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Figure: A circular plate with support.
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Problem formulation

R
J:f W¥rdr + po2ns (1)
0

The aim of the paper is to determine the design of the plate with an
additional support which minimizes the cost function (1) so that at
each value of P governing equations of the theory of thin
axisymmetric plates with appropriate boundary conditions are
satisfied.

{0 TARTU ULIKOOL



Basic equations and concepts

@ Equilibrium conditions
d
i(er) -M,-rQ=0, —(@Q)=-Pr
dr dr

@ Strain components

d>w 1 dw

K| = ——— =
ar?’

Ky = ———
r dr

@ Hooke’s law
M, = D(K] + VKz), My = D(K2 + VK])

ERW?
D= —
12(1 = v2)
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@ Governing equations

dw

—=Z

dr ’

iz _ M, vZ

dr D r’

(2)
dM, DO -1DZ M(1-v)
= - +0,

dr r2 r
o__ Q0 P(r).

dr r
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@ Boundary conditions

Mi(R) =0, WR®R) =0 (3)

To=0 00=0 ()
-
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' R
J* = llS +f F*d]"_*_f F*dr
’ S

dw
F*=Wk+,ﬁl(

(5)
iz M vz
W_Z)WZ(E+3+7)+
e Do Ml
+!ﬁ3(dr1_ (Vﬂ ) + 1(r V)_Q)+ )
d
iy (d—?+% + P(r))

= o«

Q>



Yo(s —0) —¢a(s +0) = 0,
Y3(s = 0) —y3(s +0) = .
l//4(5—0) :'704(S+0):0

print )] (S) lﬁ3()[dM1(s)] 0
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¥1(0) = 0,

¥>(R) = 0,

¥3(0) =0

Ya(R) = 0
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— wk-1
yra rkWe+,
dy, wo  DOZ - Dys
- YTy T T2
(11)
dys Yo Y31 -v)
—_— ==
dr D r
dps Y4
dr v+ r
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Solution of governing equations

pr
W = 64D+A1]r 1nr+A2Jr + Az Inr + Ay,

7 = P3+A 2Inr+1)+2A +A3j
r nr r -
16D " Y S

P 2
My = _$ —AyD[3 +v+2(1 +v)Inr]-
(12)
D
DAy (1 +v) - 20D

A3j’

Pri(1+3
M, = _”T’“V) —AyD[1 +3v +2(1 +v)Inr]-

D(v - I)A

—ZDAzj(l V) 3j-
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Solution of the adjoint system

r2
Yr=7+ Cij,
G 3+ Vi Cj(I1+v)rinr
=G+ 2 _ -
Va= o+~ 16 2 :
C2jl”2 C3j r4

V= 50+ T Do-1) 16D

13
Cyrt Cyr[(1=v)Inr+1] (19
- +
D(* - 1) 2D(v - 1) ’
Coir? Csirinr
Vs = - ’ Cyjr+

- - +
2D(v+1) D(-1)
PP CyrInr Cy3-2v-vHr

+ +
64D 4D 8D(2 - 1)
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Concluding remarks

@ For the optimal location of the additional support the
deflection is always positive: W(r) > 0.

@ The additional support enables to considerably reduce the
maximal deflection of the plate.
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