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Dynamic Modeling and Stress Reduction Optimization of
Series Pipelines Based on Pipe-Solid Element Coupling
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(School of Mechanical Engineering & Automation, Northeastern University, Shenyang 110819, China.
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Abstract: To handle the urgent need for vibration reduction of spatial series pipelines, a finite
element modeling method for spatial series pipelines based on pipe-solid elements coupling was
proposed, and on this basis, the clamp layout optimization with the goal of reducing stress
response was performed. The modeling concept is described in detail, that is, the regions with high
stress, such as clamps and pipe joints, are modeled by solid elements, the other regions are
modeled by pipe elements, and finally the parts are coupled together to complete the overall
modeling. A specific optimization model is created, and the process of optimization using the
genetic algorithm is given. A typical series pipeline is taken as the object for a case study, and the
rationality of the model is verified by simulation and experiment. Stress reduction optimization is
performed, the optimal clamp layout of the system is obtained, and the maximum resonance stress of
the optimized system fundamental frequency was reduced by 27. 05% compared with the initial state.
Key words: pipe-solid element coupling; series pipeline; dynamic modeling; stress reduction;
optimization
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Table 3 Comparison of natural frequencies obtained

by the finite element model and experiment
under the clamped state

L RIS kL BE-SRL (L)
ik
Hz Hz Hz %
128.12 124. 89 125. 06 -2.39
2 540. 62 539.12 550.77 1. 88
3 775. 00 800. 68 786. 95 1.54
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Fig. 15 Stress contour under simple harmonic

excitation

F4 KRB HIESRILIRAL /7 0m 52 5 {5 E 45 R b xd
Table 4 Comparison of fundamental frequency
resonance stress response obtained
by experiment with simulation results
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Fig. 13 Comparison of the stress response

at the strain gauge point 1 position

with the simulation
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Fig. 14 Comparison of the stress response

at the strain gauge point 2 position

with the simulation

i iﬁgﬁﬂl 'DQ‘MKO'Q %—%12':0'3 (63_01)/61
7 MPa MPa MPa %
1 7.97 8. 87 8. 74 9. 66
2 8.43 8. 80 8. 60 2.02
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Fig. 16 Iterative process of clamp position

optimization

4 45 ik

1) Ryl /& LAREE I 72 H s 1) 225 ] B B A
KA AT R UL TE SK AR SCHRE R T — R T -5
TR TTRE A 1 BRI B Bl ) 2R A 1, ELIK
Sk« R il A Sk T BB IV R A IX IR HH 5K
P BT BT, LAt XS8R FH S PR T B, B 20
B AR A A TE U AR AL R R T
A R R D A R Sk R Y
T2 R R T

2) DLER G 3 A4~ 4 2 5 25 ] B R A B Ry
XF AT T SEBI T, 45 S 2 W BT 4 A ik
ARAT BT 3 B [ A A0 5 5 S DA B K 25 R
—2.39%, 2 > D A %) 5 00 e 41 107 7 e K g 22 Ry
-9.66%. 73 A1, FH T $ 455 20 3145 1) [ A 401 K iR
SN 15 SR PRI IRAF I 25 R EAT T HexT, &5
SR W g R IR — B HR AR IR B oK
fiff b, T R 3 A - SR TR A B T Tk
B i EReR, g, e FEHEIE T,
B - SR B TTRE B LR T R TS SR A 3] 1 ) 3K
FfASCRAR L A SRR R T T 19.47 1%

3) DhREAIRAS s SRR sl AR 1 70 A B A, A
BT EE TR A SR R L 1 R A B AL AL
25 W TSR FH 3 A% Ak X AR A AR TR R AR A B
DT o 2ol 1 A R e S R VI L B TR UREIAE S S
i 437 5 A A R T BT B A A I L AT A AR () B £
ST T S ISR T 1) O v L SR A B |
I BRI B AL T 1, T BRAS ol A I A B A
RALPR N Ty 5 /N R J AT R, AR R 4 A R
XoF IV 1 R 1 e A iR 7 T A EE A ) R A
%7 27.05%.

SE

[1] Gao P X, Zhai J Y,Qu F Z, et al. Vibration and damping
analysis of aerospace pipeline conveying fluid with
constrained layer damping treatment [ J]. Proceedings of the
Institution of Mechanical Engineers, Part G: Journal of
Aerospace Engineering,2018,232(8):1529-1541.

[ 2] Pisarski D, Konowrocki R, Szmidt T.Dynamics and optimal
control of an electromagnetically actuated cantilever pipe
conveying fluid [ J].Journal of Sound and Vibration, 2018,
432:420-436.

[3] Ji W H, Sun W, Wang D H, et al. Optimization of
aero-engine pipeline for avoiding vibration based on length
adjustment of straight-line segment [J]. Frontiers of
Mechanical Engineering,2022,17(1):11.

[4] k&, FEl, B, 5% 3L T IMOFA Wil s RSPl % £ H

PRALAAT R LT ] AR R A2 e CA AR R , 2022, 43(8) -
1120-1126.
(Zhang Yu, Lu Hao, Lyu Dong, et al. Multi-objective
optimization layout of aero-engine pipe routing based on
IMOFA [J]. Journal of Northeastern University (Natural
Science),2022,43(8):1120-1126.)

[5] Liu X D, Sun W, Gao Y, et al. Optimization of pipeline
system with multi-hoop supports for avoiding vibration,
based on particle swarm algorithm [ J]. Proceedings of the
Institution of Mechanical Engineers Science, Part C:Journal
of Mechanical Engineering,2021,235(9) :1524-1538.

[ 6] XA, M. 25 SCHE 08 B R Ge R sl R 1 A 7
BER A BT ] RS 5 it 2021,40(19) : 32-40.
(Liu Xu-dong, Sun Wei.Semi-analytical dynamic modeling
and support location optimization of pipeline system with
multi-clamp support [J]. Journal of Vibration and Shock,
2021,40(19):32-40.)

[ 7] 3KF P, XBAR . FEWRE B IR SR PE A AT A5 0 4

ALY ] iR e i (A AR B , 2022, 53(11) ¢
4262-4270.
(Zhang Yu, Sun Wei, Liu Xu-dong. Semi-analytical
modeling of vibration characteristics for liquid-filled
pipeline and clamps layout optimization [J]. Journal of
Central South University (Science and Technology) , 2022,
53(11):4262-4270.)

[8] Zhang D C, Juan M X, Zhang Z Y, et al. A dynamic
modeling approach for vibration analysis of hydraulic
pipeline system with pipe fitting [J]. Applied Acoustics,
2022,197:108952.

[9] Guo X M, Xiao C L, Ge H, et al. Dynamic modeling and
experimental study of a complex fluid-conveying pipeline
system with series and parallel structures [J]. Applied
Mathematical Modelling,2022,109:186-208.

[10] Zhang Y, Sun W, Ma H W, et al. Semi-analytical modeling
and vibration analysis for U-shaped, Z-shaped and regular
spatial pipelines supported by multiple clamps[J].European
Journal of Mechanics : A/Solids ,2023,97:104797.

[11] xUrhfe  Z=glegs PN, 45 . % IR M 2 r i s e sl

K AR R R S R A T (D) i as R BBl 2021, 47(6) -
45-49.
(Liu Zhong-hua, Li Jian-fu, Sun Zhi-hang, et al. Modeling
and analysis of vibration characteristics of aeroengine
pipeline with bolt connection[J].Aeroengine, 2021,47(6) :
45-49.)

[12] Qu W, Zhang H L, Sun W Q, et al. Stress response of the
hydraulic composite pipe subjected to random vibration[J].
Composite Structures,2021,255:112958.

(F4#% 1333 1)



