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Regression analysis and parameters optimization of output

characteristics for aviation pressure reducing regulator

ZHANG Changshuai., WANG Hui, ZHAO Guochao, FU Peng

(School of Mechanical Engineering,
Liaoning Technical University, Fuxin Liaoning 123000, China)

Abstract: To study the impact of design parameters and interdependencies on an avia-
tion dual-stage gas pressure reducing regulator’s output characteristics, the AMESim model
was established and verified by comparing results with the test. A quadratic regression model
of the output characteristics and design parameters was obtained by the response surface
method to analyze design parameters’ influence. The quadratic regression model was opti-
mized by using the non-dominated sorting genetic algorithm-]I (NSGA-]] ) to obtain the op-
timal design parameters. ‘The response surface results showed that the feedback hole area
was the primary factor affecting overshoot, whose interaction with the spool seal’s dynamic
leakage area had a significant impact on overshoot. The spool mass was the primary factor
affecting output pressure pulsation intensity, whose interaction with the spring stiffness and
diaphragm stiffness had a significant influence on pulsation intensity. The optimization indi-

cated that the output characteristics would be optimal when the spool mass, feedback hole
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area, mainspring stiffness, auxiliary spring stiffness, spool seal’s dynamic leakage area and

diaphragm stiffness in [ -stage structure were 52.26 g, 9.06 mm*, 67.27 N/mm, 10. 68

N/mm, 0. 64 mm* and 89.49 N/mm, respectively. The output pressure overshoot was re-

duced by 28.72%, and the pulsation intensity reduced by 40. 63 %.

Key words:

dual-stage gas pressure reducing regulator; design parameters;

output characteristics; regression analysis;

NSGA-]I (non-dominated sorting genetic algorithm-1[ )
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Fig. 1 Schematic diagram of the pressure reducing regulator
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2 42.6 9.07 57. 95 8. 77 0. 65 70 0.522749  0.037894
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15 42.6 7.07 57. 95 8. 77 0.35 80 0.695802  0.046695
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Table 4 Variance analysis of regression model
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ESL ] fﬂ”jj L fﬂ‘?‘j 9 ﬁm L ?m

T o 22 P i 2 b 2 T o 22
HEL R 1. 268 0.026 0. 047 9.458X 107" 2417.072 95. 946 <0.0001 <C0.0001
X, 2.602X107° 0.021 2.602X107° 0. 021 1. 338 2081. 075 0.2578  <C0.0001
X, 1.233  7.918X10°° 1.233  7.918X10°° 63437.716 8.033 <20.0001  0.0088
X,  2.364X107° 5.566X10 % 2.364X107% 5.566X10°*  121.601 56461 <<0.0001 <<0.0001
X, 9.328X107° 3.114X107° 9.328X107° 3.114X107° 4.799 3.159 0.0376 0.0872
X; 1.027X107% 1.123X107* 1.027X107% 1.123X107*  52.830 11.395 <00.0001  0.0023
X;  2.364X107°7 5.583X10 % 2.364X10°% 5.583X10 % 121.601 56. 642 <20.0001  <C0.0001
X, X, 1.238X10°°% 1.390X10 ° 1.238X10 ¢ 1.390X10 ° 6.371X10 ' 1.410 0.9801 0.2457
X1 Xy 9.402X10°% 2.534X10 " 9.402X10 % 2.534X10 ' 4.837X10 °  25.710 0.9451  <<0.0001
Xi X, 1.097X107% 1.608X107° 1.097X107% 1.608X107° 5. 646 X107" 1.631 0.9812 0.2128
X, X;  1.154X107% 2.352X107° 1.154 X107 2.352X10"° 5:939X107* 0. 239 0.9998 0.6293
X, X5 9.400X10°% 2.544X10°* 9.400X10 ¢ 2.544X10 ' 4.836%X10 %  25.810 0.9451  <C0.0001
X, X, 2.117X1077 2.077X10°772.117X10 7 2.077X10 7 1.-089 0. 021 0.3063 0.8857
X, X, 5.011X1077 3.023X107° 5.011X10"" 3.023X10"" 0.026  3.066X107%  0.8737 0.9563
X,X;  2.083X107° 3.436X107° 2.083X107% 3.436X107°  107.139 3. 486 <C0.0001  0.0732
X, Xs  2.117X107° 2.327X1077 2:117X107°_ 2.327X1077 1. 089 0. 024 0.3063 0.8791
X, X, 6.449%X10 " 7.518X10°% 6.449%10 ¢ 7.518X10°% 3.318X10* 7.626X10 % 0. 9856 0.9311

X X5 3.680X10.° 5.425X10°% 3.680X107° 5.425X10°° 0.189 5.503X10°* 0.6671 0.9414

al
al

Xy X5 4.335X107 1.762X10 7 4.335X10°7 1.762X10°° 0.022 1. 788 0.8824 0.1928

—

X X5 3.643X10 % 8.174X10 " 3.643X10°% 8.174X10 " 1.874X10* 8.292X10° 0.9658 0.9977

X, X5  6.449X10 7 8.574X10° 6.449X10 7 8.574X10 % 3.318X10 * 8.698X10 * 0.9856 0.9264

[0

X; X5 3.679X10 °.5.549X10% 3.679X10 % 5.549X10 ¢ 0.189  5.629X10°%  0.6671 0.9408
X% 4.303X107° 2. 148X 107 4.303X107% 2.148X107° 0. 221 217. 857 0.6419  <<0.0001
X, L.700X107% 2.078X107° 0.017  2.078X107°  899.096 0.211 <C0.0001  0.6499
Xi% 1.398X107° 5.301X107° 1.398X107° 5.301X107° 0.072 0. 538 0.7907 0.4699
X2 3.611X107° 8.931X107° 3.611X107° 8.931X10°° 0.186 0. 906 0. 6700 0.3499
X:%  7.224X10* 1.848X10°* 7.224X10°* 1.848X10°*  37.163 18. 744 <0.0001  0.0002
X:? 1.398X107° 5.306X107° 1.398X107% 5.306X10"° 0.072 0.538 0.7907 0.4697
¥ 5.054X107" 2.563X 107" 1.944X107° 9.858X107°

SRR 5.054X107F 2.563X 1074 2.407X107° 1.220X107°

aliiR % 0 0 0 0

B 1. 269 0.026
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