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Sensitivity analysis and dynamic optimization design of

supports’ positions for engine pipelines

LIU Wei, CAO Gang, ZHAI Hong-bo, LIU Yong-shou

(Institute of Aircraft Reliability Engineering, School of Mecharics and Civil
and Architecture, Northwestern Polytechnical University, Xi'an 710129, China)

Abstract: Considering empirical feature and casualness in the design for engine pipe-
lines, the support was simplified as translation-constrained elastic spring element, the
lengths between every two supports were defined as supports’ positions, and the finite ele-
ment method (FEM) and the discrete sampling method were applied to the dynamic sensitivi-
ty analysis of engine pipeline structure. Compared with other structure parameters, the nu-
merical results demonstrate that some supports’ positions play more important roles for com-
plex piping. The effect of supports’ amount and stiffness on the fundamental frequency and
random vibration responses was discussed. The position optimizations of complex pipelines’
supports were implemented to maximize difference between fundamental frequency and exter-
nal excitation frequency, and minimize the random vibration standard deviation by penalty

function method.
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Fig. 1 Schematic diagram of the radial constraint

of pipeline supports
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Fig. 2 External excitation in the fixed terminals

and supports
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Table 2 Fundamental frequency and maximal random
vibration responses under different

support stiffness

/(N/m) w1 /Hz Goress / MPa
0 2.87 20. 821
10* 3.78 11. 364
10° 7.673 3.0488
108 21.11 3.1192
107 22.37 6. 6006
108 23.04 5.9786
10° 23.04 5.9717

6

Fig. 6 Schematic diagram of a general engine

pipeline system
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Table 3 Random structural parameters and their

distribution for the complex pipeline system

1 2
E/10" Pa 18.4 1
D,/ (kg/m®) 7900 100
D;/(kg/m?) 900 1100
p»/MPa 0.6 0.2
5/10° (N/m) 10 1
t/C 0 50
Ly /m 0.1 0.01
Iy /m 0.1 0.01
lyy /m 0.1 0.01
Ly /m 0.1 0.01
Ly, /m 0.1 0.01
Ly /m 0.05 0. 005
ls;/m 0.05 0. 005
E— D, s Di—
sp— P st
; 6(b)
(@) 4, Monte Carlo
) 3 14 1
, 7 8
. 2 )
IR Ly
s 4
(5) (6) )
) 6 )
4 INRYRYLY L3
4. 1
565.9 Hz 672. 4 Hz),
(  3.74MPa 0. 293 MPa) ;
2
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Fig. 7 Fundamental frequency sensitivity histogram

Sensitivity

with respect to the design parameters
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Fig. 8 Random vibration responses sensitivity
histogram with respect to

the design parameters

Table 4 Two optimum proposal results of main
supports’ positions before and

after optimize design

5) (6)
l,,/m 0.05 0.0569  0.0375
[y /m 0.1 0.1047  0.1160
Ly, /m 0.1 0.1139  0.1184
l31/m 0.1 0.08013 0.0801
w/Hz 672. 37
Guress/ MPa 0. 259
Aw/Hz 565. 89 506. 56
Ouress/ MPa 37.4 2.93

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



2762

27

565.

(1]

2]

(3]

(  3.74MPa 0.259 MPa) ,
(
9Hz 506. 6 Hz) ,
D .
2)
3)
4) ,

’ s

[l ,2000,19(5) ; 726-728.
HE Yuting, YANG Shaohua, FENG Lifu. On the determi-
nation of fixture intervals of pipe hoops of aircraft ground
pressure refueling system [ J]. Mechanical Science and
Technology,2000,19(5) :726-728. (in Chinese)
Won K M,Park Y S. Optimal support positions for a struc-
ture to maximize its fundamental natural frequency[]J].

Journal of Sound and Vibration,1998,213(5):801-812.

[D]. : .2000.
GU Wenbin. The position ptimizing of ship’pipe system
support under vibration excitation[ D]. Shanghai: Tongji

University,2000. (in Chinese)

(4]

L9]

[10]

[11]

[12]

[13]

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

Wang D. Optimization of support positions to minimize the
maximal deflection of structures[ ] ]. International Journal
of Solids and Structures,2004,41(26) :7445-7458.
Wang D. Optimization of support positions to maximize the
fundamental frequency of structures [ ]J]. International
Journal for Numerical Methods in Engineering. 2004, 61
(10):1584-1602.
Zhu J H,Zhang W H. Maximization of structural natural
frequency with optimal support layout[]J]. Structural and
Multidisciplinary Optimization,2006,31(6) :462-469.
1. ,2007,24(1) :206-309.
DOU Kailin, YAN Lewei, ZHU Xuewang. Optimization for
support position based on genetic algorithm[ J]. Chinese
Journal of Applied Mechanics, 2007, 24 (1) :206-309. (in
Chinese)
L1l 12008,40(5) : 716-720.
ZHANG Yimin, LU Chunmei, ZHOU Na,et al. Frequency
sensitivity analysis for dynamic structural systems reliabil-
ity[ J]. Chinese Journal of Theoretical and Applied Me-
chanics,2008,40(5) :716-720. (in Chinese)
[J]. ,2001,18(1) . 74-80.

CHEN Jianjun, CHE Jianwen, CHEN Yong. Structural dy-
namic optimization with probability constraints of {requen-
cy and mode [J]. Chinese Journal of Computational Me-
chanics,2001,18(1) :74-80. (in Chinese)

, , . Lyl

,2005,22(1) :38-41.

WANG Dongsheng, CHEN Ying,ZHOU Tong. The opti-
mization of random vibration response for bracket struc-
tures [ J]. Spacecraflt Envionment Engineering, 2005, 22
(1) :38-41. (in Chinese)
0l

QIAO Hongwei, LU Zhenzhou. Response sensitivity anal-

,2008,27(3) :60-62.

ysis analysis of stochastic structures under random excita-
tion[ J]. Journal of Vibration and Shock, 2008,27(3) ; 60-
62. (in Chinese)
ZHAIT Hongbo, LI Baohui, JIANG Zhifeng, et al. Supports’
dynamical optimized design for the external pipeline of air-
craft engine[ J]. Advanced Materials Research, Manufac-
turing Engineering and Automation I, 2010, 139/141;
2456-2459.

(Jl. ,2010(6) :192-194.
LIU Wei, LIU Yongshou, GAO Zongzhan. Random vibra-
tion analysis of pipelines system under external field exci-
tation[ J ]. Machinery Design &. Manufacture, 2010 (6) ;
192-194. (in Chinese)

http://www.cnki.net



