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Multi-objective optimization method of ATR engine PI
controller based on NSGA-II algorithm

JIAO Yuxiang"?, ZHAO Qingjun®**, REN Sanqun’®, CAI Weidong®?®, XU Cheng', ZHAO Wei*?

(1. School of Energy, Power and Mechanical Engineering, North China Electric Power University, Beijing 102206, China;
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Abstract: In order to accelerate the Air Turbo—Rocket engine (ATR) from the idle to the maximum state
rapidly, stably and accurately, a multi—objective optimization method for engine controller parameters was estab-
lished by using Non—Dominated Sorted Genetic Algorithm—II (NSGA- I ) with the gas generator flow and nozzle
throat area as controlled variables. Taking the overshoot, steady—state errors, rise time and integral of absolute er-
ror as objective function in a weighted form, the overshoot penalty mechanism of actuator was introduced, and
the Pareto optimal solution set of PI controller parameters was established. The simulation of the dynamic process
of ATR engine acceleration from the idle to the maximum state was completed. The results show that the evenly
distributed Pareto frontier can be obtained by combining multiple control performance indexes in the form of
weighting as the objective function. The combined application of multi—objective optimization method and Tech-
nique for Order Preference by Similarity to Ideal Solution (TOPSIS) method based on entropy weight method can
obtain the dynamic characteristics of ATR engine that meet the design requirements under the double-loop cou-
pling, which greatly shorten the time of manual setting controller parameters. In the acceleration process, the
multi—objective optimization method takes the rise time of turbine expansion ratio as one of the objective func-
tions. Compared with the dynamic process of nozzle area open—loop control, the turbine expansion ratio can reach
the target value earlier, the common work line is far away from the surge boundary.

Key words: Air turbine rocket engine; Dynamic process; PI controller; Parameter optimization; Genet-

ic algorithm
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