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A
Matrizes auxiliares da Equacao de Estado

As matrizes N7 e Ny definidas no Capitulo 3 tem a seguinte forma:

0 0 —FP(c13) — B (ca3)
N; = 0 0 inB%(cy3)
—FP(cs5)  inBP*(cyy) 0
N;; Ny 0
Nz = |Ny; Ny 0

0 0 EP%css) +n?DP(cy) — wiAP(p)

Onde:

Ny = EP%(cry) + CP(c12) + C*F(ey) + Dﬁ’o‘(czg) + 12D (cg5) — W2 AP (p)
Nip = inC?*(c12) + inD**(ea) — in(C™(co) — D™ (cos))
Nay = inC”*(ce5) — inD>*(cos) — in(C*(c12) + D7 (ca2))
Nay = E7%(ces) — C¥*(cos) + D7 (ca6) — C*P(cos) + n°D7(ca2) — W A (p)

Inicialmente, as matrices A(c), B(c), .., F(c) sao dependentes dos termos 3
e a como mostrado no Capitulo 3 e nas matrizes anteriores, onde [ indica
a posicao da coluna e « a posicao da fila. Apds de armar estas matrizes

considerando N camadas isotrdpicas, elas sao de dimensao N + 1, sendo s6
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dependentes da constante eldstica. Estas matrizes tem a seguinte forma:

A A 0 0 0 0 0
Agp A 0 0 0 0
Ass Aszy O 0 0
0 0
Alc) = Ajj Ajir 0
sim - . 0
0
ANy Anng
] ANyiN+1]
Onde
A = = (dry + hy)
12
Ay = 1—1201h1(2r1 + hy)
Aoy = 1—12c1h1(4r1 + 3h1) + 11—202112(47"2 + ho)
Agz = 1—1202h2(27"2 + hs)
Ass = 1—12c2h2(4r2 + 3hy) + 11—203]13(47"3 + h3)
Agy = 1—1263713(27“3 + h3)

1 . 1 .
Ajj = E&_lhj_l(élrj_l + 3hj_1) + Ecyhj(ZlTj + h])

1
Ajjnn = 5 hi (2 + hy)

12
1
AN+1N+1 = ECNhN(éLTN + ShN)
sc'hy gc'hy 0 0
%Clhl + %02]12 %02}12 0
B(C) _ %C2h2 + %Cgh?, %Cgh;), 0
stm
%CN*thq + %CNhN
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Clc) =
D(c) =
Onde
1t
Dy = -—]
2 h?
1t
Dy = ——|
2 h?
1ct
Doy = ——|
2 h?
12
Dy =1
2 h3
12
Dyy = =<
33 2h§[
13

D3y

—%cl —%cl 0 0 0
st 3t -3 -3 0 0
0 %02 %02 — %c?’ —%c?’ 0
0 0 . 0
%CN—I %CN—I_%CN _%CN
0 0 %CN %CN ]
Dy Dy O 0O 0 0 0 1
Dsyy Dos 0 0 0 0
D33 D3y O 0 0
0 0
Dj; Djjy1 0
stm 0
0
Dny  Dynta
| Dy ying1]
h
2(ry + hn) (2 oy — 312)
1
+h
—2(r2 + r1hy )In( ") I+ 2]
1
h 1c? h
QT%ln(Tl - 1) — 27’1]’L1 + h%] + _6—2[2(7’2 + h2)2ln(r2 + 2) - 27”2h2 — 3h§]
T 2h2 T9
ro + h
—2(7“3 + T‘th)lﬂ( 2 ” 2) —+ h% + QT‘QhQ]
2
h 1e3 h
2r§ln(r2 i 2) — 2rohy + 2] + —0—2[2(7“3 + hg)zln(m) — 2r3hs — 3h3]
T2 2 h3 T3
rs+h
—2(7"% + Tghg)lﬂ( 3 ” 3) -+ hg + 27"3h3]
3
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1 Cj_1 Ti_1+ h 1
D;; = 207 2% in(- -~ T—=) = 2rjthj1 +hj_y]
+ Qh—?[z(rj + hj)?In(- - ) — 2r;h; — 3h3)
1¢ r; + h;
Djjy1 = 5@[—2(@ + 7jhj)In(~—=2) + h3 + 2r;h;]
j T
1N ry +h
Dyiinet = 5h—Q[zr?Vzn(u) — 2rnhy]
N N

Enn FEy 0 0 0 0 0

Fyy Esz 0 0 0 0

Ess FEsp 0 0 0

0 0

8(@) - Ejj Ejja 0
s1m e 00

ENN ENN-‘,—I

ENtin+1 ]
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Onde

1ct
E11 = ——(27”1 —+ ]’Ll)

2 hy
1ct
E]_2 = —§h—1(2701 + hl)
1t lc
E22 = ih_1(2rl —+ hl) + ih_2(2r2 + hQ)
12
FEog = ———(2 h
23 2h2( T2 + ho)
12 lc
E33 = §h—2(27”2 + hg) + 5—(27’3 + hg)
1e3
E34 = _éh_3<2r3 + h3)
1t 1¢
Ejj = 5@(27}—1 +hj-1) + §h—j(27“j +hy)
1¢
Ejj = _Qh_j(% + hy)
1N
Eniing1 = z7—(2ry + hy)
2 hy
Fiy Fip O 0 0 0 T
For Fyy Fog 0 0 0
0 Fs F33 F3 O 0 0
0 0 0 0
0 0 0 Fya Fy Iy 0
0 0 0 0 ’ ’ 0
0 0
: 0 Fyna1 Fnnv Fynta
0 0 0 0 Fyian Fyyivgi)
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onde:

F, = —écl(3r1 + hy)

Fiy = —%01(37“1 + 2hy)

Fy = %01(37"1 + hy)

Fyy = %01(37”1 +2hy) — éc2(37°2 + hs)

Fy; = —écQ(Z’)rQ + 2hs)

Py — %c2(3r2 o)

Fsq = %62(37"2 + 2hs) — %03(37"3 + h3)

F3 = —éc3(3r3 + 2hs3)

Fyj = %071(37“11 +2h;) = %Cj(i’% +hy)

1.
Fjjpr = —5¢ (3rj + 2h))

1
Fjj1 = &7 Brjmn +hjma)

1
Fyiing = ECN(?)TN + 2hy)

matrizes ¢/ . representam nstan isti ur
Nestas matrizes ¢/ e h; representam a constante elastica e a espessura da

camada j, e r; representa o raio inferior da camada j.
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B
Matrizes auxiliares A () e L, (r)

A, (r) =
khi™ (@) — kp2h$ () ik kehl (y) — ik ke 2R k2 Ry
Lhy "y (x) = kpha " (x) ikokrh, = (y) — ikkp b (y) ik b (y)
ik 2hi () ~kakr2hi (y) kb (y) — krh(, (y)
ik, b\ (2) k2R (y) 0
L.(r)=
-9 k2 (a) _)\w_2h(04) —i2uk k2 (a) ») kQQ (@)
KL (x) = Agrhn(2) 2pk-kr o (y) 2k gn” ()
. n (o n (o o 55“)
i2uk3 2" (x) —2pk k320 (y) 2uk3(fi (y) — 25

2.k (B, () — 20 (2)) - pkr (k3 — K2)(RSY) (y) — 208 ()

Nestas matrizes:

r=krr e y=kprr.

As funcdes 1% (z) e ¢ (x) tem a seguinte forma:

1 n(n+1)
[e' _ (a) «
F@) = D (@) + (1= T )
« a 1 +n e’
9 (@) = (1) = ——=hi ()

Onde:

—pkkr2hi (y)

)
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e = H (z), se 22 >0

—2(i) e K, (—iz), sex? <0

e H?(x), se 22 >0
hg)(%) _ n( ) =

2(0) e I, (—iz)] + 2(1) " He* e K, (—iz)], se 2® <0

Onde HZ(x) é a funcao de Hankel de classe a. I,,(z) e K,(x) sdo as fungdes

de bessel de primeira e segunda classe, respectivamente.
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