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The aolljsbion of the problem for an isotropic infinite plate with a hypotro6hoidai holsunder-the agtion of all round 
uniform gressure has been obtained in a olosed form. It is assumed that the plate is unloaded at infinity. Stress 
components have been found out. In particular, solutions for plates with elliptic and circular holes have been 
obtained. - - 

General methods of solving two-dimensional boundwy value problems by theasymptotic use of the 
complex variable theoxj ax e now weU known'. f t  ie, however, found that in msny cases direct methods 
developed by 8e1.1~'~ make the solutiom simpler. Making use of these methods, he has successfully solved 
various types of problems 4-6. Late1 on these methods were followed and successfully employed by different 
workers in the field "'. 

In this paper the same method has been followed and the problem of an infinite plate with a hypo- 
trochoidal hole has been obtained in a closed f ~ m ,  for the case of an approximate square hole the solut ion 
agrees to that obtained by Sen6. In  part;icular, solutions have been obtained for the cases of elliptic and 
circular holes. 

F U N D A M E N T A L  E Q U A T I O N S  

The small deformation of an infinite plate consisting of a homogeneous isotropic elastic material with a 
hypotrochoidal hole has been considered. 

- .  
The mapping function is 

where Z = x + iv  , 5 = Z + rl i, R > 0 , c 2 0 and m is a positive integer. ~ h e b o o n d a r ~  -6  = 0 gives 
a hypotrochoidal hole in the €-plane. It is assumed that the boundary of the hole is under the action of 
all round uniform pressure of magnitude P and the plate is unloaded at infhity. 

In absence of body forces.the strew oomponents satisfying the equations of equilibrium $nd cornpati- 
bility are given as fallows6. 

and 4 are conjugate harmonic functions and O is a plane harmonic function sat-g the equation 

EquatJioas (2)-(4) can be rewritten for convenience in use as : 
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8 O L U T I O N  OF THE P S O B L E M  
A n n  

- 
stress oompanents 66, my 51 are given in t e r n  of hapmoni~ function @ snd conjugaie fund ions 

P and G by (6)  to (4). 

Boundary conditiw,s are 
h g$ = - a ,  &=-(! a t t _ = o  (8) 

%king use of the mapping function (11, we get 

x = R ( S  ~ a a ~ + c e " ~ f  coswq) , . 
y = R (4 sin q - ce-'% sin mq) 

Hence, r 2  = n2 { eq + 2cd1-95 cos (m + 1) 7 + e2 e-zm5 ) (9)7 
and l/ha = R2 ( ezf - 2m dl-m).IC 00s (o +l) ;I + m2 c2 e - Y  ) - A <  . - *  +.. - . (10) ' - --_ - 
Followi~ Sen6, we assume, h - * 

. O = B  [ I - R e  ( ( e c + ~ - < ) , ( d - - ~ " . )  f j -  3 (11) 

where B is an unknown constant a ~ d  Re denote8 the red part. The second condition of (8) , wil h the help 
of (9)-(11) @VM 

G/ha = - 4BRe m (m + 1) (1 3. d) c sin (m + 1) 7 at f = 0 - - (12) 

We notice that G is the imaginary - of the --- function - -- - - - 

F + iG = 4BR4 (1 + m z )  (et + mBe p-mt )/(eC - mc C-". ) - - (13) 

The function G obtained fiom (13) ~ a t i s f i ~  Q2). ~ S c e ,  w e k v e  - - - - 

- .  - - - - r .- 
and 

- 

p/ha = 4BR4 (1 + m Z )  e25 + rn ;q - ;) c elu+lf om ( m + 1) 1 I m" 6 e - q  ] (116) { - 

The fiat boundary condition of (S), then gives . . -  

\\ B = -  2P - - (16) -- 
Determining 060 unlmown o 5 ~ ~ t a n t  3; functions I?, B and O5riknown and-the pmblemAia oompletely 

aolved. . ,- - - 
For m = 3, the reeult agrees to t3at obtained by Sen6,-- 

fi 
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E X P R E S S I O N S  F O R  S T R E S S E S  

Stress components born (5)  - (7) are parb in the f i m  

~ ~ / P = ( ~ N ~ - H K - Z G F - ~ L ~ ~ N ~ + R H ) ~ P - ~ I + ~ ) B ~ ; P  . (H) 

h 

W / P  = ( HK - tnnn - s r  - 2~ + B H ~ ~ T  + (1- +&B) H ) . (18) 
- 

f ? , ~  = N ( ~ K + ~ + ~ L ( Y - - W ~ - - ~ ( ~  G o ' )  } /P (19) 

where 

H = e 2 f - ( m - l ) c e ( l - m ) ~ o o s ( ~ +  1)t7-4naa0-g-e"b 
- 

K = Zm3 oZ e-3% - m (na - 1) 6 eG-g"fP eos (rn $ I)  r) 

C = ma 8 e-%t -%e ef l-14 aw f rn + 1) q 

M = ~ + ~ ( ~ - I ) C B * ~ ) C & ( B + ~ ) ~ - ~ ~ B C W  

N = (rn f 1) c e('-*f gin (m + 1) q 

and T =e2t--2m~(l-'A15~08(m+- 1 ) T - + m e 8 c W  

The stress intensity factor ia gimnby -- 

".=fa,,, (20) 
i 

Particular Cases -c 

( I )  When rn = 1, the bonnd8y .$ = @ ~ I T : ~ c u ~ &  %a an ellipfie hole in *he z-pGe; -'@~ztispond- 
ing expressions for stress compogents obtained'on putting m = f kf .(17) to (19).,V8rist~iona 
of the stress intensity factor S1, Poi c s 0.25 and c = 0.6 are shows in the Fig. 1. k. 
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Fig. J-Variation of stress hteneity fector. 

( I I )  When c = 0, .!;he hole is a circle. The s trw intensity factor is givm by 

sll),,, = P' 
1&2. 
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