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Study on Tuning Parameters of PI*D* Controller for Pressure Difference between Supply and Return
Water and Its Performance for Primary Pump Variable Flow System of Air Conditioning Chilled Water
Cheng Kang Li Shaoyong Wang Duo Zhao Chunrun
(' School of Civil Engineering Lanzhou University of Technology, Lanzhou, 730050 )

[ Abstract]  Pressure difference between supply and return water is critical for hydraulic balance of primary pump variable flow
system of air-conditioning chilled water (ACCW-PPVFS) and the adaptation of the dynamic change of cooling load for

air-conditioning users. At present, the integer order PID regulation mode is usually used for pressure difference between supply and
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return water of ACCW-PPVFS, which leads to the problems of larger steady state error, larger overshoot and excessive oscillation,
etc. Considering these problems, this paper proposes a design scheme of a fractional order PID grading control policy for pressure
difference between supply and return water and a modified biogeography-based optimization algorithm (MBBOA) for tuning
parameters of this fractional order PID controller (FOPIDC). First of all, through careful analysis of air-conditioning technical
requirements and automatic control theory, the transfer functions for each component of this fractional order PID control system
such as the controlled plant with pressure difference between supply and return water, fractional order PID controller for pressure
[1difference between supply and return water (PDSRW-FOPIDC), variable frequency pump and actuator for the flow of bypass
water, etc. are established, respectively. Secondly, by making the migration factor of biogeography-based optimization algorithm
(BBOA) decreased linearly, an MBBOA is reconstructed for tuning parameters of PDSRW-FOPIDC so that the optimal values of
five parameters are found. At the same time, by means of regulating variable frequency and the flow of bypass water, the primary
pump and the actuator installed between water separating and collecting vessels are controlled, respectively, in order to adapt the
requirements of high and low cooling load for air-conditioning users and to ensure that pressure difference between supply and
return water (denoted as AP) equals to the corresponding setting value (denoted as APg). Finally, by MATLAB Simulink tool, the
simulation model of this control system including PDSRW-FOPIDC is configured and the corresponding simulation is also carried
out. The results show that this fractional order PID control system for pressure difference between supply and return water and the
fractional order PID controller parameters tuned by MBBOA are feasible in theory, which can adapt the dynamic change of cooling
load for air-conditioning users, meet the related air-conditioning technical requirements with AP=APt and maintain hydraulic
balance.

[ Keywords ] Primary pump variable flow system of air-conditioning chilled water (ACCW-PPVES); Pressure difference
between supply and return water; Modified biogeography-based optimization algorithm (MBBOA); Fractional order PID control;
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