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Abstract— the static stability of a rotating symmetric sandwich beam subjected to axial pulsating load is studied under two different boundary condi-
tions. The non dimensional equation of motion and boundary conditions are derived using Hamilton’s principle. A set of Hill’s equation with complex coef-
ficient are derived using Galerkin’s method. The effect of core loss factor, hub radius, Shear modulus, angular velocity of beam, rotation parameter and 
ratio of width of elastic layers of beam on static buckling load of the system is investigated through a series of graph using required MATLAB program. 

 

Index Terms— Static stability, Rotaing Sandwich beam, Pulsating Load, Static buckling load, Coreloss factor, Rotation parameter. 

——————————      —————————— 

1 INTRODUCTION                                                                     
Vibration control of machine componets are important area 

of study to secure the mechanical system. Use of Sandwich 
structures is very much popular because of its light weight, 
high strength, high modulus and high stiffness to weight ratio. 
The sandwich structures being used as rotor blades, turbine 
blades in aircrafts and robot arms in other applications can be 
modeled as rotating beams under different boundary condi-
tions. In practical application the sandwich structures are ex-
posed to time varying loads, the system experiences paramet-
ric instability. 

1.1 LIST OF SYMBOLS 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

      1.1OBJECTIVE 
The main objective of the study is to investigate the 

static staility of a symmetric rotating sandwich beam sub-
jected to axial pulsating load for two different boundary 
conditions viz Pinned-Pinned and Guided- Pinned. Com-
bining the Hamilton’s energy principle and Galerkin’s 
method a set of Hill’s equation is derived for the consid-
ered system. The static buckling load is determined. Nu-
merical computation and graphical representation is done 
using required MATLAB code. The stability analysis is 
done by considering the hub radius, shear parameter, ro-
tation parameter, angular velocity of beam, coreloss factor 
and ratio of thickness of elastic layers. 

2 LITERATURE REVIEW 
The study of sandwich structures has attended a great 

practical importance from economical point of view as 
well as for effective vibration control. Ghosh et al [10] 
studied the dynamic stability of viscoelastically supported 
sandwich beams. Dash et al [9] investigated the dynamic 
stability of an asymmetric sandwich beam resting on Pas-
ternak foundation. Nayak et al [5] analyzed the static sta-
bility of viscoelastically supported asymmetric sandwich 
beam with thermalgradient. Pradhan et al [8] analyzed the 
static and dynamic stability of asymmetric sandwich 
beam resting on a variable Pasternak foundation. Pradhan 
et al [2] studied the dynamic stability of of an asymmetric 
rotating sandwich beam subjected to thermal gradient.   

From the available literature it has been observed that 
no work has been done on stability of symmetric rotating 
sandwich beam subjected to axial pulsating load. So in 
this analysis the static stability of a symmetric rotating 
sandwich beam is done for two different boundary condi-
tions viz Pinned-Pinned and Clamped-Pinned. 
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3 PROBLEM FORMULATION 
 

 
 
 
 
 
 
 
 
 
 

 
 
                     Fig 1: System Configuration 
 

The equation of motion is derived by considering the following 
assumptions: 

• The beam transverse deflection is small and is same 
everywhere in a given cross section. 

• The elastic layer obeys Euler-Bernoulli assumption of 
beam theory. 

• The layers are perfectly bonded so that displacements 
are continuous across the interfaces. 

• Bending and the extensional effects in the core are neg-
ligible. 

• Rotary inertia effects in layers are negligible. 
• Damping in the core is predominantly due to shear. 
• Kerwin’s assumption is used as force resultant in the 

middle visco-elastic layer is neglected as Young’s mod-
ulus is very small compared to the module of outer two 
layers. So 1 1 1, 3 3 3, 0x xE AU E A U+ =  

The expression for potential energy (v), kinetic energy (T) and 
work done (wp) for given system are as follows: 
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Where 1U  and 3U  are the displacements in the top and 

bottom layers, 
,x t

w ww w
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∂ ∂
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∂ ∂  and 2γ  is the shear strain in 

the middle layer given by  
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 . 3U  is elimi-
nated by using the Kerwin’s assumption. 

The application of Hamilton’s principle, 
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leads to the following non-dimensional equations of mo-
tion.  
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In the above: 
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The associated boundary condition at 0x =  and 1x =  
are: 
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    or                                                     2 0γ =            (8) 

APPROXIMATE SOLUTION: 
Solution of equation (1) and (2) are assumed in the form 
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 Here iw  and kγ  are the shape functions and if  and 

kf  are the generalized coordinates. iw  and kγ are to be 
chosen to satisfy as many boundary conditions as possi-
ble.  

For Pinned-Pinned (P-P) case 

 ( ) sin( )iw x i xπ= ,  ( ) cos( )k x k xγ π=   
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For clamped-pinned (C-P) case 
( 1) ( 2) ( 3)
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Where k k p= −   

Substituting above values in (1) and (2) and use of the 
general Galerkin method yields the following matrix 
equations of motion in the generalized coordinates. 
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The equations (11) and (12) are further simplified to 
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4 NUMERICAL RESULTS AND DISCUSSION 
      Numercal results were obtained for various values of 
the parameters such as shear parameter, core loss factor, 
hub radius, rotation parameter, core density parameter, 
ratio of thickness of two elastic layers and presented 
graphically. 

       
Figures 2 to 7 shows the effect of various parameters on 
the static bukling load. 

          
       
          
 
 
 
 
 
 
 
 
 
 
 

 
      (Fig 2: Effect of hub radius on Static buckling load) 

The effect of b on static buckling load is shown in fig 
2. With increase in value of b, the static buckling load in-
creases marginally for both boundary conditions. 

 
 
 
 
 
 

 
 
 
 

 
 

             (Fig 3: Effect of g on static buckling load) 
          Figure 3 shows the effect of g on static 

buckling load of the system and it shows with in-
crease in g the static buckling load of the system in-
creases by increasing the stability of the system for 
both boundary conditions. 

 
 
 
 
 
 
 
 
 
 

              
 

          (Fig 4: Effect of η on static buckling load) 
The effect of η on static buckling load of the system is 

shown in figure4. It shows that with increase in η, the 
static stability of the syatem increases marginally as the 
static buckling loads ncrease. 

 

   : Pinned-Pinned                            
    : clamped- Pinned 
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           (Fig5: Effect of Ω on static buckling load) 
      Figure 5 shows the effect of angular velocity of beam 
(Ω) on static buckling load. It shows that with increase in 
angular velocity there is no change in static buckling 
load. Sothis property makes it suitable for high speed 
applcation. 

 
 
 
 
 
 
 
 
 
 
 

 
               (Fig 6: Effect of λ0 on static buckling load) 
         Figure6 shows the effect of λ0 on static buckling load 
of the system. With increase in λ0 the static buckling load 
increases by enhancing the static stability of the system. 

 
 
 
 
 
 
 
 
 
 
 

 
             (Fig 7: Effect of h21 on static buckling load) 
    The effect of h21 on static buckling load of the system is 
depicted in figure figure7. It shows that with increase in 
of h21 the static stability of the system icreases by 
icreasing the static buckling load. 

5 CONCLUSION 
              The static stability analysis of a symmetric rotating 
sandwich beam subjected to a axial pulsating load is investi-
gated for Pinned-Pinned and Clamped-pinned boundary con-
dition. The results obtained from the numerical analysis reveal 
that static stability of the system increases with increase with 
b, g, η, λ0 and h21. The static stability of the system is inde-

pendent of the angular velocity of the system. 
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