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Multi-objective optimization design of layouts parameters for
irregular pipeline on engine case

LIU Wei, ZHU Hongyan., ZHAO Yujie, YUE Zhufeng

(School of Mechanics, Civil Engineering and Architecture,

Northwestern Polytechnical University, Xi'an 710129, China)

Abstract: Optimization design of pipeline layoutis an important means to reduce the vi-
bration stress of engine pipeline. The multi-objective optimization design process and method
for the layout parameters of the irregular pipeline were proposed. Based on the U-shaped
pipeline with curved surface of engine cases a parameterized modeling method of an irregular
pipeline with complex layout was established. The sensitivities of layout parameters to the
dangerous natural frequencies and multi-point excitation response of the pipeline, such as the
resonance frequencies, the maximum displacement and stress amplitude under multi-point
excitation, were analyzed. In view of the constraints of multi-frequency and vibration re-
sponses, the method of multi-objective genetic algorithm was adopted to realize the optimal
design of layout-parameters of irregular pipeline. The results showed that the optimization of
layouts was effective, two forbidden bands of dangerous natural frequencies were staggered.
Under the same excitation, the maximum displacement amplitude of pipeline structure de-
creased about 35% , and the maximum stress amplitude decreased nearly 50%. It can provide

a reference for the vibration controlling and dynamic forward design system of engine pipeline,
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Fig.1 Schematic diagram of a U-shaped pipeline laid

outside the cylinder engine case
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Table 1 Five parameters and their geometric meanings

of parameterized modeling of U-shaped pipeline
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Fig. 2.~ Flowchart of parameterized modeling of a

U-shaped pipeline on engine case
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Table 2 Examples of U-shaped pipeline models with

different layout parameters

B B Aii Jri 2 SO SPRE T

p=rctr,Tr,

re =400 mm,r, =10 mm,r, =6 mm
1 e=81,(n=3)
ha=150mm,hr =150 mm
R, =4D=4X12=48 mm
p=rctrytr, Hi

r.=600mm,r,=10mm,r, =8 mm

2 e=45,(n=2)

ha=200mm,hr =100 mm

R, =4D=4X16=64mm
p=rctrytr, Hi

r.=300mm,r, =8 mm,r, =4 mm

3 e=145,(n=5)

ha=50mm,hy =120 mm

R,y =4D=4X8=32mm
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Table 3 Initial value and its range of layout parameters

for irregular pipeline
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hp/mm 300 120 330
o/ () 81 70 90
Lpi /mm 30 0 40
Lp; /mm 70 0 90
Ly /mm 40 0 70
ha/mm 180 160 210
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Table 4 Natural frequency simulation results of irregular

pipelines (initial layout parameters)
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Table 5 Comparison of engine irregular pipeline layout parameters before and after optimization

oy
e WA
b %E— e HE=
hr/mm 300. 000 188. 250 198. 480 188. 290
o/ () 81.000 70. 413 70. 413 72.170
Loy /mm 70. 000 31. 805 31. 800 39.074
i Jj 2 4
Ly /mm 30. 000 40.770 10. 776 11.525
Ly /mm 40. 000 46. 064 56. 920 40. 456
ha/mm 180. 000 206. 530 205. 300 202. 810
w /Hz 159. 000 105. 660 104. 140 104. 650
w:/Hz 247.000 212. 660 210. 650 210. 500
ws/Hz 511.000 450. 660 451. 280 433. 900
Bt H b / )
ws/Hz 624. 000 608. 700 612.010 576. 230
A./mm 0:210 0.257 0. 259 0.262
o/ MPa 55. 240 36.915 37.185 37.529
800 . M 4 & it
700 | o I i
I - ?i: . : ARSCHESE T R NHUAS LN AE A7 s S 50 2
- ATRARAT r SR . _ ~
N I ’ I ) Hbrefb it i SR , R & sh LA i 0 8h
Yy . e
{}{— 400 Q %EEWR1+&E1/\T7?{£*H4&\E%Q EEE/DIB&H—F:
= B LS SRV NN
Ewo D MNUBERE L. & XA A RS
ENQ S B A A S 0 A K 1 5 T RS R
3 JUAT R AE 57 T & sl HLATL I 9 1T AS R0 0 2R 4
100 " ey
B SR AR T %
0

10 & A R 2 B0 IS T A T A 4038 2 sk T
PS4 2 A
Fig. 10  All of natural frequencies keep away from the
two frequency bands after optimization of

pipeline layout parameters

2) A8 BT R B B0 T 1A R L 2 U
M 17 S5 AN [R) B 8l 7 2 A o o He R AR K HE 5 )
FaFAT AT . 5 BEE X B Bl ) 24 5 bR ok HL)
S SR TR AU N AN TR H AR T JE L LR
A R 2 B 9 B O s A BT AR

3) BIA R Z B 2 B s AL B ROR
F » AETE I 58E T S S AL 224 B AR AR L T HL AR



156

EE

% 36 &

(VA= Zi1E SNVPIRRE PN ] R P R RS
o S B Sl AILAE B IR 4 o 5 488 i A B D 55 A
e AT .

S %3k

(1]

2]

[8]

L9]

L10]

REJy S AR TR A S A Sl HL AN B A I Y B 3l R R 43
BrLI]. iZs & 3 BL, 2015.41(2) : 50-54.

KANG Li, HONG Jie,XU Lei,et al. Vibration response a-
nalysis of aeroengine external pipelines[]]. Aeroengine,
2015,41(2) :50-54. (in Chinese)

TR IE. B K L B IR S R o T (D] B B
3 2C 38 KA, 2018,

ZHANG Zheng. Vibration characteristics analysis of com-
mercial aircraft engine pipeline [ D]. Shanghai: Shanghai
Jiao Tong University,2018. (in Chinese)

BOE B AR AR R AR S R )8R K R S BL R R B
FyER LT ). E R W S o R 30, 2019, 49
(2):23-34.

HUANG Daogiong, WANG Zhen,DU Dahua, et al. Struc-
tural dynamics of the large thrust liquid rocket engines
[J]. Scientia Sinica: Physica, Mechanica and Astronomica,
2019,49(2) :23-34. (in Chinese)

FEMG T3 A 5 A 6. AL S K S HLAE B Ik Sl R B
LCT// v i s 2549 3 01 2% 2 M 458 75 i 2 R 28 i 4218
SCHE. FER S LR A s i B PR B R AR 25, 2008 201-
204.

BN JH ST UL Al R Sh LA il A b e ke A L ) ok
A 5 Wiy, 2012,7(3) :192-196.

HU Anhui, ZHOU Lijiang. GAO Wei. Failure analysis of
fuel oil pipe in an areo-engine[ J |. Failure Analysis and
Prevention,2012,7(3) :192-196. (in Chinese)

R DR TR B L 45 R S WL IR A B B o R AT
P BAK I BAUE LT ). UK A PR BE TR, 2015, 32(4) 1 400-403.
LI Huina,GAO Qing,JIANG Yating, et al. Dynamics opti-
mization and experimental validation of the long cantilever
engine pipelines[ J ]. Spacecraft Environment Engineering,
2015,32(4) :400-403. (in Chinese)

BRARDE B ZKAE A @A s R sl bl S8 ) ik
LI fiess K ah il . 201844 (4) : 1-7.

CHEN Zhiying, ZHENG Jiaxiang, LI Jianfu. Optimization
design method of aero-engine air duct system[]]. Aero-
engine,2018,44(4) :1-7. (in Chinese)

IBRAHIM R A. Overview of mechanics of pipes conveying
fluids:Part | fundamental studies[J]. Journal of Pressure
Vessel Technology.2010,132(3):034001. 1-034001. 32.
A5%, E PR TR A AT R R LR AR A3
#rL)J. R85 vkl . 2013, 32(1) ; 14-20.

LI Xin, WANG Shaoping. Vibration control analysis for
hydraulic pipelines in an aircraft based on optimized clamp
layout[J]. Journal of Vibration and Shock, 2013,32(1):
14-20. (in Chinese)

KHEIRI M,PAIDOUSSIS M P, DEL POZO G C.et al. Dy-

[11]

[1z2]

[13]

[14]

[15]

(16]

[17]

[18]

[19]

[20]

namics of a pipe conveying fluid flexibly restrained at the ends
[J7. Journal of Fluids and Structures,2014,49:360-385.
A5 A R AL s K S HL s 1) A B AR G0 R
MG R[] %S 8l J) 2441 2016, 31(10) - 2346-2352.
L1 Zhanying, WANG Jianjun, QIU Mingxing. Vibration
control analysis for hydraulic pipelines in an aircraflt based
on optimized clamp layout[ J]. Journal of Aerospace Pow-
er,2016,31(10):2346-2352. (in Chinese)
SRR, 4L TSR, A5 T 55 R S HLAI A B R T i
WFFELT]. fiias A 8hpl.2017,43(6) :33-38.

GUO Jialiang, WANG Wei,JIA Wengiang, et al. Investiga-
tion on {requency modulation methods of aeroengine exter-
nal pipe[J]. Aeroengine,2017,43(6) :33-38. (in Chinese)
HU Y J,ZHU W D. Vibration analysis of a fluid-conveying
curved pipe with an arbitrary undeformed configuration[ J].
Applied Mathematical Modelling.2018,64 :624-642.
FAHEBK R AEAR. BT 3t (B 000k 1 i = K Sl LA % 1 Ak ik
LI fitas 3 1242, 2002, 17 (4) :421-425.

CHEN Yanqiu,ZHU Zigen. Piping system design of aero-
engine using genetic algorithms[ J ]. Journal of Aerospace
Power,2002517(4) :421-425. (in Chinese)

REN T.ZHU Z L.DIMIROVSKI G M, et al. A new pipe rou-
ting method for aero-engines based on genetic algorithm[]].
Journal of Aerospace Engineering,2014,228(3) :424-434.
AR XA A T OB, . — B R T LR AN B % A
AR G4 A AR BRI D, HUA TR 2 4. 2015, 51(21)
121-131.

ZHAOQ Baixuan, LIU Jianhua, NING Ruxin, et al. An auto-
matic pipe routing and optimization technology based on
engineering constraints[ J]. Journal of Mechanical Engi-
neering,2015,51(21) :121-131. (in Chinese)

s . B AT 2T MOPSO i 55 % h Bl 4> X 8 # 2 B s
i SR RALLT]. UK LA 4 42, 2018, 54(19) : 197-203.

LIU Qiang, MAO Li. Multi-objective layout optimization for
branch pipe of aero-engine based on MOPSO[J]. Journal of
Mechanical Engineering,2018,54(19):197-203. (in Chinese)
QU Y F, JIANG D, YANG Q Y. Branch pipe routing
based on 3D connection graph and concurrent ant colony
optimization algorithm[ J]. Journal of Intelligent Manufac-
turing,2018,29(7) :1647-1657.

R e 22 T A R S LAE R e A R B S R A R AR
Bkt g L) 1. LA 5 il . 2016(2) . 221-222,227.
ZHANG Yu, BAI Xiaolan. Research on the extraction of
the information in the intelligent pipe-routing layout space
for aero-engines[ ] ]. Machinery Design and Manufacture,
2016(2):221-222,227. (in Chinese)

TR LM oK AR S BT S N R AR 2R
25 R AL B AT R AR AEL) ], HLR T AL 2240, 2020, 56 (20)
174-184.

YU Jiapeng, YUAN Hexiang, YANG Yonghua,et al. Aer-
o-engine pipe layout optimization based on adaptive beetle
anten-nae search algorithm[ J]. Journal of Mechanical En-

gineering,2020,56(20) :174-184. (in Chinese)

(iR A



