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Abstract

Based on the “14 equations” theory, the impedance synthesis method (ISM) has the characteristics
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of physical clarity, quick solution and high accuracy, and is often applied to the acoustic and vibration
coupling solution of complex liquid-filled pipeline systems. However, in practical, the liquid-filled
pipeline is often coupled with the shell, and it is difficult to solve the problem by applying the ISM
directly. If the finite element method (FEM) is used, it requires a lot of computational resources, and
also makes it difficult to clarify the physical mechanism of the couplings. In this paper, taking the
coupled pipeline and elastic plate as an example, utilizing the boundary conditions such as force
and displacement at the couplings, a combined ISM and FEM method is proposed for the prediction
of the coupled system. The method is verified by comparing with the FEM, and the influence of the
elbow and the fluid in the pipe on the natural frequency and vibration response of the model is an-
alyzed, so as to provide an efficient calculation method for the vibroacoustic transmission of the
complex liquid-filled pipeline coupled with the shell structures.

Keywords

Vibration Response, Impedance Synthesis, Fourteen Equations, Liquid Filling Line, Elastomer
Plates

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0

1. 518

FEME B 3 G OB 58 75 TR — KU U001 75 A £ o L. 2 F S B 2R G0 7 i 3
ST PR B R R RAR[L]-[11]. 3oh, Wiggert Z5[1] [2]5: 54t =k it s+
JiRHIRL, SSELT AR | 5 RIS B (IR KA. Tijsseling 45[3] [4]% F B+ DU R MR
AELVRMEAT T IR, B UCHR 04 H AT IR T A5 2 5007 R GRS . 4 468 5] (61405 th 5 4 B
PRIV, M T A5 0 B A0 U A 2 R P e OB D 55 7] A 5 e
B0 D, PR AT T A J B S . T MMV 7 SRR K BE B A 2 11
SRR R B AR . P 2 B SB[ SR VT E (0] [LLJARME T 36T 1SM FO M I 2 575 ik 451
SRS T, BT M B R A A REN A R, X SR R AT T R,
BRI B, FEAER RS TR MAE . JET < HPUTRE” (10 1SM {555 2
B RG, VR, TSR B 157 19 SR B B R T L8
[8]-[11].

RTINS A5 S ST S Bk AP S PAERE, AT R 0 TR By 2o e e G M e B 1
IR . DI, AR SR M Tk G T AT AR A R A . VTSR [12)- [LALR P S B L 5
Vhe MR VRO SRR SRR AL STV, ST TR — SORE - IR A R, EAT T R -
M ORAR A HOREN R e (R LR T, AR . UKL M S, FL IS T4 P 5 B
Rl AT SR AR AT, LU ISM AT SRR, SR FEM SRARIIR O 2 5
FIKRR TSV, FLAR 75 55 4073 ARV B R SR & L L . U8 R 8 (15 SR R AR L3207 ot LA
B PR 1077 DR K PRI B O T PSR T SR, FLrb AR 50 ST Bk, B bR I B v
Lk ST USRS P P AP BT 15 75 R 2 R G A T K TR ORAR N /7 7
SRR, 0 TR A M PR A P B, (LS BR IO PR SR S 2, AR 7 I A A 0 52 2
e e RIFE A & K. SOOI, % R B 5 5 R 2SR A SR

DOI: 10.12677/0jav.2025.131001 2

i R E)

\E_
4
dr


https://doi.org/10.12677/ojav.2025.131001
http://creativecommons.org/licenses/by/4.0/

EZp el

ARICHT T ISM A1 FEM ARZE & I0THSE T, BVE R R A ISM B#PEBCR AT FEM (KT & it
BITE . DAPIMAE B - SR & RGBT, BT B 5 SRR & 1 A RG] . B RS
SR ARORS & AL AR B N 45 RS A IRTC ELE T SR A R L, B8 7 ASCO IR IR e, N ISM-FEM R
EVFELIE I 1 RV PN IALAA R B R ARCRE £ AR Gt 11 [ A A AT IR Bl L Y R o A SO Y
ISM-FEM Ji & T+ 5759 W 725 e R il o (0 2 2% JE WU B 1R A5 IR A B AR Ll R Ot T — Fb s R ik 55
Ao Hr TR

2. HRHES

ACNEAE - SRS A - SRR & RGN, BT S IR R A R I P IR A A R SR AR 7 12 A
it L. Dufaidedfe T, W8 18 IR B &, 3 DMK AR XIS R iR, Xt &
SRR A TER T LAZ8E . R IR B 7 R A 1SM, SPESCR F FEM SRAE . FHETLE B2 i LAY
B, B RITI RS RV S AR S A MHPUL A 26 0F, FIRTE B S5 SRR 5 4L 70
FIRL RS AR IS, 58 B BEPUAE MR 2L & S5 19 218 BR - S0 ORE & R G B (1 BELTAE B

21 RINGRERRBREEE

T B R G AL HARSNIE 0] LU Nl 4R s BEmdRsh AR B =28, 3 NJ7 M fR S EAKE
B, ATRA ST OR . IS - YRR & RGN0, R EE N . IR SRR E K
K LR EEAMLIRRX Y, 2) T Uxs Uys U 235008 xoz “FIEIBE R AL« yoz ~F s A 282 il A2,
fos fys B 2P BINRAIE AR 3, m mys mORSSFIEIDEE, o @y b A TIHEG S, p Al ue 975 AN
ENTALLRE , ASONTRACHES, BT yoz “Fiiima R 3EA 8 S REIE, EIER A Z J7 .

,U
x Jytty R, = 3000mm,
frrtix My Py

My, Py fzr Uz p, ur

j
}
;
’ ’ ’l
; ;
i T o e o e & .
\ \ z
T T

Py L =1500mm P

Figure 1. Schematic diagram of straight tube-elastic plate coupling system
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Figure 2. Schematic of the discrete model of the bend
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Table 1. Material and dimensional parameters of two piping-elastic plate coupling systems
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Figure 3. Two models of coupled pipe-elastic plate systems (FEM direct calculation)
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Figure 4. Comparison of P2 vibration displacement response results for straight and bent pipes: (a) axial force excitation of
straight pipe P1 wall P2 axial displacement; (b) plane wave excitation of straight pipe P1 wall P2 axial displacement; (c) axial
force excitation of elbow pipe P1 wall P2 axial displacement; (d) axial force excitation of elbow pipe P1 wall P2 lateral dis-
placement
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Figure 5. Comparison of P2 vibration displacement response results for straight and bent pipes: (a) axial force excitation of
straight pipe P1 wall P2 axial displacement; (b) plane wave excitation of straight pipe P1 wall P2 axial displacement; (c) axial
force excitation of elbow pipe P1 wall P2 axial displacement; (d) axial force excitation of elbow pipe P1 wall P2 lateral dis-

placement
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Figure 6. P2 axial displacement at the pipe-elastic plate system coupling
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