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In this paper, an approximate agalytical solution I LLL L T
is presented for the diaphragm'’s deflection based on energy _ /! /
minimjzation, through the use of a polynomial solution v
technigue. Thanks to this method, we obtain not only the b|/] - s = ?
center deflection, but also the entire position under / ¥ * R x
pneumatic pressure. thereby making it possible to compute
the diaphragm's deflected volume Regarding the
geometrical and physical parameters, three cases can be 4 %/

distinguished. with the diaphragm: acting as a pure plaie,
acting as a pure membrane, or exhibiting the effects of
both the elastic rigidity and the initial internal stress. For
these three cases. a standardization of the diaphragm's
behavior enables obtaining an abacus that can then be used
for any geometrical or physical parameter. In order to
validate this approach, some comparisons with other
methods are performed. This energy-based aporoach has

Figure 1: Geometry of the diaphragm

There is no simple analytical solution to
equation (1). The solution can thus be obtained with FEM
simuiation or approximate solution methods. In order to
derive a parametric solution, we have opted for the
approximate  solution method based on ENErgy

been exiended to electrostatic actuation and vields more funt o _
general results than do other more classical methods (e,
the spring model). Lastly. a behavioral comparison of both ENERGY MINIMIZATION
the membrane and plate cases is presented for a X .
conformable mirror with electrostatic actuation, The deflection w(xy) of a diaphragm under
pressure p(x.y) comesponds to the diaphragm position that
k - di : . ; has the minimum total energy. We have chogen 10
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INTRODUCTION polynomil functions ,:
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In this paper, we consider a built-in diaphragm wixy) Eal {x3) @
(Fig. 1) characterized by its thickness h, its width a, its Let U, represent the total enersy of the
length b, its elastic flexoral rigidity D, =E/12(0-VY), diaphragm; the deflection is then obtained with the n
where E is the Young’s modulns and v the Poisson’s coefficients a, , solutions to the n equations:
rato, and its initial internal stress T,. The deflection au,, ~
under pressure p(x.v) has been denoted bv w(xy). The Ba, =0 &)
study presented below is limited to small deflections
(w<h).

Energy Calculation

The classical law governing the diaphragm's o .
behavior under such assumptions and notations is [1]: The total energy of the diaphragm is composed of two

terms {2]:
3 * the potential energy due to pressure acting on
DorAAw(x,y) - T,hAw(ey) =pxy) (1) he diaphmgm:po - & P s
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* and the potential internal energy due to both the
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