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Abstract: Gas flow control system for solid rocket ramjet is difficult to be solved due to its strong nonlinear
and time—varying characteristics. Adaptive fuzzy immune PID controller based on artificial bee colony algorithm
(ABC—AFI-PID) optimization was designed in order to achieve accurate pressure closed—loop control. The pro-
portionality of controller was duly corrected by fuzzy immune controller, the integral and derivative coefficients
were adjusted by adaptive fuzzy controller in real time, and the artificial bee colony algorithm was used to robust-
ly optimize the design parameters. The linear and nonlinear models of a sliding disc valve flow control system
were simulated by using ABC—AFI-PID controller, AF=PID controller and traditional PID controller to verify the

dynamic and steady—state performance of the new controller nearby design working point (7.24MPa) and full pres-
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sure regulation range. Simulation results show that ABC-AFI-PID controller is in possession of good quality at

different working conditions. Compared with AF-PID controller, the response speed of pressure can be increased

by about 1.8 ~2.5 times; compared with traditional PID controller, the response speed of pressure can be in-

creased by about 4.6 ~ 5.1 times. And its overshoot is also controlled within 7.14%. This controller has shown

great advantages in rapidity, stability and robustness characteristics. Hence, the performance of gas flow control

system is remarkably improved.

Key words: Gas generator; Gas flow control; Parameter—varying system; Adaptive PID; Fuzzy immune

algorithm; Artificial bee colony algorithm
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Fig.1 Gas flow control system with sliding disc valve
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Fig. 3 Numerical relationship between 6 and A,
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Fig. 5 Objective function value of ABC algorithm
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Table 3 Response results for different free volume

ABC-AFI-PID

AF-PID PID

Free volume/m’

Response time/s Overshoot/% Response time/s Overshoot/% Response time/s Overshoot/%
0.0015 0.19 0 0.48 0 0.88 0
0.006 0.61 4.18 1.13 8.75 2.69 17.48
0.01 0.92 7.14 1.66 13.63 4.64 28.00
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Fig. 8 Control results of three controllers for pressure

regulation range
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