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Original Research Paper Free vibration characteristics of rectangular composite plate with constrained layer damping and
Received 05 August 2015 magneto-rheological fluid (MR) core are presented. Hamilton principal is used to obtain the equation of
Accepted 12 September 2015 motion of the sandwich plate. Based on the Navier method, a closed-form solution is presented for free

Available Online 11 November 2015 vibration analysis of MR sandwich plate under simply supported boundary conditions. The governing

equation of motion is derived on the base of classical lamination theory for the faceplates. Only shear

Keywords:

Composite strain energy density of the core is considered. Using displacement continuity conditions at the interface
Magneto Rheological of the layers and core, shear strain of the core is expressed in terms of displacement components of the
Natural Frequency base and constraint layers. The complex shear modulus of the MR material in the pre-yield region was
Free Vibration described by complex modulus approach as a function of magnetic field intensity. The validity of the

Loss Factor developed formulation is demonstrated by comparing the results in terms of natural frequencies with

those in the available literature. The effects of magnetic field intensity, plate aspect ratio, and thickness
of the MR core, base layer and constrained layer for three different stacking sequences of composite
faceplates on the fundamental frequency and loss factor of the first mode are discussed. The results
indicate significant effect of physical and geometrical parameters on the natural frequency and loss
factor associated with the first mode.
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the first mode loss factor for three different stacking sequences.
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Table 1 Comparisons of the natural frequencies of a composite
sandwich plate with MR core and those reported in [28]
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Table 2 Mechanical and geometric properties of the sandwich

plate with MR core [30]
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Fig. 9 Influence of the thickness ratio (h,/hs) of the constraint
layer on the first mode loss factor at a magnetic field of 300
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Fig. 10 Influence of the plate aspect ratio (a/b ) on the first
mode frequency at a magnetic field of 300 Gauss
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Fig. 11 Influence of the plate aspect ratio (a/b ) on the first
mode loss factor at a magnetic field of 300 Gauss
Al 50 St g0 Sdpwl co o p (a/b) G5 6 ke Cans J 11 Js<%

3Pl AT 50 g (b S8 4 2 290 5l (gl Cd iy
il Gl s 4 g cal oad <o Loy ol 090 59 ojle IS (2255
a4 bgipe Joge Sl cuyd s baie oo Ll L ojle o 3]
ol 00l Sl Lo ,a5 55 090 (]
Ot peien odalive (Bodow (pl )0 dzg JB g ppe SIS 51 0 (S
oS 3 [0/90/90/0/ MR/0/90/90/0] zay o (o S
s ol WSe el [0/90/ MR/90/0] ¥ jo (s (il 3
iy (PSS A o G Jol 090 Jloge Sl G pS 8550 0
5 [0/90/90/0/ MR/0/90/90/0] ¥ 4 bgspe Jloge SMociu

[0/90/ MR/90/0] ez Y 4 baye Jloge Szl oo pd oy i
el oanline LB ouls &Sl )| sla Jloges soled o YU bl el

S5 xS -4
95 Y aix glaag, b sugaile 5,9 (585 S o b alas cpl jo
Serd g owiie el gla el sl b Canss 090 4 bogy e slojle

11 o )leuis 15 095 1394 O (ORI Sl wdie



Ve 9 sy (ixo

dLﬁ_},J,f),.uio Sioub g Al 9 I o AV Jia slddsg) b GRg il B9 wliblei)l 5 )ielhly w22

[15] Y. Choi, A. F. Sprecher, H. Conrad, Vibration characteristics of a composite
beam containing an electrorheological fluid, Intelligent Material Systems and
Structures, Vol. 1, No. 1, pp. 91-104, 1990.

[16] V. Rajamohan, R. Sedaghati, S. Rakheja, Optimum design of a multilayer
beam partially treated with magnetorheological fluid, Smart Materials and
Structures, Vol. 19, No. 6, pp. 65-72, 2010.

[17] A. Besharati, F. Bakhtiarinejhad, M. Sohrabian, Investigation of active and
passive constrained layer damping for vibration reduction of plate structures,
in The 17th International Conference on Mechanical Engineering, Isfahan,
Iran, 2009. (in Persian ..,5)

[18]G. Y. Zhou, Q. Wang, Use of magnetorheological elastomer in an adaptive
sandwich beam with conductive skins, Part 1l: dynamic properties,
International Journal of Solids and Structures, Vol. 43, No. 17, pp. 5403-
5420, 2006.

[19] Y. Hojjat, K. Kakavand, M. Ghodsi, A. A. Maddah, Study on the transient
state behavior of magnetorheological fluid in magnetic coupling, Modares
Mechanical Engineering, Vol. 14, No. 12, pp. 156-162, 2014. (in
Persian .13

[20] J. Rezaeepazhand, J. Rahiminasab, A nonlinear study on transient vibration
and limit cycle oscillation of composite sandwich plates with
electrorheological fluid layer, Modares Mechanical Engineering, Vol. 15,
No. 1, pp. 285-293, 2015. (in Persian _...,1)

[21] M. Mohammadi Soleymani, M. A. Hajabbasi, S. Mirzade, Free vibration
study of rectangular sandwich plate with electrorheological fluid interlayer,
in The 16th International Conference on Mechanical Engineering, Kerman,
Iran, 2008. (in Persian __.,13)

[22] R. Tikani, S. Ziaei-Rad, M. Esfahanian, Simulation and experimental
evaluation of a magneto-rheological hydraulic engine mount, Modares
Mechanical Engineering, Vol. 14, No. 10, pp. 43-49, 2014. (in Persian _..,s)

[23] K. Malekzade Fard, Gh. Payganeh, F. Rashed Saghavaz, Free vibration and
low velocity impact analysis of sandwich plates with smart flexible cores,
Modares Mechanical Engineering, Vol. 14, No. 13, pp. 191-200, 2015. (in
Persian __..,13)

[24] Gh. Payganeh, K. Malekzade Fard, F. Rashed Saghavaz, Effects of important
geometrical and physical parameters on free vibration and impact force for
sandwich plates with smart flexible cores, Modares Mechanical Engineering,
Vol. 15, No. 1, pp. 21-30, 2015. (in Persian .. ,ls)

[25] M. Eshaghi, R. Sedaghati, S. Rakheja, The effect of magneto-rheological
fluid on vibration suppression capability of adaptive sandwich plates:
Experimental and finite element analysis, Intelligent Material Systems and
Structures, Vol. 26, No. 14, pp. 1920-1935, 2015.

[26] Z. Zhang, F. Huang, Dynamic analysis of the MRF rectangular sandwich
plate based on ANSY'S, in Proceedings of the 2nd International Conference
on Green Communications and Networks 2012 (GCN 2012), Chongging,
China: Springer , 2013.

[27] J. Y. Yeh, Vibration analysis of sandwich rectangular plates with
magnetorheogical elastomer damping treatment. Smart Materials and
Structures, Vol. 22, No. 3, pp. 035010, 2013.

[28] M. Ramamoorthy, V. Rajamohan, J. AK, Vibration analysis of a partially
treated laminated composite magnetorheological fluid sandwich plate,
Vibration and Control, pp. 1-27.

[29] J. N. Reddy, Mechanics of laminated composite plates and shells, theory and
analysis, Second Edition, CRC Press, 2003.

[30] K. Malekzadeh Fard, GH. Payganeh, M. kardan, Dynamic response of
sandwich panels with flexible cores and elastic foundation subjected to low
velocity impact, Amirkabir Sciences & Research, Vol. 45, No, 2, pp. 9-11,
2013.

11 o)l A5 09> 1394 O (R Sl (swdye

dG dw?
3 3 3 2
Lss = 0‘73%131(1) + “mﬂ%(sz) + 2B6(6) — (- o +1,—5)
2 2
dG dw?
3 3 3 2
Lss = BBy + @nfu(B) +2B0) = Pu(= 5=+ L)
2 2

1 1 1 1 3
Lgs = _“:;11)1(1) — 2a;,B; (D1(2) + 2Dé6)) - ﬂﬁtDz(z) - a;;LDl(1)
3 3 3
—2a2,p2(DS +2D$)) — pDSY) — (o + p2)
d2G, d2lw?
h, h2

> + (pyhy + pohy + p3hs)w?

.Qw.)‘ ).f:..a ).3‘).3 L41 cL33 ‘L22 ‘L14 GLQ)BJ‘f‘

clp-6
[1] L. Donald J. Engineering Analysis Of Smart Material Systems, New Jersey:
Wiley, 2007.
[2] A. A Jafari, M. Fathabadi, Forced vibration of FGM Timoshenko beam with
Piezoelectric layers carrying moving load, Aerospace Mechanics Journal,
Vol. 9, No. 2, pp. 69-77, 2013. (in Persian .,

[3] B. S. Balaapgol, S. A. Kulkarni, K. M. Bajoria, A review on shape memory
alloy structures, Acoustics and Vibrations, Vol. 9, No. 2, pp. 61-68, 2004,

[4] J. Y. Yeh, L. W. Chen, Dynamic stability analysis of a rectangular
orthotropic sandwich plate with an electrorheological fluid core, Composite
Structures, Vol. 72, No. 1, pp. 33-41, 2006.

[5] I. Bica Damper with magnetorheological suspension, Journal of Magnetism
and Magnetic Materials, Vol. 241, No. 2-3, pp. 196-200, 2002.

[6] T. Pranoto, K. Nagaya, A. Hosoda, Vibration suppression of plate using
linear MR fluid passive damper, Journal of Sound and Vibration, VVol. 276,
No. 3-5, pp. 919-932, 2004.

[7]1 S. Odenbach, Magnetic Fiuids-Suspensions of Magnetic Dipoles and Their
Magnetic Control, Physics: Condensed Matter, Vol. 15, No. 15, pp. 1497-
1508, 2003.

[8] G. v. Stepanov, S. S. Abramchuk, D. A. Grishin, L. V. Nikitin, E. YU.
Kramarenko, A. R. Khokhlov, Effect of a homogeneous magnetic field on
the viscoelastic behavior of magnetic elastomers, polymer, Vol. 48, No. 2, pp.
488-495, 2007.

[9] X. Guan, X. Dong, J. Ou, Magnetostrictive effect of magnetorheological
elastomer, Journal of Magnetism and Magnetic Materials, Vol. 320, No. 3-4,
pp. 158-163, 2008.

[10] J. Y. Yeh, L. W. Chen, Vibration of a sandwich plate with a constrained
layer and electrorheological Fluid Core, Composite Structures, Vol. 65, No.
2, pp. 251-258, 2004.

[11] J. Rahiminasab, J. Rezaeepazhand, Transient response analysis of composite
sandwich plates with electrorheologicallayer, in The 19th International
Conference on Mechanical Engineering, Birjand, Iran,2011.(in Persian .. ls)

[12] J. Y. Yeh, J. Y. Chen, C. T. Lin, C. Y. Liu, Damping and vibration analysis
of polar orthotropic annular plates with ER treatment, Journal of Sound and
Vibration, Vol. 325, No. 1-2, pp. 1-13, 2009.

[13] K. Ramkumar, N. Ganesan, Vibration and damping of composite sandwich
box column with viscoelastic/electrorheological fluid core and performance
comparison, Materials and Design, Vol. 30, No. 8, pp. 2981-2994, 2009.

[14] V. Rajamohan, R. Sedaghati, S. Rakheja, Vibration analysis of a multi-layer
beam containing magnetorheological fluid, Smart Materials and Structures,
Vol. 11, No.1, pp. 015013, 2010.

404



