggregation methods have difficulty accurately representing the dynamic reactive power support capability during
disturbances. Therefore, an aggregation modeling method for wide-area multi-source heterogeneous reactive power
resources considering dynamic response characteristics is proposed. First, according to reactive power characteristics,
dynamic response mechanisms, and control modes, reactive power resources are classified into five categories: power
electronic resources, rotating resources, static loads, power electronic loads, and dynamic loads. An aggregation model is
then constructed using reactive power contribution. Second, trajectory sensitivity analysis is employed to identify the key
parameters affecting voltage dynamic responses, thereby reducing the dimension of parameter identification. The model
parameters are subsequently identified using an improved quantum-behaved particle swarm optimization algorithm. Finally,
case studies based on the EPRI-36 bus system and an actual receiving-end power grid demonstrate that the proposed method
can accurately represent the dynamic responses during voltage disturbance and recovery stages, improve the consistency
between the aggregated model and the detailed model, and provide model support for electromechanical transient
simulation and voltage stability analysis of large-scale power grids.

[ Keywords ] Reactive power resources; Aggregation modeling; Dynamic response characteristics; Trajectory

sensitivity; Parameter identification
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X, [3, 4] 3.295 AR
K, i [0.05, 0.1] 2.607 FrIE N ES
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n 0.5 0.526 5.20%
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X 0.0078 0.0081 3.85%
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N 0.82p.u., Pl 5iEgi RN 0.90 pu; P&

-54-

t(s)

() BELMR

1.2

U(pu)

B QPSO BERENS e R BRI SRR,
I SHHERGE R 2 R AFRS PR E 5
O RIEBIEMSERE G EA O, P HR EE & 280k
78 Jo AT IR M S 2 R AR AT SR AP
ZR T RS T HARSE D SR MR on B
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FEARTHER B 2 o oA FR TR o5 L S H AR ZE 301K
T 6% T E UL, TG @I 32 2 B AR e IR Rr i
FIhAFRHE, IEE 2K E & NS EN B E .

6 WTLL T VR . A EIAUSER S T 5ERS
FERAERGTE | I PR E SR A = I L0 T 1Y F S P S
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4.2 SRER L HA)

DRI IE T 3 S G AR R A S R A 2% LI o PR A
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ORI F, R A Hh H R 2 R RE I R Bh, R
A SCHT IR G T IEN R S RO AT R, HE R
mk 4 s, ME 7 X T BT 5 L G
R T IAT A M H T R ASOR I 38 F TR D% Bh3g 5 T RIS
25 ] AR o

R3 Al TR THIFERALZRBX ARSI

091

0.8

0.71

0.6

U (pu)

0.5

VEAT R
R I
— HiitHiE

041

031

0.2
0 1

3
t(s)

(a) AMEBRERRIR

BIEAA BERE (MVA) HILRH
HAR 1 134 0.25
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TR AL 1 50 0.5
SRS AL 2 50 0.4
LI T S 1 42 0.8
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