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A Robust Smith-like Predictor-Enhanced
Passivity-Based Control Method for the HTR-PM

Reactor Module Subject to Large Hot Helium
Temperature Response Delay
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Abstract

The HTR-PM demonstration project, the world’s first commercial high-temperature gas-cooled reactor pebble-
bed module nuclear power plant, entered commercial operation on December 6, 2023. Several plant-wide tests,
including power ramping, turbine trip, and reactor trip tests, were conducted to verify the feasibility of the
reactor coordinated control strategy and provided valuable field data on key process variables. Analysis of
these data reveals a pronounced response delay in the hot helium temperature, which significantly degrades
the performance of single-module coor-dinated control.

Motivated by this engineering issue, this paper proposes a robust Smith-like predictor-enhanced passivity-
based control method for the HTR-PM reactor module with large hot helium temperature response delays. A
time-domain Smith-like predictor is developed to estimate the delay-free hot helium temperature and incor-
porated into the passivity-based control framework. The proposed method compensates for delayed thermal
response while preserving the stability advantages of passivity-based control. Compared with conventional
PBC, it improves transient regulation performance and increases the allowable delay margin for closed-loop
stability, maintaining stable operation under large-delay conditions where conventional PBC becomes un-
stable. Closed-loop asymptotic stability is theoretically analyzed, and simulations based on the HTR-PM
single-module coordinated control scenario verify the effectiveness and robustness of the proposed method.
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