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Abstract: In order to improve the performance of gas flow control system in the ducted rocket, it is neces-
sary to evaluate and consider the important design parameters such as response time, pressure overshoot, and flow
negative regulation during the entire control process. Therefore, the improved genetic algorithm was adopted to
tune the parameters of the PID controller. On this basis, the pressure control and flow regulation in the gas genera-
tor were realized. First, the selection operator was optimized to speed up the convergence process of genetic algo-
rithm. In addition, the expression of fitness function was modified to reduce flow negative regulation and suppress
flow oscillation. The simulation results show that for the step pressure command, compared with the original PID
controller, the control system based on the improved genetic algorithm can effectively eliminate the pressure over-
shoot and reduce the flow negative regulation in a shorter response time. For the square wave pressure command, the
PID controller tuned by the improved genetic algorithm can dramatically reduce the flow negative regulation after a
long working time in gas generator, which significantly improves the performance of the gas flow control system.
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Fig. 3 Flowchart of PID controller based on genetic algorithm
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Table 1 Parameters of simulation
Parameter Value
R/mm 5.2
L/mm 20
R,/mm 3.0

n 0.5
k 3
p,/(kg/m*) 1600
C'/(mls) 800
A,/m* 0.011
a 6.5x107°
1.1
N 4901
oo 100
P, 0.9
P 0.02

Table 2 Parameters of GA-PID

Algorithm N, w, ws
GA-PID(SET1) 0 0 0
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Fig. 4 Evolution process of different settings of GA-PID
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Table 3 Comparison of control performance between
different PID controller

Aleorith Pressure Flow negative Response
gorim overshoot/% regulation/% time/s
GA-PID(SET 3) 0 2.69 0.53
GA-PID(SET 4) 0 0.04 0.56
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Table 4 Response results for different free volume

GA-PID PID
Free volume/m* Pressure Flow negative Response Pressure Flow negative Response
overshoot/% regulation/% time/s overshoot/% regulation/% time/s
0.0015 0.00 0.04 0.56 0.33 3.1 0.50
0.006 0.03 4.45 0.92 39.3 55.5 1.00
0.01 0.08 14.9 1.36 52.7 63.2 1.68
Table 5 Response results for different target pressure
GA-PID PID
Pressure/MPa Pressure Flow negative Response Pressure Flow negative Response
overshoot/% regulation/% time/s overshoot/% regulation/% time/s
5 0 0.04 0.56 0.33 3.1 0.50
7.5 0 0.11 0.53 0.33 17.4 0.49
10 0 0.28 0.60 4.40 30.0 0.76
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Fig. 7 Comparison of step response between different algorithms
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