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Optimal Design of Thin Elastic Plate
Under - Arbitrarily Load-
Yu Huanreﬁ and Yelr Kaiyuan

(Depastment of Mathemetics ;nd Mechanics, Lanzhou Ubiversity), -

Abstract

1., Presentation of problem, We mvestlgate the optimal design of A minimal
Compliancy (maximal stiffness) of a thin elastic solid annular plate, i, e, choose

the thickness function h(r) of the plate to make the following functional minimun
®=§_atr,0W(r,0)d0 NEEY

where qir 6)15 ar.bxtr@nly dxstrbute&}' 1oad agted un the plate , ¥'(r,0) deflection,
Q plane tegion of the plate ‘ ; -
This plate is subjected to a constrain

/3.“‘<n(r)<h,¢, t . (2)
o y nmde=vy (3)

wherg Vo givea velume, -

2. Treatment of load, Expanding load g(r,0) into Fourier series -

q(r, 9)—zqm(r)cosm9+ z g.,.(r)smm@ - . L (4)'

m=0 msl

Under such treatment, the corresponding deflection is

- : Y ST .
W(r,0)= 3 Watricosmd+ El?‘,,,(sr)sinmﬁ T S
- m=0 -mﬂl ) L ) !
Obv1ously, W,,.(r) and ?,,.(r) here are the functional of h(r) ‘ 7 .
.. Discretization; We d1V1de the whole plate into n+1 ann.ular sectxons, the
thrckness of each of them 1s constant, therefore h(r)can be approx1mated by a ste-
p-wise function, The width of such section is arbitrary whose separated are £, =b,
EisEas- sEns1=a, where a is outer radius of the annular region and b the inner
ne, Therefore A(r) can be taken the place of n+1 variables hy,h,,---,h, and
thus, W, (r) and Wm(r) are deduced into function of ry, ho,h,y - shin.
4. Fomula of deflection, According to stepped reduction method suggested by
Yeh Kaiyuan in 1965, let
x=rfo, By=E¢/a, (i=0,1,,n+1) :



8; =Da/Di=C(hyfbi)°  (1=0,1,-,n)

where Di is stiffness of i-th section of the plate and Du is stiffness of the unifo-
rm plate, h, thickness of the uniform plate, and V,=h,n(a*—b?), we find out
the exact analytic exp;ess,ion (discretization) of Wy, W, i,e,

W= m(%,83,0%,,08) - (8)

W (2,088,807, ,00) (7)
Integral constants can be determined by boundary conditions,

5. Substituting (6) , (7) to (5) , then substituting this expression and
(4) to (1), we obtain »
O =D(d7,d3,,0n)

This is the exact analytic expression with respect to design variables of the

object function and condition (3) at present is simplified into
n

Y, (Binu—BDGH=1-B}

i=g
Obviously, we can get
n
min ®®1,87,,08) + M J (BB BD - 1+81) (8)
Dmin<d; <dmax S . : £
i.e, problem is simplified ianto optimal one unconstrain,- '
6, On account of (2) , we can derive the optimal criteria which is
oD /ab} ==0 (i=0,1,-,m)
D /oA =0 }

which is a simultanuous nonlinear algebric equation of d},8%,---8%, and A, There~

(9)

fore, the investigation of optimal solution is deduced into solving the above ment-
ioned nonlinear algebric equations, The groblem about the:exitance of global opti-
mal solution is depended upoan whethez‘i%the unique sof#t_ibn of VtheSe algebric
equations exists or not, 7 . ‘ .

7. There is no approximate assumptions of any kind except discretization,
Our method can solve arbitrary q(r,0), and therefore, oui discretization is carried
out freely without any restrication which is the reason why the previous method
can not compare with, | o )

8. In order to compare resulte obtained previously, we had calculated seve-

ral cases g(r,8)=qcosm) (m=0,4,8,16) , where q is constant,
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