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THE BENDING OF CURVILINEAR ORTHOTROPIC CIRCULAR
RING SECTOR PLATE WITH VARYING THICKNESS

By Jin Yoshimura, C.E. Member

The present paper deals with the bending of
circular ring sector plate in which the thickness
of the plate varies in the tangential direction 7.

The studies were based on polar coordinates
in which the elastic property differed in accor-
dance with the radial direction (direction 7)
and the tangential dire ction (direction &).
First, the basic differential equation was derived.

This equation was applied to a circular ring
sector plate which was affected by any load and
the integral was obtained. As a numerical
example, a case in which the thickness showed
In this the

and the ben ding moment were

a linear variation was taken.
deflection
obtained under trapezoidolly distributed load and
fall uniformly distributed load.  This
compared with that of an constant thickness

was

plate and the characteristics of varying thick-
ness plate was elucidated.

In regards to the bending of the isotropic
plate with varying thickness studies have been
made on rectangular and circular plates. In
isotropic varying thickness plates, Otto Pichler
reported on an axial symmetry problem in polar

coordinates. However, since no work has been
done on plates in which the nature of elasticity
differed in accordance with the radial direction
and the tangential direction, in other words, the
curvilinear orthotropic plate when polar coordi-
nates are considered and the thickness of the
plate varies, in the present paper its basic
differential equation was led forth and was
applied to the bending of a circular ring sector
plate in which two straight edges were simply
Cir-
cular ring sector plate with varying thickness.

supported and the integral was obtained.

in 7 direction may be divided into the following
two cases by the mode of varying in thickness;
namely

(1) When the biginning point of variable
thickness coincides with the origin of the coor-
dinate.

(2) When the biginning point of variable
thickness does not coincide with the origin of
the coordinate.

The present work mainly deals with an
investigation of category (1). A fundamental
differential equation is obtained as follows :

2w [2N N Nety o dN, (0w T Nt Ny, Gy 0
P=Nrg ¥ dr dor T 16 rf6e
TG=3C-2Ny, | 2/(dC,  dN, Y| 0w [2Npwy+2N,+3C,=C,
r ar 7 ar ) Jarer s
1/ ,dC, dNr _dNo\, »o &N, w [No 1 dNy, v &N, 0w
e\t dr r? dr® | 06° 7 dar | r drt |or
i Ng dN, d?N, (9w N, 8w
L_ <2(1+ o) —-yrw«) T [ T g T (1>

Taking the finite sine transform with respect to 6, the differential equation (i) becomes :

N, d'ws [ 2N, +N,vy—Ny, ;ZdNr—|d3ws — (N +Novy+2C) Ny
N TI_ r "dr | dr? 7? r
dN, ng} AN, dws | =8(C, =8 C,—2 vV, )+ Ny
+7{2(1+V"> dr ' dr = | dr? 7°
_2p idC2 ay a’N,} 1 dNy | v d’N, | dws L C,—3C,~2N,v;—2 N,
2 | dr " dr r* dr r drt | dr Fa
1 ¢.dC, dN, | dN,} vy d’N, ,@ZN,,] _
+—3—§ dr +2v ar tar } g T ws=S5{p(r,00}

e N+ oy +2 G L = 1o ) =01+ £ {25 (.8 G =2 Nywo)

T\ e

1 (aZC2 dN,

)} L1 )~/ (0018 [ (2 Ny 2 N =Gt O
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; N, N, d*N,
- (25 s B e L) 2 R (D)~ (0]
Ny (T (Mg)p=e , 1 _, y (Mg , 1 _, ) .y
-+ 7_26 {ﬂ‘_(—-l)"(—-—]i];; —r?w (r,a)+u7,w’(r,¢z))~(——~]%%°— { —;w (7,00 +v,w (r,O))]

_éz [(—D"w(r,a) ~w(r,0)]} ........................................................................................

In this expression, f=-—— and & is the angle Solution of Equ. (4) is obtained as follows :
o

2 o
N, w(p,0)=—
of sector. Now, let ,\; =¢* and we express % n=1,2,-
T onal Ny toll , % {641[C, cos(B, In o)+ C, sin(B, In p)]
the torsional moment as fotows +p43[C, cos(B, In )+ C, sin(B, n p)]
] ,9:_(1««/7;‘;)«/m_87<%__a;“>...(3) LY FSIN BB «oevemreeermeeee e (5)

in which w,=particular solution

A, B,, A, and B, are real constants.

TFig. 1 shows the results in the case of a
trapezoid distribution load, while Fig. 2 shows

If edge conditions at 6=0 and 0=qa are
simply supported, Equ. (2) becomes :
d'ws, 8 dwy | (12—-2¢ 8 —c*+3c%,) d*w

art T F drt 7 rt dr*
1 ) L, , dws B the case in which full uniform load acts on the
+73~[— (2¢ A +c?)+6cPv,] ar +—1_T plate.
_S{p(r, 0} Dotted lines show the result in the case of a con-

X[ct+4 e+ f—6 e, Jw= N Chry —(4)
re stant thickness plate subjected to a uniform load.
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Fig. 2 Values of a,, 8, and 7,

Fig. 1 Values of ay, £ and 7, (Received by the Society April 19, 1962)






