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Abstract: To address the control challenges of gas-cooled micro-reactor systems, including strong
multi-loop coupling, significant nonlinearity, and stringent operational constraints, a multivariable
decoupling and coordinated control method based on model predictive control (MPC)is proposed.
First, the bidirectional energy transfer mechanism and the open-loop dynamic responses of the
primary and secondary loops are analyzed, and the relative gain array (RGA)is introduced to
quantify the system coupling characteristics. The nonlinear dynamic features of the system are
revealed through open-loop tests at different power levels. Subsequently, a gain-scheduled MPC
multivariable decoupling controller is designed to explicitly handle actuator constraints and
achieve dynamic optimal decoupling within the secondary loop. Finally, an MPC-based
multivariable coordinated control scheme is proposed, in which the helium temperature is treated

as a measurable disturbance. By incorporating a dynamic matching compensation mechanism, this
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scheme realizes the global coordinated control of the electric power, air temperature, and helium
temperature. Simulation results demonstrate that compared with conventional proportional-
integral-derivative (PID) and feedforward decoupling PID methods, the proposed multivariable
decoupling and coordinated MPC scheme effectively suppresses the overshoot of key variables and
reduces dynamic deviations under various load transients and disturbance conditions. During a
step load reduction at the 100% power, the overshoot of electric power is completely eliminated,
and the maximum deviations of the air temperature and helium temperature are reduced by 76. 7%
and 55.2%, respectively, compared with conventional PID control, thereby significantly
enhancing the overall control quality and operational stability of the gas-cooled micro-reactor.

Keywords: gas-cooled micro-reactor; model predictive control; relative gain array; decoupling

control; coordinated control
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Fig. 1 Schematic diagram of gas-cooled micro-reactor
structure
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Fig. 2 Open-loop response to reactivity transient
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Fig. 3 Open-loop response to turbine speed disturbance
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Fig. 4 Nonlinear open-loop response to reactivity transient
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Fig. 5 Multivariable coordinated MPC scheme
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Table 5 Control performance of load ramp test
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Fig. 11 Dynamic responses to fan speed disturbance
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Table 7 Control performance of reactivity transient test
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