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OPTIMUM THICKNESS DISTRIBUTION OF DAMPING LAYERS FOR SQUARE PLATES
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INTRODUCTION

Effective design of viscoelastic damping layer treatments for plates

and panels often requires that the added weight (or cast) of the

damping material be minimized, while maximizing the added damping. In
this paper, we consider the optimum distribution of thickness of
unconstrained damping layer treatments applied to one side of edge-
fixed and simply—supported square plates vibrating in the lower

flexural modes. while theoptimum distribution of damping material

along a beam has been‘studied by several investigators, this is

believed to be the first application of optimization methods to the
design of damping layer treatments for plates. The general approach
used is described, and the optimum distribution of damping material is
presented for several select cases.

GENERAL APPROACH

An expression for the loss factor of plates with partial uncon-

strained—layer viscoelastic damping treatments applied to one side

can be obtained from the results presented in [I]. In applying these
results to the current problem, the plate surface is represented by a

4x4 grid of area elements of equal size. The thickness of the
damping layer is assumed to be constant over each element of area, but

variable from element to element. It is further assumed that the

thickness distribution is symmetrical with respect to axes with origin

at the center of the plate and aligned with its edges.
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Many unconstrained-layer damping treatments satisfy the thin, flexible
layer conditions n<<l and nh<<l, where n is the ratio of the real part

of the complex modulus of the viscoelastic.layer to the elastic
modulus of the plate and h is the ratio of the thickness of the layer
to that of the plate. For this case, the system loss factor, n, for
a plate with in surface elements _is given by the expression

in m I
= . . 1 (LL.n/nc (njElUJLJJH + n jg] J J) (1)

where nc is the loss factor for the damping material. In this

expression,
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is a thickness parameter and

2 2 2 2 2
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is a parameter involving integrals of the mode shape over the element
area Aj and plate area A .-

It is apparent from Eq.(l] that the loss factor can be maximized by
maximizing the function F(hr) = ELL. Maximization of the loss
factor vhile minimizing theJadded Jelght (volume) of the damping
material leads to a constrained optimization problem, which was
handled numerically using an algorithm similar to those presented in
[2,3’] . The constraints used are that the thickness ratios be positive
and finite and that the total volume of damping material for any one
given maximum allowable thickness ratio be equal to that for a
damping treatment of uniform thickness equal to that of the plate
(h=l). Details of the algorithm used are given in [4].

RESULTS

Optimum distributions of thickness of unconstrained-layer damping
treatments were obtained for the first three modes of flexural
vibration of_edge-fixed and simply—supported square plates with
maximum admissible coating to plate thickness ratios ranging from 1.0
to 2.0. '

The mode shapes were assumed to be the same as for the bare plate and
were taken in the form of a single product of the corresponding mode

shapes for beams. The viscoelastic material was assumed to be
incompressible (v = 0.5). with v = 0.3 and the modulus ratio

n = 0.01; which is representativepof a commercially available damping
materia-l' on an aluminum plate.

    

   

  

  
   

   



OPTIMUM PLATE DAMP I NC

The results, listed in Tables 1 and 2, are expressed in terms of the

percentage increase in damping that can be achieved ever that

obtained with the same amount of damping material applied to a
uniform thickness over the entire plate:

% Difference = 100 (“optimum-“uniform)lnuniform (4)

Table 1. Optimum Coating Thickness Ratios for Simply-Supported
Plates '

 

Table 2. Optimum Coating Thickness Ratios for Edge-Fixed Plates

1.100000
1.100000 1. 00000 .1319"
1.300000 1.205000 .000000

' 1.100000 1.000740 .000000
1.500000 .uluo .000000
1.600000 .573071 .000000
1.700000 nan .000000
1.100000 . 50410 .mm
1.900000 .0500” .000000
2.000000 1.039110 .000000 .000000

  
Figure 1 shows the general trend of the optimum damping layer
thickness distributions. It also indicates the location over the
plate quadrant of the area elements 1 - 4 for which the optimum
thickness ratios are listed in Tables I and 2.
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Figure 1.

distribution of the damping treatment.
of the plate where added damping treatments are most effective.
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Optimum Coating Thickness Distribution for 3 Simply—
Supported Plate (left) and Edge-Fixed Plate (right).

CONCLUDING REMARKS
The results presented reveal that the system loss factor can be in-
creased by asmuch as 100% or more by optimizing the thickness

Also revealed are the regions
These

latter results should prove very useful in the design of partial
damping layer treatments for plates.
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