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Fig.1 Modeling and control mechanisms for AC and

DC air conditioners
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Fig.2 Coordinated control of AC and DC air condi-
tioners
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Fig.3 DC Air Conditioner Operating Data
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model parameter adjustment and power fitting
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Differentiated Modeling and Cooperative Control of AC and DC Air Conditioner Loads for
Stable Operation of AC/DC Hybrid Distribution Networks

Lunshu CHEN'?, Shaohua YANG'?, Hongxun HUI'?*, Ye CHEN?, Wei FENG*

(1. Zhuhai UM Science & Technology Research Institute, Zhuhai, 519031, China; 2. State Key Laboratory of Internet of
Things for Smart City, Macao, 999078, China; 3. Electric Power Research Institute, State Grid Jiangsu Electric Power Co., Ltd.
Nanjing, 210000, China; 4. Institute of Technology for Carbon Neutrality, Shenzhen Institutes of Advanced Technology, Chinese
Academy of Sciences, Shenzhen, 518055, China.)

Abstract: In AC/DC hybrid distribution networks (DNs) of aging urban areas, the stochastic output of distributed
renewable energy sources renders the system susceptible to AC-side frequency limit violations,. which calls for ex-
ploiting local AC and DC flexible load resources to suppress frequency fluctuations. Considering the significant
share of air conditioner loads in DNs, this study proposes a differentiated modeling and cooperative control
method for AC and DC air conditioners. First, differentiated models are established from three dimensions:
control variables, dynamic response, and regulation capacity. For AC air conditioners, the indoor temperature
setpoint is adopted as the control variable to achieve flexible power regulation under thermal comfort con-
straints. For DC air conditioners, in addition to temperature regulation, direct power control is introduced to
achieve fast and accurately tracked power adjustment. Second, for power deficit scenarios caused by fluctua-
tions of distributed renewable generation, a hierarchical “AC-priority, DC-compensation” cooperative control
mechanism is designed. AC air conditioners provide power support through a temperature setpoint offset strat-
egy, while DC air conditioners share the remaining power deficit to deliver rapid and precise compensation
when AC support is insufficient. Finally, based on the actual topology and air-conditioner data of a Macao DN,
hardware-in-the-loop experiments are carried out on a real-time digital simulator (RTDS). The results verify
that the proposed cooperative control strategy for AC/DC air conditioners can effectively suppress frequency
fluctuations and enhance the stability of AC/DC hybrid DNs.

Key words: Hybrid AC/DC distribution network; Frequency fluctuation; DC air conditioner; AC and DC air
conditioner cooperative control; RTDS hardware-in-the-loop
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Fig.E1 A hardware-in-the-loop experiment platform based on RTDS for AC/DC hybrid distribution network with air

conditioners
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Table F1 Experiment setup of AC and DC air condi-

tioners
ZH 2 R RsR
AR 415979 MW 108.781 MW
TR 113,200 29,600

BAT % 140.368 MW 36.704 MW
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Table F2 Experiment setup of AC and DC air condi-
tioners model parameter

ZH ZHH L s
c, 1.005 kJ/kg- C
2, 1.205 kJ/m’
14 I1(250,400) m’
Aq I1(138,203) m’
4 I1(83.3,133.3) m’
I 0.5 1/hour
u,, I1(4.0,8.0) w/('C-m?)
T, I1(34,36) C
T, 11(27,30) ke
& 4.3 W/m?
Teop I1(2.5,3.0) N/A
K, 0.04 kW/Hz
4, 0.02 kw
a, 0.52 Hz/("C)
B. 0.0032 Hz/("C-s)
a, 0.10 Hz/W
B, 0.005 Hz/(W -s)
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