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External load per unit area.
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Angular displacements of the cross section of core.
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ARG THLCT

The problem ol the small and large deflection
behaviour of skew sandwich plates with built-in edges
and subjected to a uniformly distributed load is investi-
gated. Non-linear partisl diifercntial equations goverr-
ing the loud-displacement relationship for such plates are
derived using the principle of minimum potential encrgy.

In the derivation of these equations, the effects of trens-
verse shear delormetion, curvature and elastic anisotropy
on the dcflectiog of' the plates have all been taken into
account. Thesc equations have been linearized and solved
numerically by meens of the small parameter perturbation
techriique in conjunction with successive approximations.

A ceomputer programrie coded in Fortran is written
for the 1Fi. 360/65. Clamped skew sandwich plates, with
any arbitrary geometric dimension and msterial properties
of' the coré¢ and skins, can be solved by this programme.

From the present study, it has been [ound that
the high order strain terms from the strain-displacement
relationship play an important role in the ioed~dcflection
cheracteristic for sandwich panels whose core is reletively

solft and thick in comparison with the facings. It is slco

noted that the high order approxinsgtions becone increeninsly

important as the angle of skew increases.,




CHAPTER I

INTRODUCT1ON

1.1 Sandwich constructions.

Sandwich constructions are the type of
composite constructions where pleztes are composcd
of thin metal or wood facings bonded to eech side
ol a thick light-weight core. By themselves, the

components have limited load-carrying-capacity;

-

once bonded toggther, however, they act as a stilrl
light-weight structural member.

As far as the structursl behaviour is
concerned, a sandwich member is comparable to an
I-beamn. he object of the sandwich construction
is to placc a high density, high strength material
as far from the neutral axis as possible in order
to get a high scction modulus. Like the web of the
I-beam, the corec oi the sandwich recists the sheer
loads and supports the flanges, allowing them to
act as a unit. The core, unlike the web, maintains
a continuous support for the facings, allowing them
to develop yield strength without crimping and
bucikling. Both the ifacings of suendwich plates and

the flanges of I-besm are responsible for carrying



il aT

"

e o o AT G At L R £ 0t bt AT 50 L 3405t MO 597 2t £ e 5B N SRS 1 85

the bending or tensile and compressive loads. From

the structural standpoint, the [unction of the corc

of a sandwich element is twolold. First, the core

keeps the faces apart and stabilizes them. Secondly,
the core must enable the facings to act more or |
less as the outer layers ol a beam or plate, and

to this end it must possess a certain shearing

rigidity in planes perpendicular to the facings.

The most popular type of structural sand-

wich utilizes a honeycomb core fabricated of 1-3 mil
foil between twg face sheets. Lost aircralt sandwich

has utilized aluminium &lloys assembled with a

P

structural adhesive. This construction is suitablle

for long exposure up to LOO®F, and for higher temn-

perature at much shorter time., However, as heat
resistance requircments have mounted, increased at-
tention has been given to brazed or welded sandwich !
constructions based on stainless steel. As titanium ?
and other alloy become avsilable in foil form they
most certainly will be exploited in sandwich con-

structions.

1.2 Advantages of sandwich constructions.
Belore the Second World Yar, conventional

aircral'ts were predominatly made of stressed-skin
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constructien, which i5 characterised by a system
ol" stringevs and ribs or Irames covered with thin
sheet. Juch a covering buckles under small loads,
which is not objectionable as far as the strength of
the structure is concerned, since the load-carrying-
capacity is not exhausted when the shect buckles.
However, if the wing is fabricated in such a manncr
that it is perfectly smooth and accurate before
loading, the smoothness ol airflow over the surface
is destroyed by the buckling of the sheet; in order
to prevent amr inadmissible rise in drag at high
speeds, types of consﬁruction that do not buckle
under load should be developed. Also, the re-
duction in shear stiffness as a consequence of
sheet buckling increases the difficulties caused
by aeroelastic phenomena(flutter, reduced aileron
eflectivencss, etc.)(see ref. 2g).

| Sandwich constructions are particularly
suitable for airplane and missle structures, when
the remaining problems of strength and stability in
relation to weight, manufacture, protection against
atmospheric attack, etc. are satislactorily solved.

The main advantages oi sandwich construc-

tions in cosiparison with conventional types of con-

structions can be concluded as follows:
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1. HMuch higher strength to weight ratioc
can be achieved.

2. The good surface finish and the re-
sistance to local deformations prevent the rise in
drag at high speed, thus giving a high aerodynamic
efficiency.

3. Outstanding rigidity.

4. Good fatigue properties.

5. Good thermal and acoustical insula-
tion.

6. ~Ease of mass production.

7. lncreased interior space and ease ol

equipment installation.

1.3 Applications of sandwich constructions.

High stifiness at low weight combined with.
surface smoothness and excellent fatigue character-
istic of sandwich constructions have accounted
for their acceptance in the airframe industry for
wing aﬁd control surfaces, rotor blades for heli-
copters, floorihg, bulkheads, spar web, ribs, radomecs,
fuselage skins, etc. And a number of lesser appli-
cations have been made of this type of construction

in commercial enterprises. They are, for examples,




building wall penels, flooring [lor house trailers,
small boat hulls, shipboard doors and table tops,
furniture, truck trailer panels, doors, stressed

skin buildings, etec.

1.4 The skew sandwich plates..

Skew sandwich plates occur frequently as
parts ol swept wings. The analysis of such plates
is gencrally more challenging than that for rectan-
gular sandwich plates. Explicit solutions to skew

sandwich plate-problems are not yet available.

‘1.5 FKonlinear behaviour of sandwich plates.

In the anslvsis of light weight structures,
such as sandwich plates, the geometric non-linsari-
ties are frequently involved. This is especially
true in the case of sandwich plates, where the range
of defleétion% for which small deflection theory is
valid, decreases, as the ratio of the stiffness of
core to that of the facings decreases (ref. 2).

Furthefmore, the desire for minimum weight
optimwa structural designs has resulted in the de-
velopment and application of structural synthesis

techniques lor the design of load carrying systems.




Naturally, the use ol theze now design optimization
methods requirecs more exact deformation-displacement

relations.

1.6 Goal of the present study.

The prescnt study is motivated by the fact
that skew sandwich plates have fairly wide applica-
tions in the aerospace industry and yet solutions to
the analysis of such plates are unknown. DMNoreover,
the most popular type of sandwich plates are those
with a honeycomb core. The honeycoub core always
possesses differcnt shear properties in different
dircections. Therefore, the anisotropic promerty of the
core should be taken into consideration.

The goal of this study is to develop a
theory for the non-linear dellection anzlysis of skeuw-
sandwich plates and to find a suitable numericsl
solution for it.

The theoretical formulation of this study
is derived by application of the principle of minimu
potential energy. fhe numericual methed chosen in

this analysis is the pertubation method.
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1.7 Principle of minimum potentizl energy.

The principle of minimum potential energy
is stated as: "0Of all displacements satisf{ying given
boundary conditions, those that satisfy the equili-
brium conditions make the potential energy a minimum”
(ref. 19).

In the present study, differential equations
governing the small and large deflection of anisotro-
pic sandwich plates are derived by means ol the prin-
ciple of minimum potential energy from the esscntial
parts of the strain energy stored in the sandwich
plate. The gérain energy quantities considercd as
essential are those caused in the faces by extensions
in the x- and y-directions(see Fig. 1 for the nota-
tion) and by shear in the xy-plane, the strain energy
of bending in the faces, and the strain energy of
shear caused in the core by angular changes in the
xz- and yz-planes. Consequently the stresses in the
xy- plane in the core are assumed to contribute
only negligible amount to the totsl strain energy.
This assumption is justitfiable when the moduli [
and G ¢ th2 core are small as compared with those
of the faces. Moreover, normal strains in the corc
in the z-direction arc disregarded. Early investi-

gations of the sandwich beam proved this procedurc




RO TR A

SRS S AR Rl T

to be satisfactory. Fihally, the strain enrergy
stored in the faces because shear perpendicular
to the laces is neglected. This is permissible
just as the shear strain energy stored in a beam
subjected to bending can be disregarded provided
the beam is long enough. 1In the case of the
sandwich plate the ratio of the length or width
of the plate to the thickness of a face is always

large(res. 3).

1.8 Perturbation method.

The perturbation method has been frequ-
éntly employed to solve non-lineur partial difier-
ential equations. Here a solution is assumed in the
form of an intinite series where one or more oi the
variables in the given problem are used as perturba-

tion parameters. Useful approximations utilizing

this technique have been obtained in {luid mechanics
(ref. 21). 1In solid mechanics problems, such as
bending and buckling of thin elastic plates(ref. 12},
the ratio of the lateral center deflecticn to the
thickness of the plate is usually taken as the dimen-
sionless perturbation parameter. The solution to the

problem is assumed as a series in ascending powzrs ol
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: the perturbation parameter. The basic principle of

i this method lies in the fact that since the assumed

i power expansion is by construction an asymptotic series
? for arbitary values of the perturbation parameter,

b terms of like powers of this parameter must separately
A

3 satis{y each equuality.

!

vj-

1

|

i 1.9 The scope and approach of the present study.

.

ok \ . . .

H Since sandwich plates behave guite differ-

3 ently from the conventional homogeneous types of

' - o ,

3 plates, a diiferent approach of analysis is required.
i

The present work comprises an anralytical
study of the small and larze deflection problem of
skew isotropic and anisotropic¢ sandwich plates. 1In
this work, all the effects of trsnsverse shear defor-
i mation, curvature and elastic anisotropy on the de-
flection of such plates are considercd. Terms due
to bendihg moments, although small conpared to other
terms, are not neglected in the derivation. The
following chapter concerns the derivation of a set

‘ of differentiel equations based on non-linear strain-

displacement relations using the principle of minimum

potential energy. The diffcrential equations so

i obtained c¢re transiormed into skew co-ordirates.

T L S T s o
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Due to the nature of skew, the sandwich
properties and inherent non-linearity of strain in
the large deflection theory of plates, the problen
of bending and stretching of sandwich skew plates is
a complicated one. In order to obtain an approxiﬁate
numerical solution to the problem, the non-linear
coupled differential equations governing the small
and large deflection of anisotropic skew sandwich
plates are solved by means of the perturbation method.

Skew sandwich plates with isotropic and
anisotropic core and clamped edges subjected to

uniformly distributed loads are taken as numericsal

-examples for this analysis. Results are obtained

for such plates having various core and skin pro-
perties, aspect ratios and angles of skew. The

first step of the analysis is to trensform the govern-
ing differential equations into dimensionless forn

and take the diemnsionless center deflecction as a poer-
turbation paremeter. By equating like powers of the
dimensionless oblique co-ordinates, the non-linear
differential equations are reduced to several sets o.
linear differential equations. Next, certain poly-
romials with undefined coefficients satisfying the

boundary conditions ot the plates are assumed as the
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plate displacement functions. Substituting these
polynomials into the differential equations, several
sets oi algebraic simultanecus equations are obtained.
The solution of these matrix equations yields the
values of the undetermined ccefiicients in the assumed
displacement functions thus defining the in-plane

and lateral displacements of the plate together with
the sheer deflormation in the core. From the well-
known stress-displacement relation in the theory

of plates, the corresponding stresses at any point
within the plate domain can be determined by proper

differentiation of displacement functions.

1.10 Computer programme.

0
mn
-
0
s

A computer prograume is written to as

B}
ct
0

the computation of this analysis. The input d
are: (i) modulus of elasticity of the facing materi-
al, (ii) shear modulus of core in &-direction, (iii)
shear modulus of core inY-direction, (iv) Poissonts
ratio for the facing matcrial, (v) the angle of
skew, (vi) thickrness of skin divided by hall the
width of plate, (vii)thickness of core divided by
half the width of plate, (viii) ratio of width of

plate to length.
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LITERATURE SURVE

Various authors have attemped to develop a
new theeory for sandwich plates. Among these, as early
as 1948, Libove and Botdorf(ref. 1) developed both the
energy expression and the differentisl equations for
such plates. Boundary conditions corresponding to
simply supported, clamped and elastically restrained
edges were consigcred, In the derivation of such
equations the deilection due to shear and the ortho-
tropic stretching properties of the skins and core
were taken into consideration. Three uncoupled sixth
order differentisl equations were obtained.

The same year, Reissner(ref. 2) realizing
the inadequacy of the linear rmall deflection theory
in the treatment of sandwich panels with a relatively
soft core, derived a system of ditferential equations
for the finite deflctions of sandwich plates.

1950, Hoff(ref. 3) used the principle of
minimum potential energy and obtained a similsor sct
of differential equations.

1951, kringen(ref. L) considered alsc tho

the effect of flattening of the core on the bending
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of plates, taking into account the three dimensionul
stress distribution in the core. In the meantime,
Wang(ref. 5) also developed a theory for the finite
deflections of sandwich plates using the principle
of complementary energy.

1952, Yen, Gunturkun and Polile(ref. 6)
using the governing dirfferentisl equations proposcd
by Hofl, made a Fourier series solution for a simply
supported rectangular sandwich plate; both the upper
bound and lowcr bound solutions were presented in
his work.

1962, Cheng(ref. 7) derived a system of

_differential equations governing the smsll deflections

of sandwich platecs using the variationsl thecrem of
complementary energy in conjunction with the Lagrangian
multipliers technique. From these equations a govern-
ing linear ditferential equation of sixth-order for
the deflection was derived. This has the same role

as the equation v%fw:q/D in the theory of thin homo-~
geneous plates. 1t was found that, if only tuo
boundary conditions are required to be satisfied, the
problems of bending of sandwich plates may be readily
solved through the use of techniques that have alrcady
been developed in the classical theory of homogeneous

plates.
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Numerical methods for various plate problems
can perhaps be classified into the following general
categories:

i) Approaches based on minimum principles;

Perhaps the most popular method in this cote-
gory is the so called Ritz energy method used success-
fully by Way(ref. 8) for the uniformly loaded clamped
rectangular plate, and by ‘leil and Newmark(ref. ¢) for
the unifornly loaded clamped elliptical plate. fAppli-
cation of this technique reduces the problen to finding
the solution of simultaneous non-linear algebreic
equations, The-newly developed finite element methods
also belong to this category.

ii) Approaches based on finite difference

equations;

Wang(ref. 10) among others, hes prescented
solutions for simply supported rectangular plates of
various aspect ratios usinz this method.

1ii) Approaches based on cuccessive linearizu-
tion;

In this category the method normally chosen

to obtain a solution to the finite defllection equations

1s the perturbation procedurc and it has been success-
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Lully applied in the case of uniform load to a variety
of plate problems. Ior the simply supperted plates,
Stippes and Hausrath(ref. 11) solve the governing fourth
order equations using a non-dimensionalized loading as
the perturbtation parameter. All other investigators
have vused a dimensionless central deflection asg their
perturbation parameter.

Since the perturbation procedure is to be
used in this investigation, sowe important papers

employing this scheme are listed chronologically

below:
Author(s) ) Geometry Co~ordinate swvstemn
Chien(1947) circular polar
Rash & Cooley(1959)  elliptical rectangular
Ng & Kennedy(1966) skew skew

The author feels that in order to carry out .
the numerical calculation and meet the special conditions
of the present study, certain modification and extension
of the theories mentioned previcusly should be necessary,
For example, in Reissner's work(ref. 2) the system of
equations is expressed in Airy's stress function and
transverse deflection, where the boundary conditions
with respect to Airy's stress function cannot be expli-
citly defined, which complicates the numerical solution

of’ these equations to some extent. Thus, the development
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=é ol the present theory to ensure a simple numerical
5% solution for the clamped boundary condition is
justified. In the derivation of the difterential |
é equations ol the present study, the author follows E
g the similar procedure Hoft used for the linear 5
lé analysis of bending of rectangular sandwich plates g
[E (ref. 3),but further considers the anisotropic ?
ié property of the core and extends the theory to ;
‘E the non-linear range. g
'f In the papers published by Chien, Nash & ' f
E Cooley, Ng & Kennedy, the solutions of non-linear
- ;
f deflection problems of various types ol homogeneous
3 %
é plates have been found by applying the perturbation ) f
ié method and their results are in close agreement :
é with experiments. FYor that reason, it is believed 5
% that this method should also give good results for- :
é sandwich plates, while the displacement functions |
13 assumed in the present study are essentially following
.
% the same fashion as in those papers mentioned above.
3
i
4
~ |
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CHAPTER 111

GOVERNING DI FFRENTIAL BOUATLONS

3.1 Assumptions:

This worx consists of a study ol the behaviours
of skew sandwich plates with built-in edges and subject-
ed to a uniformly distributed lcad. The upper lace t!
and the lower face t" arc made of metal sheets, while
the core is composed of a relatively thick layer of
sof't material. Thus, the facings are assumed to carry

all the bending moments while the transverse shear is

_taken up by the core.

For the derivation of the governing diffleren-
tial equations the following assumptions are made:

1. Hooke's law holds, i.e., the platc is made
of elastic material.

2. The facings are isotropic.

3. The core is anisotropic.

L. The facings are of equal thickness.

5. The plate is relatively thin in comparison
with its length.

6. The platc undergoes finite deformation.

7. The transverse deflection is constaent.
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throughout the composite structure,

8. The bond between facings end core is
perfect.

9. Planes perpendicular to the X-y plane
remain perpendicular after deformation.

10. The transverse shear is carried by
the core.

11. The bending moments are resisted by

the facings.

3.2 The strains and displacements,
From the theory of elasticity, the strain-
displacement relations can be as follows:

For upper facing:




il 71 " 1}
oL ou . av . aw 9w f
xy > ay(.‘ axn. ax“ a),n (3.2.6))

For core:

Tow (22420, o0 oy 2.7)

20 2\6% 07 3% o3 (3

-~ L /OW 2V 3V aWw |
= —J— = = — — 62.8

%’Z z<a>/+a7_+ oY 92) (3 )

Where ¢, €,5 €., denote the strain components
in the facings, ’iz, 'zzdenote the shearing strain
components in the core, and u, VvV, W, are the components

E'; of displacement *with respect to x, y, z axes. The ',

ﬂg ", and — superscripts with parameters denote upper facing,

: -lower facing and core respectively. ’

3.3 Compatibility of displacements, strains and stresses.
It is desirable to express the components of

displacement with respect to a single reflercnce frame,

)

Let up', v,' be the in-plane displacenents on the
1 Vo f

-~

s

i.e., the x-, y-, z- co-ordinte system (see Fig
x'-y' plane (the neutral plane of the upper facing before
deformation occurs), Us™, V" be the in-plane displacements

i on the x"-y" plane and u,, V, are defined likewise. Thus,

the following relations can be establislhed.
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For upper facing:

| , ow!'
Yo= 2 3%

For lower facing:

1

] 1 oW

u" = u:, - Zl ’5‘)-{7,
"o n_ ] aW”
V '_'qu Z axl‘

Ior core:

U= Go‘f‘f}/{(

V= O+Z}//y

Recall that the Assumption 7 stated as:

Wwew! = wh= W

(3.3.3)

(3.3-4)

(3.3.7)

From the geometry of Figure 1, we obtain;

Y
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22
(3.3.8)

(3.3.9)

Substituting kquations (3.3.7) through (3.3.9)

into Equations (3.3.1) through (3.°

'Lyl L oW Eow ' aw
U =4, ‘ax+2ax+2ax
— |
! 1 oW t W |, t ow
= A IR NN S <AL T AL
V=V m25y 25y 2 oy
Y 0 awW_t oW _t' ow
= Y Zax 2 9% 2 ax
oy —zow, Taw ' ow
v o Zay 2oy 25
= x ZW
U U }
v, 2y
u . = Gl =
lz=_;_ Z:-—é—
1 haned
u'l - = |

(3.3.10)

(3.3.12)

(303,14)

(3.3.15)

(3.3.16)

(3.3.17)

e



Vi .=V _
SEMLE.
V'" - = Vi -

L-g V’Zh.g

(3.3.18)

(3.3.19)

(Note that %,y; are the components of angular dis-

placement

of the cross section of core).

Combining EqGuations (3.3.10) through (3.3.19)

yields;

into LEqua

Substituting Equations (3.3.20) through (3.3.23)

tions (3.3.10) through (3.3.13) yields;

R A A T L S 2k ks B




N S ALY
Vo= °+_2——y/x Zay+26)(
IO SN - S - L/
\[—\ro Z.‘P)' Za)/ 2@)/

2L

(3.3.25)

(3+3.26)

(3.3.27)

-

Substituting Lquations (3.3.7) through (3.3.9)}

and Lquations (3.3.24) through (3.3.27) into Equations

(3.2.1) through (3.2.8) yields;

X X 2 X 2

X 2\ 23X

ook a¢t<z_£)é&f+L<gﬁﬁ~
2 2

Yy~ oy T2 oy

72(2—£)iy+_éﬂ_?_ﬂ
2/ axay 2% oY

- aaihendias g

Ty oW D oW
~Z<Z +_t)_§_i..|__a_\_’l _?_J

~ 7 = s z 2
€_/ ouo+5;5}k~(z_ni>j2ﬂ4“L(g2Q)

(3'3030)




—?

:(SEX{

oA

oW

Y. = >y

%)

+ )&)

1
€, > %b...etc. can be as follows;

[ P ST

t

6:

X

£
| —Y?

( le A )/GY‘)

(3.3.34)

(3.3.35)

Frorm Hooke's law the components of stresses

(3.3.41)

(3.3.42)
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3.4 Derivation of the governing equations.

Let T', T", T be the parts of strain energy
stored in the uvpper face, lower face, core respectively,
0§q w dxdy is the external potential energy due to the
uniformly distributed load. And for every virtual dis-
placement consistent with the constrain, the f[irst va-

riation of total potentisl energy should vanish,i.e,;
ST‘Jr 8T“+ S'T' - Sgdlg\'\l(;}xo!)/: 0 (3.4.1)

Since the strain energy is the integration of
strain energy density (refer to refl. 19) throughout the

body of the sandwich plate element, we see that

i-\-tl
gT’zgg(‘ (&'se'+ 57‘867'+ 26, Séx;,) dxdydz  (3.4.2)
i
2
¥
-3

[} " " L
wSS (&'5e.+ 6, 8¢ 2§ S& ) dxdydz (.3
‘ll)
57" (T80, .57 dxdydz (3.4.8)

{
—
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.
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{‘“‘mwm,., 2t newt st ] 3 it R APV
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i
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i
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i
{
|
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Substituting kquations (3.3.28) through

(3.3.30) dinto (3.4.2), yields

7= g [5(35) - 253 S-S s

S Ts(80) $8(H)+ 3 5(3] -yl

o, [<;§°>+s(%%>+-;~a<~§%>+%s<—g%i’f>

+ 3 o(20) g - 2 i 5555914

-

Substituting bauations (3.3.31) throusgh
O i [

(3.3.33) into sguation (3.4.3), vields
5= jf{ux”{s( ol T5( 2, &5y (5.4.6)

M3 (58)  w) [ (26 - E5(28)+ 225(20)]

o7/ oY QV
w8 (50 1 (5 (59 - 5(5F)

Nt

(30)- Esl38)+ 3502 34s(32]

dY ox “\ay/ oY

- grﬂxy 5( )}-dﬂdy
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Substituting Equations (3.3.34) and (3.3.35)

into khquation (3.4.4), yields

Ny
+
r+

<
>x
fi
_—

-~

<
~

|
e

Nfer iy N

\< —
—
N

]
N [)
~
0
N

T e B S Pe o

(3.&-7)

(3.4.8)

(3.4.9)

(3.4.10)

(3.4.11)

(3.4.12)

(3e4.13)

EANS.Y ::.:::."_‘.;:;;.;ilj




1
qu':& _j \ éx"dZ
(1)
x
n 2 1l
N = j _ 6 dz.
Y w7
)
.t
| i 2 i\
r\xy S(.__E. -\;“) xy dz

2l ‘
i [
"

N2
I
]L/\

Nl

~]
~
~
O
~N

(3.4.14)

(3011":1-5)

(3.4.16)

(30,[4»:]—7)

(3 olbalS)

(3.L.1G)

(3.4.20)
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The variation of strain energy [lor the upper

Referring to Equation (3.4.5), we see thot

BT = @N 0,dy - (-2 ’qu,\dy

**?N sy, dy - -ﬁa~N"§‘,’) dxdy
§5Nx‘ g‘;’a wdy ~ gg 3}((\}' sl\lsgwdxdy
- %)1\4,“8<—§-;—”)dy + tﬁ .‘ZLX' Fwdy
_ J 5%,
ox?

- ” %%lf'gvodxcly + %?NY‘SSbde

xdy +§/N; SV, dx

_;SS Q_i\b S%d o’) -+ S}N &;'5\\/0)(

—5&(—%—( ;Sy)oua)céy \)§> M, 6(%\;{)5.)\'

2

€ aMy
+ 9%?;—Y-wadx - jS ay?_ 5wdmy

facing is obtained by applying the divergence theorer:.

(3.4,.22)
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i

4
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2
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i
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+‘§l\ 50 dx - SS ay”udxd)

i
R ITENS 20 5 ,dxdy

Sfﬂ\}yy 51,1 dx - —-55 "7 sY, dAdy

m}rt-l

P t x'
3o sy dr- Lo Al sy 0y
" %}ny\ oW SWCI)\ - Sgé%(nyl %ﬂxﬁ)gwo’xdy

- P oW T o U AW
+§ny S‘y‘ S\de - jj;(N)y 3y> 6\’\IOXJ>/

" My
~2(Nhy'gw)k . + ;? a;*yawdy (3.4.22)

ayyngny

Similarly the varistion of strain energy for

the lower facing cen be obtained likewise. Referring to

Equation (3.4.6), we see that

ST = §NX"SJ°dy - j,{ aN * 5 G, dxdy (3.4.23)

X

1}
‘i [ . T aN), \
2 YOy + 3 5 oY dudy




e e R e L I e T L T T e B IR ST e 1

T\z’m—mm,;_:..; et D3R En e
.

t |2 swdy - §0 55 (0 55) sdedy
?M 6(b\v)d>’+t}g ‘\xg wdy

*ﬂ gix'\—f-*ngwa‘xdy + %&N;S\’fodx

“ﬂ ﬁ%ilgvodxdy - %%N,"s%dx

. Sg oNy 5y, dxdy + c?w W swdx

-

(3eho23)

UGl swdady - g, (55

Y 2 1 .
g —a—rﬁ-yc’\i ¢ — SMY d\d
+\§>a\/ g dx M 5y swWerey

s N,y 5, ds - [ 25T, dedy

oy syde [ 207 sy dedy

:E W . g _'-E_ BN;; o

B s~ 12 By




! +3>N 'awgv\dy jj%(i\l)\)’”iy)gwdxdy

?N ".Qlﬁ/gwdy H%(N ﬁ.‘i)Swdx dy

73y
) x=a
; y=b 0
) M
| ~ 2(Mx Sw + 2 2 Mxy wd
: / ) X =—d 9)’ S Y
: Y =-
? M azh
1 + 2 -"—X Jdx -
’ g) 5 Wax 2JJ "XS) Z)Wd)(dy (3.4.23)
é The variation of strain energy foi- the core also
é can be obtained likewise. Referring to Lquastion (3.&.7),
’ Wwe see that
: ST‘—TS@ 'gwdy_SS aQSwdxq'y
8 3%
K (3-11»021.’»)

t jg Q3 dxdy + jé_ySwdx

_ (2% 2.5 dxdy

jg ay g\’\’dxdy +5S®75p)'d)\d>
Substitute Equations (3.4.22) through (3.4.24)
into Equation (3.4.1),




; R T T B T T i T S L et g e ey e s e e D T T e e T T e e D en e s e e AP G BT I s e e vy
W sl S i R S L A e L S R R L : O A A R I IR A E I DN N E TR NP S e DL INTS R AN

EUNAPRINS PR 5

ot

\ n \ W
_ﬂ (E_‘ﬂr*_@_‘l—m oWy, any) 30, dxdy C (3.4.25)
%  9Xx Y >4 ©

_ NN D (g1 AW\, M oMy
—(N, == N 3+ ——
[ ( ' aA( Fox) T ox* ax?

B (lawy, B (W) My 3wy
a\/(NV ay) a><'\7 ay)* 3y? " ay*®

"3y (550 SN el )

-

1 u -
_a_( 1o avl) > __al"ixy+ 5M xy . 9 Q
¥ \ xyox XY axoy X

_ . |
+——~+ ﬂ 5w dxdy —3&(—%§£+2—§5‘/




s ey e e
R Y E T AN S RN

RERHINE $ 8

4+ ™M

+ N, 2,
3%

: " oW
+ny§7

]

1 .
dM, oM, VAW

Ry C kN 2

ox " 3x T Nxy 3y

1 Y
+ 2 O Mxy + Z-LM"
oY 2

8My

éY Tey o ay ey

" W
T N"V X

+ 2 ah)’)’l 2 aMxy
ox X

+§(NY’ + r\;) §V,dx + L ﬂ’(Ny

' _ i
+§{E(Nx7+Nx;')SUodx + §>(Nx; + Nx;) 3V
t 1
+E§(NXY -

-ny")_gll,ydy _ (f)(M,H M:) 5(%‘)’(1)0‘y

SO

"
xy D W

My ) 8

q .
b

(—%—y—)c})\-E(h

T

X
7

xz-d

y=-b

i

-----------------

Y 4 éx>5wdy

\] ] a\’\l

(—Q)’) 5 wdx

Ny ) &Y dx

Nuy ) 31X + 5 G (N

5 W)

(3.4.25)
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The coeficients of the terms, SU. » 5? y S
. ° X °

6y and §w in the surlecc integrals vanish since these

are independent variation,
Therefore, from Equation (3.4.25)

brium Zquations are obtained &g Ffollows:

[ \ \
su, 2Mx, ON: 3Ny DN,y
X ox Y oy T

- 1
s, FIPLIEI awx?) 25
x: 2\ 3x ax oy oy X

1 n ! n
- N 3Ny AN
s, 2Ny, 2Ny = alky aNy, _ 0
°i oy "oy T ax ax

I ! ) !,| | —_
Sy £ 2020, 2 o) g

the equili-

(3.4.26)

(3.4.27)

(3.4.28)

(3.4.29)

(32.4.30)




S T AT T T

BZ

{ B}
2 iy (g )

ﬂ:x 5] év

ox 1oy 117

Introducing,

}

]

t
My =2 (N, -Ny)

v % "
MX)f»~ 2 (N); - ny )

37

(3.4.30)

(3.4.31)

(3.4.32)

(3 -}-,—033)

(3.4.34)

(3.4.35)

(3.4.36)

Substituting Equations (3.4.31) through (3,4.36)

into Lquations (3,4,26) through (3.4.30), we {ind

SN, . BN,):Y: 0

oX o)

(3.4.37)




Eﬁ§_+J2§§': 0

(e

(3 olPGBS)

oY ox
aMx aMxV ~
—_— — :O cl 0? )
s + 5)’ QX (3 Fe39
oMy, My = (3.4.40)
Y AX 7
2 A 2 2 1 !
o' Y W, 5 (M, +My) 3.4 41)
Nxaxz+‘NVESE_F2Pﬂyaxay-+ dx? (3 '
! "
"My +My') 3 (Myxy * Myy)
2y? ox oY
+8Qx+8®yﬂq=o

For clamped edges, the boundery conditions

are obtained.from the surface integrals of equation

(3.4.2L). 'The
are similar to
conditions for

of this method

derivation of boundary conditions here
the Kirchhof{f's derivation of boundary
clamped homogeriecus plates, the details

can be found in Timoshenko's "Theory

of Plates and Shells", p. 88.
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T TS Y R Y A

u, = 0 at boundary —Jom 0 at boundary

or Nx-'= 0 at = d4b or N 0 at wda

d N = o ; oe= i ~ ‘l — - romm o
an “):y at a and Ixy 0 at x +b

v~ 0 at boundary mpyﬁ 0 at boundary
H=0 at »x=* b or M ==0 at y= *a
% y

and

H =0 at y=zxa and ¥_ =0 at x- +b
ny Xy
w= 0 at boundary

or

W oMy + M,

[ oW oW
N x 5% ¢ X + Nyy 5y

+ 2 a(‘v;):yz "‘sz') + éx =0 at 7 a

and

I+

{]

NLOW L oMy 3w

\ya>/ ay NX7 57{
] 1
+28(M;Y>:MXZ'>+Q7=O at X=tb
and
Moy * Muy 20 at (da,b), (~a,-b)

39

(3l 4?)

(3'[\7-[}3)




ne;

@

W o at boundary . oW _ at boundary
X )4
(3 QLF 0ZP/¢ )
or
| i { i}
My + M, =0 at x=%b op My*'M), =0 at

Substituting Bguations (3.3.28) through (3.3.35)
into Equations (3.3.36) through (3.3.43), and subseguent
results into kqusations (3.4.7) through (3.4.20). The
resulting expressions arc then substituted into Lguations
(3.4.30) through (3.4.35) and integrated to obtain follov.

ing:.

2Bt (dls 1 rawy? [8\70 [ DN -
Nx= :—vZ{ax i 2(a>\> i 2 z(ay)J (3ek.L5)
. _2ET {a“; | [ DW\? SU, | 7 Wy
Ny=Tom 5y * 2 (55) r Y[ 48+ *z(a%)}} (3.4.46)
~_Et 22U, aVe ow oW
Ny =79 (37" oK oK ay> (3.4.47)

n — / 2\
E‘&'\. [tap)\_r-t 8\/

2
-3 oW
- -y (T2 2w
X 20199 X axz /(1 * )]

2

(3.4.48)




L1

MV:'E%%)[% %;5~ t %“% PV (T ‘”B}; -t g-;—)] (3.4.45)

X zE::y)(EZ_ @%{hjﬁ_g})’%_ %) (344.50)

My + ’l,"= Z}Estjvz) [%%Zi“%t% ME z;b’—%t g;‘f;)} (3.4 .51)
My My s B [ S-S e S (1 8- 4480 s
vy T Myy = TPIRS: g;b" £ o4 53—} (3.4.53)
Q= ze‘Eq(%}:fwbx) (3.4.54)
Q)= Gy T (55+v) (3.1.55)

Combining these expressions with the equilibrium
equations, i.e. substituting Equations (3.4.45) and (3.4.47)

into Equation (3.4.37) yields

2=

2 2. 2
2EX [ oo oW oW y( av;_‘_ aw aw)]
(=YL ax*  ox 2x* oxdYy = Y axoy

(3.L.56)

t

Et ( FUs, % ow oW aw a?‘w)
G+Y)\ oy* oxoy' ox 2Y* ' BY oxay
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Substituting Lquations (3'./+,14é.) and (3.4.47) into

bguation (3.4.38) yields

(\")\2) avay (30[+057)

2F ¢ [a"\h oW aw J( "0, ek 52\'“)
oyt = &Y oy* XY T ax exdy

L _Et ( %4, . 62\70, AW 6w AW azw)_:o
(+V) L aXay ox* axX oxdY 3y 9x*

Substituting fquations (3ohob®), (2.4.50) and
(3.4.5L) into Equation (3.4.39) yields

P 24/ \30 2
Ett [- 9% oW 1= 3 YJ: aw .
2(1-y% t o 1 o 3((- 3%0Y “'tz;E;7z] (3.4.58)

Ett W L Y, —(aw
* 2(|+v)( 2 oy* 2 axay -t xoy)"G t(ax -yx)::o

Substituting Equations (3.4.4%), (3,4,50) and (3.4.55)

into Iquation (3.4.40) yields

Eﬁz {Jta% taw y({ Ty aw)] (3.%.59)

2(1-v%) dy* ay"‘ oXoY QXY

T 3
Ett 1 8 PJ t >° p), AW AW /
21 +}‘)( 2 axay 2 OX? tdﬁay) G;z ( * y)

Substituting Equations (3.4.L5) through (3.4.47) and

Equations (,.h,)l) throusgh (3.4.55) into Equstion (3.4.41) yields

_28t (ol 1 owy T aVe, 1 owz]l 3w i
l'—\‘z\ b .‘2 (aX) +y[a>/ 'E—(—é*y-)) ax'l (30&-.6\))

26t (oMo 1 (3w SUs | L[ 2WP] a'w
T l«yzlayTz(ay)* ‘)[ax i a(ax)}}@?
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et (ol 0% ow vy S
RN A TY: ay) YN
2 3 - 3
__E_L‘_[Ea\\l_ﬂé"\/.{j‘ay, 4 C)N
2079 LTae T 5 a0 e T 3 ey
V(% 53$/J - 3 8 S'w
+VA T emdd L - 2
( 9"y IXAY: 3 T ax*dy )}
Et n >, I N 4
(_L SVe .t W _ 4 . awW
b+V A2 oray’ 2 axy 3 axzay2>
| G E (25,6 F(9W L 2%, q = ,_
5 t Mz ax* 6X> Gyzt ay* 3y 1= 0 (3.4.60)

In working with skew plates it is often advantage-
ous to transform the governing differential equations,

Equations (3.4.56) through (3.4.60), in skewed co-ordinates.

3.5 Transformation of the diflerential equaiions into
skew dimensionless form,

Transforming the partisl differentiel operators

into skew co~ordinates yields




i,
&
i
L

{l

cosk g,

sind Lr('o

CSC
y

(o) 0

Colel  —2eotdesee

0 CS(

(3.5.3)

Ldy
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L6
~ a?, ] F ~ r— 63 -
ax’é 1 o 0 Q- ~a'-—5—
o’ 3 2 3
) 3 >
-873 ~ cotw sl e 3 SCelale! ~ 3¢50 wlef —;"T’
65 - . ag (3.5.4)
T ~ Col¥ 0 sl 0 T
anay a;:a'lo
3 3
é%” Qo'tzo( 0 -2 ot csey s C.zo( C)_ ey
RN I 11858%]
Al Mot
3 B
. 1 o o
[y v} Q
ox . ° 37
) cot'™ S y 1o cs (ol X 3"
Sy o el -heat eseol Gastal esto(~treatefese | [ Z
N,
b
< .
=| ~c¢ot ] CSCof 9 __ 5
%3y ’ X o ) 55, (3.5.5)
—%i 2 cot' 0 -2 Catel ¢St u&»( o =
OX*y SARCHE
&
a 2 42 x “ *
=< ~colet 0 3 esCak ol of =3 csci oty 3 o
3 VLR sl 3
(oxoy] | 8337,

Substituting Equetions (3.5.1) through (3.5.5)

into Equation (3.4.56) vields

2Et Ex 2) 3 Us Et 2\ o U,
1. 1! " o .
(25 ¥ 55 (e EYR (3.5.6)
:’ E 2(1- -
. + (————t ) (-2 cotes esca) o +( 2E¢Y ,_Et EEREAS
. I+ Y O L =92 ey Y 9%

R R AT s




FE ks 3T
ST

T SRl ectiv s Bl i Tediig L LR PPt oDy 20
AT R T T

2Bty g4 V:
+( 1—yx gy )Cscc\ -

253N,

_2B% E p =1 2
N R e

+( -lETt))——— cscza)(%)(g%)

[roetecn() - et (3288 2

3 S e

-

+(M _Et ) AWN[ aW y
I~y ey ) ©C (aq) agoaqj =0

Substituting Equations (3.5

into Equation (3.4.57) yields

i/

(3.5.0})

.1) through (3.5.5)

a .
(255 ot B S (25 i) 1 (3.5.7)
2Et Y

+( ’_vz)(-zco“uxcsca) sg,a\go ( Q+ 1+v><““t )
2Bt E i

+( I—Y29+?§)_) cscxsigl;z’o

LR - (55 o (228

2Et I E oW azw
S )C ot J 2%, a5,




into Lquetion (3.4.58) yields

5 t*c oY gt 2, 3V
[ +Y) } 3t T 4Gy 7 Ay
st & Y
E o ) _ T
+[ are ( 2c1c4csc°\)~_ogi G‘Ezﬂl)f
E45 Y EE’ ] F
+ + ~ot
[2(1 V) 4(119)) 3 o
E41 Y E+1” } >V, aw
+[ 20-y) " EQayy ) <A 35,97, "Gyt 53

+( 2Bt )( wtxcscw)(awxaq )

(35 e (5] 2

+'( lzifa) csc iy (24 ag‘i)(?;w)

+[(72—;~Eyt)( 2 Coteg Csmx)} a\g“’o agj:’(o = 0 (3.5.7)
Suhs mtutm bquations (3.5.1) through (2.5,5)
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TedtEdT L YT e
[ 2(1- ' 20- -39 e R v

[ B¢t BT _
+~2(I"&)7)T 2(1_i,s))J(2C01C/\Cg(_o/ g aqo

(3.5.8)

2 2-.
_ﬂ[ etf | ek ] a9
20-¥%  2(1+Y) 3t o}

Substituting Louations (3.5.1) through (3.5.5)
1

R

into Lquation (3.4.5%) yiele

-2 -2 2 2
Bt pt% 4 _EtT a‘,Jf, Et+X 2, 9 U
L(a—»"‘) SOy | ee a(x-w)csw‘a?@? (3.5.9)
Et‘t
2() ( 2Cot<><C,sc<>\)~—j7€io— G,lztll)
E+EY i ‘
tt Ett }
+ 3
[2(|~92) + 4(1+V)J( Cotx) 5%
-2 . 2
[Ett Bt ] o 2
2(14) 4-(1+¥) 3321,
AW AW
Cot
+ G,V_Jc ol X S5t CT,Zz’c cse S 31,
E‘l‘z:t- .ta ) E'ti‘E Cﬁt4 E'ta:E to 85\‘»’
[2(]"))1) IS R T e Y
w




E4L 2 E4%T Y E1*t
-l z =~ (3csek ot ) + CSCo{ 4 Ert CSCw a M
[2("“ ) 2(1-v%) 2(1+V) A 35,3,
a- 3
2 , Bt 3 W
+ 3 cscof cotof = = \
3 * 201-9) 2% 5)1: 0 (3.5.9)

Substituting Fquations (3.5,1) through (3.5.5)

into Fquation (3.4.60) vields

._-

2Bt (30, | [awy )[ V aVy | dW
|-\)2{ ag°+—5(_a_§o)+) (,Ot(?('—go'l' CSCO(d'lo "'2"( (Dto(c)go

o8, (3.5;10)

] aw awa
S¥o o Lot @Y | coex 2N
g, Stz (et G cse )
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Introducing the dimensionless ratios

& _q - %

F} a b 7"' b g K-—*b— P) U,= 24 U 3
...— %1 _ %

Vo=mg Voo WES= W

_ 1T 1 2475 a (1-9%)
=== 0= — =
F=3 a ’ Q E+T* |

51




ST eI

52
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For the case under consideration i.e. a skew
sandwich plate-with built-in edges, the boundary conditions

become, from Equations (3.4.42) throush (3.4.44):

W=U=V=Yi=y =0 at S=tlans ==
or
“f W_o at 5=t
9%
% or
; oW _ at =L

o R
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CHAPTER 1V

SOLUTION TO LQUATIORNS

k.1 Linearization of governing differential cquations.
The coupled non-linear partial differential
equations, Lguations (3.5.11) through (3.5.15), for
a skew sandwich plate will now be linearized by using
the perturbation method.
Choose the dimensionless central deflection
Vo= (Wheoyoy (4.1.1)
as a perturbation parameter.
Assume the solutions of the differential

equations in the form of asending power of Vi, as:

Q""alwo’f'asws"”"”““"""" (Aol':))

U=u (C»n)"!24u (l; n)"z MU R (4.1.3)

Ve (£, )Wt () Ho e (4.1.4)
(o]

W (£, H b (F,n)wz (L.1.5)

IIIE'T‘l(,,n)W"‘T‘ ({,,‘])‘IZ_{ ...... RIS (4.1.())

=5, (£,m)ilges NER LI PERTPEPEY (4o1.7)
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Vhere 215 @3..... are undeterminated
parameters relating the dimensionless cetral de-
flection wo to the dimensionless load Q; Usy Wyeen,
V25 Vjeeeo, Vi, w3,..., ry, r3...., S15 Sgeees
are functions of the dimensionless co-ordinates
satisf{yinrg the boundary conditions of the plate
and relating the in-plane ,lateral and angular
displacenents to the same perturbation parameter

T‘ﬁ‘!
O

Substituting (4.1.2) through (4.1.7) into
(3.5.11) through (3.5.15) and equating like powers
of Wy yields the following approximations:

The first order approximation:
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(4e1.10)
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(4L.1.11)
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For the sake of conciseness, the constants
¢ N S ' o S
I‘ll, }‘121000 L] l.)ll, *r o0y Tll, LR A etCo }love bLCn

defined and listed in Part 1 of Appendix A.

4.2 The boundary conditions.
For a sandwich plate with all edges clamp-
ed, the boundary condition for the first approximation

are as follows

W, =1 = 5, at Y=t and ‘rl-;_.L_\

oW +
=0 at =X

ot ;

W, '

—— =0 at =%

5 ==

1 (Lo2.1)
where

The corresponding boundary conditions for the

scecond approximation are:

u2=\/;_::0 at %=+‘ and rL,—_-,t\
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are:

V"3= r?’:S._}"O at 2:1-_\ and Y(:’t[
oW3 at — ¥
= 0 =1t |
3t S !
oWa _ o at N =t

an - (4.2.3)

vhere

4.3 The assumed functions.
Approximete solutions are now assumed in accord-
ance with the boundary conditions, i.e., Equations (4.2.1)

through (L.2.3). Thus

M= (=0T O-8D (e B 5 c e D E
+F 3 (4.3.1)
Yi = (l—gz)<l~?“(2)(l_~§q) % (A2+ Bzg'l.,. Cg}l'l.k ngte

b <22 '
+EZ’1 + F'§31> (4L.3.2).
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* Bt F(@qu) (La3.4)
Vo= Q=¥ 01 (-3 (Ag + Bg ¥+ Con+ DT

+ ES‘QQ” + Fo s;‘%f) (L.3.5)
Wy = (=397 Q- 0-3) (B 3%+ ¢ %+ D 2

+ Ee’ﬁ* Fe ™) (4.3.6)

5= G-§D0-10-308 (A, B, 3, e D, 3

4 2 2
+ B v Fe3N ) (be3.7)

§ 25 = 8D 0= (=50 (Ae B+ e ' b, ¥

4- 2 )
+ Egf] v Fg ¥ Qz) (4.3.8)
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L.l Solution to the linear small deflection problem
(first order approximation).

Substituting Equations (4.3.1) through
(L.3.3) into Equations (4.1.8) throurh (4.1.10) and
equating like powers of § and Y, yield eighteen
simultaneous algebraic equations (listed in Part 11
of Appendix A).

() )

Where the unknowns in the above equation
are the elements in the column vector Kl, namely,
ay, Byeeoo..; Ap, Bz,...., A3, B3,...., FB' Hence,
the solution to these equations defines the undeter-
mined coefficients in the assumed displacement functicns

for the first order approximation.

L.5 Solution to the non-linear large deflection
problem (second and third order approximations).

With the solution of first order approximation,
successi&e approximations of higher order can be obtain-
ed in a similar manner. Substituting Equations (4.1.11)
and (L.1.12) and equating powers of ¢ and W yield
sufficient linear algebraic equations [or the second order

approximation (listed in Part I1 of Appendix A) to
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define the undertermined ceofficients in the assumead
displacement functions. Express these algebraic

equations in matrix form as:

[-U2] {Kg}: V2} (Le5.1)

12%12. 12x| 2%

Again, substituting Equations (4.3.6) through
(4.3.8) into Equations (4.1.13) through (4.1.,15) and
equating powers of § and Y yield eighteen linear alge-

braic equations (listed in Part I1 of Appendix A), i.e.,

[%HKQ‘:{VB} (L.5.2)

18x18  18x | 18x |

Where the column vectors K2 and KB in the
foregoing equations are agzain the undetermined coeffi-
cients in the assumed displacement functions.

Thus the solutions of Equations (4.4.1),
(4.5.1) and (4.5.2) provide a means of determining,
uniquely the lateral, in-plane and angular displacements
anywheré within the plate boundary, hence solutior to
linear and non-lincar deflectiorn probler of skew sand-

wich plates.
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CHAPTRIL V
DLSCULET I O RESULTS

In order to cvaluate the elffects of various para-
meters such as the angle of skew, the plate aspect ratio,
shear noduli and the thickness of core on the large and snall
deflecﬁion of skew sandwich panels; seventy two cases ol such
pancls have been analysed and results are listed in Appendix
C. The linear end non-linsar relsgtionships between dimension-

less center deflection and dimensionless load are presented

- gréphically in Iig. L through Fig. 21,

From the results of different anglc of skew, thick-
ness of core, shear moduli of core, and plate aspect ratio,
the following observations can te made:

(1) The maxinum dellcction at the center of the
plate decreases with an increése in skew. This is mainly
due to the increased rigidity.of the obtuse corners with
increase in skew, thus reducing the center deflection,

(ii) The maximum deflection at the center of the
plate increases with a decrease in the thickness of the
core. This is to be expected, since, in general, the rigiditvy
of a sendwich plate is directly proportional to the thickness

of the core.

Referring tec Case 1 in Appendix C, a plate with
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(L

10.5%10%051, ¥=0.3, p=0.0012, 020,04, x=1, Gy = 5000psi,
G?=5000p5i, the load-deflection relationship isr

Q=7.881 g 0.33’#03 (5.1)

Again, referring to Case 16 in Appendix C, a plate with

the same properties as those in Case 1, except 8=0,02, (i.e.,

the thickness of core in this Case is one hal!l of that in
Case 1), the load~deflection relationship is:-

(.:’,:5013‘-']0+Onl/~+"1"103 (5-2)

Similarly, in Case 31 (Appendix C), a plate with
the same properties as those in Case 1, except ¢0.Cl, (i.e.,
the thickness of core in this Case is one fourth of that in

Case 1), the load-deflection relationship is;

q=3.25wd+0006w03 (5.3)
Recall that the dimensiomless load

3 2
oy = 2403 o(1-Y%) (5.4)
Q E EZ C]
and the dimensionless center deflection
Ho=wo/T (5.5)

where is the intensity of uniformly dictributed
Yy

load; wy is the center deflection; t is the thickness of
core; parameters such as the half width of plate a, modulus
ol elasticity £, thickness of one facing t, and the
foisson's ratioy, are invariables in those three Cases.
Therefore, by observing the linsar part of the
Kquations (5.1) throush (5.3) alone, it can be seen that,

Yor a given load, the center deflection of Case 16 is about

e L S L e S S ik
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three times greater than that of Case 1, wherezs, the conter
deflection of Case 31 is about three times greater then that

ol Case 10.

As predicted so rar, the load-carrying-capacity
of sandwich plates depends largely on how far the facings
are placed apart from the neutral axis.

(iii) The maximum deflection at the center of
the plate increases with a decrease in the shear modulil
of the core; this is expected, since the dellecction
due to shear increases as the shear rigidity of core
decreases. This can be seen by comparing the Cases shown
in ¥Fig. 4, where the shear moduli along and axes,i.e.,

G: and G, are both 5000nsi, with the Cases shovn in Flg. 13
g ,1 IS b O

where GE is 5000psi and Gq is 3000psi.

(iv) Comparison of results for different aspect ratic

N indicates that the eflfect of skéw on center deflection de-

creases with decreaseing N\ ; since the influvence of the plate

corncrs on the center deflection diminishes with decreas inh P
Furtheriore, recall that, "In the case of sond-

wich plates, where the range of deflections, for which

small deflection theory is valid, decreascs, as the ratio

of stiffness of core to that of the facings decreases."

as stated in Parawrapn (1.5). This should also be veri-

fied here. By cowparing the results listed below, it

can be seen that the high order strain terms play an im-

portant role in the load-deflection characteristics for

I )

s alse noted that

=g

‘sandwich plates with a soft core. It
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the high

. 'S 4 dy . e
ane as tLhe ang

ciien dnio:

rder approxinations become increasingly

import-

::C se Ho. . i PR _ v -
ase No ‘o QL QN 1 QL/QN Remarks
rectanpular
1 1 7.88 8,21 4,01% sandwich
plate
skew,qs= 75¢
2 1 8,47 9.05 | 6.20% other the
same as case 1
skew,a = 60—6‘
3 1 11.87 13,12 9.69% other the sane
as case 1
® rec, ,core
ickness 2
16 1 5,13 5.27 2.51% thickness 3
as in casge 1
rec. ,orthotro-
46 1 7.10 7.46 4.8:% pic,with G =
3000psi

“ refer to Appendix (

Seet =-q,"
s =a W ragW

No data is yet available in the literature for

the small and lsrge deflection analysis of skew sandwich

plates and, as a result, no comparison is possiblc for

such plates.

HoweVer, in the limiting case of zero skew

(i.e., when the skewed plate degenerates into a rectangular

plate), results ol the

present analysis, are

with the analysis ol rectangular sandwich plates using

. . " . 3 ~ } 3 ~'\; y -
a precise rinite element technique(ref. 18). Such compari
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son is shown graphically in Fig. 22. Jrom this fipgure,
it can be seen that the agreement is very favorable.
:3 Moreover, by reducing the thickness of core
§ to zero and compéaring the linear part of results with
§ the results obtained in ref. 23, good agreetient is again
demonstrated as follows:
Skew angle R=1 R=0.667 R=0.,5
Present Present Present
method rel’, 23 method ref's 23 method ref. 2
85°  1.797 1.793  3.123  3.093  3.616  3.536
60°  1.219 " 1.181  2.096  2.050  2.400 2.352
L5° 0,549 0.508 0,951  0.896 1.088 1.056
30°  0.123 0.120  0.230  0.216 0,275 0.259
Coe?ficiepts w for maximum small deflection at center lor
various skew @ngles and aspect ratios.
R=b/a; Woax = wbhq/D(lO)_z.




CHUAITER VI

COLCLUS1ONRS

v

As a result of this analysis on the small and
large detflection of skew sandwich plates, the following
conclusions may be Aravri:

1. For rectanzular sandwich plates and homogerneous
skew plates, this analysis vields results which closely
agree with existing values obtained by other investigutoru.

2. The maximum center deflection of the plate
increases with ah increase in skew.

3. The maximun center deflection of the plate
ihcreases with a decrease in the thickness of the core.

L. The maximum center deflection of the plate

ses with a decrease in the shear rigidity of the

%]

incre
core.
5. The deviation of the non-linear rcsults
from the linear theory becomes more pronounced as the
shear rigidity of core decreases.
6. The large deflection of sandwich plate

becomes increasingly linear as the thickness of core

decreasecs.
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Hem Ma= E/(1-y%

T
o
1}

(l-))ﬁ)/(Eij) My, = E/(hh)’)
Fi, = (2Hg + Hy o) o

Flo = Hyescy e/u,>\2

Fia =2 Hpola csek 9/-4/\

Fipg = =4 G2

Fls=—(ZHq\)+ Hb} C.O'to(G/J

AF}6= ( 2 HaV + Hb) CsC & e/w\

Fir= -2Gy, G/A—g
Fie= —(Hg+ HgV ot + H};@Jﬁzﬁ‘o e/‘Lz/,J—Es—

Fiqg = 2 (Hay +Hp) cote eseo 6/15\/,5 |



FHO: ~( Haq \) + Hb) Cse /fe N //Jg

5“3‘- (ZHO! (O'tzo(+ Hb)}l\e
S, = 2 Hg s’ [N
SIS = "‘Ll" Hq Colx CSCO(/U.G)-\

514: -4 qu

B B R L B B R P e e T R e P e

Sis = ‘(2Ha\) + Hyp) Coto(/ug
Sie = (2Ha9+ Hp) éscq/uex
\517 = 2 G'Zz Col e e//\['g

S,gz - ZquCSCme/\/B

S :(‘Hqu'tso\’ + Hg otV + Hb@td)/uze/,ﬁ;

S~ - Ha CSC%(/JZQ N2ES




5“": = (3Hg ese oty R Haosed Vo H;,csac()/u"'éx/ll-"s
T, = ,2/@—/*/9 ¥ ,z,rgju)@t?/o 1243 He cotzq/e
T,= -8 - B st [0 - 16 pY cotfo - 16 He e’y fe
Ty = e oo - el 125 Hop ot
Tu = 12,5 pesco [ 6
T = 3QE/LL>\<@‘{?& csee [6 12403 y cscv<>\/9

| +12.83 HCIAKALSGO’\/G
Tie= ~ 3643 o A csc o <ﬁt°</9
T = - 8/42Qsc“O< >\4/e
T(Es = 32/«,LZ>\<;ot3<>< CSCO(/Q + 32/\A2>’>\ Goled CSCO&/G

+ 32 Hc/fx Cotel CW“/e




T\c; =~ 48 pA ot 68&/0 - lé)/j)) e )‘2/9
- 16 Ho ' escs N
The = BZ/AZAS Cot o csc3<></9
T = —zq,ﬁ;/.& V eolof coc >\/G - 24,03 \"h_}“‘)\ COJW\C“"(/G
T = 1273 ))/J._.}\zcsczo(/g T 1243 HC/\L )\1<_sc?'o</9
- Tz = 12 Hd Ggz 7 12 H Gy ot
Toe = 245 Hd Gz / 6
Tis = 12 Hg Gpa A" ese’
T e = =24 Hy G’lz A olopcsc

T“T = 244 Hd C’Ir[z Colo| o

Gu



Tus = 2443 Hy G, X eseet [ 0
Fo = 2 % Hecot™

Foo, = Hc_)\zcsczcx

Faz = = 2 H A Gt cse

qu = = (v+ 3)) CotX

-

Fas = (V) X csey

]

-2 Csc20<

Fac

Faq = - He N esc’x

Il

Fag = (3-Y)X cotet csex
qu = (H‘))) A Coto(CS(o(

Faio = ~ H A csc'x

91



Bstsaline Pebs Forishetnoh raess: it

S, = 2Cot e+ He

2 2
2N ¢ X

wn
i

523 = — 4 coloe{ CseX
S,e = ~(177) &t
S, = (1+Q)Z\C$c0’\

Spp = oty =2 Lt

wn
it
(f

2 Aot <.sc20<

S, = —hAcetxeses + (1+V)X 5

52‘3 =. - 2>\C,ot2(>< seef = A eseX Hc.
3 3

8210-": -2 2 s

51” = 4—7\2C0t(>,\ CSCOQ




Tay = 2V8 L

T3¢ = —206XY Cse
Tas = - V0 oty

Tae = 2>\\)G.Coto{csco’\
Tar = — Ve X esc’
Tag = 20 Ot

Taq = 28X oty Coc’y

Tae= ~46 X ot Csc '

Tay = —2 62 cscicot ™




Ts‘zt: -2 G,\zcsc%\
Ten= 40 2 esci Cot &
LA
Taxq_ = -0 Col D\/
2
Tas = =0 N oot coc’
3
Taie = 2 @A ot ese
3
Tar = 26A Cot’ex Coc
3. 3
Tiig = 28N Gl cse’™
2 2
Ta9 = =4 6 X ot cse
2
T356 = — 8 A ese’w ot
4 4
Taay = —8 A ¢

e 3
T3z = 26N wixesc

20



_ i 2
Tazawwzyemtq
Tsza = -2 VoA csc
Taas= 4 V0 & cock

2
T326 = — V8 L

Tsaq = =V @ esc

: T328 = ZK\)Q N IIR

T329 = =28 H, Wt

Tize = 20 H A Gt cse

Tsal = 20 H¢ A Ltk csce

2
AN

Taaa = =28 X Hc csc




Taaq.‘: — 26 He n wsee

Tas = -26 HLC,otz(x

Tine = 20 H AGEX cocet
Tz = 28 H N s ol
Tasg = —-26 H, A es e
4>\ =T Tal = T323 = Taao
= T T,

o

¢, = = Tas = Tos ~ Tan

I

q)ék _-T34 - T333

-G
%]
Il

- Tz(o = T~ Tasq

P = -Tar = T2

35 Taw = T%lé - Taas
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<I>\0 = = Ta3

D, = ~Ts2s




43 = — Taa5 = T330
qj\q = - Tss

P,e = ~ T332

PART 11

FIRST ORDEZR APPROXINATION

(2F,-48Fe-6Fe-8F ) B, ~ 8F,, C,
+ 24 F\B D‘ - 4‘Fno Fl + (—-QFU——ZFIZ_ Z‘FB + Fl“r)AQ

¥ 6F1:B,_ + ZFl'zcz _2F16A3 + ZF‘G B‘}

= 4F - 24Fis - 12F 9 -16F o (1st. 1)

(-8Fn 7120F g+ 40F 9+ 32F ;o) By = &F,, C,
+(4F =240 Fig =20 Fig =16 F,,) D, = 16 Fiuo F,

t(2F " Fuut4Fi) A, + (=20F, - 2F, -4 Fiat Fie) B,
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O
Na!

*2E12 C2 T 2OFI\DZ + Z.FIZFZ “4F\é53"“4}:\6 Dj

= —4—}:'7 + 20 Fl() + ,6FHO (1st 2)

(=4F7+ 9bFig + 36T 9+ 24F, ) B,

t (=0 F;t 24 Fg+ 36 Fg+ 96F0) €

—~ 48 Fg D - 48 fI‘OE, + (2]:”— 48F o ~ 18 Fi9 =48 FLo)F,
t (6F) + OF3-Fia)A, - 6Fy B, + (-6F,-12F,-6F, +Fa) G,
+12F.E, * 6F,F; f(éﬁs *GFie) Ayt (-6Pis - 6 Fig) 5,

~ GFieCy t GFi6Fy= ~8Ft 48F e + 12 Fyy t 485,

(st 3)

(6}:17 —42F - 24“}:110) B, + (<12 Fj7 +336F o+ 84 F\9T4‘8F!'0)D1

T12 Fho Fy (ZFIZ + 6 s - F\&)Bz
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+<“'4'2Fu - 2F 2~ 6F); fFl‘f) D2 -2 Fi2 Fz + Zlegca

~6FieD; - 2FsE, - 2FsF, =0 (Lot 4]

(2F7-48Fig-30F,5)B, + (8F, - 48F-120F,
~120Fe) €, + 24 Fg D+ (-4 Fp+24F, v 60F 9

+ 240 FL ) E v (-4F + 96F 1 + GOFio+ GO F)F,
+(1oFs+ 6Fy =Fia) Cpt (-6 F, - 30F,~ [0F,,
+Fy)E, - 6 F, F_Q - 6Fis Ay v 6Fs B,
+(GFRs*t10F()Cs = 10FI6E, + (-¢Fis - 10 Fis) Fg{

= 4‘F|7-— 24 Fia - 60 F\9_ (lst 5

( f@ FIT - 240 Fxg - 240 Fl? - 96 F||o) Bl

|
i
|
{
|
|
|
|




101

+(4F - 60F9 =96 Fuo) ¢, + (-8F,, + 480 Fig +120 Fio
+48F0) D + 48 F o E + (-8F. + [20F g+ ;2@ Flo
192 Fpo) B+ (=12F s Fig) Ay + (20F,+12F5 -F ) B,
+{12F, 7 12F;3 -Fue) C, = 20Fu D, — 12 F E,
+(20F, = 12F 3+ Fu = 12F,)F, + ( 20F+ 1256)133
+(-20 Fis — 12(—‘,;,) D, - 12 F ¢ Fs

(st 6)
= 8F,7 - 120 F o "48F||o

(~és'°3’ -8 5!!)) B, + ( 2 S,g"’ 48 Sie ~ 8511\“'65”23 Cl

+ 24 Sl|o 1 * 4‘ S“,Fl + (—2515—‘ Zslé)Az* l Slé: C2

+(“2S““ 65\2"25;3'1“ S‘4> A?, T2 SHB% + 6 S;zca




= 517 + 4‘6\8 - }2 Sl? - 24 Suo - lé SH! - ‘25\12
(1st 7)

(125,+85)B 1(-5,- 85,3+ 125,50+ 1205, 7325,
1 405,.)C +(4S,-2405,,-165,,-205,,) €,

+ (6Si5= 165 ) F + 255 Ayt (=25, <45,,) c,
t 45, F, + (2*8[#4-5[3" Sig) As - 295, B,

+(~25,~20S,-4S5545.) ¢y +205,E, t25 F,

= - 2517 ‘45\8 1 24 5‘9 + ‘6 S\\\ ‘f‘ZO SHZ

("‘35\7 - 45@ T 120 Si9 + 24 S0t 3651(238,
+ ("4 Sla+ 96 SHQ+ 24 S\“ * 365“23 G + (—60 819——4851\1) D,
- 48 SnoEl + (25)3-‘48&:0 "485m “{85112> F

o (12515 + éSlg)Az t (]25)5 _65)6> BZ - Q’S\G C?_

(1st &)
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+ QS\(—) FZ’ + <é) S)z + (O'Sl—:‘: _5,4_) A3 + (')25” “C‘)S

12,

S5t S1)By - 65,C,+12 8, D, t 65, F;

= -6 Sn ~ 88,8 + 608‘9 + 48 Sno"r 48 Sm + 72 Snz

(1st ©)

"6519 B; + <25|7+ 6518 ‘24‘S|9‘ 2451\\_425112>C|
+ (-8, ~12 S18t1255+ 3368, 4485, + 845, ,)E,
+<|.2 Sy, + 125,9>F, + 28 Co+ (295 -6Si6) D,

+ <2S|| + és:% - 514) Cy + (’25,,“42812—6513+$)4> E?, '

- 25” F3 = ‘Sl'l - 12 S\g (st 10)

( IOS,-, t 85\8 *2!0.5,9 = 485\10 120 Sy, - 12051|2> Ba

+ (25,48 5107 30S12) C, 4 (-55,-4Ss + 240 Ss



104,

T 245,07 2405, + 05,0 D + 24 8,6 E,
+ (~4 Sigt 965,,+ 60S,, % 6O 5“2> =
+ (30S5 110960 B, + (-30S,5-10516) D,
~ 108 Fy+ (65211083 -54) By
+(-305,-6S2-1053+34)Ds ~ &S12Fs

-

= 5F; 7 4S5 -245,0 -60S2 (1st 11)

(68 +4S;- 965,60 Si2) B+ (65174165,
~605,4-240 Sy — 96 Syt 240 SHZ)CJ(JQO Sig +48S,,) D,
+(~8Sig+ 48050 1 485, + 1205, E,

+ <~3 5,7'— 8515 1120S,,6 71925, + 120 S,,,) F,

- 12 515 Az'f' 12 5\5 B?_‘*‘ (\2S‘S-f |2516>C2" IQS;GD?_




+ (“\2 515" 12 Sle} F—;_ + (""\2 S‘;; + Sl"r) A3 + (\2 S” T2 S\?,
TS By + (2082 128,-Su0¢, 125, b,
"QOS,QE:S*' ("128\,“205‘2‘}28)3+S(4> F3

= [25;+ 85 - 120 Sig — 489S " 1205, (1st 12)

a:+ (48T ~6Tia—8Ti9 +2T,,=)‘B, +(-48 T =8 T
"CTio *2Tus) €y + 24 Tp D+ 24 T + 4o F
+ (6T = 2T = 2T+ Ta) A+ 6Tu B, 4 2Ty €y
+ (“(0 Tia =2Tis = 2T+ Tus ) Ag + 2TisBy + 67,4 Cs

=-24T2-24Tp “IZTl&—’éTlQ“lle\o+4’T!!3+4Tlns+Tl\é

(1st 12)
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(360Ti2* 24 T19=3Tie 120 Tig + 96 Tug 436 Tuo= 24Ty - 47,) B,
+( 96T 24 Tig + 36Tuo=4Tns) ¢, + (-T20 T~ 6o Tja ~48Tig+12T 30 D,
~ 4B T E v (=48Ty-48Ti9~ 18T+ 2Tus) Fr (‘271*1'“ 6Tia" ET"‘"OAZ
4 <~(,OT“ 12T\ - 6T, t3 The) B?;~(OT“2 C,+ 60T, D, 6Tz Fa
+ (6T +6Tie~ Tug) Azt (=T - 12 Ty5 - 6T, ¢ Tue) B, = CTiy C'a

T2 TsDy v 6T Fy = 48 Tigx60Tig + 48 T)5 + 72 T)i0

— 12T~ 8 Tus - 6Tug (st 14)

(9T 2+ 36Tist24Tig~4Ty) 8, + (24 Tzt 3607114 36 Tie
+96Ti9 T120T o ~ T Tuz = 24 Tus =3Ty0) ¢, -~ 48 T2 D,
+ <—72O Tl'{ “481'(9 ~60 Ttz T“5> El+("48T’2— 18 Tyg - 48_]-‘9“

+ 2 Tns>F, + ((’Tl\+éT|\l“Tlléi-> A,-GTu B,




+ (‘(QTH - GTH\‘ [?'TH?. *-Tlll»-) Cz* 12 Tnz E2+ & T\IF2
+(6Tiz+6Tis +12 Tie =Tu7=3Tne) Azt (=675~ 6Tis) B,
+ C"‘ 60T|4’“6T15 -12 Tlé"?’T\lS)(;'*' GOTM_ B + éTls F?,

2

= 48 TIZ + (2 Tls T 48 Tl‘} + 6OTno' 8TH3 "lZTHS -‘[DTH[)

(1st 15)

(48T, - zon,g—(_zom—‘on“o*goT“%JrgT”ST}oT,.é)Bl
+(=48T17 =30 Ti0+ 2T,0) C ( légoan_l} T+ 420The

+ 240 Tig t+ Go TIIO‘QO.TI)a -40Tus ‘STU6> D,
+ (24T,7+ GOTo)E, + (96Ti7+60T 0 + 60 Tio~ 4 Tus) F\
+( 30Ty + (0T, 2 - 5Tug) B+ (*7-‘0 Tn=30T = 10T 2+ 5 Tia) B,
T 10T+ (6Tist 10T = Tug) B, + (—6Tl4~30T‘5~lOT:e*—TI.Q%

“eTy R = ~24T 1 ~¢oT ot 4Tus + % Tue (st 16)




=

(-48T2~30Tis+ 2Tuz) B, + (48T, ~ 120 Tig - 120 Tig
“210The + 230 Tus+ 10 Tie + 8 Tia) C, + 24T, D,
T(24T12t1680 T +60 Tigt 240 T )9 420 Tjg ~4- T3
~60Tus =5 Tug) B + (96Ti2+60Tig+60Ti9-4Tuz)F,
+ ((oTH - lo T\n"— 20T 2+ Tua)c, + ("(’JTH =10 T,
~30Tuz T Tua)Ba= GTu Py £ (~6Tis+ Tut) Ay

+ 6T3 B, + (@T,; T10Tis t30T =~ Tip-5Tug) Cs
+(-2lo Tia=10T 5 -20 T + 5 The)Es +<~éT,3— 10T 5)F3

—

= 24—T\2”60 T\g +4'T\\">+\—D—T\\(a (

j—
m
ct
}_l
~1
S

(_ 20T, -T20Tg ~ 288 Tige =80T o148 Tzt 12Tus

' + l8T|K(¢> B\ T (~720T17 - IgOTIS - 288Ti9 ~ 720 T\lO :
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T 12T Y48 Tus v 18 Tug) €+ (1440 T2+ 360T g
T 14 Ti9 =24 Tuz) Dy + (144 Tig * 360 T~ 24 Tyis
+ 1440 Ti7) E, +(260 T2+ 360T 11 + 360 T, + 575 Tio
T 360 Tio =24 Tz =24 Tus = O Tue) F + (=36 T,
+ 3T A, + (6o Tw*r36Thn-3T40 B, +(36Tm

+ 36 Tiz = 3Tya ) Cy - 6oT, D, - 36T E,

+ (=60 T\, =36 T, - 36Tu2+3Tna) Fa

+(~36Tig+3Tq+ 3 Tug) A+ (60T, +36 T )5+ BQT‘;
=3 Th7 = 3Tig) By + (60T, +36Tie-3Tug) Cy

+ (-60T13- 36 Tis)D; - 60T 4By + (-60Tia= 36T 5
- 36Tiet3Tug) Fy = =360T s - 144 T\ - 360 Tho

24 T3t 24 Ths * 36 The (1st 18)




SECOND ORDER APPROMIVATION:

(“‘61:2|‘ 2F22”2F23> /’\4 T (Of:zl Bf% * 2F22 Cé} - 2F25A5
+ ZFZS BS = fae SA;SDI + Fz"( SAISEJ + F28 SAI SCT,

T F29 SB\ 5D\ + leo SB\ SC\'\ (2nd 1)

2F22A4+ ("20F21*2F22‘4F23) 84-“2]:22 Céj T 2F,, g

-4 Fzs Bs + AFFZSDS = F26<S/'\1SDZ+ SA':S SDI)

+ Fag (SA, SE, + SA,SE) +Fog (SA SG,+ SAsSG.)

+Fpo(SB,SD, TSB,SD,) + Fayo (SB,SG, + SB5SG)

(2n'd 2)
(6F + 0 Faz) Ag = 6 Fy Byt (-6 B~ 12 F2a=6F,3) Cs
+ 12 FoaFg+ 6Fa o+ (6Fas +GFae) Agt (-6Fa5~6F2a) By
~ GFy5Ce + ©Fas Fy = Fop (SA,SD,+ SA;SD, £ SA_SD))

T F—27 ( SAlSES + 5A35E2 + SA'( SEI)

110
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*Faa (SAI SGs +5A,SG,+ SA 75G‘>
+Fag( SB SDy+ SB,SD, + SB,SD)

+ Faro (SB,8G .+ SB, SG,+ SB.SG)) (2n¢ )

% (21:22"*'6F23>B¢+("4‘2F2]"2F22"6F2%)D4—

- 2F,, Fy — GFas Ds = [ (SA, SDg+ SA3SD,+ SALSD)

LR T e LR S s s
s e R b L N e

+ Fpq (SR SE5 + SALSE, + SALSE))
+ Fag (SA{SG,+ SASG,+ 5456 )

+ Fag (SB, SD; + SB,SD, + SB.SD)

(Zpd /;,)

+ Fa10 (5B,SGs + SB;SG, + SB,SG,)

(loFes + ©Fy)) Cq v (F6Fy ~30F~ 10F)Es
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6 Ry Fy + 6 o4 Bs+ CGFaqt 10 Fg) Cs = 1o Fag Es

+ (“6Faq " 10Fa5) Fs = Fu (SR 5D+ SA, 8D, + SALSD,
+ SR SDy + SAg SD) + Foy (SA SE, + SALSE
+ SALSE, + SAg SE, + SA95E‘) + Fag(SA‘SGC,
+ SR, SG, T SALSG4 + SAESG, + SAeSG,)

+ o (SB, SD, + SB,SD, + SB,SD, + SB,SD, + 5B, 5D,

+Fy10 (8,5, + SB,SG, + SB, S, + SBeSGy+ 58, 5G)
(2nd 5)

~12Fa3 Ayt (206, 112 Fp3) By + (12F,, 7 12 Fas) Cu
—-20 Fm Dg — s Fzz E4 + <~20F2\“]2F25“§2F22>F4.

+ (20F24 112 F,5) Bg + (20 TF04 =12 Fas) Ds - 12F25 Fs

= ¥,y (5/;\3{)9 T SA,SDg + SA,SD; + SAsSD,
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TOALED, T AL SD, ) + oy (SA 8B4 + SA,SEg
+ SAgSE; + SAGSE, + SACSE, + SALSE))
A+ FZB(SAlSC{g+ SA,5Gg+ SA;SG, + SA5SG 4
+ SAgSG, + SA, 56 ) + Fag (SB,3Dy + SB_ 5D,
+ SB3SDy + SB;SD, + SB(SD, + SB, 8D, )

+Falo (SBlSCW +6B,5G g1 OB, SG, + SBsSG 4

+ SBgSG, + SB, SG,) (2nd 6)

(*2524 ~2525)Rat 252504+ (~252\ "6522—2523>A5
+25,B, v 65,,C5 = S, SA,SD, + 527 SA, SE, —5283[\25@\

+ 529 SB?.SD) * Szlo SBZSEI * SZ“SBZSG‘ (2na 7)




28, A v (-25,,-485,5)Ca + 45,4 Ei+(2S,,74S,.) A,
~ 28, B v (-25,-208,, - 452.,jc5; 20S,,E57 28, Fs
= S, (SASD; + S, 8D ) + S, (SA,SE, + SASE,)
+ 5. (51,56, * SASG) + S,5(SB,SD, * SBSD))

+S,0( SB,SE5 + SBSE )+ S, (38,56, + SB,SG )

-

(2nd §)

(12 Spe+ 6S:e) Ryt (-128,, - coszsygér- 6S,cCat 65,5Fs
+ (652276523)/3\5+(~1252‘~6522"65233 By~ 6S22C,
+128, D5+ 65, ; = S,.(SASD, + SASD + SALSD)

+ S, (SPSE +SA,SE, + SAsSE,) + S,p( SASG
+SASG, + SAGSG,) T S,y (SB SD4 + SB,SD, + SB,SD,)

¥ Szm(SB: SE4 T SB2SEZ1'— SBSSEI)
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ﬂ-'Szls (SBI SCT&; 5B, 5G, + SBLSG ) (2na 9)

2574Ca+ (28,4 - 6S45)E v (25, + ©5:,)Cs
+ (~2S5 ~ 428, ~65,,) Eg ~ 2S5 Fs
= 526 (8A,8D, + SALSD; + SAgSD) + Sp1(5A,SE,
+ SA4SEy + SAGSE) + 5, (SA,SGet SA,SG, + $A,SG))
'+ S,5(5B,5D, +SB,SD, + 8B, SD,) + Sy (SB,SE,+SB,SE,

+ SEgSE) 4+ S, (SB SG,+SB,SG,+ SBeSG,)  (2nd 10)

(308, 10S,5) B+ 63,,Cy ¥ (=308,,-1083,5) Dy
~108,6Fs * (695,7108,,) B+ (~3082'*6822~l0523) D,

= 635,Fs = 5,,(5A,3Dg + SA,SD, + S4,5D, » SA;SD,
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+SA SD)+ S, (SASEg+ SA,SE, + SALSE, + SAGSE,

+ SA | SE)) + S5(SA,SGy T SA,SG+ SA,SG, + SAsSG,

+ SA,5G ) + Sy0(SB SDy + SB,SD; + SB,SD, T SB4SD,
+ SBSDY T S, SB SEy+ SB,SEg + SB,SE, 4 SBySE,
+ 8B, SE) + S, (8B,SG, + SB,SG, + SB,SG, +5B .G,

+ SB,, SCTn) (2nd 11)

—12S,, A+ 12 S24B4 + (12524+ 125,5)Cq ~12S,,E,
T(’12524“"252&?4"'2523/“\5*('2521”2523355.5
+ (20 S,, 7125,5) C5-125,Dg ~208,,E5 + (-12S,,
~20S,,-128,3)Fg = S,,(SA, 3D, + SA, 5Dy 4+ SA,SD,

-+ SASSD?, 1 SA{DSD4 + SAHSDI>
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55, (5A, S, + SA, SRy 1 SALSE, + SA,SE, + SALSE, + A SE)
+ Szg(SAISG(7 + SA,5Gg * SASG, » SAGSG 5+ SA4SG, + SASG)
+ S,,(S8,SD; + SB,SD, + SB,SD, 4 SB_SD +SBESD, + $B,SD)

+ Sy ($B,SE, + SB, SEq ¥ SB,SE, + SBSSE, + SB,SE, + SB, 5E,)

+ 511 (SB,5G, + 5B, 5Crq 7 SB4SGry + $B55G, + SB,SGr, + S8, 5G,)

(Prid 12)

-

TLRi‘s DEFINED FOR SECOND APPROXIFATION:

SA,:"4'+ 2B, SA5=6“’5B\
SA,= 1 SAL = 8-4R,-4C v 2],
SA, = 47‘86$+4D| SA-{:@B\-‘ZD\

SA4:2“C| SAg:“l*ZC\"Ex



Sho=-4 +2B,+8C, -4 E -~ 4F,

SA,="12* 6B+ 6C, - 3F,

SAI\ = =12+ 68"" CJCI'-ng

SAL,= -8+16B,+4C,-8D ~8F,

Nls) =~ .
SBz = ~4 +2C\
SB3= Z—B,

SB4= 4’“8C)+4E]

355 = 8‘“45\"4‘C[+2F\
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22 p T

Ry L S AT P it AT S tE Psrtinoy o

o
L

5D,

SBg = &C, -12E,

SBy=~-5+10C, ~5E,

SB,= 4" 8B, +2C, - 4D~ 4F,
SB, = -8+ 4B, +16C - 8E,~8F,

-

I

-4+ 2B,

Il

SDZ ‘2 ‘24511.}21)‘

1]

SDS 8“4—51-4-(:‘1*2]:'
SD4 = 12 -~ 6B,
SDs = 30 B, - 60D,

SD@: "4"\‘ 2B| 1 8(:1 - 4E' __AH:_I




SDy = ~24 + 12 B, t12C, ~ GF,

obg = ~20+40DB,~-20D,

SDg = ~24 + 48 B, +12C,- 24 D, - 24 F,
SE, = -4+,

SE, = 8-4R,-4C,+2F,

-

5E3 = |2 -24C, +12E,

n

m
KS

I

12~ 6C,
SEg =~f}- +8B,+2C,-4D,- 4F,
SE¢ = 30¢, - 60E,

SE; = -20 + 40C, - 20E,

SEg = -24 + 1|2 B'-\- )2C1—6Fl

120

= |




SEg= -24+12 B +48C,~24 E, ~24F,

SG, = -
SGZ: Q"SB\
SCJ’%: - 3C,

SGy=16-8B,-8C +4F,
SGe=-5+]0B,-5D,
SGe=-5+10C,-5E,

SG4 = -6 + 8B,+32ci—\6E,—16F\

SGg=-16+32B, 1+ 8C, -16D,- 16 F,

SGo = =36+ 18B, +18C,-9F,




THIRD Ot APPROZIFATION

(2F17~ QSFIS ~(7F~l‘3~ 8}:110) BG- SFHOCG + 24 F‘,g D(,
v 4 Fuofe + (-6F -2Fn 2P+ Fiy) Ar+ 6, B,

+2F,,C - 2Fl6A6-+ 2FiBg=0 (3rd 1)

(_g]:l7+ 120 F|8+ 4"0 F19+32 F“o> Bé"‘ 8}:”0(:6
+(4F,7~24o Fig~20F-16 Fiio)Dy =16 FioFe
+ (2F42‘F14+-4F,3>A7+ (~2°F|n-2F,z—4F[3+F.4)B7

= 2F,C + 20F D, ~ 4 Fip By + 4FyDy = o (3rd 2)



oy
o
i

(4 Fq* 6Fig v 36F g+ 24.F,0) Bo (~4F* 24 Fg v 36F 4
+ 96Fno)Ce = 48F1e Dy —4BF16 B+ (2F7 - 48Fig
~18 Fjs ~ 48 F o) Fo + (GF | 7 GF 3~ Fis) Ay -6 Fy By
+ (=6F,, = 12F = 6F 3 +Fiu) Cq t 12 Fia B4 % 6F [y
+ (GFs+ 6Fe) Ag + (m6F s —6F,) Bg~6FisCq

-

+ GFiFe = © (3rd 3)

( GFr[ -42F9-24 F'\\o) Béf <-’2F|7* 336F|8+ 84 Fl?
+ 48 F0) Dy + 12 FyoFo + (2F+ 6Fs ~Fis) By
t (~42F, = 2Fip-GF 5+ Fiy) Dy - 2FeF7 + 2 Fis Cg

- Q)Fl(o Dg ~ ZF)gEg - ZFISFS = O
(3rd L)

CRREINT ]




( 2 F('].“ 48 rlg - 301:[()3 Bﬁq + (8‘21-1"48 F\g -120 Fl‘}

120 F0) Cpt 24 Fig Dot (- 4Fjgt24F g+ é’OFtC)T 240, By

+ (*4- Fi7 + 96 Fig + 6O gt 60 0) Fg + ( lOF 3 +6F, — Fi4) Cq

+ C"(QFH - 30 Fiz ~ 105+ Fig ) B —-GFy F7 . GF\S Ag
+ QDF\S 88 + CGFIST }OF‘[(,) Cg - \OF‘|6E8+ <-—6F\5

—loF,)Fg =0 (2rd 5)

Cl6 F',-{“24O Fig — 240F:9‘9(7Fno3 B(, '
+ (.41:17 = b0 F|9 -96 Fllo) Cé’f' (—8F17+ 4’80’:‘3 leOF‘lq
+ 48F 00D, + 48F Eo + (~8F,,+ 120 F g + 120 F1g

T 192 R ) Fe+ (F12F 5 Fiad A+ (20F,,




ame s
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+12F 3 - Flad) By (12F 2T 12F 5 ~Fa) Cq
"‘ZOFH D7 - &2F12E7 T (20]:!‘ ~12F‘1:‘_’> 1—}:‘4‘

- "ZFi2>F2 + (20F|5Jr ‘2F16> Bg

+ (—20F 5 —12F ) Dg ~12Fi1cFg = 0
{(3rd 6)

(—-65\9*85\\, DB+ (2815~ 48 S0~ 8 Sini—6S52) Ce
24 SioBy + 4S5, Fe v (-2515 =2 S1) Ay

T 25\6 C7 + ("‘25”"‘65|2~ 25\3* S)4.>/3r8+23”?>5

+ 6 S,Cg =0 (3rd 7)




126

(12515 + 85,)) B+ (=317 -85 712 S 120 S0+ 32 S,
+405,,)C + (45‘@—2405“046 S, —208,,)E,
+ <_ 6Si6 =165, )Fe + 2Si5A7+ (=255 -45,,) C4

T 4S,E 1 (25,44 53-S1,) Ag — 25, By

* <—28H ~ZOS|2_4S|3+ 514) CB T 20 S‘ZEg’*‘ 2. S” FS = O

(;35‘7 ~ 48,51 12085 + 248, 96 S t3638,,) Be
+(~45,5+ 965,724 S, +36S ) C, * (-60S,5-48S,,)Dy
- 48 S110Eq N (25,5 -48S516-48S -1852) Fg
* ( 1255 +¢S@ At (12S5=6S14) B.-6516Cq+ 65, F,
+(6S,,+ 655 =S14) Ag (125, 6515~ 6 S +S15) Bg

f"'é Sl?_cg + 12 S“Dg"f‘ C:»Sl?_}:g = 0

(3rd )




- Q)S)cj BG -+ ( ZS|7 +65\8 ~24‘Slk)~ Z/I'S\\l“4'2 SH'I.) C6
+(-S7-128 57123, 3368,,,+ 485,184 5,12) B,

(125w t12S9) Fe + 25,507+ (25,5~ 6Si) b,

+ (ZS,, + (95.3" 5!4) CS + <“25n ”4‘2512"65131'5\4)\:—8

S

o>

- 250 Fe= 0 (3rd 10)

-

(155,7 + 85,5210 81 =48 S,5= 12057120 S,,2) 8,
+ (28,5 -485,,-308u) (¢ ¥ (-5S7- 4515724054
+24 5,0t 240 Sy + 60 Sue) By + 245 0E0 + (<456
+ 96 Siio %éos,u* _éOS.Q) Fo + (30Si5 + [0Se) B

+ (30515 =105, Dy ~10S, Fy + (65,4 10513’31@8‘)

R A TS S YT 0 Y0 0
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+<"‘BOS”“C¢.S|2"|OS;3* SFQD‘E‘V GS'2F9 = ©

(3rd 11)

(0S5t 4Sie=96Su-60S ) By, T(6S;116S53-60S9
=240510 = 96 Syt 2405,,)Ce + (1205, +48S,,,) P,
+<—88m+4805M+485”ﬁwzo&u)Eé+(~5&7—85m
F120 5,16 +192 S, 1 120 Siza) Fo = 12515 A+ 12 5,5 B,
+ (125l5 T1251)Cq =125, Dy ("125)5~ 12S1e) E,
-&@ﬂZSB+SM)A8+(ﬂ25”+1283—5m)58
(209, +1283-514) Cg = 12 S, D5~2o Si2Es

+ <—)ZSH"'.QOSIZ_ i2 Sl?)'f‘ S‘4>F8 =0
(3rd 12)

(33 + ("’ 48 Tl?—_ éT\g"‘ 8T{<}+ 2—\—‘1’5) B(o 1 ("4‘8TIT"8T1

9

~ 6T 2TH5> Cot 24T12D, + 24 T1EB, + 4 TioFe
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+(_ 6T, -2Th, = 2T * Tug) Ay + 67T, B, v2 T, C,
+(-6Tis"2Tis =2 Tie* Tue) Ag+ 275 Bg + ©T,Cq

= PTDTR + &, TG, TP + Py TG, TA,+ P10 TG, TR,

i + 45;7TD,T®1 + P T TR, (3rd 13)

E (360 T2+ 20Ti7 =3 T +120Tig 96 Tiq+ 36T, o= 24 Tis~4 Tus) B

M CQéTW*Z‘/T'TH““%THO“‘LTNS)CG*“ (=720 T12=60Tig- 43T

+12T,3) D, - 48 TirEe + (<48 Tir = 48Tis ~18Tho +2 Tus) Fe.
+ (12T, + 6Tz -3Tha) R+ (-@oT,p!ZT”,—éTHZ+3T“‘Q. B.
~ 6Tz Cq +',G>OT,, D, + T\, Fy +(6T\4+6T16—TH8> Ag

+ (-6Tiy = 12Tis - €Tt Tug) B~ 6 TiaCg * 12 TisDg




T 6T, Fe = P, (TO, TP, +T;>2TPI) + ¢, (TATA,TA)D
+ Oy (TG TP+ TGTR ) + P (TA TR, TR
+ O, (TB TBTR) + Py (TG, TQ,+ TG, TR,)
O (TG, TR+ TG, TR T &y, (TA, TA, TR
+ QL (TATATR,) + $, (TA,TB, TQ)
+ %CT/;,TB,TR.D P (TB, TR, TQ)
+ (T8, T8, TR) + ¢ (Tp,7Q, + TD, TA,)

+ (T, TR, +TD, TR,) * B,y CTE; TP

+ (PZO (_TEl TRJ (BT'd lLf)

(QQTIZ-*— 36T gt 24T 9~ 4T3 B (24'{"2 +360 T,

+36Tg+ 96T9 1120 0= 4Tz =24 Tis ~3Tue) Co
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— 48T, D, + (=720 111 - 48 Tis -0 Tuo 712 Tis ) g
t(-48Tiz=18Tig = 48Tio+ 2 Tiz) Fo + (6T, + 6T = Ta) Ag
- 6TB, +(6Ty-6T =12 Tua* Tie ) Cq + 12 T2 B 16Ty Fy
+ (6T +6Tis * 12Tie~Tug = 3Tus) Ag + (-6T15- ©Tis) By
+(-60T14~CTis—-12Tie+3Tus) Cg+ 60 TiaEg

+ 6T Fs = & (TDTP +TD,TP) + P, (TA, TA,TP)

+ &5(TR TR + ¢y (TG, TR TG% TP + . (TA,TB,TP,)
+ O, (TB,TB, TR + ¢, (TR TQ,) + o (TF TR

+ &g (TG, TO,+TG,TQ) * C'P,o»( TG TR+ TG5TR, D

+ &, (1A Q‘TA?_T@, D -% ¢, (1A, TA,TR, ) + C\>13(TA3T82 T6)

+ P (TATB, TR + ¢ 5(TB,TB,TQ) + P (T5,TB,T&)

+ ¢IT(TD|TQ3+TD 3TQ|\) t CPIS(TDITR3+ TD3TQ'> (3rd 15)



b N

e Y S T R S S R T AT

(<4877 = 210 Tig =120 Tig =120 Thio 130T, + €Tus *6Tue) By
+(~48T17 =30 Tuo 12 Tus) Co + (1680 Tpp + 24 Ty + 420T g+ 240 Tig
+ 60 Tiio = 60Tz =40 Tns ~5Tue) Dot (24 Tyt 6o Tho) Eg
+(96Tir T 60 Ti9+ 60T~ 4Tus) Fo (36T, +10Tuza =5 Tus ) B,
+(=210Ty =30 Ty = 10 Tz + 5T1s) D, ~ 10T, Fq

YDy

+ (6Tt 10T =Tug) Bg + (-6Ti4-30T)s - 10 Tie+ Thsg

—eTiFe = ¢ (TO TR+ TOTR T TO5TR) + ¢,(TATA, TP,
+ 2 TATATR )+ @, (T6,TPs ¥ TG, TR, + TGsTR ) + <I>5(TA,;TB,'TP2
+ TATBS TP, + TASTB TR ) + Pe(TB TR TR, + 2 T8 TB, TP )

+ Bg (TG, TR+ T6,T@, + TGs TR + O, (TG, TRs + TG, TR,

FTGs TR+ Py (TATA TG, T 2TATASTO,) + b, (TA TA TR,



~48 712Dy + (7120 T)7= 48 Ti9= €O T 0t 12T,15) Eg + (-48 Ti2
~18T13-48Tot2Tin)Fe + (6T + 6Ty - T)W)VA? ~6Th B,
T (~6Th =6T =12 Tug + Tua) C7+ 12 Tuz B7 + 6T, B,
+ < T3+ 6Tist12Tie =Ty ~23Tug) As +<"(aT|3~CaTns> Bg
+<"éoTl4”é‘T35_ 12Tiet 3Tng)Cs + O T4 Eg + GTis Fa

-

= QUTOTR TR TP) + o (TATB,TR) + ¢4 (TB, TB,TP)
+ (TR TO)) + P, (TR TR, )+ ©9<T&,TQ3+T63TQ,>
+ §, (76,187 TG TR)) + &, (1A, TA,TQ,) + B, (TA,TA,TR))
+ O (1A, B+ T ) + &, (TAZTBZTIR,) + P (T8, TB, TQ,)

t Py (TB,TB,TR) + & (15,75 + TD, TA)) + & o TD, TR,

t TD5 TR, )




b FRTATATR ) P(TATE 10+ TA T, 10, + TA,TE, T, ) ‘
+ Py (TATB, TR+ TA T8, TR, - TASTB, TR, )+ QD\S(TB.TB,TQZ
¥ 2TB T8, TR) + ¢, (T8, TB, TR, + 2 TB, TB,TR,) \
+ ¢ (T3 705+ TD, 10, + TDsTQ) + P (TO, TR + TR TR,

+ TDsTR|> T Cb]() <TEl TP2 +TE 3TPI> i ¢20<TE,TRZ'{” TE_—_JYR,)

- (3rd 16)

(-48T2-30Tis +2Ti3) B +(-48T2-120Tis~ 120 Tig = 2(0 Tyio
T30Tus +10Tue t8Ty2) Cp + 24 T1,Dg + (24T 12+ 1680 T
+ 6oTis + 24QT\9 T420 Tho =4 Tz~ 60 Tus =5 Ty ) Ey

+ (9T 12+ 60 Tig + 6o Tio - 4Twz) Fe v (6T = 10T\, =30 Ty

"'an. >C1 + ("éTH‘ ’OTU( - 30T112 -+ T“_q_)E'? "'GTHF—I

+ ("CQT):_:)'? T|;7> /A\g + éng BS+ (éTB’f’ (OTlS + 3OT\6~—R|7




~5T,5)Ce+ (210 T 14— |oT‘5 ~30Tie T5Tug) Ea v (=67,

- 10Tis) Fg = ¢, (TR TR, + TD,TP; + TDTP) + ¢,(TA, TALTR,
T2 TR TRTPD + Po (TR TR+ TR TR + &, (TG, TR + T4, TP
1TGTR) + D (TATB, TR + TALTB, TR, + TA, TB, TR,

+ (T8, T8, TR, + 2B, T8, TR * ¢, (TF, T8, + TF,TQ,)

+ PCTR TR, + TRy TR;J P (TG TQ+ TG TR+ TG TR,

t P (TE TR+ TG3 TR + TG TR + B, (TA,TA, TQ+ 2 A, TA, TG,
+ P (TALTA TRy + 2TATA, TR + 95 (TA, TB, TR, + TA(fTBZTQ"
+TA,TBLTR) + Py (TA, TR, TR+ TA, TB, TR, B, TB, TR,

+ P (TR TB, Ty + 278, TB4 TR, + ¢, (7B, TB, TR,

+ 2TB TB4TR, ) + P, (TP, T&(,’r_TD3T623 1 The T8, )

ot q>|g CTD\ TQ(; *TD;TRs *TDCA,TQD (3rd 17)
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(=T720T\2-720T g =283 Ti9g = 180 T} ,ot 48 T3 12 Tyis + 18 The) By,
+ (__720 Tl7 - |8OT18-—-ZS’8 T(9 -720 Tuo'f‘ 12 Tll%ﬁ 4'8TH5 * ‘8T“65C(=

t (18440T 5 +360T g+ 144 Tio-24 Ti3) Dy + (144 Tio + 260 Thio

=24 Ty5 +1440T172) By + (360 T+ 360T7 + 360Tig + 516 Tyq
+360Tio =24 Tyz =24 Tus = FITug) Fe v (-6 Tu+3Tue) Aq
+(6oT, + 36T, —-ST,‘Q_) B+ (36 T'm-r 36 Tuz "2 Tha ) Cq
"0 Ty - 36 T, B+ (0T, - 36T =36 Tuat 3 Tug) Fr
v (-36T\ + 3T, 13 Tug)Agt (60 T\s + 38 Tist 36T~ B‘Tu—'(
-3T8) 88. + (60Tt 36Tie~3Tng) Cg + (6o Tia- 36Ti5) Dy

~60TigEg+ (60T 4-36Ti5-36Tig+3Tug)Fg

=% (TD‘ TP‘) 1D, TP+ TD; TR, + TD4TP4 TTDg TP
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+¢2(TA(TA‘TP3 T T/'\lT/'\’z’rP/;. i -‘l-‘t\lT/'\éTR + FA 2TA|TPA}.

i
OO RSP L SRRt

T TATAL TR, + TALTASTR + TAsTALTR + TAGTA, TP,

* G (TR TR + TRaTPy + TR TP) + ¢4 (TG, TP+ TG TP,
*TG3TP2+ TGa TPyt Tao TP + G5 (TR, TB T8+ TA, T, TP,
T Th TBTR + TA,TRTR + TAL T TP, + TA, TB, TP, + TA,TB: TR,

-

T Thg TB, TR + TA, T8, TR) + &, (TR T8 TR, + TB TR, TR,

+ TB\TB(,TP, +TB ZTB1TP¢+ + TBzTBZTPz T TBZTBSTR +TBSTA2TP\

" TBGT8,T8,) + &, ( TR TQ.3 TR T0, * TRTQ) + ¢ (TF T8,

+ TR TRy + TR TR )+ P (TG TQg+ TG, TR+ TG, T®,
T TGeTRy + TGoTR) + & (TG, TRy + TG, TR, + TG5 TR,
FTG4TRe T Tao TR T P (TATA TR, + TATA T4

F TATACTR, + TALTA, TQ, + TA, TALTA, + TA,TASTQ, |
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+ TAgTALTO, + TALTA,TQ) + Do (TATA TR, + TA TA, TR,
TTATACTR, + TALTA TRy + TA,TA, TR, + TA, TA5 TR,

+ T/-\s;F/}raTR. TTALTATR )+ Gy (TA TR, TG, + TR, T8 TQ,
+ TATRLTQ, + TA,TB, TR, + TA TR, TR, +TALTB, TQ,)

T g CTATB, TRy + TA, TB, TRy + T, TBL TR, + TALTB TRy

T TR TBL TR, + TA, B, TRy + TA5TB,TR, + TALTB, TR,)

+ 05 (T8, T8, TQ,+ T8, T8, T, + T8, TBLTQ, T T8, T8, TR

T TBTB,TQ, + TR, TBs 1Q, + TB;TR, TQ, + T8,TR, T®))

+ 9, (T8, TB, TR, + T8, T8, TR, + T8, T8¢ TR, + TB, TB, TR,

+ TB,TB, TR2+ TB,TB5 TR + B TR, TR + TB TR, TR,)

b, (TOTO, + To, 70, + TD, TQ, + TD,TA, + TP TA,)

~4
1
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+q%é(WTzTR9>fTDZTRS*‘TDaTwzﬂ_TbaTRz+7T%TW4TTD97R{>
N q)‘oj(TEl TP+ TEsz4 TTESTP)
* %O(TE,T}?y- TE,TRs + TE(TR,)D (3rd 18)

TERES D INED FOR THIRD ORDLR APPRONIMATION:

TA,:‘4’+2Bl TAgz“\+2Cl"E|

AT BT MMy O e
ERyRelr b

ST EITIT
,;:‘::‘{—t;{x?x{,h"a":! 5

roncy.

et T

a—
ST

TAzz-—-] TA9:-4~+2.B|'1"8C1"4E1—4F;

TA.= 4-88 + 4D
S | i TAIO:_S—}-lOBl“SDi

Ay, = 2—C
Ths ‘ Ty = -12 + 6B, + 6C,- 3F,

TAs = 6~ 3B, -\—/Avnz'—'-‘—-8—'r1651'-“dz‘clwgbl-gﬁi

= 8-48,-4C + 2F,
The L TB, = -|

TA-(:: 681 “(2D|

S



l lﬂJ

T52: ~4 2C,

TR, = 4-8C,+4E,
TBs = 8 —=4B,-4C, + 2F,
TBe= 6- 3¢,
TBy=~1+2B -0,

TBg

[l

6C,~12E,
TBQ': -5 5 (OCI"'SED

T8, = ~4 +8B,+2C, - 4D -4F

10

)

TB, ~8+4B,*’(0C1‘8E|—8F'

B2 = =12+ 68+ 6~ 3F,



e L G e

TR =-4+2B,

TP, = 52~2‘4‘B‘+12D,

TP =8 -4DB,-4¢C, + 2F,

TPy = 12 - 6B,

TPs = 30B,-60D,

TPe = -4 +.ZB|+ 8Ci-4E ~4F,

TP, = —24+I2Bl+1zc,—(oﬁ

TPg =.~2o +40-B‘—ZOD,

TPy = 24+ 488, +12¢,- 24D - 24F,

TQ, = -4 = 2C,

f

1Q, 8~4'B|“4’C1*‘2F,
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TRy =12~24C, +12E,

TQq =12 - 6C|

TQs =-4+8B r2C, —4D - 4F,

TQQ: 30C| - 6OEl

Te,=-20+40cC, - 20E,

TQg=~24 +12 B|+12C\~6F‘ ‘

Qg =-24 +128,+48¢,- 24E - 24F,
TRL: -
TRe= 6~ 3B,

TQ?): é*‘?)C,

TRy = 16-8B - 8¢+ 4F,




B,+ l8C"9F—|

-

ﬂé+528r+8Q—ﬁ6Q—461
4

-5 t10C, -5E,
36+ |8

A

-3A4+ 3B,

—

TRg
TRg =

i

TR, = "lé*i'gf‘b"i‘32C|~léEl~léF‘

TD3:. -‘A4+C4

A
(5N}
4
a..
Q
Lo
|
{i
o)
0
—

1D,
1D,

TRy=-5+08 -5p
TR,

i
7
H
;
i
i
i
K
:

mprnay 5 PRl o b 2 2 A ST I R T SN R e Wi e i R R T e =
Ty : > Sdat e P
3 R et ARy < i g A Y A R e e Ttk ] S P e S e RS S ST S b e s =




TE,
TE;
TE,
TE,
TE,
TF,

TF,

:“2A4+2C4.

I

= "‘4C4'+4-E4

= 2R4-2B4-2C4+2F,

I

3A4" 3C4

H

_.As'

:—2A5+2BS
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TG'ZZ—'ASTBS

TG?) = —3A5 + BCS

TG4: —ZAg

Il

TG’S _-BS+D5

|

TCT@—- “‘SCS*' SES

TG, = 4 As-4Cs

Lh5



PR SRER

i

U}

3As ~3B, - 3Cs +3F5
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APPENDIXY

CMPUTER PROGRALS

Il
|

e s R Ly R T ey S AT e R E Y R R B e RS BT R A e Ry ) et TR




o LEVEL

A

1

;‘

1

HA=1o-PNU

TT9E2 R THETAYCTACSC2%pER

T T24==2, %PRUNTHETA®C SC2%PE2

C T30=2. % THETARHARALAMAXCT*CSC

18 MAIN

IMPLICIT PEALXB{A~H,0~2}

COMMON U3sCCrCeEyPNULAMUs ALPHAs THETA s ALAMA,
GXIZsGELyCTsCSC+CT2,CT34CT4,CSC2,CSC3,CSC4,PLE2, PE3 PE&4
DIMENSION UJ(LU718)yCC(18)rC(lb)fV(IB)1CL((18)

1€0=0
ICO=IC0G+1
THRITE(3,95 ql/ICD

9501 FORMAT(//10X, taomlktok CASET 4, tsdfkpint /)

CALL PARTII

Tl==2.%THETA
T2==THETA

T3=2, ¥PRUTHETARCT 77
Th==2 % THETASXALAMA%XPNUNCSC
T5==PNURTHETA®CT2

TO=2. 5 ALAMA®PNUSTHE TA%CT#CSC
TT==PNUSTHETA*PE2%CSC2
TB=2o%THETAXCT3

T10==4o #THT TARCTZ2#CSCHALAMA
T11==2®THETARALAMARCSC#CT2
T12=-2.%THETA%PE3*CSC3
T13=4, %*THETAXPEZ2XCSC2*CT

__ Tl4==THETA®(T4

C T15==THETA®PE2RCT2%CSC2
T16=2+ *THETARCT3*CSCHALAMA

TLT7=2e%CT3%CSCHTHETARALAMA

T18=2, %P LE3UTHETAMCT*CSC3

T19==4o%CT2%CSC2%THETAXALAMA

_T20==THETAXPEZ®CSC2%CT2

DATE = 70068

17/Go/32

C__PROGRAM TO COMPUTE THE LARGE DEFLEXION OF SKEW SANDWICH PLATES.

T21==THETA#PE4*CSC4
T22= 2o XTHETAPEZRCT <CSC3
T23==2*PNUXTHETA%CT 2

T25=4 %*PNURTHETAXCT*CSC
__T26==PHURTHETA®CT2

T 27==PNURTHETARPE2CSC2 7T
T28=2. % ALAMAXPNURTHETA®CT*CSC
T29==2 % THETAXHA%XC T2

T31=2, ¥ THE TA¥HAXALAMA%RCSCHCT
T32==2 X THETAXPE2%HA#CSC2




v 6 LEVEL

O

04=T4+T11

T 017=T24

18 MAIN DATE

T33=2 % THETA%xHA®CT

149

T35==2 4THETAXHARCT2

D1=T1+T23+T29

02=T2+T5+T14+T26%735
03=T3+T6+T33

05=T6+T17+737
06=T7+720

= 70088 17/06/3)
T34==2 % THET AXHAY AL AMARCSC - o T )
T36= 2o ¥THETAXHAXALAMARCT=CSC
T37=2c *THETARUANALAMARCSCHCT T -
T38==2, " THETASHA®RPE2%#CSC2

07=T9

T08=T10+T734
09=T12

- 010=T13

0l1=T15+727
012=T16+T28+T36
013=T18
0Vl4=T19¢T38
015=T721
016=T22

018=T25«T720
019=T7T31

Yore
H

U D3=~CC{1}+CC(3)

UV

TE3=CCUL)-CC(2y T

020=132 7
DL=CC(1)
Dz="30*CC( 1 ) +3o*CC (Z) e
D4=-2,%CC(1)
D5==5,%CC{2)+5.%CC(4)

D6=-CC(3)+CC(5)
D7=26%CC(L})=2o%CC{3)
D8=44%CC{1)~4,%CC(2)

D9=3o%CC{1})=3c%CCL2)=3%CLC{3)+3,%CC(6) 7~

El=-CC(1}
E2==2%CC{1}+2.*#CC(3)"

E4=-4o#CCU3) +4,%CC(5)
ES=2o%CC(1)=2%CC(2)=2o%CC(3)42,%CC(6)

CE6=3a%CC(1)-30%CC(3)

F1=-CC(T7)

F2==2,%CC(T7)+2.%CC(86)



U

o e s

VS5 LEVEL

e e mmen s

P

.-

e

T G4==2o%CCLTY

TTTBTE-Lot2.%C(2)-C4)

L e e o e e = aeeae s

18 MATN

F3=CC(T)1-CC(2)

TE4=2,8CC(T1-2%CC{8Y=2.%CC (912, #CC{12)

FS5=-6o%CCIB)+4,%CC{10)
F6=3.%CC(7)-3,*%CC(8)
Gl=CC(T)

G2=-CC(7}+CC(8}

33==3 % CC(T)+2.xCC(9)

DATE

ooy

17/G6/30

G5=~-CC(8}+LC(1D)
Go6==5e%CC{9)+5.¥CC (11}
GT=4%CCLT7)=4o#CC(T)
GB=2,%CC{7)-2.%CC{8)

o G9=3o%CC(T7) =3 %CC(E)}=3.%CCL9)+2,%C0(12)
Al==4,+2.%C(2)

A2='—lo

A3=b, =8 5C(2)+4o*C (&)

A4=2.-C(3)

A5=60“39*C(2) -~
AE=8,-4o%C(2)=4o%C (3)42:%C{06)
TAT=06ewC(2)=12e%C (4 )
AB=-1¢4+2,%C(3)1~C(5)

AG=—tig 42 %C (2148 BC (3 )=t =C{5)=boxC(06)

ALO==56+106%C(2)-5%C (&)

All="'129+()a*c(2)‘{"60*6(3)“34*C(6)

"Bl=-1lo,

B2=—4e+2.%C(3)

B3=2:.-C(2) -
BG=he=8%CL3)+4o%C (5)
B5=8ec—bo®C{2)=4o%C{3)+2,%C (06}
B6=6e~3c%C(3)

A122=80 166 #C (21440 %C(3) =80 %CL41 =B, %C6)

BB=06o%C{3}~12%C(5]}
B9==5.+10c%C(3)=-5c*C(5]

U B10=—bat8e%C (21420 %C(3)~4a¥C(4)~boRC (6}
Bll=—Bo44o%C(2)+16o%C{2)=8o%C(5}-8,%C(0)

B12=~120+6.%C (21464 %C{31-3.%C(0)
PIE-4.+2.%C(2) 7
P2=120=240%C(2)+12,%CL 4)
P3=8o-4o%C(2)=4o%C{31+2.%C(6)

_..._.P4=12°_6°>Z(C(2)

P5=300%C(2)=60e%C[4)
PO==4e t2:%C(2)48#C(3) -4 ¥CI5) 20020 (6]




a0

V ¢ LEVEL

101

1

Q5244 6,%C(2)+20%C (3 ) =4 *CUGV=47%C (6]

R2=60=3e#C(2) 777

18 MAIN DATE 70088

PT==240+120%C(2) 412, %C(3)~64%C( 6

TP8E=20e%40,%C(2) <200 %C (4)

P9=~ ”49+4&o’C(?)*lZo%C(3)-24¢’C(4)-240’C(6)
Ql=-4a+2.%C (2

Q2= 8q~4a*C(2)~40*C(3J+ZQ*C(6)
03=126-24e%C13)+12.%C(5)

Q4=126=6o%C(3)

17/06/30

Q6=3Co*C(31-60.%C(5)
Q7==20e+404*C{3)~20.%C(5)
Q8=*2404120*C(Z)+12¢*C(3)—éo C{6)
Q9==24+12.%C(2}448, C(J)—240*C( =246 %C{6)
Rl=~1,

R3=be=3e%C(3)

Ré&= 160—8°*C(?)—J°-C(3)*4Q*C(6‘

R5==5,+10.%C{21=5,%C (4]}

R6=~5, +100“C(1)—)c7kc‘“5)

R7T=-16,+8; #CE214320%CI3) ~16o%C (5 ~16,%C(0)

TRBE-16043255C (2148, ¥CL21=165%Cl6)=16s%C06)

Rg-—"_/[)n*l’l()e-‘C(Z)'\180“:1‘6\-3)—90""'(:(6,

DO 101 I=1,18

VIINI=C,DO .

VI13)=01*%D1*%P1+04%GLl*P1+09%G1l%*QL +D10%*G1%R 1
+017%01%0Q1+018*D1L*R]

VL4 T=01%(DL%P24D2%P 1 ) 402 % AL *AL%P 1)
*O04%(GL*P2+G2%P L} +05%(ALRBL%PL)
+06%(B1*B1%P1 1409 {51*Q2+G2%01)
+010%{GLH#R2+G2%R1)FCLIH[AL*AL*QL)
+012%(AL*ALHRL)+013% (AL¥B1%Q] )

“_+014>(A)’L1 Rl)+015"(81*81’01)

100~ QMUY D W N

+018f(D‘>R2+U?%Rl)vOl?*(El*Pl)
+020%(E1*R ]}
VIL15)=01%(D1%P3+D3%PL)+02%(A2%A2%PL}
+03%(FLAPL)+04%(G1*P3+G3%P 1)
05 (A2%B24P L) +06K(325B2%P 1)

@~V D WA

F07H{FL*QL ) «08*(F 1R}
+09%(GL*¥Q3+G3HNL)+010%{GL%R3+G3%R1}
+0L1#(A2%A2%QL) +01 2% ( h24A2%R )
+0134(A2%B2%Q1) +014% (A2%B2%R])
€015%(B2%B2*01L)+0 L6 (B24pB2xR ] )
+Ol?’(D1“Q3rD3‘Ql)‘OlB*(Dl”hB*DBXRl)




T L A T e (L LT Pt O s iy e

! v LEVEL

#\»haw

CUPWNHOmOO W

18 MAIN DATE = 70085

VI16)=013(D14P5+D2%P24N5¥PL)
+02% (AL ALRP2 42 % ALEAZRPT )
+04%(GLAEPS+G2%P 2465%P ] )
+05F{(ALRDBIHP2+AL%B3%PL+A3*B1%PL )
+06RIBIFBLHP242,%B1%B3%PY )

+0R{ GL%QS+G2%D2+65%D] )
+010%{G1*RE+G2%R2+G5*R] )

FOLIR(ALSALHQ242, “A1%A3¥GL )
+0L2%(ALFALHR 2422 %A LKA INR L)
CHOLBR(ALRBLFQ2+ AL EB3HQLEAZNBLIHQOT )
+O0L4% (ALSBLRR 2+ A LB 3R 1+ A3UBLAE ] )
+0L5% (BL¥QL%Q2+2,%81%33%Q1 )
0164 (BL*BI*¥R242,XBLX03%R] )

!
!
{
i
H
)

+017%(D1%Q54¢D2%0240D5%01 )
+018%(D1¥R5+D2#R2+D5%R1])
+019%(E1%P2+E2%P] )
+020%(L1"R2<+E3 %21}
VILT7)=01%(D1%P5+D3%P34D6%P ] )
A+O?r(A2kA2hP3v?x«A4\A?*P1}
+03%(FLuP3+FE3%P L)
+04%{GLEPO4G2ADP3I+G6HP ] )
0GR AZRB2UP3+AGRB 2P 1+ A2HB 4P )
+06#(B25B25P 342 %BERA24P L)
+07%(F17=Q3+F3%Q1)
_ +08%#{F1¥R3+F3%R 1)
T H09%{G1RQ6+G63%Q3466%Q1 )
+010%{Gl¥RE+GIXRZ+GH* R1)
FOLIH{A2HKA2%D 3425 #ALKAD %0 )
‘ +012’(A2*A£>{3+2°’A4 ‘A2%R1)
+013%(A2:4D 2% 03+A4*62%01+A2‘B@*Ql)
+014%(A2%B2*R3¢A4%XB2URL+A2% B4R 1)

17706730

+015%{B2%B2%Q3 €2 %32%54%Q1 )
+0L6HR{B2AB2HR 342, ¥B2RBGHRL )
+0L7%#(DI*Q6+D3%#03+D6%Q] )
#0185 {D1*R6+D3ARI+DENRL )
VI18)=01%(DL1*P9+D2%#P3+D3%P24D4%P4&+DO%*P 1)
+02HFCALRALAPIEALRAZEP 4+ ALKAGKP LA 2HA LHP 44 A 2%

HA2HABKPLEASRAZEP L AL ALEP L)
+03%(FLHP24F2%P4+FOHP L)
+04%(GLXPI+G2%P 3+ G35P 24+ G44P 4 +GI#P 1)

FAZEBOHPLEASKB2HP L+AGHE 1#P 1)

N S 1 . —
2
3
- - 4 .
5
6
- e et 7 —
-
9
&
ST
2
3
4
5
6
oo
- 1
5
3
- —— s e ...4 SR PR
g
6
S

_FOOX(BL*BLHPI+BL*¥B2HPA+BI*GO%P1LB24BL¥P4+B2Y

I\Z”LP')

be2xpe

HO5R(ALRBLAPIFALEB2E PG AL RRONPL AR RLEPGEAZ R 2epy T
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Vo LEVEL 18 MATN ' DATE = 70083 17706720

8 L PB2ABOEP LB RA2RP LB G LRP 1)

9 COROTE(FLRQ2+F2%Q44F6wq1) T

& FOBH(FLER24T2%RA+FOHR ] )

1 TOPCI#QI¢CLHQB+GIHQ24 045204 +G0%Q1 )
>

3

i +OLO%(G1%R O+ G2HNI+GIR2 4 G4%RGIGYHR] ) T ,
+Ull*(AL*AI*Q3+A1*A2*QG+AI*AG*Ql+A2*A1*Q4+A2*A2*Q2
4 VAZHRASHOL+ASHAZRQTI+ALYALEQ] )
‘5““"“”4012*(Al*Al*ﬁ3+alﬁnzuaq+A1*Aa*krixzﬁhLfkﬂiﬁéﬁﬁéihz““" S
6 FAZEALAR L ABRARR L AEKALED ] )
7 FOL3%(ALRBINQICALRB2N 04+ AL NB6%Q L4 A2 %R HQAEA2HR2HG2
8 FAZHBOEOLYASHB2H0 I+ ALRRLIRQ) ) . -
V(18)=V(18)+014*(A1*31*R3+A1*02*R4+Al*Bb*R1+A2*Bl*R4+A2*BZ*R2
FAZFROHRLHASRE24R T+ AGNRELRR] )
““+U15*(31#31*03461*82*04+81*86*0T¥52¥Bi¥05562¥BE¥HE'
EB2EBERQL4BORE2 4G L+R6YB1%Q) )
+016*(B1*81*R3+31*BZ*R4+61*66*R1+BZ*B1*R4+B2*BZ*RZ
+B2%BE5ARIFBE*F 27 RL4BO*E 1R ] )
FOLTH{DIHQI4D2%0)3+D34Q2 +D4% Q44D 9% QL )

-

+018*(D1*R9+DZ*R3+D3*R2+DQ*R4+DQ*Rl)

O TNV D W

R TR OLONR(FIEP 3L 2P A4E6P L)
+020%(E1H*RIIE2HRG4COHRT )
) DO 103 I=1,18 K
T CCCUI)=0.D0 "
DO 103 J=1,18
103 CCCUIN=CCC(IY+U3{I,d)%V(J) o

“"ﬁRITE(B}@DéJCCC(l),CCCXZ)}CCC(3),CCC{4)TCCC(5)rCCC(6),
1 CCC(?)yCCC(B),CCC(Q}yCCCIIO),CCC(ll};CCC(lZ)e
2 CCC(lB),CCC(14);CCCI15)9CCC(16)yCCC(lY)qCCC(l8)

. 602 FDRMAT(lOXy'*3='Dléo8/lOXf'Bé='Dléo8/lOX¢'Cb='01608/lOX,'Db='leaB
1 /lOXp‘Eb='Dlé,8/1OX,‘F6='D1638/lOXy‘A7='Dlé;8/lCX,'B7='le 8
2 /lOX;'C7=*DléoS/lOX;‘D7=‘01608/10Xy‘E7='Dléa8/10X,‘F7=‘D1638
““““ 3 /10K, TAB=TD16. 8/ 10X, TBEED16,8/10X, CCHS 0165 B/ 10K, 08 016 8 "
4 /10X, *EB=*D16,8/10X, FB8=*D16o8 )
. GO 701 e e

LT T END
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C__PART ITo e
C PROGRAM 10 COMPUTE THE LARGE DEFLEXION UF SKEW SANOWICH PLATES,
C FAN, AUG. 1969,

SUBROUTINE PARTII

IMPLICIT REAL®B(A~H,0-Z1)

COMMON U3,CCsCrE¢PNUsAMUL ALPHA, THETA, ALAMAS

1 GXJZyGEZ4CTCSC4CY2,CT3,CT4,CSC2:CSC3,CSC4,PE2,PE3,PEG
DIMENSLION U3(18, 18),u5<15 181,CCL18) sC(L1BY V(LB T
CALL PARTI
HA=1o-PNU
HB=1o+PNU
PE2=ALAMARALANMA
PE3=PE2FALAMA
F2l=2¢ +HA%CT2
F22=HA¥CSC2%PE?

E - F23==2%CT*xCSCHHAXALAMA
‘ F24=-CTxHB
F25= CSC*HB*ALAMA "

_F26— >:\CSC 2 L
F27=~HACSC24PER
F28= CT"CSC*(30~PNU)*ALAHA
 F29=[BACTHCSCHALAMA
] F210=~HBEXCSC2%PE2
S21=26%CT2+HA
$22=2.*%CSC2%PE2
S23=-4,%CT*CSCHALAMA
S24=-C T%HB
.. ... S25=CSC¥RB*ALAMA S
S26=CT3~2. %PNU*CT
S27=2o%CTHCSC2%PE2
S28=—{4o*CT2rCSCH+CSCHHB I HALANMA
S29=~ {2, %CT2%CSC+CSTHHAY % ALAMA
S210=-2,%CSC3%*PE3
o S211=4.#CT*CSC24PE2.
C FORMING U2 MATRIX.
DO 10 I=1,18
 _ N{I)=0,D0 - .
DD 10 J=1:18"
10 U2(I,J)=0.D0
L U2{ls1)==6e%F2L-2,%F22-2,%F23
U2(1,2)=65%F21
U2(1,3)=2.%F22
V21, 7)==2.%F25

e e e s e

|




“u2(2,41=zoc*F2i

”'___AA__ e e

U2(3512)=6,%F25

‘u2<4,o);—gg>fﬁ7

y 5 LEVEL 18 PARTI I
_M2(1,8)=2.%F25

V22,1 1=2,%F22
U20252)=-206%F21~2.%F22-4o%F23
U2(243)=~2.%F22

U2(2:61=2,%F22
U2(2:8)==4,%F25
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U2(2;10) =4,%{°25
U2(3:1)=662F2146.%F23
U2(3y2)==6.%F21

U2(3 531 =-Co*F21=12%F22-65%F23
U2(3,5)=12.%F22
U2(3,6)=6.%F21

U203 7)=60 *F25+6,%F 24
U2(2;58)==Ge*F25-60% 24
U2(3:9) ==06.%F25

U2(4,2)=2. ¥F2246.%F 23
U2(4:64)==42,%F21-2,%F22~60 %F23
U2(4 5 10)==60%F25
U2{533)=10#F23+60%F21
U2(5¢5)==6c%F21-30,%F22~10s%F23
U2(556)=—6.%F21

U2(5581=6,*F24

U257 91=6.%F24+100%F25
U2(5:111==10.%F25
U2(5+12)=~60%F24=104,%F25

U2(651)=~12.%F23

U2(652)=20e%F21 412, %F23
U2(6+31=12:%F22412, *¥F23

TUZUT Y ==20%5242,7%525

U2(654)==20.%F21 ~
U2{645)=-12,%F22

U2{656})==-20:%F21-12,%F23- 12,*fF22 o

U2(648)1=20%F24+12, xF25

U2{6+10)=-20%F24~12,%F25
U2(6412)=-12.%F25

U2(T:3)=2,%S525
UZ2(T7:T)1==2xS21~60o%S522~ -26%523

“u2(7,8)~2e*521

U2({Ty9)=6,%522
U2(8s11=2,%524
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U2{B$3)==2.%824-ba %525 L
B U2(8:5)=4,%525 h
; U2(B,T7)1=2,%52144,%523
: U2(8,;81==2,%521
" U2{8:9)==2,%522-20: %8522 ~40%523
U2(Bs111=20,%522
oz {(8;12)=2.%521 e B e
T U209 1) =12:%824+6c%525 o T
‘ U2(952)==126%S24=0, *525
- . U219,3)==6.%525 )
UZ(9406}=06,%525
U2(9sT)=6%522+60%523
L U2(948)==12,%521-66%522-6,%S23 o L
T U2{9:9)1==6,%522 T
U2(9,10)1=12,*%521
U2(09,12)=60%522
U2(10,3)=2.%524 .
U2(10;:5)==2,%S524~6, %525
U2{1059)=2.%52146,523 o
o U210 1)1 m=2,%S21=42,%520~6,%523
U2(1Cy 121 ==2,%521
| CU2{1152)=30,%524+1)0, %525
U2{11:3)=64,%524
U2(11,4)=-306%S24-100%525
U2{1146)==10.%S25 L
U2{11l:81=66%$22+10,%523
U2(11,101==30e%521~6,%522~10.%523
- CU2(11512)==6,%522 o
U2{1241)1==12,%524
U2(12,21=12,%524
U2(12:3)=12:%S24+12, %525 ) L

g

-

U2(12:5)==12.%S25

U2(124+6)=~12.%524~12.%525
Uz2(12,71=~12,%523

U2(12,8)=12.%521+12. %523
U2(125;9)=20,%522+12, %523
U2{12:;10}==-12.%521 ’

TTU2(124111=-20.%522

U2(12,12)=-126%821-20,%522-125%523
CALL MATINV{UZ2:12)

CAL=—l4 o 426%C(2)

A2=
A3=

"'lo
zfc‘f'Bo’ C(Z)*Qc"(\(lf)




5 LEVEL

P e et e

.a}@:

CA8==1,%2.%C(31=C(5)

B2==4042.%C(3)

T 62=6,=3,%C {2}

-
——— et e

13 PARTI1 DATE

L A4=2.-C(3)

70088

V7706730

RS =63, 2) T
Ab 80"40*C(2)"40*C(3)"'20*(:(6}
AT=6.%C(2)=12.%C (&) e
AG==4, 42, fC(Z)w8c%C(3}—4ofC(52~4a"C(6)
AIO——S FlOonf(Zl—Sa“C(G)

AT L=-12.4 6.0 2146, #0313 THCTEY T
Al2==8c+10, »C(2)+4o*C(z)—ao*C(4)~8,*C(e)
Bl=~1. e
B3=2.-~C(2}

B4= 4o=8oWC(3144,%C(5)
TBS=8e=4enC(2) =4, %C (32 INRCTE]
B() ()o _Jz}(,(B)
B7==1c42e%C{2)1~-C (4}
BB=GoMC(3)=12.%C15)
B9=-So+IO°*C(3)~j°%C(3)
BlO==4c+8e%C(2)42:%C(3)=4uiC{4)~4q%C (6]

'“'811--80.4°aC(21+1oc*C(J>~ Bo *C(51=8,%C{6)

B]2—‘]?0‘("0"(:(2)"‘(10*(:(.))-303"(.‘((’)
Dl=—lo ¢2e%C (2] -
D2=120~245%C(2)+12,%C(4)

03280 -4o%C(2)~4e*C{3)+2.%C(6)
D‘Y 1?0"60"(4(2)

D5=30,%C (21 ~60.%C {4}

DE==4. 425 C{2)48e*C(2)=4o*C(5)=4o%C(6)
D7=~244,412¢% C(2)+1?>“C(3)-60*C(6)
D8==200+40o%C(21-20e%C(4)
D9-—24o+460’C(21<lZ.*C(3)—24o%C(4)~24e%L(6}
El==4,%+2,%C(3)

E2=80=4o%C(2) =4 .%xC(31+27%C1E]
E3=12¢=24o%C(3)+12e%((5)
E’+=12u"6g*C(3? ] B
E5=~4o#B8o%C21%2o%C {3 )~4a%C(4)<4,%C(6)
E6=30C*C{3)~60,%C(5)
E7=-20.+40%C{31=20,%C(5)

E8—-24e4lZo’C(Z)*lZo“C(B)'bo*C(é,
E9==264¢+12o%C{2)1¢48,%C(3)~24,%C(5 }=24,%C(6)
Gl=-1,

63=6o_3o*cz3)
C4=160=86%C(2)=Bo%C(3)+40%C (0}
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_ G5=-5.410C{2)-0c%CL4}

G6==5¢+10%C{2)=5.%C{5)
G7=-16c+8c%C{2)1432,%C(3)=160%C{51=16,%Cl06)

GB==16 e +32e%CI2 148 KC(3)1=206%C(4)=106o%C6)
GO==236+18,%C{2)418%C{31=-2,%C(6) o
VILI=F26%A1%DL+F27xAL%EL+F28%A1%G]

1 +F29#R1¥D1I+F210%B1%G1

V{21 =F26%(ALFD2+AZHDL)+F27w(AL*EZ+A3%E]L)
1 FFE28HLALNG24+ABRCII+F 29 (BL%D2+B3%D1)
2 +F210%(BL1=G2+B3%G1)
VI3)Y=F2&6%(ALED3+A2%D4+A6%0DL)
€ F2T7T5(ALRE34+A2%E4L+A6=E]Y )
A F28%(ALRGICA2%G4+A6%KGL)
+F20%(B1%D3+B2%04+B6%D1)
+F210%(B1%G3+0B2%G4+B6%G1)
VI4)=F 265 { AL¥DS+AED2+ATHDL )
CE2TH{ALEES+AZXE2+AT%HEL)
+F28%(ALXG5+A3RG2+AT#GL )
A+ F29%(BL%D5+33#D2+BT*D1)

Ea A

P N

TR FZ210M(BL¥GSHL3IRG24BTHGL)
VISI=F26&%(A)%D6+A2%DT+ALKD4L+ AGRD3EAQRDT )
A F27H (A1 EO+A2HETHALREL+AGRES+AQHE]L)
+E2B%(AL%RGOHA2HCT+AG%G4+A6%G3+A9%:G] )
+F29%{B1l¥D6+B2%DT+B4XD4+BEXD3+BF*DL)
+F210=(BL*G64B2%GT+B4*G4+B6%G3+89%G1 )

S W=

S F29%(BLlEDO+R24D8+B3%D3+B5DL4B6XD2¢B12
+F210%(BL1*Co+B32%G8+B3G3¢B5%G4+R6*62+B1

HwN -

V{7 )=526xA2%DL+S27T*A2*EL+828xA2%6GY
1 +529%4B2%D145210%B2HE1+S211%B2%C1
VIB)=S206%{A2%D3+A4%DL)+S27T#( A2%E3+A4=EL)
+S28% (AZ%G2+A4%GL)+529%(B2%D3+B4* D1}

N =

V(9)=526%{A1%D4&+A2%D2+A5%D1L)
+S2TH{ALREL&+HNAZ2HE2LASHE]L)

V6 =F 26 A1%DO+A2%D3+A3%RD3+ ASRDG+ALXD2+AL2%D1 )
+F27%( AlXES+A2REB+AZNES+ASKE4+AGHER2¢AL2%EL)
28X (AL RGT+A2EGB+ABNGI+ASMC4+ALKG2+A12%G 1)

T 4S21CH(BREBLBAXEL)+S2L 1R (B2%G3+B4XGL)

1)
2%G1)

e e e s e —

I

1

2 +S28%(ALRG4HA2NG24A5XGL )

3 +S29%(B1AD4G+B2%D2+B5%D] )

4 | +S210%(BLlRE4+B2HL2+B5REL)

5 £S211%(B1%G4+B2*G2+B5%G 1}
VI10)=S26%(A2¥D6+AGFD3+AB*DL )

1 _ES2TRLAREORALXEI+ABHEL)
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2 FS2B8X (AN GO+ ALLBIHAEHGT )

- “““""‘"'“"’3“‘ w-_-.'*.- S29* ('[ $2%) 6 + 15 4 o D3+ 158 5 D '1 )‘ B T
: 4 +S21CH(B2*E6HRAXEI4RB%E] )
; 5 +S2)11E(B2ARGO+RARG3+E BRG] )
g V(11)=520*(A1*08+A2*05+A3*04+A5*02+A10*01)’"“ T
FSCTH(ALNEBFA2FES+AIREG ¢ ASKER4ATORE] )
FSZBH LADEGES L 2GS AZRGAC ALY G2 +ALCHE] )

#5210 (LIREB+B2UFS+B3% 4+ B57E24310%[ 1)
FS21LH(BIRGE+B2%G5+L3G4+B5%G2+B105G] )
'V(12)=526*(Al*D?+A2*09+A4xoz+A5*D3+nown4+A11*D1)
HSZTR(ALEET A2 EGI AL E2 + ASHES+ AGHEGEALL%AE 1)
FS2BXLALAGCTHARZHGICNGHRGR24ASRG3HALY G4+ ALL%G] )
“Iszo*(31*D7+52ﬁa9+a4*024u5*a3+eo¢04¥811ﬂD11”
FSZ10M(BI*L T4 B2HEGHBA*E24BREE3+BORE4«BLL #E] )
FS2TDHIBLRGTAR 254G+ B4FG24 354634 RE#C4+R 117Gl |

1
2

37 4329»(Bl*bs+bz*05+u3*04+BS#DZ+B10*015
4

5

1P wN

DO 60 I1=1,12 . o
CClI)=0.D0
DO 60 J=1,12 i

EOTCCUIIECCI +UR (T, Uy wy (T
wRITﬁ_(a,on)ccu),ccm),ccm),ccm),ccw),ccw)r
1 CCL{73:CC(81,CC(9),CC{10)+CCL11),CC(12)

971 FORHAT(lOX,'A4='016°8/10X,'B@=‘leoS/1OX9'C4='01638/10X,'Dé=‘016;8

1 /10X9'E4='DIGQS/IOX,'F4='DléoS/IOXy'A5=‘Dléo8/1CX,‘BS=‘016°8

2 /lOX;'C5=‘D16o8/IOXy‘DS='016°8/10X,'E5=’Dléa8/1CX;'F5=‘016°8
RETURN
END,

L ..
o [ - e e et e e e e e e e e - ——— ——mm —
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C __PROGRAM TO COMPUTE THE LARGE DEFLEXION OF SKEW SANDWICH PLATES,
L BY PERTUBATION WETHOD. T
C FIRST ORDER APPRUXIMATION.

SUBROUT INE PARTI

IMPLICIT REAL®B (A~ty0~Z2)

COMMON U1,CC+CyFy PNUyARUGALPHA, THETA s ALAMA,
1 GXIZsGEZsCT,CSCCT2,CT3,CT4,C8C2,CSC3,C5C4TPER, PR, PEL "7 -
_ DIMENSION Ul(184:181,CC{18)4C(18),VI(18)
. C DEFINE THE MATER]AL AND GEOMETRIC COEF. OF THE PLATE.
b NAMELTST/SHOW/EsPNU AMU ALPHA, THETA, AL AMA,GX17,GE?
READ (1 SHGW)
ALPHA=ALPHA% 017453292519943
TUTTTPE2=AL AN ALANA T o - T
PE3=PE2=ALAMA
PE4=PEZ#PER
SN=DST (AL PHA }
CS=DCOS ( ALPHA)
_Cr=cs/see.
TCSC=16 /SN
CT2=CT»CT
T3=CT2%CT
CT4=CT2%CT2
CSC2=CSC*CSC
_Csc3=cscxcsc2
CSC4=CS8C2%C8C2
RT3=DSQRT (3,00}
HA=E/ (1.~PNU%PNU}
HB=E/(1,+PNU)
HC=1o-PNU
HD=(1,~PNUXPNU)/ (EXAMU}
T RIS 20 HHARHBRC T2 ) % THE TARAMU
F12=HB*CSC2*THETAXAMUXPED
i F13==2, %{B*CT*CSCHTHETAXAMUTALAMA
N Flé=—4,%GX17 T
F15==(2.%HA4PNU+HB )} *CT*THETAXAMU
F16=(20*1AXPNU+HB) #CSCHTHET AXANUEALAMA
F1l7==2o%GXIZ%THETA/RTY ~ 77 77—~
Fl8=—(HA+HARPNURCT 2+ HE*CT2 ) ¥ THET A%AMUXAMU/RT 3
FL9=20 % (HAXPNU+HB ) ECTHCSCHTHET A% AMUSX AMUSALAMA /RT3
FL10=~(HA%PNU+HB) *CSC2¥AMUNAMUNP L 2/R T 3% THE TA
S11=(2a*HAXCT2+HB) % AMURTHET A
S12=24 ¥HAYCSC2%AMUS THETA®PE2

s o e e =+ e e

o e e

|
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S135=4o RHAXCTHCSCHAMUS THETAXAL AMA
TS Lh=mg o eGEL T T T
S15==( 2, 2HARPNUCHB ) XCTHXAMUFTHETA
S16={( 26 ¥HARPNUFHB ) #CSCHRAMUNTHE TARALAMA
CS1I=2.%GEZHCTHTYHETA/RT 3 ’ S
S18==2, *GEI*CSCH*THETA*ALAMA/RT 3
S19={HAXCT 3+ HA* CTHRPIUSHBACT R AMUSRARUSTHETA/RT 3
TS 10=~liANCSCRRANMUSAMURTHET AP ES/RT S
Slll~—(3,"HA*CSC*CT? HARCSCHRPRNUSHBECSC ) RAMUTAMUSTHET A% AL AMAZRT 3
S112=3¥CSC2%CTHHARAMUSAMUNTHETASPE2/R T3
“Tll= lZ«ﬂRT%*ndJ/TH CTA+L 20 ¥RT3%HAMU/THETAXPNUXCT 241 26 %R T 34 HC A MU

1 /THETA=CT?
T12==8¢ % AMURAMU/THE T A=8a KAMURAMU/ TIHETARCT 4
T T T T L b T ARURARUZ THET AEPH WRCY2 T T ’ o T
2 =160 FHC*AMUSAMU/THETARCT2
T13==12: *RT3FAMU/THETANCT 3~ 12, *RT2%A MU/ THETARPNUSC T
8 1 —1Z2c MRTBRHCHAMU/THETARCT

T14=12, %RT3%AMU/THETASCSC 34PL 3
T16= A6 LT 3 f\MU/IH'T\"I‘LA {haCT 24 *CSC
T T T T R 12 P T3 AMU/ THET At “duf(:Cc ALAMA
2 + 12 WRTINMHLHAMU/THE TASALAMASCSC
T16=—360’RT3*AHU/THETA*PEZ*CSCZ*CT
VL T==8 R ANMURAMU/THE TASCSCA4%PES
T18=326 ¥AMUNAMU/THE TA%ALAMAXCT 3%CSC

1 +320 RAMURAMU/ THETAXPNUSCT*CSCHALAMA
T2 T A B2 e HO R AU AU/ THE TARXC TR CSCRAL AMA T
T19=-48, *AMURAMU/THETA®PE2  %CT2%CSC2
1 =166 *AMUKANMU/ THETA%PNURCSC2%PE2
2 =16 X HCEAMURLMU/THETA*CSC 2%PED i

T110=32: %AMUNAMU/THETA®PEZ=CT*CSC3
Tl1l1==24%RT3%AMU/THETARPNUCT*CSCHALAMA
) R =24 ¥RT 2%HCHAMY/THE TARALAMAXCT®CSCT
T112=12,*RT3%PNUKXLCSC2HPEL=AMU/ THETA+ 12 ¥R T 34 HCHAMU/THE TA*PE2 #C S22
3 T113=12o%HDEGKIZ+1 2, *HD*¥GEZ*CT 2

T T T114=240 %R T3%RD/THETA%GXIZ T T e e
T115=12.%HD*GEZ#PE2%CSC2

T116==240HD*GE2RALAVAKRCT=CSC

e e e - . . - . — - —— —— e e e e o eam

TI17==24a *RT3%HO/THETARGEZHCT
T118=24 %R T3%HND/THETA%GEZ*AL AMA%CSC
L FORMING THE UIMATRIX. I
DO 10 I=1418
__Vi{1)=0,D0
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DD 10 J=1s18
10 UL(l+d)=0.00
UL{L142)=26%F)17=48c%F1lB=6%FLl9~8%F110
UL(1:3)=~8,%F110
CUL()ls4)=24,%F18
UL(1l:6)=4.%F110
ULl 7)==6,%FL1=20#F12=~2.%F13+F 14
UL(158)=6s%F1L B T
UL(L,9)=2a%F12
Ul{1l:13)==2.%F16
UL(L:14)=2%F16
UL(2:2)==8.%FLT74120, %F 18440, %F 19+32,%F110
UL(2,3)=8,%110
TULI254) S4o ¥ FLT7=2406%FLE-20%F1O0=16.%F1L10
UlL(2;6)==16,%FL10
UL(2: 7122 %F12-Fl4+4,%F13
UL(2:85==20.%F11=2%F12=4c%F13+F14
UL(2:9)==2,%F12 .
UL{2510)=20.%F11
Ul{2y12)=2:%T12
Ull2:14)==4,7F 16
Ul{2516)=4o%F16
UL{2:2)=~4a%FLl74+96e*F184236o %10+ 24,%F110
UL(3,31==4 %FlT+24,%F184366%F19+96.6%F110
_Ull3;4)=-48,%F18 o
T UL(3,5)=-48,%F110
UL(3¢6) =2, %F17-48,%F18-18.%F19-48,%F110
UL(25T)I=0o%FL146%FLl3~Fl4
Ul{3:8l=~6o%F11
Ul{2,8)==6%Fl1l=12,%Fl2~6,%FLl3+F 14
UL(3411)=126%F12
UL(3,12)=6.%F11
Ul{(3,13)=0%F15+6,*F16
CUL(3,14)==06.%F15-6,%F16
UL(3,15)==6.%F1l6
Ul(3,18)=6b,%F16
Ul 442)=6e#F1T7-42.%F19=24,%F110
T UL (44 )=l 2. %FLT43300 F18484a%F 19448, %F110
Ul(4,6)=12.%F110
Ul{4,8)=2,%F12+06o*F13~-F1¢4
TUL(4, 10 =428 F1)=24F 12=6,%F13+F14
u1(4,12)=~2°*r1”
UL{4,15)=20%F15 o

e e
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L ULL4416)=~6o%F16

700

a8

CULG4 1T )==2,%F15

Ul[4118)=—2°’F15
CUL(542)=2%F1T~4B,%F18~30,%119

UL(543)=80 *F17~48,%F18-1200%F19-1200%F110

UlL(554)=24,%F18

UL(555) =4  NF1T4+24 %F18+€60.%F 194240, “F 110
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? D0 50 I=lels e e ) o
T CIN=0600 B - T
DO 50 J=1:18
50 CLIN=CEI+ULLT I IHV )
‘ WRITELR :9GT7)IC(LYC{2):C(3);Ct&),CI{5):C(6), )
X 1 CeTYsCIB)CL9):CLLC)C(LLY CL12),
i 2 C(12),C014)1,C(15:,C(16),C(1T):C(18) S -
T TG T FORMAT (IO 1t D10 B/ L0X st BLE01668/104 TCIEIDL6L 8/ 1K, D1=0106. 8
1 /LOX,'ELl= DLl6.8/10X ' FlutD168/10%,; tA2=1D16,8/10X,'B2=1DL6a3
2 J10X:5C25 D160 B/10N D25 D166B/10X, *52="D1L6a8/1CX:'F2=1D16.3
B 3 L /10Xt A= D16 B/10X T B3=1D106e8/10Ks P C2=D16.8/10X, 03=¢D16,8
4 /LIOXyCE2=tD16,8/10%,tF3=2'D1668)
RETURN _ o
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T IMPLICIT REAL®8({A-H,0-2) 77

109 AWAX=-1.

CLIGTIRONWN=T T

CTLYI6 INDEX(ICOLs1Y=IROW T

120 ACICOL, J)=TEHP

118 PIVOT=A(ICOL,ICOL)

TIZ21ACTICOLy N =ALICOL s Y EPIVOT
123 TEMP=A{I,ICOL)

TUTI2aTACT S =AU R IV SACTCOL T TRTERD
122 CONTINUE
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SUBROUTINE MATINV(AN)

DIMENSION A(18,18) s INDEX(1842)
00 108 I=1,N

108 INDEX(I;11=0

II=0

DO 110 1=1 N ~

IFCIMNDEX(T1,1))110,111:110
1 DOLL2 J=1,N

IF(IMDEX(J,11)122;113,112

113 TEMP=DABSLALTL{J))

IF{TOMP=AMAX) 112,112,114

169

17706730

[COL=J
AMAXK=TENP

112 CONTINUE
110 CONTINUE .

IFLAMAX)225,1154116

IF(IROGW-1C0LYIIL194118,119

119 DO 120 J=1,N

TEHMP=A{IROW,J)
ACIROW;J)=A(1COL,J)

I1=11+1 7
INDEX(II,2)=1COL

ACICOLsICOL)=1,
PIVOT=1./P1VOT
D0 121 J=1.K

DU 122 I=1,N
IF(I-ICDL’123*122’123.““_m_,wmm._.“m_w,mu“__m_mwm"w_
A{I,ICOL)=0,

DO 124 J=1,N

GO TO 109

125 ICOL=INDEX(IT1,;2)

IROW=INDEX (1COL, 1)
DO 126 I=1:N
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TEMP=A(I,IRORY ) L L o
o ACIsIROWI=ACT,ICAL)

: 126 A{I,ICOL)=TEMP

: I1=11-1 ]

E 225 IF(I1}125,127:125

115 WRITE(641001 )
- 1001 FORMAT(IHO,2X 114 ZERO PIVOT) e
o 127 CONTINUE
RETURN
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| OREMOASE L0k
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H¥wmaOASE 11 %

. ESHJJd ALPHA=S 3. ,ALAwA_o 56 END o
AR AStLE 1 2 ks 5
&SHJ A HLPHA-?)o&ﬁND

| HESSCASE. 13w e 2

ESHJIN ALP I1h—(*\)uaf_ 8]
g MWACERGAS D4
ESHIN _ALPHA=
R GASE 15w A
GSHJN ALPHA=30,EEND

T

P e e

asulq ALPHAZS 90 s ALAMAS 1o y THETA=00026END
i dARRCASE LT ook

o EBSHI L ALPHA=TS, 80ND e
: R L AS T 13w e

‘ £SHIW ALPHA=GD.EEND
CbL e CASE 19w I [
‘i ESITON ALPHAZL 5, GERD

; *’:‘*"‘QASE’ 20 Foo oie .

E§SHUAd ALPHA=I3D,ETND
Aok CASE 21 % ok

ESHII_E=a l; 1J D85 e - - e et et e et e et 2 et e
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ESHI 4 ALPHA=G D, 5 AL A0 COOOLEO6COOTRIND
s JASE 22w ok
£S1d 4 ALPHAhYSnKLKD
AARES SASE P AN o
LESH ALPHA=6C CalliND e s e et ot e+ et e oo e e o e e e e e
PEVEEe .gCr\‘" = d/( <% ot sk
&de W ALP"I \—‘1 )a & [. l\‘D
CRERRCAS L 20 o _ - .
ESHIY ALPHA=30. LERD
¥R CASE 26wk
CESH AL /\L il\—?“c; ALAMASOLSEEND - e e
q PR CASE 2 7o szl
g 6&SHU ALPHA=7506EHD
_ AR :’ AS I 2 RN R - _
? ESHUAd ALPHA=EQ, CEND
MR SASE P9
J_m~&5i)£ ALPHA=456CND - S,
B ekenCASE 20w o
6£SiHHIY ALPHA= 335 LEND
WA UASE Bl
ESiHHUA ALPHA= ()n,ALA =1e THETA=De 016 END
Ao CASE 32 0oe ik
: .ﬁSHJ¢WALPHAu7ﬁ;£ENQH_M- _— .
A XK ASE 3R ek
A assjw QLPHA"OOQ&;NP
3 &oHd& ALPHA—Q)«&END
b EREsCASE 35w
A ESHIL ALPHA=AD 0 8END
3 HARFLASE 30w ¥k
E ESH)A ALPHA=S D0 s ALAMA= 00 66666666666TELND
Ao FERERRCASE 37emwx
3 ESHI4 ALPHA=T75, EEND
x e A SE 38maoxk
A BSHUA_ALPHA=(D.EEND. .
4 MRy CASE  39doon
ESAJN ALPRA=45, 68END
A RAERIASE 40wy e e e e e e e e
3 ESHUW ALPHA=30,EEND
E PSS "u/\S[_ (rl RPNEYS S :
2 _BSHIA _ALPHA=SD. s ALANMA= O_ &EN —_
4 RAoRRCASE 42w
% ESHIN ALPHA=TS5.6CND
A LRI GASE 43orw e e e -
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ESHU W ALPHA=60, LD

PAPRE [PV C’ A "J E Ly by e el

L ESHL AL ALPHA=G S5 L IND
¥ARECASE 45 v
LESHIN ALPHA=3Z O a E'. LMD
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3 CBNUS0R
.:_. ALP HA=GD, ]
] AMU=0,0C125

e e s e e

h

1 >c>¢4< p\’n 31__ A,C ‘<>, B o - »
£SHIA ALPHA= ooo.ALANA 66666666065 TEEN
Aokxw CASE 50w
b UBSHIW ALPHASTS BEND e e
) *’:""’-‘\:ASE 51 neskonen
£ St A ALPHL=6O &END
i okmexCASE 52¢ i o
ﬁ £S5 ALDIR‘Qae,ALAHr= s SEEND
i s CASE  H 3K
L mﬂ&SMJiﬁALPHA=75o&EHD L
; wxRxrCASE 4wl e -
o BSiJd ALPHA=E 00 EERD
—___ >5i<12¢\ [\D"' ) , )..z :<“ i
] £SHI A ALPMA-CJOyAlA”A~loyTH‘TA= c02LEND
- denxrCASE GOEw:
L ESHIA ALPHRASTSL&END

ESHIW_ ALPHA=TS.LEND

CTHETA=3e04 ALAMA=1a ¢
L OXL7=2:5D04, . - —

GEZ=C,3DC4EFND
AAuRLCASE L7 kRN

L GSHUd ALPHA=ST S, GEND e

Yenepw CASE 48 o sl e
&SI ALPH"-”O EEMD

EAERCASE STwd ok
§SHUA ALPHA=6J.8END
MR GAS . DR

£SiHd s ALPH/ A=C Je T ALAMA=Z . 666666566 TELEND

WA SAS T HG ek ES

kR CASE GO Ok T
ESHOW ALPHA=60, EEND
stk GAS F 61 % _

£S1{J A ALPHt OOD,ALArA 0.5&LEND
BACKA A ST 2 ankx

ESHIW _ALPHASTS G BEND

$HIECASE 63 %0
£SHJUAd ALPHA=60.ELUND
‘ASE 6/,;,::‘ :,)t

e e

/\LPHR—GQQ 7l~~LAv f\—] a yTHETA ’) Ol&[f'l)
%k CASE 65

.. 85U _f\LPH,\"'?‘~ &FND e e e e

dxnnASE HE™ AR $

E§SHI Y ALPHA=060.60ND

“<>fq,‘a,<b"\\[ 7—‘> ,<7(

&5SHJ4 ALPH/«—/O.yl\Lx\‘M‘. O 06(‘)6666066675-1_\0
***"‘.\:/\bn_ (5 8§ ¥ ek

ESHIA ALPHA=TSH. EEND

MokEE CASE GO dw
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