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 Abstract - The dynamic analysis of a three-layered 

symmetric sandwich beam with magneto rheological    

elastomer (MRE) embedded viscoelastic core and 

conductive skins subjected to a periodic axial load have 

been carried out under various boundary conditions by 

researchers. As the skins of the sandwich beam are 

conductive, magnetic loads are applied to the skins during 

vibration. Due to the field-dependent shear modulus of 

MRE material, the stiffness of the MRE embedded 

sandwich beam can be changed by the application of 

magnetic fields. Using extended Hamilton’s principle along 

with generalized Galarkin’s method the governing 

equation of motion has been derived. The free vibration 

analysis of the system has been carried out and the results 

are compared with the published experimental and 

analytical results which are found to be in good agreement. 

Here, recently developed magneto rheological elastomer 

based on natural rubber containing iron particles and 

carbon blacks have been used. The effects of magnetic 

field, length of MRE patch, core thickness, percentage of 

iron particles and carbon blacks on the regions of 

parametric instability for first three modes of vibration 

have been studied. These results have been compared with 

the parametric instability regions of the sandwich beam 

with fully viscoelastic core to show the passive and active 

vibration reduction of these structures using MRE and 

magnetic field. 

 

Index Terms - sandwich beam, magneto rheological 

elastomer, magnetic field, conductive skin 

 

I.  INTRODUCTION 

Sandwich beams are in use for many years in structural 

engineering such as aeroplanes, military aircrafts, space 

vehicles, bridges, ships, surface transport vehicles and robot 

arms as a load carrying member with high strength to weight 

ratio. Traditionally viscoelastic cores are used in these 

structures for vibration reduction. Recently, magneto 

rheological elastomer (MRE) is embedded in the viscoelastic 

core to actively attenuate vibration in sandwich structure by 

applying suitable magnetic field. Due to the field-dependent 

shear modulus of MRE, the flexural rigidity of MRE 

embedded sandwich beams changes rapidly and reversibly 

with the application of magnetic field. Hence, they are very 

potential in developing stiffness controllable devices for semi-

active vibration control of flexible structures. 

Magneto rheological elastomers (MRE) are smart materials 

whose mechanical properties such as the shear modulus and 

core loss factor can be reversibly and rapidly controlled by an 

external magnetic field. Zhang et al proposed a new effective 

permeability model of MRE with a novel structure, which is 

designed to improve field-dependent performance. MRE 

patches are also used in many other applications. Deng and 

Gong developed a dynamic adaptive tuned vibration absorber 

(ATVA) which works in shear mode. Watson exploited a 

variable stiffness suspension bushing using MREs. Ginder et 

al. constructed tunable automotive mounts and bushings based 

on MREs. 

 It has been observed from the available literature that 

though many works have been reported on the free vibration of 

sandwich beams with viscoelastic core, very few works have 

been found on the dynamic analysis of MRE embedded 

viscoelastic cored sandwich beam. A wide gap has been 

observed between the theoretical and experimental 

determination of natural frequencies of MRE embedded 

sandwich systems. Similarly, many researchers studied the 

parametric instability regions of sandwich beam with 

viscoelastic core without taking MRE as the core materials. 

The present work provides an analysis on how magnetic fields 

change the dynamic property of the MRE embedded 

viscoelastic cored sandwich beam with conductive skins. The 

magnetic field will both change the mechanical property of 

MRE and generate magnetoelastic loads subjected to the skins. 

Initially the free vibration of the MRE embedded viscoelastic 

cored symmetric sandwich beam has been studied. Two types 

of MREs viz., MRE with and without carbon blacks, have 
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been considered for obtaining the parametric instability 

regions.  

The effects of magnetic field, length of the MRE patch, 

core thickness, percentage of iron particles and carbon blacks 

have been investigated. Also, experiment has been performed 

to validate the model and the assumption of taking same 

transverse displacement for the upper and lower skin. Since 

skins strengthen the bulk flexural rigidities of sandwich beams, 

this sandwich configuration would lead to applicable semi-

active devices by taking the advantage of field-dependent 

property of MRE. 

 
II. EXPERIMENTATION 

 

The experimental setup is shown in Figure 1. The beam 

samples are fabricated from commercial grade aluminium 

sheets as skins and commercial grade rubber sheets as core. 

The fabricated beam has span, L=500mm; width, b=30mm; the 

top and bottom skins thickness, 2ht=2hb=2mm and the core 

thickness, 2hc=6mm [1]. The experimental set-up using the 

impact hammer kit consisting of a PC driven ACE dynamic 

signal analyser and two accelerometers are shown in Fig.1. 

The accelerometers are set one below another at fixed 

positions on the top and bottom skins of the test specimen. The 

response signals recorded by the accelerometers attached to 

test specimen.  
 

 

 

 
 

Fig. 1. Experimental setup [B. Nayak et al,2011] 

 

The frequency and time responses are shown in Fig. 2 and 

3, respectively, when the   accelerometers are placed at the 

free end of the test specimen. It is found that, the transverse 

displacements of the top and bottom skins have same 

amplitude and frequency having some phase difference 

between them. 

 

 

 
Fig. 2. Frequency response of both the skins sandwich beam subjected 

to free vibration [B. Nayak et al,2011] 

 

Hence, the assumption of having same transverse 

displacement in the top and bottom skin in a viscoelastic cored 

sandwich beam is validated. By taking the Young’s modulus 

and density of aluminium as 69.526 GPa and 2618.025 kg/m3 

and for rubber, the shear modulus and density as 1.886 MPa, 

1800kg/m3, respectively, the experimental frequency is found 

to be17Hz [1].  

 

 
Fig. 3. Time response of both the skins sandwich beam subjected to free 

vibration. [B. Nayak et al, 2011] 

 
III. FREE VIBRATION RESPONSE OF MRE EMBEDDED 

SANDWICH BEAM 
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In this subsection the time response of the MRE 

embedded sandwich beam with and without magnetic field has 

been plotted to show the advantage of using magnetic field to 

reduce the vibration .This has also been compared with a 

similar sandwich beam without considering MRE patch. 

Following physical parameters have been taken for the 

numerical analysis. 

The span of the beam, L=230mm; width, b=23mm; the top 

and bottom skins thickness, 2ht=2hb=4mm and the core 

thickness, 2hc=8mm.The top and bottom aluminium skins 

have Young’s modulus 72GPa and density 2700kg/m3. The 

zero fields shear modulus and young’s modulus of both MRE 

and non-MRE parts are same [2,3]. The length of the MRE 

patch is one third of the length of the core and is symmetrically 

placed at the middle. MRE containing 80% of iron particles 

has been considered in this work. 

 

 

 

 

 

 

 
 

Fig.4. Free vibration response of a simply supported sandwich beam with and 

without MRE patch in the core .  Viscoelastic core ,........... B0=0.2T and - - - 

-B0=0.6T.[B. Nayak et al,2011] 

 

Fig. 4 shows the first three mode free vibration response 

of the simply supported sandwich beam without and with MRE 

patch in the core. The solid line shows the response for the 

system without MRE patch. For the system with MRE 

patch ,the dotted line and dashed lines show the response of 

the system with magnetic fields of 0.2 and 0.6 T, respectively. 

With the insertion of MRE patch the response peak decreases 

with the application of magnetic field.  

It has been observed that with the increase in magnetic 

field to 0.6 T for the MRE embedded viscoelastic core the 

response peak decreases by 6%, 36% and 28% as compared to 

the viscoelastic cored sandwich beam for the fast, second and 

third modes, respectively. 

 
 

Fig.5. Free vibration response of a clamped–free sandwich beam with and 

without MRE patch in the core      viscoelastic core, . ...... B0=0.2T and - - - - 

B0=0.6T. [B. Nayak et al,2011] 

 

Now by considering a clamped–free sandwich beam with 

MRE embedded viscoelastic core the free vibration responses 

have been obtained for a magnetic field of 0.2 and 0.6 T (Fig. 

5). The physical dimensions and material properties are same 

as those of the simply supported beam considered before. 

These responses have been compared with that of a 

viscoelastic cored cantilevered sandwich beam. It has been 

observed that with the increase in magnetic field the response 

amplitude decreases. For example as shown in Fig. 4, with a 

magnetic field of 0.6 T, for the MRE embedded viscoelastic 

core the response amplitude decreases by 30.63% for the first 

mode, 12.7% for the second mode and 30.4% for the third 

mode in comparison to the viscoelastic cored sandwich beam.  
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Fig.6. Free vibration response of a simply supported sandwich beam with 

variation of length of MRE patch     viscoelastic core, . ...... B0=0.2T and - - - 

- B0=0.6T. [B. Nayak et al,2011] 

 

Fig. 6 shows the first three mode free vibration responses 

of a simply supported sandwich beam with four different 

cores, viz., core 1: fully viscoelastic, core2: MRE embedded 

viscoelastic core with MRE patch length L/3, core3: MRE 

embedded viscoelastic core with MRE patch length2L/3, and 

core4: fully MRE core.  

 
 

 
Fig.7. Free vibration response of a clamped–free sandwich beam with 

variation of length of MRE patch  —— viscoelastic core, . ...... B0=0.2T and - 

- - - B0=0.6T [B. Nayak et al,2011] 

 

Fig. 7 shows similar plots for a clamped–free sandwich 

beam. From these two figures one may clearly observe that by 

increasing the length of the MRE patch, the response 

amplitude decreases. 

Hence, these two examples illustrate that one can control 

the free vibration of MRE embedded viscoelastic core 

sandwich beam with the application of magnetic field. For a 

cantilevered sandwich beam the vibration reduction is found to 

be more in comparison to that of a simply supported sandwich 

beam. 

 

IV. APPLICATION OF PRESENT THEORY FOR PASSIVE 

AND ACTIVE VIBRATION REDUCTION OF SANDWICH 

BEAM 
 

  Clearly by changing the core material, i.e., percentage of 

iron particles, carbon black in MRE, core thickness, length of 

MRE and viscoelastic part of the core, one obtains a new 

sandwich beam which can be used for passive vibration 

control.   

Similarly, by applying magnetic field, which can be 

applied without altering the basic structure, as the stiffness of 

the sandwich beam changes actively, using the parametric 

instability region for various magnetic fields, one can actively 

suppress the vibration of the sandwich beam.  

For example, from Figs. 5-7, one may observe that by 

applying magnetic field, the free vibration response amplitude 

and settling time of the MRE embedded beam can be reduced 

significantly. 

 

V. CONCLUSIONS 

 
In this work, the free vibration analysis of a sandwich 

beam with MRE embedded viscoelastic core has been carried 

out using classical sandwich beam theory. Initially taking a 

viscoelastic cored sandwich beam, experiment has been 

performed to show that the top and bottom skins have same 

transverse displacement and hence classical sandwich beam 

theory can be used for this type of system.  

The theoretically obtained fundamental frequency using 

this theory is found to be in good agreement with the 

experimentally obtained frequency. It is observed that the free 

vibration response of the sandwich beam can be passively or 

actively suppressed by using MRE patch in the viscoelastic 

core and by applying magnetic field. It has been shown that up 

to 30% vibration reduction is possible in a cantilevered MRE 

embedded sandwich beam in comparison to that of a sandwich 

beam with viscoelastic core. It is expected that by increasing 

number of MRE patches more vibration reduction can be 

achieved. 

 The instability regions of MRE embedded viscoelastic 

core sandwich beam subjected to periodic axial load have been 

obtained for five different boundary conditions. It has been 

observed that in this case the system starts buckling even 

though the applied load is well below the critical Euler 

buckling load.  

The system becomes unstable when the external 

frequencies are nearly equal to twice the system natural 

frequency. It has been shown that by increasing the magnetic 

field strength, one may alter the instability region. In the 

considered case a significant attenuation of the vibration has 

been achieved by incorporating MRE patches in the 

viscoelastic core. With increase in percentage of iron particles 

and carbon black, instability region decreases and also the 

critical value of the amplitude of dynamic loading increases.  

The present work will find application in the design of 

viscoelastic cored sandwich beam and for active and passive 

attenuation of vibration in the structure using magneto 

rheological elastomers. 
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