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Vortex Induced Vibration of Simply Supported Viscoelastic Beam
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ARTICLE INFORMATION ABSTRACT
Original Research Paper In this paper, vortex induced vibration of simply supported viscoelastic beam was investigated using
Received 17 May 2017 semi-analytical method. By applying the general form of the viscoelastic model, the nonlinear partial
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Available Online 08 Septerber 2017 differential equations of motion based on the Euler Bernoulli beam’s theory and displacement coupling

fluid-structure interaction model were obtained via the Newton’s second law. A classical nonlinear van
der Pol equation was taken as the governing equation for one component of the vortex shedding force

Ki ds: . I P . N

Fﬁﬁ“‘,’;diced Vibration on the beam. Employing the Galerkin discretization method, the equations of motion are reduced to a
Viscoelastic beam set of nonlinear ordinary differential equations with coupled terms which are then solved numerically by
Locking area Runge-Kutta method. Finally, the effect of system parameters on the time response, phase plane and

Semi-analytical methods maximum amplitude of the beam are investigated. The results indicate that the viscoelastic behavior has

a significant influence on the dynamic characteristics of the system and causes change the Lock-in
phenomenon with respect to corresponding elastic system. For example, for E,=10E; the viscoelastic
behavior can change the position of the locking area, and the maximum amplitude of the beam is
increased by 45%. Lock-in from of vortex-induced vibrations was considered as a possible source of
increased fatigue and damage. Therefore, by using viscoelastic materials the maximum amplitude of the
system is reduced and the Lock-in condition can be changed. Additionally, based on the significant
influence of viscoelastic behavior on the dynamic characteristics of the system, viscoelastic behavior
should be considered in the mathematical model of the systems.
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Fig. 1 (a) simply supported viscoelastic beam under the influence of
external fluid and (b) an element of the beam
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Fig. 8 The effect of P and A parameters on the maximum vibration
amplitude of the simply supported viscoelastic beam
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Fig. 6 The effect of external fluid velocity on the maximum vibration
amplitude of the elastic and viscoelastic simply supported beam
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amplitude of the simply supported viscoelastic beam with respect to
non-dimensional external fluid flow velocity

Sl S Slpss govie p SeiVlgany ) slaaasie 56 9 S
Ck o > Ll 90 50 ool GleolFaSs L Sa¥leSius g 5 Sllug asals

T Jlw Sl wue

9 SVl i oo 0l plal dslie 4 4z g Lol Koo 4l
B, &5 3ebee osalin StuVlgSumy U3, (85 Sl 50 b it
WS s Seolis S,y glalisdle B b KoYl
G5 & odle SeVlsSns JUE, e e LA mls a5 sbles
by wSlas goo,0 45 olidl cely ( Sab Jad 4ol Cosdge caslul
Sl )| cow ojle a5 0gi so el yol (pl Dgd oy )0 sawl dg 4
oud ZanSh 4>l )y Sy (S 0y 150 Jlow I (56 5L
oo palngdly el SlgSiass Lulpt (38,5 5 0 gyenl 5l s

e S yg8 -5
thio mhow colus 4
é’)?‘bj) ""‘l}’ Ap, ayq, bo, b1
dmp ol Co
e
s D
Sasdls; sy EuBo
w2 o FED
Jos 5 36 W 55, Fa
loals 5 51 56 olpo g9, (0O
cid o 10D
ol ol !
Jsb L
e gl M D)
Toowe dae N
alog et P
a8l oS daisee n(7)
Sl olals) 5l a6 g9 G0 D)
obes
S S g 2B Sl b ey et

9 opleibs 17 095 1396 ,3T (I3 SHlle (Swiue



sudailen Hlkl 9 ygag)l) L yoMe

sl 93 53 0.3bw (5laol xS by SaimVlgSamyg sl pui )3 Jlawn J abls S5 abibslas )l

[12] J. Wang, S. Fu, R. Baarholm, J. Wu, C. M. Larsen, Fatigue damage induced
by vortex-induced vibrations in oscillatory flow, Marine Structures, Vol. 40,
No. 1, pp. 73-91, 2015.

[13] Z. Zhou, Q. Zhan, Y. Ge, Experimental and numerical study on generation
and mitigation of vortex-induced vibration of open-cross-section composite
beam, Wind and Structures, VVol. 23, No. 1, pp. 45-57, 2016.

[14] X. Wu, F. Ge, Y. Hong, A review of recent studies on vortex-induced
vibrations of long slender cylinders, Journal of Fluids and Structures, Vol.
28, No. 3, pp. 292-308, 2012.

[15] O. M. Griffin, S. E. Ramberg, The vortex-street wakes of vibrating cylinders,
Journal of Fluid Mechanics, Vol. 66, No. 3, pp. 553-576, 1974.

[16] R. Bourguet, G. E. Karniadakis, M. S. Triantafyllou, Lock-in of the vortex-
induced vibrations of a long tensioned beam in shear flow, Journal of Fluids
and Structures, Vol. 27, No. 5-6, pp. 838-847, 2011.

[17] R. Bourguet, G. E. Karniadakis, M. S. Triantafyllou, Multi-frequency vortex-
induced vibrations of a long tensioned beam in linear and exponential shear
flows, Journal of Fluids and Structures, Vol. 41, No. 2, pp. 33-42, 2013.

[18] R. Bourguet, G. E. Karniadakis, M. S. Triantafyllou, Phasing mechanisms
between the in-line and cross-flow vortex-induced vibrations of a long
tensioned beam in shear flow, Computers & Structures, Vol. 122, No. 2, pp.
155-163, 2013.

[19] S. J. Daniels, I. P. Castro, Z.-T. Xie, Numerical analysis of freestream
turbulence effects on the vortex-induced vibrations of a rectangular cylinder,
Journal of Wind Engineering and Industrial Aerodynamics, Vol. 153, No. 3,
pp. 13-25, 2016.

[20] A. M. Marra, C. Mannini, G. Bartoli, Measurements and improved model of
vortex-induced vibration for an elongated rectangular cylinder, Journal of
Wind Engineering and Industrial Aerodynamics, Vol. 147, No. 1, pp. 358-
367, 2015.

[21] C. Chindam, K. C. Venkata, K. Balasubramaniam, R. V. Prakash,
Thermomechanical response of metals: Maxwell vs. Kelvin—Voigt models,
Materials Science and Engineering: A, Vol. 560, No. 4, pp. 54-61, 2013.

[22] S. Hyun, T. K. Hooghan, W. L. Brown, R. P. Vinci, Linear viscoelasticity in
aluminum thin films, Applied Physics Letters, Vol. 87, No. 6, pp. 061902,
2005.

[23] R. S. Lakes, Viscoelastic Solids, pp. 29-73, New York, CRC press, 1998.

[24] J. 1. Rojas, D. Crespo, Modeling of the effect of temperature, frequency, and
phase transformations on the viscoelastic properties of AA 7075-T6 and AA
2024-T3 aluminum alloys, Metallurgical and Materials Transactions A, Vol.
43, No. 12, pp. 4633-4646, 2012.

[25] S. S. Rao, Vibration of Continuous Systems, pp. 56-93, New York, John
Wiley & Sons, 2007.

[26] L. Wang, Z. Hu, Z. Zhong, J. Ju, Dynamic analysis of an axially translating
viscoelastic beam with an arbitrarily varying length, Acta Mechanica, Vol.
214, No. 3, pp. 225-244, 2010.

[27] T. Sarpkaya, A critical review of the intrinsic nature of vortex-induced
vibrations, Journal of Fluids and Structures, Vol. 19, No. 4, pp. 389-447,
2004.

[28] M. P. Paidoussis, S. J. Price, E. De Langre, Fluid-Structure Interactions:
Cross-Flow-Induced Instabilities, pp. 111-184, Cambridge, Cambridge
University Press, 2010.

[29] R. T. Hartlen, I. G. Currie, Lift-oscillator model of vortex-induced vibration,
Journal of the Engineering Mechanics Division, Vol. 96, No. 5, pp. 577-591,
1970.

[30] M. L. Facchinetti, E. De Langre, F. Biolley, Coupling of structure and wake
oscillators in vortex-induced vibrations, Journal of Fluids and Structures,
Vol. 19, No. 2, pp. 123-140, 2004.

[31] E. Ciappi, S. De Rosa, F. Franco, J. L. Guyader, S. A. Hambric, Flinovia-
Flow Induced Noise and Vibration Issues and Aspects, pp.67-115, New York,
Springer, 2015.

[32] M. Keber, M. Wiercigroch, Dynamics of a vertical riser with weak structural
nonlinearity excited by wakes, Journal of Sound and Vibration, Vol. 315, No.
3, pp. 685-699, 2008.

[33] R. D. Blevins, Flow-Induced Vibration, pp. 12-75, New York, Van Nostrand
Reinhold Co., 1990.

[34] C. Yamamoto, J. Meneghini, F. Saltara, R. Fregonesi, J. Ferrari, Numerical
simulations of vortex-induced vibration on flexible cylinders, Journal of
Fluids and Structures, Vol. 19, No. 4, pp. 467-489, 2004.

9 ol 17 095 1396 ,3T (e Sle (Swiye

43 + Q5suqs = Agsuds
— Apsu (‘h%% + 429394

+ 420192 + 019394 + 410442
%-qzq4q14-q4q3qz4-2qzq§qz
+ 2419341 + 2939494 + =——
24343
+a1ds + 5o = o+ did

YT 2q2q, 293¢, '

+q2q; | + Piis %

s + Qisu®qy = AQo5uq,

— Most | 939192 — 929191

+ ‘hq3‘?3. + 424341 + 429143 )
+2%%%+2%%%ﬁ2%%?

+ + 454, +

24544 2034, 2974,
+ 4544 + a4, | + Piiy ®)

&l -7

[1] M. Liangjie, L. Qingyou, Z. Shouwei, W. Jiang, L. Zhengli, P. Tao, Vortex-
induced vibration mechanism of drilling riser under shear flow, Petroleum
Exploration and Development, Vol. 42, No. 1, pp. 112-118, 2015.

[2] N. M. R. Shaharuddin, 1. Z. M. Darus, Fuzzy-PID control of transverse
vibrating pipe due to vortex induced vibration, Computer Modelling and
Simulation (UKSim), UKSim 15th International Conference on IEEE, 10-12
April, pp. 21-26, 2013.

[31 L. Song, S. Fu, J. Cao, L. Ma, J. Wu, An investigation into the
hydrodynamics of a flexible riser undergoing vortex-induced vibration,
Journal of Fluids and Structures, Vol. 63, No. 1, pp. 325-350, 2016.

[4] M. Sharif, N. Sudharsan, Analysis of vortex induced vibration on an offshore
structure using a coupled FSI solver, Computer Modelling and Simulation,
Vol. 56, No. 2, pp. 80-84, 2016.

[5] S. Nakamura, T. Okumatsu, T. Nishikawa, T. Okabayashi, Fatigue damage
of a diagonal member in a steel truss bridge due to wind-induced vibration,
Developments in International Bridge Engineering, Eds., pp. 211-220:
Springer, 2016.

[6] G. Eslami, V. A. Maleki, M. Rezaee, Effect of open crack on vibration
behavior of a fluid-conveying pipe embedded in a visco-elastic medium,
Latin American Journal of Solids and Structures, Vol. 13, No. 1, pp. 136-
154, 2016.

[7] M. L. Ge, J. Kannala, D. Cain, E. B. Kebadze, S. Sundararaman, C. Krapf, Z.
Li, A practical drilling riser and wellhead vortex induced vibration fatigue
comparison between analysis and field measured data, Proceeding of
American Society of Mechanical Engineers, pp. 12-32, 2014.

[8] J. Zhang, Y. Tang, Fatigue analysis of deep-water risers under vortex-
induced vibration considering parametric excitations, Journal of Coastal
Research, Vol. 73, No. 1, pp. 652-659, 2015.

[91 M. R. Sarker, A. Mohamed, R. Mohamed, Cantilever beam vibration from
fluid interactions with triangular shape blunt body for energy harvesting
application, Research and Development (SCOReD), 2015 IEEE Student
Conference on, IEEE, 2015.

[10] M. Song, D. Cao, W. Zhu, Vortex-Induced vibration of a cable-stayed bridge,
Shock and Vibration, Vol. 2016, No. 2, pp. 4-12, 2016.

[11] M. S. Triantafyllou, R. Bourguet, J. Dahl, Y. Modarres-Sadeghi, Vortex-
Induced vibrations, Springer Handbook of Ocean Engineering, Eds., pp.
819-850: Springer, 2016.

318



