%56 %% 11 ) % ¥ #R Vol. 56, No. 11
2024 £ 11 A Chinese Journal of Theoretical and Applied Mechanics Nov., 2024

BERAEEASMAMIREEIEL RS

e Evtm? mEAk gEA

(RIgASE KN R S S5 IRsh A E E A sLi %, Fifg 200240)

HE ’ETXTA@T???@’EAM*#?‘&IELMI%% 2S5 1, T Reissner 1 7C B S AN A58 5 R AT
T TS SR A ARV TE R A BRI 30 7507 RE, SR 5 WL PR A A 7R 22 i 3 R A T ) A 2 1
BI040, EE%X}‘%#%M%KEEE&%*’JE@@E%%E’EAi‘ifﬂi’*ﬂﬁELﬂlFfﬂ« VB 2, WAL T A
AT V1 JEE R AT X A A 2 P IR Sl o S PR R 5 SRR W, 5 R ST A R A 1 R S T A

Eﬁﬂ&EEﬂﬁ/\XﬁmB’Jxﬁ/ﬁl:iﬁrﬂﬂﬁ/\xﬂ’ﬁﬂ’wﬂ@l:ﬂi?ﬁﬁk JEE 55 5 (1 20 -1 A% D) 48 3 B AL TE AR Bl L L
BB S SRR Ab, SR B — R R VAR B i T JEE R AR A O, i A A AL £ [ R MR ), 9 1)
PREHE K, 1M 3 ME}E‘?/&&E’J?H& EPSrSCIEIR P PN TN k%ﬁﬁ@%‘?m)ﬁmk iR e E R 3 YO
VIR ALE Pl 10 IR 2P /DN 1 O SRR B2 S S SA  JEE L T 10% [e R 30, T ) el R SR B
IR

KR HAMEHmULE TS, BT, R ash, ARANEIRSh, T IR ok

FE 9SS TB123, 0322 SCHRFRIRAD: A
DOI: 10.6052/0459-1879-24-349  CSTR: 32045.14.0459-1879-24-349

NONLINEAR VIBRATION ANALYSIS OF A COMPOSITE PIPE CONVEYING FLUID
WITH FRICTION INTERFACEY

Qiao Yifei Qu Yegao? Gao Penglin Peng Zhike
(State Key Laboratory of Mechanical System and Vibration, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract  To solve the fluid-structure interaction dynamics of a composite pipe conveying fluid with friction interface,
an axisymmetric semi-analytical finite element method is developed to construct a nonlinear dynamic model. The
dynamic equations of fiber-reinforced composite pipe and fluid medium are established based on the Reissner’s thin shell
theory and the convected wave equation. A macro-slip friction model is adopted to describe the distribution of nonlinear
frictional forces on the friction interface. The effects of fluid load and friction interface on the nonlinear vibration
response of the pipe conveying fluid are examined. The results show that the hysteresis loop of points on the friction
interface of the composite pipe conveying fluid with friction interface consists of two symmetric stick regions and two
symmetric slip regions. The stick-slip transition of the friction interface causes the vibration response of the pipe
conveying fluid to contain not only the excitation frequency but also a series of odd-order super-harmonics. As the
friction coefficient of the interface increases, the axial vibration amplitude of the pipe conveying fluid at the fundamental

frequency decreases while the normal vibration amplitude increases, and both the axial and normal vibration amplitudes
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of the pipe conveying fluid at the third-order super-harmonic first increase and then decrease. As the friction stiffness of
the interface increases, the axial vibration amplitude of the pipe conveying fluid at the fundamental frequency and the
third-order super-harmonic first decreases and then increases. The flow velocity mainly affects the normal vibration of

the pipe conveying fluid with friction interface and has little impact on the axial vibration of the pipe.

Key words composite pipe conveying fluid, friction interface, stick-slip motion, nonlinear vibration, semi-analytical

finite element method
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