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Fig.1 Architecture of hardware-in- the loop
co-simulation system
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Fig.2 Procedure of hardware-in-the-loop interface
for communication simulator
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Table 1 Interface latency of communication
simulation software
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Fig.3 Hardware-in-the-loop co-simulation
by closed-loop control
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Table 2 Testing results of inherent time-delay for
hardware-in-the-loop simulation system
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Hardware-in-the-loop Co-simulation System for Power Grid and Communication Network Based
on RTDS and QualNet

TONG Hegin"**, NI Ming"**, LI Manli"'**, SI Qinghua'**, MIAO Yuancheng', GONG Peng®
(1. NARI Group Corporation (State Grid Electric Power Research Institute), Nanjing 211106, China;
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Abstract: As the factors of interruption, latency and bit-error-rate (BER) of the communication play a very important role in
the security and stability control of power system for the smart grid and the Energy Internet. So it is important to study the
interaction between the power system and the communication network, and the hardware-in-the-loop co-simulation is a very
useful tool for this kind of study. Based on the analysis of dynamic features and the characteristics of synchronous digital
hierarchy (SDH) network, a framework of a hardware-in-the-loop co-simulation system for power system and communication
network using the real time digital system (RTDS) and QualNet are introduced. Then, a hardware-in-the-loop co-simulation
system for the power system and communication network with power system secondary control equipment and SDH equipment
is developed to study the impact of communication failure on the power stability control system. Tests are done to measure the
inherent latency of the developed co-simulation system to verify the reliability. Finally, the frequency coordinated control
system in East China grid territory is used as an example, and a close-loop simulation is performed in the co-simulation system
to validate the impact of the communication BER on the functions of the stability control system and the control effect.

This work is supported by Jiangsu Economic and Information Technology Commission and State Grid Corporation of
China.
Key words: hardware-in-the-loop co-simulation; power grid and communication network co-simulation; synchronous digital

hierarchy network; stability control system
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