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1. INTRODUCTION

In the article is investigated stress state of compound plate. The compound plate consist of a
circular plate of circular hole in which by interference a disk weakened by an eccentric square
hole.

The material of plates characterizes with elastic constants u; and «; (j=1.2) in which y; —the
shearing modulus and 9;is determined by the formula (Amenzade, 1996) (Bakhtiyarov, 1980).

1)

3—1/]'

a; =
J 1+v;

v;- the Poisson’s coefficient.

A domain of the compound plate consist of two parts S1 and S2 (Bakhtiyarov & Ahmedov,
1985). The domain S1 bounded by concentric circles L1 and L2 and the domain S2 by concentric
circle L2 and interior of a square hole (Kosmodamianskii, 1975). Besides the plate subjected on

contour L1 to a partially uniformly pressure p(t) and interior contour L3 by uniformly pressure
P3 (Fig.1)
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As is known, (Kuliyev, 2004), (Lavrentiev & Shabat, 1973) stress states of the compound plate are

expressed by two functions ¢;(z) and ¥; (j=1.2) of a complex variable z= x + iy. The functions
maybe represented by the series

0@ = 57040 (O + 121 B) ok (@)

Z—Sje

0 ) 2 0 Aj
%=Zk=oa,£’)(;j)k+zk=1bk< Lk (3)

z—eje
where

- - Oifj=1
Aj=|r21f]=1,Aj=|A1f]=2,Ej={1ifj:2

Afcj ), B,Ej ), a,&j ), b,gj ) (j=1,2) - are unknown real coefficients which must be determined.

The partially — uniformly pressure subjected to exterior contour, taken as Fourier series,
(Muskhelishvili, 1966), (Savin, 1968) i.e.

P = T B (Y, @)
Where,
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P1 — intensity of external load

For domain S: we use Rimann’s theorem (Timoshenko & Voynovskii-Krieger, 1966),
(Timoshenko & Goodier, 1951) on conformal transformation:

Each simply connected domain S different from the total plane or from the plane with rejected
(i.e. excluded) one point by means of an analytic function may be mapped one- to-one and
conformal onto the interior or a unit disk. The precise solution of the problem on definition of a
mapping function when domain is restricted by a square entails great difficulties. In order to
simplify it we substitute a linear square for similar curvilinear square rounded vertices whose
exterior is mapped onto exterior of a unit circle in the plane ¢ by means of the function (Sherman,
1947).

(et

Where a is a radius of a circle described around the square Ls, b is a radius of circle in cribbed in
the square. The linier square that we approximately substituted by a curvilinear square,
nevertheless, differs from the latter, particularly, near the vertices corner points were substituted
by rounded vertices.

The functions ¢;(z) and ¥;(z), (j=1.2) are regular on domains S; (j=1.2) must be satisfy the
following boundary and contact conditions:

@1(t) +te;(t) + 1 (t) = P(1) + Gy on Ly (6)
P2(t) +t@;(t) + () = —P3(t —e) + Gz on L3 (7)
@1(8) + t1(t) + P1(t) = @2(8) + te3(t) + 1, (t) on L, (8)

1 Y 1 .
E (“1§01 () —toy(t) — 1/’1@)) - E(“zﬂzt —toy(t) —, (t)) =2g(t)onL, (9)

in which 2g(t)=26r (;) dr — an interference of a displacement vector which is perpendicular to
the line of connection; r — a radius of the disk.
t — affix point of any point of the considered L contour;

Y, (t) and ¢,(t) (j = 1,2) are adjoin functions for ¢;(t) and ¥;(t) (j = 1,2) and ¢;(t) and ;(t)
their derivatives.

The boundary values of the functions ¢, (z) and ¥; (z) on Liand Lzare expressed in the form:

col(t)—ZA(”( ) ZB“)( ) —) on Ly, (10)
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Taking into account (10) — (13) we obtain expressions for functions t¢1 (t) and ¥, (t) on Li and L2
respectively.

t9i(©) = 243 )i ( LAY — &, (1) (k — 2)BEY, (r )"‘2> (i)k
1

T
k=1 1

rl) ] on L, (14)

Y,(t) = a(()l) + Z [al(cl) (r?l)k + (é)k + b,(cl) (:_i)k (%)k] on L, (15)

—— _ (2\* ;@
o =2 () 4

+ (ke + 240, (

N I

+ i [el(k) (:—:)k AP — (k) (k — 2)BL, (%)k +(k+2) (:—j)}“ A2, (r;)k] on L, (16)

k=1

NG) =a(”+2[ (1) — +bM (rz) ]onLg (17)

The boundary value of the second member of the right portion of the ¢(z) and ¥,(z) on L:
according to (2) and (3) is transformed by the power of variable t/rz, thus these functions on L2

take a form
i k
9,(0) = 2 A2 ( ) + Z H(Z) on L, (18)
k=0 k=1
Yo (t) = 2 ( ) + z h(z) on L, (19)
k=0 k=1
Where,
v=k ,A\K
H&z) _ z( vk cp- k<e> (_) 'BIEZ)F
) )

v=k ,A\K
h(z) Z( 1)1/ -k CV k(e) (_) 'bk'
) )

Then for functions t(pg (t) and Y, (t) on L2 we obtain

tp3(0) = 245 + Z [sl(k)A(z) — (AP — &, (k) (k — H?, <E) 4 (k+2)4? (r?z)"] on
L2(20)
9 = ag” + T, [a,% (7)k +h{ (Ti)k] on Ly (21)

By analogy according to (2) and (3) we express functions ¢,(z) and ¥,(z) on Ls as an infinity
series about powers of variable t — e/A. Then we will have

[o0] t _
0, (t) = AP + DP +Z [D,ﬁz)( — ) B(Z) ] (22)
k=1
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P (8) = af? +dy” + Z [dff) (tl_Te)k +p® (t:ie) ] (23)

Where,
- e\k /4\Y
_ (2)
pi= > a() (3) 42
K=E(v)
- e\k /A
_ (2)
= Y als) (5) «
K=E(v)
According to (22) we find,
D(Z) @ (t (2)
(pz(t) [(k+1)Dk+1 (T) (k —1)B,= ](24)

Boundary condition (7) on Ls is transformed to a following form.

@2(t) + (t — e)py(t) + ey (t) + Py (t) = —P3(t —e) + C3 (25)

By means of (5) and (22) we pass from variable ( ) to 7. Then
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Symbol E(k/4) signify an integrity part in k/4 and a — is as a smallest positive number, when v +
4a divided to 3 without remainder Asterisk over the series signify that in transforming to
adjacent value k increased to 4.

By analogy a second expression (22) take a form

o

S o () = Sk oo

where

U —_—

VR y-k @)
Yy = Z* C_;{l' 4 B
k=1

Therefore, the value of the function
@2(t) = @3(7)

is reduced to a form
0:(6) = 930 = AP + D + z [ + @, + 1)) GD

By analogy we find expression for function
2(8) = P2(0)
) a® 4 g® 4 N [ !
Y0 = 93 = 0 + 2 + ) i + (B, + ) | 32
v=1

By means of (31) and (30) we find expression for function ¢ (t)
(2)
(pz(t) —+AZ[(L - M)t + E, —] on L; (33)
By analogy (32) for function ¥, (t) = ¥ (7) we obtain

- 1
W, (1) = P3(0) = aP +dP + Z [aif” + By + v )r_v] (34)
v=1

and
@ L1 L ey
P20 = 30 = al? +do+ ) |ay=+ B + 17| (35)
v=1
where
= k-v = vtk ik
a =Z*ck4 m & d®; p; = +C . m o dP;
k=v k=U+4a
3
Y VK v-k i k-v
Yo=Yy *C tmab®; E= Y x(k+1)C,* m E TP,
k=1 k=v
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i Uk Y

Ly= ) sk+ DG m s Dyyys My= Y » (k- cE mT D@,

v+4k k=1
3

k=

Taking into account (5) and (34) for functions (t — e)¢5(t) and e - ¢5(7) we obtain (Shiraliyev,
1981)

(t—e)pst) = (z .
% 2 [ (21D + 1L —M,) 7 +E, Tiv]

[el(v)D(2)+s4(k)(Lv L= My_y) + (Lyys = Myy)|

8||M8

+ Z |1 @) ot = Mysn) + @)Lyt = Myt + By + £0)mDy?
v=

1
+ &5 (V) Ey—s 5+ E+ Ly — M; (36)

and

ey (® = 7D + e)i[(Lv—Mu)ruEv}v (37)
v=1

2. COMPOSITION OF LINEAR ALGEBRAIC EQUATIONS.
FORMULA FOR STRESS STATE

Substituting (10), (14), (15) and (31), (36), (37), (35) with taking into account (5) in the boundary
conditions (6) and (25) respectively and substituting (12), (16) — (18), (20), (21) in contact

conditions (8) and (9) respectively and comparing coefficients in the same power variables, for

determining unknown coefficients A(l) B,El), a,((l) and b,((i) (i=1,2)(k = 1,2,3...00) we obtain the

following eight infinity system of linear algebraic equations:
o k- k
(1+0)AL - e,000 -2 (2) 5D, +(2) b = i 39)
1 L1

A\ K
(r—z) BN + (ke +2)A%), +alY = B, (39)

1
t + Ly = My + £(0) (Ly—y — Myg—1)+Lyss — Miys + By + vi + &1()D = &,(k)A - Py (40)
Br + Vi + ap + Ex + Exyq + es(k)E_3 + &5(k) -mD,EZ) + & (Lg—1 — My41)
+ eg(k)(Lyg—1 — My,_1) = e3(k)mAP;, (41)
2\ @ @ L, @) @ _ @
(1+800) (2) 4P + 000k - DBE, + b = (1+&,(0)AP + 2,00 (e - DH, - b
1
=0 (42)
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T k+2 T k
B+ U+2)(2) 4, +(2) o - He— (00 + 242, — o = 0 (43)
1 1

r-\k
G = 100) (12) AL + 2000 = DB, = b =151 = 1 DAL ~ 2000k = Do,

+y12hP = £1(k)2y, 67, (44)

x:B&Y = (k +2) (:—j)m AN — (:—i)k al? =y, HP + (k + 2)y1,4%, + y1,a? = 0 (45)
For free members we will have
Ag + 240 + ag — By = Cy, (46)
AP +DP + (¢/)DP +af? + dfP + Ey + Ly — M3 = C3, (47)
A +2(72/.) AL + afP — 4P - 242 — a@ = 0, (48)
X1Agl) - Z(rz/rl)zAgl) — Qo — X2Y1240 + 271214%2) + V12a(()2); (49)
where,

Y12 = yl/)/z

In order to determine A(ki),B,Ei), a,(:) and b,gi) (i =1,2) on examples instead of solution infinity
system of linear algebraic equations, is solved reduced system with 8N algebraic equations (k=1,
2, ..., N) where N - is a number of restricted equations from every system, the choose which is
dependent of the required correction of the solution.

Once determined approximate values of the required regular functions ¢;(z) and ¥;(z) (j=1,2)
by the following formula is determined stress components UTU ), U(S] ) and ar(é)
o + o = 2[9}(2) + ¥](2)], (50)
G(Sj) - O'r(j) + 2iar(£ = 2¢2i0 [z‘qoj'-’(z) + 1/)1'-(2)], (51)
Where 0 — an angle between external normal and axis Ox laid of from this axis.

3. Conclusion

For practical application obtained system of linear algebraic equations represented by the
following compact from for easier use them in calculation

8N
4 4 . .
ZAgj)xi = fj( ),(l,] = 1,8N)
i=1
Where
1 1 1 1 2 2
Xn = A; )'xn+N = Br(l )'xn+2N = ar(l )'xn+7N = br(l )'xn+4-N = A; )'xn+5N = Bﬁ )'xn+6N
_ _ b(Z)
- an y Xn+7N = n+2
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Solution of the problem considered in the article represented by numerical examples (Table 1),

on the basis which sketched stress diagrams for orand oe in case P1 =0 and ?, Z—e in case 6, = 0
1 1

(Fig. 1 — 4). In case P1 = 0, depending on the line of contact, determined radial pressure g, and
%r 103 = 1 on the Fig.5

values compiled in Table 2 and their diagrams are shown for the case —

Table 1
Points of Z Note
E) _ ¥ o
@ o « -;: f = +
S EE 3 b o @ 5 - =
87| « 2 o 2 s ' E: & E: o
_1"6,5 0 8.54 273 38.79 0 0 37.09 | 4671 912 |0 When
-10° 8 s
7 1627 | 2501 58.93 923 |81 | 9046 |-6a97 | % |64 | 1724 | T 10°=1
63 539
- % 1.0 1587 4822 3.648 0 0 2527 | 3665 | 135 |10 Vghen
% 0346 0947 [ 0128 | 0112 | Zganda
P 0108 R Y ) 7837 | 2306 | -114 4986 | -2.614 =30°
b r/R=04, e/r=02, A/r=0.36, /A =0.5556, m = 1/9, Materials:
ata Plate - copper (1 = 3.773 + 1012, ¥ = 2.008), disk — steel (1 = 7.946 - 1012, y = 2.2),
Table 2
5, —0, 1075 2= on the line of contact
. 103 m
T =00 300 60° 900 120° 1500 180°
0.5 21.37 20.84 21.7 23.26 2249 22.44 23.35
1.0 4273 41.68 434 4653 45.0 44.88 46.71
15 64.1 62.52 65.09 69.79 67.46 67.33 70.05
2.0 85.47 83.36 86.79 93.06 89.95 89.77 93.41
2.5 106.83 104.2 108.49 116.32 112.45 112.21 116.76
3.0 128.2 125.04 130.19 139.58 134.93 134.65 140.11
Yi
L ¢
o
- u3
(7] [=+]
M~ [+0]
: ~ I~
g 2 5
[ap]
or - 10 N/m?

Fig. 2 Figure caption
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Y
l/_/—/_’_—\.\

53.9 /
|
\

64.9

O - 108 N/m*

69.23 @0

-
o0
o0

90.46

Fig. 3 Figure caption
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ar/P,when &=0
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3.665
3.648
4.822
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an/P,when &=0
Fig.5
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