$51% 914 1) W) RGRY 5 Vol.51 No.14
202347 A 16 H Power System Protection and Control Jul. 16, 2023

DOI: 10.19783/j.cnki.pspc.221881

ETHENET LRSI RS XINFFTHFIER
ENEEFEMR

IO, BRIk, HET, B, 3, SRR

CritmaBR AR RELER T (BARFEE MR RARaE), b7 102209

WE: WMAEFRISERNAWR S, RENEZRERAAERERAREWEEZTFR., R4S 042 LR
HEXMESNEE S, BRI T P AEEEE A2 T -T2 R R, 18R T LR %
RSO R . S T — M T RERA S RN G X LK, R T SR KR AR
B, Bt A BRI S B . HUCRH 3 R 7L 7 L & DOBAR L R - D R, 1 R THERAS, 3D
BMBESTETERNFMWRE R SHRIZFEREM, HHLATbrA . 3R EATI v R BT i BT . a4
TEHEXENFETE. HXRATNA LB LBMIEE LG X EERAARE, B HEEHEEE D
WA EIR/DN, I RREVFIEIT.

KRR NN, REBAL MAERA; EiRE; KHREX

Power regulation characteristics and active voltage regulation method of a distribution station area
based on motor group classification aggregation

WANG Xiang, YUAN Peie, CHEN Guofu, MU Xiaobin, LIU Zhuangzhuang, DAI Fengjiao
(State Key Laboratory of Advanced Power Transmission Technology (State Grid Smart Grid
Research Institute Co., Ltd.), Beijing 102209, China)

Abstract: With the increasing penetration of renewable energy, active voltage regulation of a distribution network has
become an important way to maintain system stability. To study the active voltage regulation method in a current power
distribution station area with load diversification, first, the voltage-power regulation characteristics of the motor with
different load types and load rates are studied, and the impact of the load conditions on motor power is revealed. This
paper proposes a classification method of station area motors based on load type and load rate, and establishes a
classification aggregation model of the motors, one which can effectively reduce the complexity of the model. Then, the
overall voltage-power regulation characteristics of the distribution station area are studied using the classification
aggregation model, considering different load types and proportions such as static, dynamic and power electronic load.
Additionally, actual agricultural and commercial industries are analyzed as examples. Finally, the active voltage regulation
method in the distribution station area is proposed. Considering situations of both sufficient or insufficient reactive power
of the system and main load types in the station area, the voltage is adjusted to minimize the consumption of active or
reactive power, realizing the economic operation of the system.
This work is supported by the National Natural Science Foundation of China (No. 72188101).
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Fig. 1 Motor input active power regulation curve with

constant power or constant torque load
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Fig. 2 Motor input reactive power regulation curve with

constant power or constant torque load
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Table 1 Parameters of motors

s BENERAW FEHEENV ETHEMpu HEFHEEpu B PR BETFRPUpA BEEEIUpu. FUEEZER S WS
M1 1.1 380 0.0595 0.0473 0.0576 0.0779 1.3160 0.0760 2
M2 1.5 380 0.0495 0.0474 0.0595 0.0825 1.3955 0.0710 2
M3 3 380 0.0417 0.0338 0.0555 0.0598 2.2119 0.0448 1
M4 110 380 0.0111 0.0112 0.0829 0.1468 1.9102 0.0132 5
M5 220 380 0.0090 0.0096 0.0797 0.1519 2.4612 0.0111 4
M6 315 380 0.0075 0.0072 0.0641 0.1406 4.3535 0.0080 2
M7 1117 2300 0.0110 0.0069 0.0870 0.0870 4.6000 0.0090 2
M8 1676 2300 0.0082 0.0062 0.0770 0.0770 4.5000 0.0080 2
M9 4470 4160 0.0049 0.0049 0.0082 0.0082 6.1000 0.0070 2

1.2 BRHKE LA s
A LK 2 BRI B L 07 B 4 5 ML L}
FIHIRIEH, WX Q)R .
T, = Ao 2) A B
Arh, 4 RIS R B e
AL M5 A, LK sk, S .
R A AFEE, HBIE-IhRRAMLE 3 K 4 0.8f
PR o |
0.6

P 3 AT 4 o, 5 KUK SR S B 3 rEAL
N DBE R BT T, SRR R A4 T
1M ML AN T E AR E L T (4<<0.8) BEHLIE
Fremirb . seah, S 1 S5 3 s, AL
1 T 2R BUE A AR 3 ALK 22 28 47 20 e - I
RIFFREA 8L TR G X 2 & LR -
B VA PR, A BT BT AR RS Y A R
AT e,

1.005
o0t
<
=
ﬂ A=02
kﬂ: —_—— —4=04
% oos| e A=06
e A =8
e—4=10
0.990 : ' ‘
08 09 1.0 L1 12

SE T /pau.

[ 3 BHLHERALKR E ARG T
Fig. 3 Motor input active power regulation curve

with fan or water pump load
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fan or water pump load
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Table 3 Critical load rate and torque coefficient of each motor

5 Ml M2 M3 M4 M5 M6 M7 M8 M9

Kp; 042 038 028 030 024 0.14 016 0.15 0.12
Kq; 089 090 093 0.78 071 0.67 067 073 1.00
Ag; 100 1.00 1.00 0.85 080 0.66 071 0.79 1.00
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Fig. 5 Equivalent circuit of aggregated motors
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Fig. 6 Input active power regulation curve of aggregated motor
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Fig. 9 Schematic diagram of motor group aggregation
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Table 7 Load rate and torque coefficients of aggregated motor
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Table 10 Voltage regulation method for station area
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