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ABSTRACT

A A -displacement solution for the calculation of structural influence
coefficients (SIC's) is presented, The formulation utilizes the lumped
parameter approach that is consistent with gollocacion flutter solutions,
The structure is synthesized as concentrated mass elements connected by
massless elastic plates and/or beams., There are two methods of generating
the mass matrix; they are: 1) lumped concentrated mass points, 2) consistent
mass matriées: Along with the calculation of the .SIC's, the natural
vibration modes and frequencies are calculated, There are two options
for punching out the flexibility matrix for use in subsequent COFA computer
programs. Option 1, punches out the full flexibility matrix; Option 2,
punches out the reduced flexibility matrix eliminating the rows and columns
pertaining to structural attach points,
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1.0  INTRODUCTION

In order to determine the aercelastic behavior of & wing or control surface,

it is necessary to know the aerodynamics, elastic properties and masa distribu-

tions of the structure. The overall aeroelastic analysis is usually divided into foug?

separate partz as shown in Figure 1,

Mass » Stiffness
Distribution }§ Distribution

Aerodynamics

Flutter
Speéds

Figure 1. Analysis Procedure

This portion of the report describes the computation of the mass and
stiffness distribution. The geometry of a wing or tail surface is too Eémplex
for the successful use of closed form analytical techniques. Therefore, a
rumerical type of analysis must be used. The end product of this analysis 1is
the generation of overall influence coefficient and mass matrices referred to
a set of node points arbitrarily picked on the surface of the structure. The
finite clement method (see Refs. 2 and 3) was used to form the required matrices
for a planar structure. This technique is especially suited to solve complex
structures and as used in the analysis 1is general enough to handle the following:

1. Combinations of beam and plate elements

2. Arbitrary boundary conditions

3. Lumped or distributed stiffnesses and masses
A discussion of the theory and computer projram which calculates the influence
coefficient and the mass matrix as well as the structural modes and frequencies

is given in the following sections.
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2.0 NOMENCLATURE ,

C‘ = Unknown Boundary Constants ]

D‘ = Plate Ridigity Constant ¥; ;
E = . Modulus of Elasticity ' T 1
F = Force « ' '

K = Stiffness Coefficients ’

M = Bending/Torsional Moment .

P = Pressure B

T = Coordinate Transformation

t = Thickness )

v = Linear Displacement in gz direction 1 ,

X, ¥V, 2 = Coordinate Axes

st = Linear Displacement ::
) . . g

4032 = Curvature - ‘g’
e = Density &4
T = Stress T ;
Vo= Poisson's Ration

._9_9 = Partial Derivative -
= Square Matrix
Column Matrix

= Row Matrix :

L—- \/Nl-_..)\,.
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3.0 TECHNICAL DISCUSSION

3.1 Influence Coefficients

The stiffness method Qpproach is first used to obtain an overall stiffness
matrix of the structure. This matrix is rsduced by partitioning and then in-
verted to obtain the influence coefficients at any desired set of control points.
The number of control points are denoted by N. At each node, ‘three degrees of
freedom are specified: two rotations and the normal diSplécgment. Therefore,
a stiffness matrix of approximately 3N degrees of freedom is first formed by
superimposing individual plate and plane grid beam element global coordinate
matrices. The matrix will be somewhat smaller than 3N degrees of freedom since
boundary restraint conditions will reduce the size of the matrix. To illustrate
the matrix condensation method used in the computer program, we will assume that
we have N control point normal displacements and M displacements which must be

eliminated. The overall stiffness matrix is given as

k}VN I(Nhl

LQMN kSMM

The structural equilibrium matrix equstion can be written as

(2)

r kQVA( kthf J& F?V
KM N KM M ' J‘M FM
3

K] = (1)
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We now assume that forces at the points toc be eliminated are small and can i
be neglected. Therefore,
s K., K. (4 F
; [ ‘NN NM N N 3 E A
- = [} ;
K i g
| v Ko ] % 0 i

or

[KNN}{JN} + [KNM]{JM} - {FN}

T [ealfAd e [Kal{ 44 - o]

g mewy MY

;ﬂ Therefore 3
< . *
{ouf = =[Kome] [Fun]{ 50 S
- and E %
(Tk - ( f
([ - [l 5] [5un]) {641 - {5 |
3 a2nd since : ]
3 [KMN] = [K NM J | B
2 we have = ! 4)
f : o - r 17 74 ) ( - | 3 A
(51 (1]~ o] o] Tl] 15
- If we now let ; ] T IR y . ]
, [ = (%] = (K] K] [Kn]) P
:; ‘ then Equation (4) can be written as . 3

, ;. 7 L

s - X 5) . :
L | 190} ] {F4] @ -
o

!
‘: s The matrix fN.N is called the structural influence coefficient matrix,

The application of loads at the control points yleld displacements at the
, control points by carrying out the matrix multiplication indicated in f
f Equation (5). ' N q
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The computer program FLUENC carries out the required operations to obtain
the influence coefficient matrix [fNN] . A detailed -description of the program
can be found in Section 4.0, The program is written to form a 50 x 50 influence
coéfficient matrix. The influence coefficient matrix is punched out on cards in
a format compatible with the Collocation Flutter Program.

The plane grid beam global coordinate stiffness matrix used in the proéram
was obtained from Reference 1 and is given in Table 1. The local and global
coordinate systems are shown in Figure 2. The figure also contains the sign
convention for the six dezrees of freedom for each element.

The triangular plate stiffness matrix given in Reference 2 was used in the
computer program. The plate element can be materially or geometrically ortho-
tropic as treated in Reference 3. Stiffened plates can be considered to be
geometrically orthotropic. The sign convention and nodal degrees of freedom are

shown in Figure 3.

z' parallel to z

x', y' - follows principal
axes of material

- angle between x' and
X axes

L4

Figure 3. Orthotropic Triangular Element
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Following the analysis given in Reference 2, che deflection shape of the
plate element is assumed to be of the form

w = C, 1 Cx+ Ciy + C‘,’R'l“ Cf'xj * Ca.‘f"
FCon®e Co(ay™s 27y) + Gy g’

or (6)

w = [N]{C}

The unknown constants Cl, 02’ com, C9 can be written in terms of thes nodal

displacements 51, !2’ -—-, 59 by using the boundary conditions
w = 8§,
ac 770, 4= 0 9w/9;=- S,
ﬁw/ dx = - 4,
wnr o= 54
at X0, y=h. 'Qw/?;u $¢ ™
1 QW/QW Ll S‘
w = &,
ak WKy, 43 9u~/9;:= ds
Diuy/:‘)/ - S}

Using Equation (6) in conjunction with the boundary conditions given by
Equation (7) yields

Y
ey Wvamcy 0 mewsy onmy 0 e taawg Dl DN GONNE DO UMY mmEa bewsws

( (S, '\ — A ¢ h
3, Ce
94 C
o “ 4 (1)
«55 = C J
5, .
‘;; : Cy
8 s
S L <y

"1
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| 1
1 o 0 0 0 0 o 0
o 0 1 0 g 0 0 0 o §
0 -1 ! 0 0 ) o 0
1 6 y, 0 8 v, o 0 7, g
0 0 1 0 0 29, 0 0 3y,%
vhere € =145 o o -y, O 6 ~¥,2 o
R T 2 W £ S 2 e e vy i
(] ] 1 ¢ %9 2y3 O 2x3y3+3:32 3y32
G ~1 0 ~2x4 ~¥3 G -3x:32 - (y32~?-2x;§y3) G g
3 i

The constant vecter {c} can be obtgined in terms of the nodal displace-
ments by inverting the matrix [c] - Therefore,

fe3- 1§

The curvatures for & flat plate element are given by

MR BEER WS PR

€y 3 95w/¢);x”
fef= e 1= oe/o
€xy 2 3w/ 22y

Substituting Equation (6) into Equation (10) yields

[ ¢ <]

P Y
[2
[N
i
—_~
-
=]
frosm— wamg  Saey

where

0 ¢ 0 -2 0 0 @ -tx =27 o i
[(,)] = a o 0 o 0 -p ®) 2% oY
0 0 0 ¢ -2 0 O ”(42‘4’4‘\(- o l
Substituting Equation (9) into Equation (1l) yields l

Q

. r - -'I (
«ef~L;J[C]{5}=[B]§’} ool
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1f inicial scrains are neglected then the moent-curvature relation-
ships can be wricten ia the form

M,
fr)= Am, t = [01{e] (a3
My,
where
D, D, 0
o] =1 L, b, © (14)
L 0 0 Dy

for a materially or geometrically orthotropic plate. For an isccropic plate
Equation (14) reduces to

¢

i y—

- (15)
2(1- v

0 o 1~z

The [D } matrix must undergo a transformation if the principal axes of
the material do not coincide with the local coordinate axes. The components
of strain in one coordinate axes system are related to the components of strain

in another coordinate axes system by the matrix equation

{el} - [T]T{E} (16)

(The prime refers to the components of strain relerred
to the x'-y' axes in Figure 3)

where

T Cosxﬁ .wu'/’ -2 *‘.tn/.’ C'vt.'./S
[ ] t 25 /% VENTTIS ENRYA]
| T = | sn’p3 cos /2 J gt oo, an
. 2 4ol
sm,B COS/S’ . .wn/i Cm/.{ €0 , ANV ,!
9
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Since the internal work is constant no matter which coordinate sysiem

is used

]
Oy
Q
St

~
PPy
m
(U

T
{=1 {e'}
ov by Equation (13)

fe'} o e]

and by using Equation (16)

(V1710171 e} = {e} [0] { €}

Therefore

i
O Ay
m
Mgt

~
| Summennat §
o
S
o~
M
St

(p]= 710’171 -

=

The stiffness matrix for a typical element (1) (D @) 1is given by
[H=QTMTDHB]#@-
(k1= [T ([ (oY (711217} 0] arety)[c]
fow let A

(51 = [[1e) 71011 [9] drety

and carrying out the indicated matrix multiplications ylelds

Dl = see Table /) dyd:
[ ] {/( acie Y

10

-1

an't

(20) _

(21)

(22)




In order to simplify the integration required for evaluating the matrix
in Equation (22), it is suggested in Reference 2 that the independent variables
be changed as shown in Figure 4. ’

p :
! | 1
/‘// % constan? ;
@ /__5° / A7, 1 93) b
(0 ) +
4 92 § - (ans‘fanf' f

pelp-——— 7

0] -
(9,9)

Figure 4
Coordinate Transformation

The relationships

§(1-m)wx
sl(1-2)9:+74. ] 3

X
9

are used for the change of variables. The terms in Equation (22) can' now

be evaluated by using the relationship

I {x" y"') = ﬂ ;t’mg" dx dy

-Z(,}ml yﬂ) - jf ,1/"’.9"‘ J—(ﬂ,/y)‘ ('/ﬁ' 1/7 (2[‘)
where gz ‘3?
: 5 7
J(z,9) = ) 3 (25)
21 4.
95 I
11
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Substituting Equation (23) into Equation (25) yields

a v e At A~

T(x,9) = §2 9, (26)

Substituting Equations (23) and (26) into Equacion (24) yields

Z(x" 9") = ” 5'""’( -2)" [ (- %) 95 !

-

Cn e e i A
-

§ (27)

E * 4{9& J 4?5 fyi a@; aa?

] which can easily be evaluated for any m and n. i

; 3.2 Mass Matrix ;
éi D'Alenbert's principle can be used for the formulation of the mass l 1
; matrix. If masses are attached to the nodes of the structure, then the &
nodal dynamic forces are l .

a*{sf ey
(7=l 2 1
Py where | [M, y 0 l
[M] [ N |

) (29;I
0 Mh 3

il

2T is a diagonal matrix., The mass of beam and plate elements are usually dis- i :

tributed throughout the structure. Therefore, the distributed pressure |
. !
loading can be written in the form , i

4 ' 3
6/ w (30)

[T b
Substituting Equations (6) and (9) into Equation (30) yields '
' - i “le :
j ‘ - -pn][c]{d]
-p LRI{ &) o

where . l

N
!

)
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Since the equivalent element nodal forces can be computed from

e ensaon
(P} = - [[R)Tp ¥
7] Z[R]T[R]pdl/} {51
uecetore the elessnal consistent mase saeci 1 given by

[m]) = J[R1[R] o a¥

The consistent mass matrices given in Reference 2 (see Tables 3 and 4)
are used in the computer program.

Once the elemental consistent mass and/or lumped mass matrices are
computed, then the overali natrix is obtained by following the same technique
as used in assembling the overall stiffness matrix.

The overall mass matrix is reduced by using Equation (3a). We again
assume that we have N control point normal displacements and M displacements

which must be eliminated: The overall mass matrix can be written in the form

[M] - MNN M;VM

MMN M'MM

and the displacements

13
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From Equation (3a) we have

“ K] [ K ] {54

{4}

-Since the virtual work of the reduced mass system must equal the virtual

work of the true mass system

- {a5,17 [M1{4]= - {as) M] {5

where

PR A

kit

.

{AJN} = virtual displacements of control points E
{AS'S } = virtual displacements of complete system !

[A4,] = overall rediced mass matrix

Equation (37) can be rewritten in the form

PSR S SNV P ST PUN ¢ SS S S

Lo,

b et

$

M
Substituting Equation (3a) into Equation (38) yields

i
i
{A5~§T[M,]{c§;v} - [45: ASA: ][MJ Sy (383
i
B

(as, m]{53=(as,) [7 - [Kud[ka] ] 1]

which yields the result

M| = [1 "‘[Kw][Kw]-'J[M] (Ko '[K,,,,'I

The reduced mass matrix given by Equatior (39) 48 calculated in the ‘

(39

N |

I |
)

[

computer program.

14
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3.3 Modes and Frequencies

Since the design engineer may find it useful to know the mode shapes
and natural frequencies of the structure, this information can be obtaired
by using the NM@DE option in the computer program. If no external forces
are present then the reduced mass and influence coefficient matrices are

related to one another by the relationship

[£.]7 88 = - [m]{5)

For determining natural frequencies, the deflections {Jﬂ} can be
written as

(5,} = {4} sint

Substituting Equation (41) into Equation (40) yields
oy .
[f] {8} o [M]{4]

The solution of Equation (42) yields the natural frequencies, (¢« , and

the mode shapes {50} . Since (-fN'N]-l and [Mr] are both symmetrical
matrices, the mass matrix [Mr] can be triangularized

(M) =[] ]’

where

4, 0 0aasp
Z, 4, o. .
|
\

~ !

S

3 ., S 1
~ N O
‘Zﬂl oo 0T ‘(hn N

[L] -

Substituting Equation (43) into Equation (42) yields

[ {8) = @ [L][] {55

9

(40)

(a1)

(42)

(43)
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[Z— ]_-’ ['FNN}—! { 50} =w* [/-] T{ éo} | (44)

[ ()= T3]

Equation (44) may be written

TTLT TRl

or

[A]{S,}= w"{S,} 45)

where [A ] - [ L ]-l [: fNNJ-'[ LT]_,I
B3-[e]7{8]

An eigenvalue subroutine using the Givens method was used in the

computer program package to solve Equation (45). The Givens method 1is
fully described in Reference 4.

Note that the dynamical matrix [A] in the form described above is real
and symwvetric which is required by the Givens method, Conveniently,

[L] and [LT] are in triangular form which i{s used in the computer program
package to save core storage space,

16

Ry Meomy  WOok MY GNEME MR BeR

e |

o

—-‘a\m

oA

AL v L A 2

PNRT TR




4.0 PROGRAM DESCRIPTION -
i

Computer program FLUENC wrigten in FORTRAN IV carries out the operations
set forth in Section 3.0 for genérating the structural influence coefficients
and mass matrices required by the Collecation Flutter Program, Briefly, the
structure is assumed to be representable by a planar network of beams and.
triangular plate elements connected at discrete joints. At each joint, if
there are no restraints, the program assumes three degrees of freedom; that.
is, one displacement normal to the plane of the structure and two rotations,
The program first synthesizes the stiffness and mass matrices for the entire
structure including all degrees of freedom from the data input for the beam and
triangular plate elements and from the restraint information input for the
joints, It then reduces the stiffness and mass matrices by eliminating all
the rotational degrees of freedom and leaving only the normal displacements.
As a final step, the program inverts the reduced stiffness matrix to obtain
the influence coefficients,

Other features of the program jinclude the option to compute lumped masses
or to compute the consistent mass matrices for the beam and triangular plate
elements or both, Also, the triangular plate elements may have either
isotropic or orthotropic properties, There is an additional cption to expand
the reduced frequency matrix to include the degrees of freedom representing
the restraint joint (one joint on a movable surface; two joints cn a fixed
component). This is accomplished by adding one or two zero rows and columns
to the reduced flexibility matrix corresponding to the mass numbers of the
attach points involved.

In the sections that follow detailed instructions are given for the
preparation of input data and a description is given of the output illustrated
with several sample problems, Also included are listings and flow charts of
the program znd a discussion of the processing requirements.

4.1 Description of Program Input

The following instructions describe the input data, their physical units,
and the FORTRAN format they must be punched with. The input quantities' names,
all in capitals, are their FORTRAN names and, for reference, their equivalent
names in Section 3,0 are listed in Appendix D.

4.1,1 Title Card, format (12A6)

Two cards; any alphanumeric statement f{n columns 1 to 72,

17
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4.1.2 Problem Size and Control Information, format (715)

4.1.3

g e

Column 1-5}16-10;11-15] 16~20 21 ~25} 26'- 30 31-§
Name NJTS NR NBE NEE NM@DE MKEY NLUMP
NJTS = number of joints in structure (50 maximum)
NR = number of joints with one or more restraints
NBE = nqpumber of beam elements in structure g
NPE = number of triangular plate elements in structure
NM@DE = number of eigenvalues and eigenvectors desired (9 maximum) g
MKEY = 1. do not compute consistent mass terms for beam and/or
triangular plate elements
= 2. compute comsistent mass terms for beam and/or triangular i
plate elements
NLUMP = number of lumped masses input. Only lumped masses corres- i
ponding to the normal displacement at each joint may be
input,
Material Properties I

(a) Number of Materials, format (IS5)

NMAT =

Column

Name

o |

NMAT

number of materials for which properties are imput (10 max.)

(b) Properties, format (4E10.3)

Input NMAT number of cards, one for each material,

Column 1-10 |11 -20} 21 ~-30 7] 31 - 40

Name M(L) PR(1) GE(1) DENS (1)
YM(i) = Young's modulus of elasticity divided by 108; psi
PR(i) = Poisson's ratio
GE(i) = modulus of rvigidity; psi. If input as 0, it will be computed

from the following formula:
(i)
GE(L) =
2 [1+ Pr(1)]

DENS(1) = material density; 1b/1n3. Not requlred 1§ MKEY = |

18
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4.1.4 Joint Coordinate Cards, format (10X, 2E10.3)

4,1.5

4.1.6

Input NJTIS number of cards, one for each joint,

is assumed to lie in the x-y plane,

Also, the structure

Column 1 -10 11 - 20 21 - 30

Name m X(m) Y(m)

m = joint number (must be input consecutively starting with 1).
May be placed anywhere between columns 1 and 10

X(m) = x coordinate of joint m; inches

Y(m) = y coordinate of joint m; inches

Joint Restraint Information, format (415)

Input NR number of cards, one for each joint with one or more restraints.

Column 1-5 € - 10 11 - 15 | 16 - 20

Name JT Ml M2 M3
JT = number of joint having one or more restraints
Ml = O free in the z direction

= 1 fixed in the z direction

MZ = 0 free to rotate about the x axis
= 1 fixed about the x axis

M3 = 0 free to rotate about the y axis
= 1 fixed about the y axis

Lumped Masses, format (I5, 5X, E10.3)

?
Input NLUMP number of cards, one for each lumped mass.

Column 1-5 6 - 10 11 - 20

——— ——

Name JMASS blank RSMASS

JMASS
RSMASS

number of joint for which lumped mass Lis fnput

lumped mass, 1b,

If more than one lumped mass is input for a particular joint, the

program will sum the masses.

19
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4.1.7

4.1.8

Beam Element Properties, format (3E10.3, 31I5)

Input NBE number of cards, one for each beam element,

Column 1-10]11~-20 )21 -301) 31 ~45 | 36 - 40| 41 - 45

Rame AR X1 YJ MAT JINR JTFK

AR = area of beam cross section, in?
XI = moment of inertia of area, in4
Y] = effective torsional moment of inertia, int0

MAT = material code corresponding to one of the materials input
under paragraph 4.1.3.

JINR, JTFR = joint numbers at the ends of the beam element

Trigngular Plate Element Properties, format (E10.3, 5IS5)

Input NPE number of cards, one for each triangular plate element.

" omp— g -

Column | 1- 10| 11 - 15| 16 - 20 | 21 - 25 | 26 - 30 | 31 - 35

o m—

Name PTH MAT JTl JT2 JT3 NDX

— . -

PTH = plate thickness, in.

MAT = material code corresponding to one of the materials input
under paragraph 4.1.3

JTl, JT2, JT3 = joint numbers at the three corners of the triangular
plate

Restrictions:

a) The order of the joint numbers must be given in a clockwise
manner as follows: J73

y /

et
— JT2

JTi

b} The angle formed bg the edges of the triangular plate at
JTl must not be 90%,

NDX = O the plate has isotropic properties and the flexural rigldity
terms are computed from
YM(MAT) x PTH’

pre e 12{1-{pa(mr)]2}

Dl = 'Lm(m'r)] x DX
20
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Column

DX, DY, D1, DXY = flexural rigidity terms, in.lb.

BETA =

Y

L x

4,1,9 Option to Expand Reduced Flexibility Matrix

1 the plate has orthotropic properties and the flexural rigidity
terms are input by the next card [format (4E10. 3)]

1 - 10 11 - 20} 21 - 30 31 - 40 41 - 50

[ﬁﬂ DX DY 1)) DXY BETA 3

anglie betwesen material principal axes and the triangular plate
locel coordinates as shown below

Material Principal :
Axes 3

Triangular Plate Local
\ {V Coordinates

4 Wk Pt e iasti

Note:

data for any one particular case, whether or NOT the option

Column

Name

[tem

NCOD = 0 Option not executed

1f NCOD = 1,

Column

Name

Item

NR

NNE
NWO
NWO

The following card (NCOD) is alwsys required at the end of all input

is to be executed.
FORMAT (116)

1-6

NCoD
(1)

= 1 Option executed

the following card is required |

FORMAT (318)

i

1-8 9-16 17-24 : :
NR NNE NWO b
(1) (2) 3 5
Number of boundary points used (1 or 2) :

Mass number of first attach point
Mass number of second attach point, 1if NR = 2
0 or left blank if NR = 1

fnou ton
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To input more than one problem, the user need enly repeat the cards in

paragraph 4.1.1 through 4.1.8 for each additional problem.

4.2 Description of Program Qutput

The program prints out all the input data for every problem followed by
the solution consisting of the reduced upper right triangular stiffness
(1b/in), flexibility (in/1b) and weight (1b) matrices as well as the modes and
frequencies when these are requested ou the card in paragraph 4.1.2., The
stiffness, flexibility, and mass matrices that are printed/punched out only
contain terms that are assoc{ated with the normal displacement "z". This
is done so that when the flexibility matrix is used in subsequent collocation
flutter analyses only the easential degrees of freedom are included in the '
flutter analyses, Also, the matrices are reduced to eliminate control points
associated with fixed points (boundaries)., 1If it is desirable to include the
boundary points, it is only necessary to intersperse rows and columns of zero's

at the proper place in the matrices.. Immediately following the joint restraint

information in the output, the program prints out the coordinate numbers assigned

by the program te the normal displacements at each unrestrained joint, The
elements in all the reduced output matrices are ordered according to these

coordinate numbers,

In addition, the program punches out the entire flexibility and weight .

matrices row by row with the format (1P6El2,5) which is compatible with the input

requirements of the Collocation Flutter Program. Each punched matrix is identified

by a little card as the first card.

4.3 Sample Problems

To illustrate the use of program FLUENCE, three sample problems are in-

cluded in Appendix A, Each sample problem starts with a problem statement and is

followed by a listing of the input data and the output of the program., The flrat

sample problem is a simply supported uniform beam composed of five beam segmentn,

The second is a uniform cantilever plate divided into 72 trisngular plate
elements, and the third is a lumped mass and beam network simulating a misnfle

control surface,

22
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4.4 Processing Requirements

Program FLUENCE has been run on the GE-635 computer and it required about
31,000 cells of core storage. It is expected that the program storage require-
ment will be about the same on other digital computers. In addition to using
the input and output files, 05 and 06, which are standard for the GE-635 computer,
the program requires six other peripheral files, five of which are designated in
the program by the numeric codes 07, 08, 19, 10 and 11, and the sixth is the card
punch file. .

There is no general formula for determining the run time required for a problem,
but if & GE-635 computer is used, an estimate may be made from the times required
for the three sample problems in Appendix A, which are as follows:

‘Sample
Problem
. No.

No. of
Beam

No. of
Plate

Elements

Consistent
Magses

Computed |

Lumped
Masses

Input

No. of

Mcdes & Freqs
Co {uted_df_

f."r had

1 6 5 0 Yes No 4 0.0015
2 50 0 72 Yes No 9 0.0691
3 29 45 W) No Yes 9 0.0161

4.5 Program Listing and Flow Chart

In the event future changes are needed in the program, a listing of the program
is included in Appendix B. The program consists of a MAIN deck, 24 subroutines and
one function subprogram. MAIN has the function of reading in data, numbering the
coordinates (subroutine CPPRDN), generating the codes for assembling the stiffness
and weight matrices and calling the subroutines which develop the stiffness and mass
terms for the beam and triangular plate elements. When the entire stiffness a;d
weight matrices have been established for the whole structure, the MAIN program calls
a2 subroutine which reduces these matrices as discussed before and determines Lhe
modes and frequencies as well.

The 24 subroutines and one function subprogram can be divided conveniently fnto
five groups according to their function. The first group consists of those routines
that develop the beam stiffness terms; these are TRANS and BEAMK. The second group
consists of the routines which determine the beam mass terms; these are ''RANS and
BEAMM. The third group develops the triangular plate stiffness terms and these are
PLATEK, CMAT, MINV, DINMAT, MATMPY, DMAT, DBLINT and PLYMP. The fourth group deter-
mines the triangular plate mass terms and these consist of PLATEM, CMAT, MINV, DINMIM,
MATMPY, DBLINT and PLYMP, The fifth group'df subroutines reduces the stiffness and

23
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and mass matrices, finds the eigenvalues and eigenvectors and outputs the solution.

This group is comprised of EIGEN, VIVID, ZRPMAX, ZRUMAM, SYMINV, EIGMAT, BIGMAT,
LOgPL, LOGP2, LPPP3 and LYPPL.

Since the program listing is annotated extensively with comment statements,
no further explanatory remarks are given here for the progrem. However, to faci-
litate the understanding of the inéerrelacionﬂﬂplamong the many subroutines, a
flow chart of the entire FLUENC program is included in Appendix C.
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Three Sample Problems - Input and OQutput
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) Sample Problem No. 1
A Simply Supported Beam

"‘l.:'
nk:é::‘;!.
z
so’
) —~ — —
g;?L.._ Y S NP D
l ! i
> \ 1] 1
- . -t —
P / 2 3 # 5
/l/'
X ~ E = 106 psi
YV = 0.33
£ = 0.012 1b/in
A = 100 in?
I = 2 inl‘
J = 4 in4

Rt
“\\[ 134

Calculate first five vibration modes and frequencies using the consistent

mass matrix option,
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Program Qutput
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SAMPLE PROBLEM NO, la

Simply Supported Beam

Identical to Sample Problem 1 with the addition of lumped mass :
input at joint 3 and 4, i

Program Qutput
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Sagple Problem ¥o. 3

Migsile Control Surface Model
(Modeled with beim elements and lumped weights)

Find first five natural modes ani frequehcies.

7}

Note: Joint 11 is restrained from rotating about y
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Lumped Masses
Joint No. éi;j
1 0. 050
2 0.110
3 0.115
4 0.125
5 0.196
6 0. 155
7 0.305
8 0. 305
9 0.305
10 0.165
11 0.060
12 0.165
13 0.005
14 0.183
3 15 0.325
4 16 0.310
5 17 0.280
2 18 0.140
k. 19 0.062
20 0.078
21 0.078
22 0.078 :
23 0. 080 .
24 0.033 :
! 25 0,051 "
3 26 0. 051 ?
27 0.0Q! g
$ 28 0, 042 .
3 29 0. 650
A j
3 64
’g —



L "SR

o s>

SpATY

[N IR

Beam Element Propertics

REVR SUR PR YTV N

T Moment-of-Inertia “Torsional ﬂ
Member Area Constant
i-3 inch®
1-2 0. 0009 ' 0. 0055
! 2-3 0. 0009 0. 0055
3-4 0. 0009 0. 0055
4-5 0. 00138 0. 0055
_6-7 0, 0164 0. 0300
7-8 0. 0164 0. 0300
8-9 0.0164 0. 0300
9-12 0.0164 0. 0300
12-13 0. 01560 0. 0300 :
14-15 0. 0147 0. 0280 ;
15-16 0.0147 0. 6230 .
16-17 0.0147 0. 0280 '
17-18 0. 0147 0. 0280 3
19-20 0. 0053 0.0010 : :
20-21 0. 0053 0. 0010 g
- 21-22 0. 0053 0.0010 n
22-23 0. 0053 0, 0010 3
24-25 0. 0031 0. 0006 .5
25-26 0. 0031 0. 0006 4
26-27 0. 0031 0. 0006 ;
27-28 0, 0031 0., 6006 3
1-6 0.0013 0.0026 )
2-7 0. 0027 - 0.0054 ;
3.8 0. 0027 0. 0054 ;
4-9 0. 0027 0. 0054 3
T-10 0. 0026 0.002% ;
6-12 0. 0503 ‘ 0. 1000 1
12-14 0. 0503 0. 1000 ' 1
7-13 0. 0255 0.0510 3
13-15 0. 0255 0.0510 : :
8-16 0, 0380 0.0750 :
9-17 0. 0380 0. 0750
10-18 0. 0377 0, 0750 :
, 14-19 0.0017 0.0034 ]
, 15-20 0. 0035 ) 0. 0070 :
\ 16-21 0.0035 i 0.0070 - :
‘ 17-22 0. 0035 0. 0070 ]
18-23 0.0017 0.0029 _ :
11-12 100. 0000 0.0100
11-29 0. 3200 0.0790
19-24 0. 0017 0. 0030
20-25 0. 0017 0.0030
21-26 . 0.0035 0.6070
22-27 0. 0035 0. 0070
23-28 0. 0017 0.0029

E = 3x 107 psi
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MISSILE (ONTROL SURFACE MODEL HITH 29 JOINTS
AUBHST 1v¥6y )

20 ¢ 45
1 \
Sh. 0.“
‘ 20
? 2.0
g 7
4 2.0
3 2.0
. A 6.1»
' 7 f.15
A Halv
L/ t.12
)] 6.15
11 6.9
i? 6.9
1a 6,9
)4 7.6%
1 7.6
th 7 .65
i/ 7.69
‘R 7.6%
e TL./8
20 310/8
/1 f1./8
/? 11.]6
24 11.78
/4 ’509
2% 12.9
/f\ 1”).9
727 Ive9y
7R 15,9
79 16.9
i} v 0
/0 i 1
] ety
? het11
3 N.11b
4 0.12%
L Ne1968
f N.195
7 0,505
R 0.3u5
9 0,505
i f.165
11 .06
0 0,165
3 N 0u5
)4 8.1483
[ 0.32%
L& B.31
¢ 7 Ne78

Listiag of Input Data Cards

]

9

fle
ToeH/
1THes
12,73
19,16
17.0
?Oal
fden
12,73
19.16
1.0
ARy
T,87

LI AN

yaﬁl
hea
t2./73
19,16
1704
7.8/
LTI
120/3
12.16
1/7.6
7.8/
They
12,73
15.16
t/.0
Ao8/

1

1L

g R e s S b e <t =

2y
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] N.14

9 1.662 .

P4l 6.078

- 21 6.0/8

77 #,078

23 8.98

z4 0,033

25 g.051

16 0.021

/7 h.n%51

- CH 0.‘]42

.y v.050
fle n.0n09 H.Mybds 1 i ?
n. f.0u09 t.6h 1 2 3
n. v,8009 n,0p5h i N 4
0e 0.0uld toiHh 1 4 5
0. H.0)64 1.89 1 b 7
n, 0.G164 ey 1 / 8
f, U.0164 held 1 8 g
", 0.0164 L X i 9 18
n, n.016 faig ! 12 13
(LI h.014/ n.nz2s 1 i4 15
e f.0147 n.n28 i 15 i6
i, n.N14/; n,028 i 16 3.7
0. n.n14/ N, NP8 1 1/ 18
", n.Nnd4 0,1 i iy 24
a, D.00%9 n,0at 1 21 21
", H 0058 f.al 1 21 27
n, 6.0063 n.uyt . 22 29
a, ft.n031 n,nuh 1 24 25
., n. 0031 n,nné 1 g 26
n, h.0p31 h,46 1 2 27
n, N.ny31 t.NG6 1 2/ 28
", H.0019 0026 L | 6
n. 0.ny2/ 0. 0054 1 2 7
n. B.4n27/ (N Y] 1 K] 8
0. n.Nn2/ Haelin54 ¥ 4 9
n, t.0420 0. 0y29 1 b n
n, 0,050 nat 1 6 1?
e .50 ", 1 12 14
0. 0,0?7%% 0n.a51 1 / 13
N H.025% fL,51 l 14 15
"o 0,048 t,n75 1 ] 16
ite fh,008 ot} 79 1 Y 17
N, B.0377 n.n71%5 1 14 18
W, n.0n17 h.0y34 i 14 19
Ne 0.003% nelis7 1 is 20
", N,00I> n.ou7 1 to 21
n, B 003> f.007 } 1/ 2?2
. B.001/7 n.0u2% 1 13 23
e 140, Nl 1 11 12
0. .32 heN79 1 11 29
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b3 i e

g.091/
f.00617
V.0035
£.0035
G.001/

Hedun3
Ol
fen?
0.0!'7
N,01p2y

68

y-lb-apll-h,-.

19
r4l
21
22
2\’

24
25
26
a7
28

wee prmpa——

»

L]
v d
T s et v vws A kv - o

o —

e v ——— —— = e m—ar o=

- —

.-




TRC

T AR |

Output

O
34
R

TR Y

T

R

Rhiiie s Sl 3 58

G ENE

e

PR——,

[

™

- — g

Y

‘ x -]

R

RIS R RR SR

y 69
"
.
3 .
( . |
4 ' ,
Pt b o) 530¢ > . -

P

A o P FE




s a1

AT e

T S RNy < S e

; ¢ T < : . e o T oy "
£
- i
1
“ON “3¥003 >
ANEOS GIRNIVEASIUNG HO¥I LY L1NINISYI4SIO 2 HOVI A0 3 SHIBuAN I1LPNL 400D
Q
1 |3 (X4
1 ] (¥ .
A _AnQ8Y NOILIVIOY X_1004avY _NOL1VEDY 14383394518 2 LI LYY
Ssdhoacevesnsnrasnasenvene 3 8 O I I Nl vy ilsS 3 18] 87
T YL AT TR Y o
esenY LY (LT K] $e
s8evE Gl we886°G3 12
sourecel 2088A°G1L »2 J R
NTISLD LT TRON Y4 1
* souie~/ weug6°-sl v2
vassv- <1 T I (¥4 D
(YTLISIN shses 11 £e
[ YT LAl (T LT Y ) ¢ 1 1.9 ;
caeap.o.\c- secctxo«— (¥4 .U. '
sea/vZ oo/ (18 }
[ T1 LAY (11 I 13 :
[LTE 281 S L' I A v 3 .
(ITLIALA ag8G97 vi o - |
&. {TITRE) S [T 1% [ ¢ T~ T
— LA M 1 (a3 A
% Taesv el LIS () Sa . b
) 0b/ & LIl L <t LI
oz RG2S LITOM 13y i
-~ YT L IAFY] aEngL 9 st o
@) TRV SY RIS [ -
rZN . agvLech I3 L) v R
Y FITTTRI'2 § TTTY &4 2 RN
: (Y11 AL se0ci°y v o
T LLAIA T T T R [ ,
. P LTI LI LA » ;
LI TLEATAS L] 1 T[4 LY )
4@? TTTIRITY 1] LA < X
- g eARINS ST T neaER’e 1 A
~ *QuGOoD A “U%80s X *ON AMiOP '
N v SSIIVRTER YO0 Wil o ,
4. -
o ] LI L1314 A4 DU I 11154 DR T B L 1Y T s
AL3SNIQ ALIGESI® 40 SHINGOW 0IAVE NOSSi0d SAINAUN SsaMN0R ‘UN
SCOVECINENOEOETO0OtoR0o0sdeRRbecee & J I L 8 1 &0 8 & v I 831 VN O
) . _ )
2 % JUNT ¥ % AINN 6 = JNONN v * daN SF * N ] oZ & SITH
] o
- Y96t L3B0NY :
SANINE 62 KLIN TVH IV RS 10BEKCD IVISSEN @)
b
N R e st i .-On} ” L
P S P A S e — Y Y G o W = 4o PR P IEIPE L R TAA ST S0 v E.T] i.

N et

Svhndac L LI B X Yy Nt s i
1 et e o

i



Wn v > as € eRRFVIY

et

IR SRR,

—————

A I o

i T IS U S WA .

. ) 2 [ T <5887 (1 1130 o € "
A £ < I uGe8°d od89° 9 . 2 R
h e L I S L IO -4 3
“ : 2_ANJOC. ¥ umier  tve r 1 v ‘ow_1N3u3T3
. i setoadasnsscrsstonccscncens S I | L ¥ 3 4008 ¢ [ EEEKEBRE] T WY
¢—. ! * . I B - « - -
i . TR0 Y3
- _ ups's | 1
. . [AX1 2 ) e
v - - . L . N slige*e ¥
. ~ < sls0-¢ (Y4
. A — P . . [ I L] | X4
. . - [TTIN] £
t —- : o N asze e <<
_ R zaTe 1T
Sty suLn®e vl
] . (X7 b ] T
- — : asyi-e 1
. s 1T a0 3 9
— ) [ I XS] 9§
- 625" % sl
; .4, - - - (1% ] R (2 3
g 9584970 [ &
) s 1Y A0 <l
N N (LT (Y3
8698°0 of
T GRD .
. (111} o .
) I 1] I3 b
[ 13X v .
CI Y] £ :
LY v
A &) [3
[ 114 0] & -
[T N ] [} vy
: UL IELI *on_intor_
Si1Huw1l In X LRI
Kt y:4
. [24 22
ve ve
%2 $2
- ¥ ve
[ %4 [ X4
P14 L4
17 1
. e (Y4
61 [-X§
el 14
21 Ll
91 9y
st st 43}
vl ri
vi [ 4 1
FA | <t i
- (& il -
» M3 ol C
—— - 6 b .
v v ¥
2 e AN E 4
= - e @ ] Y
B s b Uit b imesm mmmmmn beene e e e o e B D t
pfsa’ . - = me s o men S s e e meese e S e s e 13




PR/ AL Ot Sy il s W E DN AR SR 1 ¢+ J e bt Yt 4 CAE AR T MR

M -~ R T L S s e ————

‘ N N S I L S N T T T R S R A L T LA T 3 e _
. +8 30600%"8- £p JOUCYO°E  ¥0 3GTE9V°0 S0 3I2INI2°6- b6 320992°0 WU F6URUZ0 s 3203930 ou 306Srloa- G 3ULEEE°e -
—~ - L )

W8 0600V G- TR Fiviei 6~ 20 3991878 00 JTLLOF 0~ 00 3ISCEPG 0- T FC40si-s LCBELYTY I A [CEEITTS &4 20

28 399rIb°8 I8 3781818 £3_ 966600~ €8 ILeC6F°8~ GO BOPCITD £0 3688¥2°0~- fu 3JsoTr2cn Yu 3L81¢1°8~ py 32e227°8
¥0 3BSTOT6- '@ 2658GLR°Y e TRV G¢ 392682°9~ »Y AL8GIT"P vo 3TL2L0°0 bs Iroo8G°H Se Jft6Lc - Gy d6loye"s
. L

Ron -

18-3G2285°8- 80 3259080~ T8 INL6IT*0- Y0 365hi2°8- 48U 3tirgz-e V¢ 3TG/98°0- Iw Jdsstecn Zv d19781°38 2w 3965€T~¢

00 3tg%2T-e be2ilee- t¢ 369 = €0 369629°8~- ¢0 I/LIB09°0~ 0 3AQ66Cr-R B I LTI YU 46R%ESA- pw 3I9LVIZ e
20 35r0e20~  »8 IV/vCIca $0 1656828 S8 3020900~  pU BLVSIN°-O pL 382TvI°u~- $¥ IGevaocw Su 3C2M1¢°8~ <So 3Ilccol°®
& .a
T - T9-3162€1%7 :

09 3216078~ 80 dBaT/b°8- 83 I849ILcR 88 35/€£6°0~ B0 22p020°0 2 3eLar2° 8- T8 Ireqercw QU 35¢219°8- 13 Jicwwe-a o

28 ITLUPL"y

10 ASP/T2 8- £C IGGETT 8- €0 IL69S2°0~- ©8 J268¥9°0 ~ +0 IAYCOC 0O~ 4§ 301907 8~ G8 3GCL6T-W  +U J2909i 8-

£8 _32800X°8- ¢+ _Iv6rdleo PO 3TLG6¥°D 68 369¥61°8~ €U F9iGuT°0 PU_APCHIT 0~ HO ITufypen Go 324000 °u-  ye 36L590°6, '
1 L1 ] :

X1 81 9W $SSINIITIS Y ITnosnNvy il ¥ 3ddf a3 nadw :

-
DA g

(T ¥2 4 7i68°F 0 | (13
- L2 e2 X ) 1 .
(T3 i 14 T w (43
2 (14 1 -8 t 14
vz 3 ¥ o] L3
62 11 3 egzLey ) (1] . :
. - H]3 Y 4 3 CYTT A ) i ] [ 1y aol
- €2 9t 3 2188°6 - L1 it
; » e I 4 4 (14 M) ] 4y t
Mew 12 9T 1 “CRu"S e " : :
¥z Y T LN TR *q 414
..m\\. 61 vy 3 1188 °e i .
) L) 4 T T IE4{ M b2 141 :
) 23 3 13 agce"e 0 2¢ :
~ ” v T (T ) ‘s £ v
i 14 ey [ “G28%y 8 e m
’ - (43 I3 i 4628%0 v Y3 _
. . C} . - LA . 41 3 CaGe"y .o . Bc !
, Lo 21 9 3 rocu’e B Le
' v _ny s 1 ocee*e .9 v )
YA 6 ’ 4 easc ‘e (1 -
. i € v 1 198 °n re
: ’ " Z P2 ) 1208°¢ 8 £¢ w
. . . m? L 9 . : 3 SLLE .9 . 22 -
LT ryd t Tree'e o) | £3
. [~ o ) 12 ¥Z_ s " igescw s w©“ o
. Y [T L ] T bveece 9 6t
. . <2 v2 i traece - ol ,m
‘ Z (24 ¢e T S XY TR *u Li . :
. A ] L 2 . L2 1 I .e ) 0" ,
. ' 1¢ (24 [ KT K - [15
(1 68 ‘ vouucs *e . vi )
(33 ] 4 L] lrivte T el
4 4 N 91 £ T3 N 2
g L3 [ 4 T Ivle*y ) 1 41
. . 6t vl 3 .Ivincn e 1
g "1 A 4 112 (3 | 3 [
(2} [ ‘3 25 M) “8 9 .
‘ 6 v - |} Fole’s ] L
, ® I3 1 8 - ¥9IN°a .8 9
¥ @ T (ZITM] ] (4
) , , , . § . .1 AL R *

ORI T PN il A



iaas Mo iouabiv e A e O R e o i i i

. AR o R -
w L . B4 T B T
”. “ : . - K 2 M K
; A 2z t e | S
N ) _ : : ; g_injor I _inlor : ¥: o8 ARl
| : 2008RtNOCIRRMOONNENOEOSes0et S 3 ] L ¥ 3 4 O 8 o A EKE B E] I Y N
¢ : g C - - : - - -
_w M - . : 3
| . i ’ TR (13
} ' 82re°2 1 X4 M,
_ . si1Ge-s 2
m ; . . _ . .81G8°4 ¥2_

. : [ OO0 [Y4
; : . Ibu.w ascse ve
w T LM v .
. i £ Lo <
i o8La"d k¢4
~ : L ; . swincse 'Y
X i [ YL M ] 114
* , _ ) sert-e vl
) Vo O ] T TR 'S S
o Y L) et
. [ TP 4
i - 5 [ 1% I 94 ] (28

~ LT LA 3 4 ,

. i 5918 -
. stvace 18
59t e ot

&
| -N.‘ oRo-N ry
o . 058r° 8 v .
. [T 1 3] & i
_ 85514 v i
wosi 8 [
. . YIN .
, MTAY [
13480 € e
! . (LN [y
. . JTCTIEL] 0N _iNlOF_
* _ ‘ STHOI 1A S3annt
. . i
[T ['T4
. Wi T4
w . ve ve
(Y4 (Y4
) . »e ve .
m £2 £
i P24 22
w.\ 42 (W 4
. . ve (T4
. 61 6f
[} 'R 4
, Ll L4
¥ 91 #
| . st ol <4}
; v [ ﬁ
} £ £ %
! . el <t i
! - 11 1i (oA
: . : d "} 3 [T} 4 C 3l
| . z - o v ;
, . e v b
, 2z ¥ nE
m J 1 v H - s ~ ~ . . - - - P - ——— —Y -III@ L w\vw
- n.\iilmq S rﬂnnnosu, -,,..L..ll\w.uu.u..u...lam.l..u:nlm A .Il..lw | P " . : d ,s.»vm TR I & l ¥




R §

STV

s owatria s s rape IR S I PRI R “a IR A, g 1 TR T e R A SRR TEE Y TATIRT NPT ORI DAL S UM 0 Ay £ e R B e i o e P P b sy i
- P R NN - - N N o - - LRttt
T U 00275000 3k d e OG5 0. 3241, CNCTTY R IR U E N s e
2 -8 385+BT°8~ [IELR TN »8 361895°0 G0 mvﬂvum..i | 4] umccow e YO 360842°0 fv Wur—r-.za S 3869L1°n- &8 JPLESE"S e -
= - v woa
e Jv6@80°0- %8 FLpL0T° 0~ 20 3991610 [ 1] wmhnoﬂ.at 00 JSEIPS 8- Ty LTI Vo Jsevrrecy e 308217 9~
. 88 3987 Ib°E Y8 3781830 €8 39646C°0~ 2 I7806¥°N- GO0 I8FOLIT O 0 AGREU2 8- Cu JeoTy2°n vy 3291970~ b I2¥&2i°¢

8 I04TOTT8~ 79 2686488 H8 FIRIICA GV J92GWZ2°6~ MY ALEGIC D W JLLZLT 8 ve 3v66¥G-F Ce 3f16L7"8~ Gu Jelewc- 8
- . £ RO

:..wm.a,v.m o.. 80 32v98C°0~- T4 3TL6IT°0- VO 366vL2°6- 80 3TIFg2°0 0¥ 3TG/Z95°A- Tw 3@r6Lpen 2u 319L81°8 28 396FCX"e

38 Jt6 369 = ©8 369629°0~ PO J/LGR9°8- (0 36662F-8 Gu JZisrC°w Y0 26a¥EG - ¥w 9LV T
20 wa!.mw.?. »8 IT2hSI 0 rQ 3665828 G8 3520908« o8 r6Ib°8 U JB2TYIcH- H8 3Cva9°u  Gu IC2WIT N~ G& 32cceZ°8
< Ay

* ) - fo~3iezE1~9

00 218872« 09 I28T/P°6- 68 JULVIC*E 48 IGL0LG6 8~ 00 IL90/6°8 8U 20CL4A92°6- Te ICUGSC R 84 3G.219°8~ 18 JFiauez- e

TR ASH/732°0-

fo 3662210~ AC6952°0~ §8 J2G0VO°8

[ [ LI ]

ve 301008 °8-

2661

[CET T3 28

20 ITLUP L

X

i
|
'

kS

1
£6 _IBC8T - ¥8 IvSLOT°0  ¥0 ITLGHPR 60 ISOP6T 8- £U HOLGUT 6 bU IPCHIT B~ o8 FCUCLY R Gy FZLrEE u~ by I8LEVES |
T Wov .
H
- |
. AT 8L YN SSIuwiIIt1s "X IEEEER! §3dda ' EREIILEE]) i
' ¢ e | SREY 1T R ) I8 Lk ) i | ¥
. L2 &2 T w/ud°w I M) - »y .
- 92 1e T e/88°® LAY T MY (33 ;
2 [ 1 1 sresceE £389°8, ) t 14 ,
(23 oV [ ree-a AT M) =W R 2
62 11 T 06L8°0 002¢" @ ) oy, .
. . - i Y L I N TTITR1} T 'Y R v
£z (2 I o288 2108°8 *0 .1 g ‘
3 X \ S S8 s T - !
{2} 12 9T 1 e/e8°8 arauce .s 1S :
i e LY ¢ Y ] &) (AN T4 | ) 1%
m (1! ol 1 2 LM 118689 e A . o
. WY L} T eIy TIE4V o | o > n
Rl -, . . L \ 21 . 3 TN .2 P
. v P (31 K] T (1T M) 8 £ i
A st £ 4 “G28°e ) [ )
U 1 L 1 4528”0 “e 6c 3
.o i . v . - . . ¥ As i FUGL Y 8. . €e.. .. ..
. B &3 ) |3 (LM o ¥ e~ _
.. Tty ay L) 13 23 L] *e < .. .
. A i s v T Feneti o) (13 -
‘ , . ' .8 v 1 1¢nuce 8 rc
: Ay L ¢ 3 P73 s £¢ - o
. . , L. . . 9 .4 ¥ s188%0 4 .28 . .
LA L1 4 i \TY [ o ] | O3
. f . , LN . 2 vz g tooncw 0 oc U .
’ 5 ve we i iyus°e i Y
) €2 v L SO traacy >u ; L1 m
=7 (2] 24 ¢ ro0ecY -w /43 I R
. » . 2% 12 P S . funeSe . e, NN 1T .
A ¢ ] [ 1 3 (XAT AT % St
, 82 A ¢ touecd .. . 2 .
(] L3 L lviuct b I er
. , A% 9l 8 LvEs°y . 2
¥ &7 i 7536y % 1 43 O
, . 61 v3 3. Iviese ) ‘. L1
4 T 2 4 Y L £1) R ] 9
Y ® 2% A3t M B a8 X - Q
. & v £ S (Z 30N 8 EAERET FENDT
8 Z 1 . ¥SEEYE ° ®
2 v 5 A1 0 (4 o
X hd . et

]
;



OO 17 76 UL UL L ] B FA Y70 I

G I6eVIZSY T TG eCEIvEST Ci deiNgETe T

- - . - el wos

AL INIAL] £0 Ireunc=d-~

Pt ICOrPT 0~ 2o J0CCEP 8~ T8 SRts6Z 6~ C§ w.uqou..- *8 ILST22°¢ Co 36S7e/ 6., 3099728~ 28 J/p90N° 0 % WIZXE®S
9T Nes
- O v - €8 J6194C%8- . po 3B9LIG*0 g JIllegce-
. 8 I2RTT 8~ 29 F9TOGS°8= b8 363$32"6 S8 IRZT6C0-  pU JESHLT6 CLE T PA ) €8 3le9p2°u- 9y I/Ci0FU- 98 IGLIVL°®
LT #ow

£0 IrLRyT°0- ¢y JLisyc s-
[T T YAGHL] [T rELOR

€O IPIPL2Z°0~ ©8 Jo6t69°6 v JTAYGT°® 8 392T6¢°8~ »U

33 122 &

ve 326168 £8 344992°8~
99 AGEITr A~ 9 35iTP0°V
¥3 NAGu

26 3962308~ ¢V AILTvZ 0~ 8 3IGe2i2°e~

P8 45608568 £o _Jen665°0-

£ Jze/e2*e- 8 ATSCHI €0 ITIVIC 0~ GN FOLL8G°9~ o0 da6vse 9 G0 JA¥6PT°A- Gy JFTcwss° e

Yu 36pPrbca~- (8 JSOICH"D
ST  ROM

”

z 280 326471°Q~ €t IV9/8T7°8-
£8 APEZYT 8~ ¥0 IreSicN e ICPICT &8 3I89SEf°8- PO 2/8662°08

£ 39068078~ ©8 J0uo6v n-

QU A2CGLT U~ G FILUYE°H

N T i e D A AN i

AN ZA 1 Y84 £e L8il1°8

Y6 392680°8-~ 8 ALVIL9E
¥y ROoM

20 206Y2Z° 8-
oLete e

S8 IZLGUI9~  C8 I60285°8
69 JNYeusca~- o

8 J/0202°0 <

te IpevLtca- 3 JIr60%°8

L1 RUN

€8 3/L912°0 o8 3G2aLG°8= Cu FPigLZH
98 3ITL6LT°0 9L 3022v Culli~u=-

A89G0F° 8-

Vo HUPG2Toa~ b8 FeEVLZ*
0 3C%091°0- 80 366%4C”9
2T now

p4 ] LI1 7Y LY
P8 349ACZ 0~ 6 I8RLaC0- GO ICRZPrC

8~ & Jec@s1°R- A69+736°8
%3 ABN9B6 8- 92 320262°6 ¢ 3G9FE2°0~ 90 ILVELrN

be 3P0 p2°8-  »0_30¥519°H o

LY 308061°0~
i1 a0k

by 39208270~

€8 IVLNGT 0 20 IFC/a%°0  Z€ JIPTHICE U8 I0BILS 8 e I6PCU6°0 FU ITUSEETT ST Trvier i

28 _JCFL/EZ 0~ 09 FTTORV°0 £ LTV 0 p8 VEZ¥9°0- ¢ I/LTYT 0 b IUL2¢1°0- 4§ IGLprocH

e 392L1W°0=- 29 FLL161°0
Yy _doglerce~ Sa ABsWcLE

8t NON

b A ) Cu_I0urstu

U 329761°0  ¥8 HUWHEE e~
Vi 48JudLl N> Qu JUPNNE~8

98 ICEOLY°0- 9H 2E9FETP o8 JeL%02°0 o0 ISPTBI 3~ G IPNETIE .G IWLFLF 8- Gk ISwyvZ° S

28 30914/ °n

€0 Zvacaieon
29 39398t e

¢e 9tz e
92 3ITL890°8-

TO APLTEL* 0
S8 _J3eTINr-2

€3 JTCree* &0 ANrset°?d €0 Ire0i6°0
%8 A88042°6- €3 FabiGY°S 95 3CB/ul*0-

s IReBNTu~
I LTT4 Tad)

YU J/00EFce~ 98 deelulce
[ non

vu_39yeoegce-

926 ISEINTU
¢ _Jucesie &

vU_dL@retcw

S¢ %6836
%8 JesesLpen-

P 1S T 16
[ 4 WNC-OA.el
Qu ITvigles

co Jlevel A~
PO _A6LEBE°R=- £ J0LTus°0

zs ww o-.eu\.ﬁ- ACHEIT 0  ©0 IRNNNS2°8 ¥ FIVYILT B~ F
98 IXPCTE ¥ GO angiylon="

I8 3907628  G# 3i9sei e~ I8 3ez2io°e-= 32669278

¥ HOB
R E PR I TR TYY TS &
G 469618y ¢w A6recTc8
QU Fiptuacus’ TZy ILveseTs

L NOW

N _J/00CL 8-
o8 d6URFS° 8~
b INCA52°8

20_30LV41°0=_ 20 Ifelivcu-
e y929ri+0 v 3Q6/YY°n-
GU_euizoa-  Gu dvolbscu

78 3697008
/8 _31T6p6"p

£8 IT9RIL1A~- €5 IVGPLT°D T0 72L%2°0
98 _IT009S°8 98 3I222T1°0~ 08 J698£2°A-

_¢v 3150960~ ©9 3V16L6°0

Thu drewslth 4 dusvuL o~
Su_ 348LrLtn- 18 BL0VLY°N

9 “oa

- , u. EFX Y I3 ]
28 30tAtT°8 18 _3s3cutfep 180 _360221°0~ 359490 °8

T JoLGeT e~
ko _3/PR06°H

8¢ 3TeTq6 0~
fU_36400v°4-

tu=-3609 14 i~
fu 3syvLacn-

- §2 INCTEIRL T IRWICT 6 T8 INTHSTO 0= a- FIZILT - ¥8 37Gqre 0 ¥o FLeTCI P 20 3i9ivpcns
s n .w-l-m‘ ul..lnﬁ ,C). ,WSA..‘CJ" - ﬂnam_m"-.u |lﬂr m-WCN‘lPir .O.DB.T IF.&QE’u:P, au I‘lv.usvﬂo. -

1 B ...w.wo?...lll- -~ Q-.e

du=-30fsivcu 28 IWECysta-
<y uva'nvo:ll]h@lwwwwwﬁhwilll

su JiciIcL”

Vo ugedyica _
s zec

¢ 3000210 ~

~




—— e e e

e L R T T

' -3 a8, _ _-3% 78 A 3 o, s yret . Tru e Teo- £e =3 Tz -3t ol
i Rua
$0-3I¥BGTS°8  pU~IN2TVE 9 pe-3peel v  ovu-IWZ¥P1°0- #S-3e0PeL" e~
s ¥8-361608°0 pe~-3221€9°8 re-3rgeLce ¥8=-3LG52T"8 »0-30/72T°8- CU-329G11°A re-330206°0 *u~3T0509°8 vo-3neSel ¥
$9-348291°8 »9~-398Gbb°8 »8-329T61°8  GO-ISTPLIR°C  C€E=-39VG2T°0 Cu-~349001°8  pe=-3Cwipl w *u-31CProP 9  pI-392102°S
F0-32C6Y8°0 €4~366K5G-0 I EEYYZT YL tu=3LveUZ 0~ "u-3/9085 0~ Zu-3511LL-@
£8=-30518/°6  €0-3/T296°0  CI-3IGE/SV°8 £G=-IQVLLT°0~ 239-3TvApT 8  2v-30Iy81°0 Cu=38r6U°r  Fu-3IGphLFN re-36u18E"
Ce-3NB2TIP°C CE-3/G021°80 GO-I0FiL6°8 28~3ZFIGI°A 2U-3ACHIT 0 TU-394F6/ 0% C¥-32060F° 0 Te=-3€7261°T  2u-J2eael~®
S Mea
£8-3/6026"0 £8~36164W2°0 ¥0-364RH9°0 SU-395py1°0~- Cu-FIcvUC u=_ CE=-3A0Ue/"V fo-262025° 8
FO-3RFP6L"N  #8-3GL659°3 C6~-36LTG6C 0~ 24-3G28UT°8 CU-I286LI°F  SU~3000cu"8  ce~3¢ulus=a YUu-324629°8 re-3dis6ic e
$8~3IPLTS6°0  S9-3G6028056°8  20-16CPIT*8  £I-IGLOLR°E  CU-FQUTIO°H  CU-FICLSF*8 Ce-30L/2T°a  2e-3196dl°a  2¢=-329E<Cl"0
LT )
Te-395F1c°8  re-306109°8 ¥8-TZCAC6° A= £U~3692P2°0- CO0-3CE26% -G~ Cu-31cWes 0  C(U-379LU¢°Hh  Ce-JtssL¥ 9
P8=-66GTT 6~ £8-3£L631°0~ F£8-I9CG69°0  £I-FTIPP26°6  Pe-L90GF°8  CL-3986NT°8  $0~-I6N9LE F  Ce-IGFLL2°W re-3180849°0
G8-ITL268°0 $9-39G968Z°8 CO0-32CF19°8 ¢e~3300Ls°8 (0-368v927°0  ©9~J2B2UT R 29-320/3T°8  Su-306526°% Ce-IUvuvi 9
£ HoM
P8=3CTNLP 6~ £O~-I4HOPI°0« C§-I0C622°8~ CE-I9PTIC 8- C8-I08L60° 8- CU~329TSI°R pe~-I2BC909°H Yu-3GRLE2°8~- £4-39.F8T°8~
FO~-3204QY "8~ Fo~JGIpZv°® ~349Tve" S v-128
£6-3GL66P°6  Cu=-FTL29C°A Ce-39989Y2°0  £O0-ITV2LT°S pU-H2££9£°0 CU-I¥G/69°0 Lu~371020°%  Fu=-399V4G°8  Cu-3C276p° 8
< ROod
- Ce=-3TTr2C* =
£8-I26T90°8= (O-TDEESC°0= CO-23CLLC°D~ ©£8-ITEGH8°0= C8-I6UG2T 0~ CU=-II0GHT 0~ (Cu=-36LP9T° 0~ +u-32£281°8~ (¥~FLLE82° ¢~
* ve-3LIov4e $e-34¢ T0GV6°8  YO-JPLRLT 0~ pa-326000 0  VE-3Z3T01°F  Zu-dribZu-s  Ce-ITellr*d ——
£8-36£027°8  £2-35050T°8 $6-36295L°8  »0-Ip0GLI5°0  CO-ILU9GL°8  CU-T/%25¢°8  CO-ICLIGE s  CU-I2208F°0  £8-39L69F°y
[ R T Y
X1 81 VYW Al1t!YTi8at1x373 Y TNONY eI CE WXL CEER- KD

ce IseULlT

2 NOs
Gu 26244270~ S8 IviibLce
iz NO¥
Ge IBLUGT D Gu J/¢6C9°8- 4@ 3Grveiece
¥2 NOR
PO J8U2uFQ°8- GU 3F64L9L2°N  Gu FL2UL9e- Gy 3egliLe
N %¢ RUB
: vio- PR FTA 70 A U F1 741 S
»2 NOB
08 6LL92°0= P FLS06E£°C £ IEP/80°8 o ITUToz H- Zu JICUULS 68 IL2saLL°
T ROK
*6 Jce06ecc8 Ge 3IK@ivi‘ 8~ #0 JG8o6iv 0 0 Jgtovica 70 AGC0G6 0= G0 3691Z6 W Gu SCIVFITT T
22 AuvM

£8 3GL600°8

»e 3IRLBIC°B

C8 J46FET D~

¥y 3549820 fU 3Lr682°8 Gu 32p892°0 QU JTe0tl e~ 98 L25U1°40

1e nod

§ 3leLrT*S

o8 A%2iuc 0

&8 IZHYULT N~

U J0NGEP°H ¥4 30C999°a- G8 IZUTEv°b 9¢ areuii~e~ 9y 3ITi6xi6

92 RUR

e e radad

e 2SR 2 v

R e e LT e

26 IecIvLTe

el e R T A L P P

d
~

N L i st

Ly P N L T

Aonag teaws trew s s ven




. e

© A A et AN M e e

DA res 3 Ay r s e

P N - L R wow R R F AR R RT T FATAR TR D TR W PeTT3D
. - — e e e v -
; 28-J2L622°8  Z¥=-36PSBT° 0 2u=-39#2rT°8  20-348001°8 C5-309569°8  Tu-39L180°C . .
£ — T e
\ 2e=IVTPAT"S Z0-3ZSPCT°®  Z0-IIVFIT 0 CU-306006°8 Cu-3618e9°8  2e-3/8801°8  Ju-2ovulE-® 8}
<& Wi
H ! -
v Z9=-39400 V"8  2§-I0F22T°0 20-JTIP0T°0  £0-I9LEp8°R  £0-366F49°0  2u-0eb(°t  Te-3958(8°8  CH-3GUCCL*® . - ]
) : . . iZ new 3.
. FO-3CEAL6°8  TH-AGHS00°Y  TO-ICIOCE T (0-3EZIV/°C TU-J3PC09 R FTU-I6LGE{ 8 CU-30L2¢9°F  vu-3/8ivG 8  Ca-3LLwser ¥ N
82 Ale ,
v £9-30¢826°9
FO-ITN066°8  CO-I9TEZI°8 C0-ICBLL0°F CH-APL2R2/°0 TE-3R9FFF-0  CU-JIGHPr U CU-I0CUPT N Te-346c9T 8 Te-301ret"0
. 61 MOMN .
. 2e-39yPS1°0  Ze-319931°@ :
: e . T1)
: < 2U-IPL/LE°0  Ve-d66Pis°s  Cu-38E699°9
DLEE I T Y B 17 TX A R Z9-399C1T"8 re-36.913°¢ Co~3Troto°e TU~39799770 e LY &L Zu=-dr2uilce T eu-duLrece
. L1  noN
{
I CO-ALERIR "G CO-F2L(9F9°0  Tu=-IG[9L0°0  £9-39190C"8
FI-IZVOCT°0  TO-IPEECL ¢  TH-IGCITI°0  TO-3628P°8  CH-38SRIZ 0  TH-30CFdl 0  FR=326Vsi 8 — T8-308%Z5°0 £8-3CL56s°0
. 91 KON
. £3-360200°0  LU-INGHUT°0  CU-32¥062°%  Tu~3££F8L°8 Tu=-28L441°0
1 fa=325350°0 ro~-3cgzate Co~ISL2LT S *8-39VL6L"0 CEF IO B IR ) I AL te-300Tri s
! : <1 Nea
L £8~3/9821°8  CO-ITLPGI 0 T8-3GR6LT A CU-ITUfOT*s vy-3p9GUL°8 Ce-38628T°¢
] TA~IOTFTI® FE-BTEYAT Y #0-36999/°¢  0-F6LVIS°0 C6-36PQZT°0 CL-FOUANT R vu-20uivi°h  vu-30CHer-8  su-36cive A g
yy-—~asy 3
. aonlllqnﬁ
' — . £0-3NQTA . £O=ITGALE 8 Fo-3AG/22°0_  F-IULGHT A bE-20Lwry°8  Fe-303l0p°0  fFu-d/saiey D
[T 1173 PO-IPTECT N PO~FTTZPP°C FE-G2TT8°F  Co-dpVI0° 8  CU=dVp/Ll°A £u~IICGLIN Pu=-J25abP°U  FR=3reoiics
£T  NOM
CO~365827°8 00-2091646°8  p3=30C060°0  po-350G64p 8 PU=-36LT61°0 ©3-300421°¢  pu=-d1lga s  pu-ICLBLD° S
. ee=3raved’y se-I0tTe X LY T T T TV YEL T TEIAL] ve-3cviel-v
' _— ) .. - . ¢l _nud
£0-3691T4°6  GO-3INC206°0  S8-320F60°8  GO-IRLPUN"0___Ga=FICPLR°0__ Gu-3UGTIA"H  Cu~322286°0  Gu-3WecoB°H  GU-36GrUe° Y
[ O T P11 AX) SR~I9GT16°6 Ce-341204°0 Ge~314268°8 GU=385%5 88" 8 Ge=JTZHLHY Gu-36514a°n Gu-402PLH"N GE-JureLed .
I3 nou y
e e e m e e R L L1150 58 B
Z0-30688Y°0  £9-A02G/9°3  CO-FIISPT 8 $8-37628T°0 28-30S6CT 4  20-3P9peT-A  cu-3ep0u v 7 fusduzeurcd”  pu-325759°0 !
. SO-395CHT°0  ZH-I09RRI°6_ CO-FVALL/°8  C8-3R988P°8  CU-ICTGII W TU=I/(210°H  Cu=F2402[°8  Guedfpll6*h  29=-32£29F°0 "
- - T T T TTTTTT T T T now
: fu-39g¥v66°H Cy=-36pS¥L°D ~
. $E-I06CEI° N 09-T8/062°0  Ge-3/C81/°8  78-3T7081°8__ £0-3v8I8/°0 _ £8-3666¢6°0  fu-Irrce2en  pu-39scuvcu _2o-3uvuuicn o}
F0-369728°9  CR~ITYHSE°8 CE-INOVTIF ¥  50-39T236°AF C0-3IY6E{Fr°0 Fu-30bT9h-0 u=311706°6  Cu~36I0LT1°n  Fu-4L27£0°0 :
' o RMOB ;
: - ... .
Cu-366059° 1 Cu-3t6/ubP~y CY=46224C° 08 | o
! TE-IVP/ST € S0~I09P09° N~ C0~399C69°0 $6-3GHrcG 8  C0-38900GF°3 fu=-3¢fLT6l 0 vU=301Z64°v  fu-3tgcL/ 0 fu-3U8096°0 ¢
= £8~3T068C 8 ¢8-38/722°8 »0-390659°0  FU-ITp/22°¢  %0-3ICI1060°0  &U=36£26R°0 _ fu-3pivb/ b Fu-46G¥ LG 0 CU-36L8GY U c -
: . 68° m3rivesth | FUodGGYLGS
i 9 noad <
' R N _ TUSIZCY e Tou-36vug2 0T Tu-3Ng64LT U pUSIFL/UWOT -
(1 BRI r ¥ L2 OeInacfeh fgeJonrozeg “PpaIRpPaTe YT aawn [T | aen [T TTTY . TP R PIYLE ¥ R R - Q1L
= a8 2 . 3 9-3 3qr oo 5Ly R 12 pr-dayggy Fy-sracipen  fu-gu ~~ p—




i B e ——— . o e e t
“ 3 g - - - - : - - ‘ _ -
¥ “g T T eyt
OQ Oﬂ o. OQ ... .0 L) .g s
] -3 ) e ] e 9 e (TR LT 1% T34 B
° foaa d
*y >y .9
] o) ) . -8 o] ) ‘e 3
3 8 *3 ) 8 N . ] ] 9e 30850L°8
- 8T mF
. o) e O] ¥
lc l’ o. l. O. OG .y QC o.
"8 <3 3 ) o] 0 “n 3 80 3986HE°0
R L Ade
-0 *9 v ] *®
.. .. .. .. 0, .c .. l- ..
L) 8 .8 8 ~§ *Q v *e e8 3ce55L°0
[T 1)
.. l. l. .' .- Q-
W 0‘ .r. o- .y . .8 og ‘e 0.
-3 s i ] e <8 o) L) -3 ¢ JIoVIT*Y
S nOM
OQ 0‘ o. 0. 0. O. 0.
3 ¥ ™3 3 % 0 =8 A i)
3 8 8 e -9 6 . L LI (1113 S SN
— [ 2 OB ~
sﬁ L '} Cr) TN LT Ll ] e LY | -
oﬁ QQ °8 o. 00 8 ‘ on “g -3
bt | o ] ¥ o ] bl | k) b Y95 J3EN "
£ nos
>0 o8 R M) @ *Q e 0 9
Ty L) Ly } LY ) o. LY 3 L ] ) b 1
*§ cQ .8 °9 -0 °9 8 . 8 09 300813°8
~— LI 1 R
- )
.. '. ﬁ. .. 0. .. .. .. .o .
d- L ) 3 .8 s °® *H ) b ) hae
‘0 ) o -0 *8 *0 *u °9 Te-308086°08 W
T KON ;
FTHF I VN TABSTYTR STVIBORVYTTISI d3den TI3IInho IV ,w
Sy-I046TTS
- (T T
. 26-3200£2°0 28-3960E2° 0
re a2
‘ I LA AL BT 1777 6 e T I (7] 74 &1 i
92 nud %
) . Z8-3VICYT°8  20-3T0eSE°8  2v-30£90°0  2u-2010%E°H v g
e KON
IR AR AL L SN L D s B 1270 o el oS - S




N ——e

e v = e, e

T e
m TEIEENTP " -
o AL
_ N
T "8 te-3cenisce
: _ T N O%
m o | R CDF (1113 Sumnt
b ... m«
; - I
: ~9 ) ) 10-380016°0 &
[+ 3 g
; ] o) e ¢ tTe-Jd8edrt%s
»Z nBe
$
; g ) *9 . °s_ le-30088e°e
£ aas
: o ) ) o ] ) o s LB [ 11 744 e
22 Ned
' .0 og ) .9 -8 -e ‘4 3e-30608L°0
T A%
-y 1 0 B 2 | ] Bl o | M A ol JER (T 111 7 4d S
: (T, )
. .
! R ] ] 3 ) L) 3 L ] o ] N T9-3990¢9°8
N &1 - RO¥
. .s -
i ¢ -2 ) e s o] ) e TR ITI3 N |
f— 12§ ’9'} P
~
L .9 .8 *9
) *e e 3 e 3 ) % e 66 Jeesli e !
I LT RO® i
9 ) ., . ) 3
. s s 3 N s e ) "W o8 369015°¢ i
ST NN i
- i
¥ .8 o. g .9 i 0.
1 ] ] <9 “9 o) 8 W L YT T 173 ] ¢
sl NACH :
[ 0. Ly .p .y ‘9 ‘s m
) bl | ) ) s o] =% W *%  Os JdefeT0 ¥
; ST WM
I .' .. 0. 0‘ 0: .° .. _ﬂ
e ) o ) ) o ) % “0 L I (T E5k R
. £3 Ao 7
N i
T ‘8 ‘s -9 “8 *0 ) . .Q.m
¥ e *g 8 “» s “a (N “a 88 300591°8 b
L et AUN _w
] g .p .y . . .9 o ™ .8 N T,i
. ) °s 9 % - o) N U Te-3sveeo e (S
11 KON -
w - e =
e s O
LX) »p L) -2 o] n@ll‘.l. livllllloc - .IIN'B ] [
- .T‘l- .- .y ‘g & '“» [‘UC Id.i




—— - LR

) B ' N : N ot ' * 8 : *6&9° P12 & 1048, 3

t U u3ewnn BoIIANISLI-

i

M £0-3105T072°S~ 20-38¥280¢6° 1~ 26-3vue2c1r o= Lu=i84%beEL L=

H TR-ITL00618° Y~ 28-30792C41°F 2U0~-3GQLZHIC 9 Te-35001090°( 8-Je7vZEre’T =i wIBYT

: Z8-39P69268° L~ 20-32906088°T- 28-3C662998°9 TU-3GL636vI°T 18-3peu206Z°T T10-3/90809°T

. 10-326069685° 1 eB-JZFLGLrC 0~
18-3992726T2°1  T8-IFRFSG69°C. L8-IL608L0E° 0~ TV-ILOGSELYE G- Co-3561T508%6 08 Jeseetud“l

i : v 388CZ0in-v OI InienedsIvuvd .

. : YIINON ¥O0LIIANINLR

10-3909408L° v~ Tu=IINGL2L P °2~ £8-$L846£8GU° -~ 1o-350IN652°C

. . T8~-ILTITLI0°9 TYB8-3/8892L2°2 ¢8-349F0216°6- TW-3TYTCTVGC T~ I8-322106CL 1~ CcW-3216082L L=
I0-3¥0£2206°G  T0-399ACL90°Y  1u-3<LAr/UC <~ Tyu=-38LGPBLT°C~ 1b-FiacTale 2~ 1u=3isiserl g

: TO-3901/908°2~ TO-INPOLZLP T~ L0-TLIURCFTIG Ze-IGOGT6YP° R 18-Io0cSe%i°2~ to=dvedivve~e=

i 10-30L00PGL° L~ TU-3TL06080° - (9-IL0L7906°2~ Tu-36URNBUS T~ lu-JusroGae r 00 30004888°(

. Iy 3IVLZr968°2 G1 INignndsSINRUD

: « ¥I0UNN 4OL3IANRIGLI

!

(0-3C/6T812°L  28~301900¢9°f ¢0-30R99845%°1 Z28-18112680°9~

¥ TE~L98r PG T~ Z0-FAGRBE°C  2H~F6PIGUBL 9 2Z8~-IGUGZISTI L CO-ILMr 2CCI°C Zu~-3i0900vd b~

H T0-IPPCOTEL T~ ZO-FNINELOT G  IO-FLTLNOBL°)  Tu~-IovGBTGl°( <B~-I90uGR/E 6 15-3098<288°2

. Y8-3006GC82°T 20~-3TLGC0VL°T 10-3922V220° I~ 2u-36C8Cov7/ %  T-321v0201%¢ le=3900TISHS*T
E8=-389LRL99°Y  T8=-I6SAL2VI /= £0~IL2UVITL 9~ Tu=-INNZLUIND°G  iB8~3c6LbobU"Y 09 I3peudle“l

‘ 7V 0y IS T 01 JRTERUISTNNUY

. S ¥39KNN ¥D2DIANISLI

L

P . o8 J080CE08°L  TU-36L0L90T1°% 10~F8L12900°2 Le-361SC22L° 1~
TE-TZT5R+98°»- T0-30966420 U PU~INCOVULG G~ 10-J8p9G262°2~ Te~ICHRIORET=

t 10~3002G1TP T~ T8-30085894°T~ 18-I401RY0G° [~ TU-IGC6PGUE T~ £O-IV2UGTINL L~ To~-AGL6LEP8° (-~

28-36£029T0 2~ Td-I406F00°2 18-ITCLTINLLY  TU~-FPUS38a0°. 18-n9ideer-e 1e=-3569¢6L8°F

0 Iri0cbee 8 01 INIGROESISE0D
v WIWNAN NOLIIANIGLS

18-308185£9°¢~ 20~301T1884T°0 La-3cYi6268°C Ty~ w-t~n.v..o

19~-3998G64%8°%~ u.twnNOVQNﬂ dl CO=FLOVTLH6° P~ SU-UVILLYL S~ LB-JeR09082° ﬂcowﬂbvcvoh S

T A & g e s o -

b B T (A MR TS LI T L M T TV ie L YT N I MR IR AT T CT AR T o 11X 17 74 & S

S8-IFPEB056°2 13-ISLTLOLO°2  10-I20990465°2  Te~-30crL9LP°2  10-Fo1cPe0C°e  Tu-3Gureurt2

(T udnaconmﬂduima;mmqm;M¢mu-xcu
Lt HIudiin 80133ANASLEI

98 INGNNBRE L Tu-IpG0EIL/°6 10-TrerCurs’e  10-321895C8°5

g o omap o

TE=ICLERCZT 6 To-IMVVITV@°C (8-JTTC0Z0Z v TVo-INUP20cO°r 1#-31T1GGap"y 1e-3Z6TouE™H
CR-AECEICED 2  Z8-IZUILLNL S  28-TI9UCLLIP P 20~-F6L00207°%  CB-F051T002°0  2U~3PEG 108 (-

3B 12 Y (48 B I LR 2 LA N A B [ 73 I VAR (T I LM O d B FIT T A B CRE 132011 Y Ak L

20-28CL96ST 6~ T9-39580690°G~ [6-FIPUGLAL G Tu=INYP0269° b~ 10-3049209¢°y~ 18~308L0VL8°C~

28 IZEYILISYY T INTERUASTINDD
e YIGHIN B02DIANAVI I

UE JUNLAGEA°L  TH-ITIPTGGI"Z  10-3284980%°% 10-3u922T0L0°E

-

T0-3924089T° T Yo-3TIN2E6C°6 10-JoTvZaoE~Z Tu~RT0IPSTT°G To=30GiZ166°C  Zu-19967¢7°8
I8-39069099¢C°8 T0~ICPRPLU8°L o-w«qvnooe.w T8-/CFGLV/ 2 4£8-340/0684°8 lu-386L0EL°2

[
20=3YSL9150°8  Te-ILoGLLEV S wttﬂ?&tﬂtﬁﬂ.h [8~32608946° 0 10302029042 20-3CY6LL96°L .

-~ e

P

dv IRT2TCUNT  OI anlduodsYEG)H )
3 VINMNAR H0ADIANIBE S

SUSA33IANINII GNY SIATVANIDII Ius JuV N3N

— e u -y

- . R TP YRS - W 7 P AP

‘e SI TR VS M e £ AL S W A s my W + et o DO S

1]

ciwoe e

e e e et 2 ARPARD $ QRS Sy e, erdap

e e s

;. mm



- O - e .VJAfﬂ\ﬁAHA 3
QO
— -
! - o.
—
i - . .
" : , _ — - , ol
1 - X . mwm
! : ¥
LT |
H - r,\. H
) §
'
N
-
i
N
%
+
- X
[} .
r \
| o
. t
m.[ .
] .
i ) :
{ ~
i
I :
L )
]
1)
1 '
L 10-39025£08°6  T0-328/0201°2- 10-3FT0646°9- T¥-ICLICLLL" I :
: ¥ J8VesanecT To- TO-ICYITG92° L= Tu~-209FUPLs G T0-IuiURZE0° 2= T
30-3023€6L2 E~ 28-37006160°C- 20-30/400p8 ¢~ 2v-3990CTLG 2  20-31G19p56°S _28-36414256°% -4}
' 20-360(GZRO°L 20-IVOOLGLI 7 ¢O-ITINZIU b ZN-30UOL9LZ 0 C-35T12992°9 29-35296590°6
: 20-3LTS69RB 5  20-30L606L0°T- C0-IBGHLOGS D= 20-36W6PLUY G- 28~3/849468° G- 28-36L»Z099° b=
76 3T0STOTv-7 01 SNIGN0USTUNGD ‘
6 WIHKNM_MO0133AN36I3I .\
: C
— 10-369190¢8° 1~ Vu-30699220 5= 18-3¢9/985'2° L= LU=V IGLGYP " G- L
: T29-36912V09 b F0-F6ITUNSE6 10-IVFIP69.°G TU-IrEBR00T % 1D-I5NUILFZ 0 8 INEEIURTT cf
; 22-26620006°  26-36F90599°T- 28-300C699G L~ 2U=3/V9CHVE 2 ¢O-3u/12LFV 6 2U-31EUCYO2 H= o,
) . chA=Isberceoce- 2037972 U239 0E970 T ¢~ 1036715665 2= T-3use. 022> 10521v692%6°T= ¥
- —— . . E8-IT9LTI6RE T~ 20-39QG¢ /98¢ 10-3890222C°¢ Tu-394600L8°¢ l8-2024 6L 2U-220ULPFTI L~ 7&
- - - - ) vert : .
R i Ll ey g

At e,

" oy




A st et

- g—

© 6 0 O

1
i . - )
e
¢ N
| -
] .
f - o
. S
1 L)
_
| . ©
- |
. ! ) O
—l H
. -
L . | ,
. ¥d3 Tveceitt m_ & wIanig Aon3INe3 IVeALTN Il ,
- $43 L6 ut2Y € NIUNAN AININOIUI IVEALYN ING :
. nuualﬂmﬂqmaudlglquxzﬂ.;;muuuamnnuﬂuaquﬂulaqnalqmnuu.
: . . . 243  SER°952- S1 9 NICHAN ADNIAGINS ITEALYN INL
' - Td) Ote 41t ST % S3eARN TORIUISI IvUNIVE IR
. : $d3  89L°viy S$I 0 NIGNAN ADNINSIES IVEALYN IND .
4 LY {T M I Il...w.-.:.u! WIERTN TIJnIACTNS TPuNLVN IR
£ $d3  068°621 s NIUNAN ADNIA0INS TVERLYN INL
$dT wVateV T q WIURAT AITONES TWanLvN 381

SIIONIAOIN S IVNALYN ING WY ININ :

a1

—
L

W AP OB+ 1S i gl ow S > < > “we - Wh K o D OIS NS B G S R e eve w

v il S



PO

e i e
,
Y
-

.

APPENDIX B
Program FLUERC Listing




s FARTRAN DEGK
CHAIM PROGRAM FLUENT-FOR GENERATING STIFFNFSS,FLEXIBILTITY AND MASS
N MATRICFS FROM PLANE GRID BEAM AND TRIANG. PLATE ELFEMENTS
X DINENSTIOR TITLF(223,YMC1a).PR(TO),GE(IN) , DENS(TO),X(S5n),Y{(%u),
INRYIBA),NRP (55, NRI(B),NIL(BN ). N(SV), NI (D). NDSC(9),DCS(2),
TSTHIA,A),SHMEA, A, PLTKI9,92,PLTM(9.9),S8STF(11325),8M(1132Y),
LRSMASSEIGHI, A (Y13 8), VALU(S) . TEHF(RL)B(128).CL100),DUMSLINY),
1FEI5A,%), INUINA(5 ), JMASS{S5R)
INT+GER OUT
EOUTVALENCE(SSTF (1), SHCLY,A(Y ) ), (STH(1.1 ). SHM(1,2),PLTKET,1),
1PLTM(1,1))
1001 FORMAT(174A4)
1045 FORMAT(L61S)
1942 FORMAT(AEIN.3)
1063 FGRMAT(10X,2F10,.3)
1004 FORMAT(IFIR,3,1]8)
1005 FORMAT(ETIN,3.215)
IN0A FORMATIIH,5X.E10. 1)
5000 FORMAT(1HE, 17A%/1X.324R)
HouY FORMAT(//7/6HNJTS =1.n)X,6H NR =135,2X,AH NBE =14,9X,6H NPE =10.5X,
T7THNMODE =13,5X. AHMKEY =]3.5X. /HNLUKP =1) )
ONN® FORKAT(///7aH4M A T E R T A L PROPERT I F S sconnunnnnnnesy
lecsreaezazasanannces//IHND. YOURGeS MODULUS POISSUN RATIO
1 MORULUS OF RIGINITY DENSTTY 1 U{/T12,cXsF17,.5:9X0F 7.5, 1IX,F 125,
16Y.F12,8%))

Haal FORMAT(///739H) O T R T CNORNTG I NATF S/A5HJIOINT No. X
1 COBRD, Y rOORDL)

At FORMAT(IS 7Y F 1,2, 0X,F10.b)

Shus FORMAYC(///6 W5 O &I N T RESTRATINT C ODNE snsusiznrn

1esscoscsrnaves/A7HJ0INTY NO. Z DISPLACEMENT ROGTATION ABOUT X
i ROTATION ARQUT Y)
58437 FORMAT(IN, 11A,110,120) .
SARR FORMAT(///75H8 F A M ELENFENT PROPERTIES ssaus
18ensrasazendnansnsacaes’/)SHELEMFNT NO. A I
1 J AT JOINT 1 JOINT P) .
HANO FORMATCIOBX.FO 4, A%, FO . 6, 4X.F0,4,7X,12:AX,17,9X.1?)
SN FARMAT(///97°HT R T A N B U L AR PLATE FLFMFENT
1 PR ODPERTIT I ES s0a8n0duadagvesdsduiattnasnitsinstgspeanstnannser
1eesa /17 HELEMENT NO. T MATY JOINT 1 JOINT ? JUINT
13 DX DY o nxy ukTA)
5011 FORMATCIO,8 FR A, AN I2,6X 127X 17, RX, 126X ETL.S5, 30X, F1105, 3K,
1FI11.h,1X,E1 . 3X.Fh.7)
9nsn FORKAT(///A9HCOAGRIINATF MUMBFRS FOR FACH 7 DISPLACEMENT AT BACH UN
IRESTRAINFD 0 INT//5HJIOTINT NO. COORD. NO.)
2 5021 FORMAT(IS,114)
¢ QAP FORMAT(///72v4L 1 W P E D WF I 68 HTS. 25HJOINT NN, Wkle
THYY
SN2 FORMAT(IS,6 .F10.4)
tv=n
] BISE ASSIGNMENTS
INz=
fALL FLGEOF(IN. V)
puT=6

yaraEEs i

82

e - e




e e P PR N - . - .
e e
-

M ISC=7
NIITSC=H
In¥isc=9
JnIsc=1y :
KNISC=1), ’
r RERIN INPUT OF UATA
1o READCIN,T624) (TITLE(D),1=1,24)
Tt CIV.NFou) MALL EXIT
REWIND MDISC
REWIND NDISC
REWIND IDISC
REWIND JBJSC
REWINYG KDISU
NRITE(OUT,»naa) (TITLECL),11,724) )
READCIN,1UW)) NJTS.NR,NBE.NPE NMONE, HKEY, NLUMP
NMJTS=NO. OF JOINTS, NR=NO. OF JOINTS WITH RESTKAINTS o
NHF=NCG. OF BFAM ELEMFNTS, NPE=NO. OF TRIANGULAR PLATE ELEMFNTS
NMOUE=NG. OF EIGENVALUES AND EIGENVECTORS DNESIRED
MKFY = 1 DO NOT COMPUTE ELEMENTAL CONSISTENT MASS TERMS
MKFY = ? COMPUTE ELEMENTAL CONSISTENT MASS TERMS -
NLUMP = NO. OF LUMPED MASSES INPUT
WRITE(OUT,»ulj) NJTS,NR,NBE, NPE,NMODE, MKEY, NLUKP
INPUT YATERIAL PROPERTIES
READCIN,Jun1) NMAY
no jb I=1,NMAT .
REMICIN,T1DHZ) YMCEY,PROID,GECI), DENSCI)
¢ YM=YOUNG#S MNB./Tuesk, PR=POISSON RATIO, GEzMUD. O RIGINITY
¢ DENS=DENSITY . :
THOGECE)okN.n.) BEUI)=YM(D) /(2. o (i +PR(1)))
YM(I)=YM(])s! . FA
1 BE(E)=GE(])#1.F0 . ‘
WRITECOUT, »uity) (L, YHOT)PRCEDZGECT) BENS(I), 124, NMAT)
NO ~Ho I=1,NMAT S
290 BENS(II=DENS(])/(82.1/74%12,)
r INPUT JOINT COORDINATES
READCING LD 5) (XIM)»Y(M),M=1.NJITS)
WRTTE(OUT,»un3)
WRITE(OUT, und) (MsX(M),Y(M)sM=L.NITS)
INPUT JOINT RESTRAINT CODE
- . W=FREt
1=NLAMPED
NO 12 I=1,NJT8
NR1(1)=U
NR? (1)=U
. NR3I(1)=0
Ni(l)=n
3 ‘ N2(1)=0
: 12 Nat]l)=0
r it (NR.EQ.0) GO TO Rb
S ¢ KRITE(OUT, une)
f PO 11 I=1,NR
' READCIN,I0' 1) JT, M1, M2, M3 \

e By ]
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g e A AN S A

SITITIAAN

a2

1
4]

20

72951
290

294

NR2{JT)=M2

NRITJITI=MS

‘“Rl]E(OUTn"""?) JTs M1, M2,H3

CONY INUF

GONT INUE

GENERATE COORDINATE NUMBERS FOR EACH. DEGREF OF FREFUOM, o [}
CLAMPED, NODRMAL DISPLACEMENTS ARE NUNBERE® FIRST T

N1, N2, N3 CONTAIN COORD. NUMBERS FUR EACH JOINI
NRFDU = NO. 0OF NORMAL DISPLACEMENITS

NUF = NO. OF DEGREES GF FREEDROM INCLUDING RUTATIUNS
AL COORDN(NRY oNR?:"R‘}NltNZrNJ.NJ‘SrNREUU:N”’ ).
WRITE(OUT,:y2un)

DO S0 §=1,NJTS

THENRIL(TID}GZEU.L) GO TO »0O

WRITE(OUT,»02}1) [,NIL(])

CONTINUE

TNPUT LUMPED MASSES "
THONLUMP.EOQ.N1) 60 TO 2%

REALOIN, TUnD) ((JMASSCTI.RSMASS(I)).I=1,NLUNP)

HRTIE(OUT, »022)

o %L [=L1.NLUNP

———

WRITE(QUY,»n? ) JMASS(1), RSHASS(])

RGMASS{I)=REMASS(I)/7 (3217421 2.)

CONTINUE

CONTINUE

NSSTF=NDF#(NDF+1)/?

N 13 1=1,NSSTF

SSTH(1)=0,

[H(NBE.EQ.) GO TO <0y

REGIN TD GENERATE BEAM STIFENESS TEKMS

WRITE(DUT,uul)

N 14 NM=L,NHE

INPUT BEAM FLFMENT PROPERTIES

READCIN,T0-4) AR XI.YJ . MAT.JTNR, JTFR

AR=AREA OF HFAM CROSS SECTION, XI=AREA MOMENY 0Of INERTIA.
YJ=EFFECTIVE TNRSIONAL MOMENT OF JNERTIA, MAI=MATERIAL LUDF
ITNR, JTFR=JUINT NUMBERS AT ENDS -. .
WRITE(OQUT ,»uns) MM, AR, X, YJo MAT  JINR, JIFR’

SEY Up CODF NUMBEKS

NOSL(LI=NL(JTNR)

NUSL(2)1=NZ2(JTNR)

NOSC{.3)=NOC(JTNR)

NOSC{4)=N1(JTFR)

NUSC(Y)=N2(JTFR)

NOSL(Hh)=NS(JTFR)

TH(MKEY.EQ.1) GO TO 2n»s

SIGRE INFO. FOR LATER USE

WHRITECIDISC) AR X1,YJ>MAT,JINR, JTPR (NOSF(') i=1,0)
CONTINUE

X1=X{JTNR)

Xe=X(JTFR)

Yi=Y(JTNR)
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Y RTINS X4
P < e n oy o e a®
\

Ye=Y(JTFR)
FLNTH=SORT((X2-X1)aa2¢(Y2=Y12uey)
CALL TRANS{(X1,X2,Y¥1,Y2,.FLNTH,DCS)
- E=YH{MAT)
: =Gk (MAT)
CALL HFAMK(HENTH,.E+G,X1,YJ.STH. DES)
. e 14 K=21,~
IF(NOSC(K).EQ.*} 60 TU 15
1=MUSC(K)
N0 16 Nzi,»
IF(nOSC(N).F0.") GO TO 16
J=NUSCIN)
It (JeT.1) 60 10 16
MMz (P8J+(f-1)e{2eNBF~1))/2 . o
SSTHAMN)=SSTF(Kr)+STM(X,N) !
tA CUNIINUE
1 DONYIRUE
14 DONTINUE
2408 CONTINUE
JE(NPE.EQ. '} B0 TO oin
I REGIN TO GHFNFRATE TRIANGULAR PLATE STIFENESS TERMS
WRITE(GUT,* nin)
DO 17 NMs)1.NPE
INPUT TRIANGULAR PLATE ELEMENT PRUPERTIES
READCIN,TU-%) PTH.MAT,JT1,J01 2,315, NDX
PTH=PLATE THICKNESS, MAT=MATER!IAL CUDE.
JI1,372,J3T = JOINT NUMBERS AT CORNERS, ANGLE AT J7J MUST NUT BE
9e LVEGREES
DX 1Y, DL DXY.HFTA -~ FLEXURAL RIGTOITY TERNMS ARD ANGLF OF MATERIAL
PRINCIPAL AXFS W/ TRIANGLE LOCAL AXES
TFINDXJEQLr) RFADCIN,L0U?) LX,0Y,01,BXY-BETA
FF(NDXER.!) GO TO 18
RETA=4.
DY=(YN(MAT)IoPTH#23)/(17.2(1.~PR(MAT)#&2))
DY=bX
DI=PR(MAT)*hY
XY= ((1.=PR(MAT))/2.)#DX
1% AETARBETA/Z /. 7998
WRTTE(OUT,“u11) NMPTH. MAT, T JdTr TS UX, DY . 01, DXY,RETA
M SET UP COUF NUMBERS
NOSLOL)Y=N1{JgT1)
NOSL{2)=NA(JTL)
NOSL(3)=NS(JTT)
F NOSL(4)Y=NL(UT?)
NUSL(»)}=NZ2{JT2)
NOSGLA)=NS(JIT?)
MOSHEL/7)=RI(JTS)
NOSE(R)=N2(JT )
NUOSC(Y)=NS(JTY)
. 1F(MKEY.EU.1) GU TO 291
E c SIAKE INFO. FOR LATER USE ‘
WRITECIDISE) PYH.MAT.JTL1,J4T2,JdT0.(NUSC(1),1=1,9)

2 . t

-

[y}

By BeRr el
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47

340

1

27

CONTINUE

Bxiz=X(JT1)

RY2=X(JT2)

BY1=Y{(JTY)

RY?2=Y(JTZ)
Yr=S0RT({BX/-RX1)ens e (RY2-8Y1)ee?)
CALL TRAMS(HBX1.HXZ2,BYL.BY2,Y7?,0CS) :
XAz(CS(2 ) #(X(JT3)=-BX1-DCS(1I2(Y(JTS)-BY1) :
YIzDCSC1 o (X(JTS)=BX1)+DES(Z)n{Y{JT0)-BYY) 7
PAlL PLATEK(YZ.X3,YS,DBX,DY.DI,NXY,HRETA,DCS,PLIK)
no ]9 Kzir’

1F (NOSC(X).EN.7) GO TO 19

[=NOSC(K)

By 70 N=1,v

T4 (NOSC(N).EQ.1) GO TO Z0

JENUSCIN)

1F(S.LT. 1) GD YO #
MM=(?8Je{i-1)8(2oNDF-1))/¢
SSTF{HM)I=SSIF(MM) +PLYK (K, N)

CON{IRUE

CONT INUE

CONTINUE

COMTINUE

STORE FOR REDPUCTION

Ny 1 l=1.NhF

NS=(P8]¢ (-1 u(28NBF-]))/
NE=(PeNRF¢(l-()u(2eNDF-1))/2

URITF(HBISE) (SSTF(J),J=NS.NE)

REWIND IDISC

N0 22 1=1,NSSTF :

SM¢li=zn,

IF(MKEY.EQ. 1) GO TO ?25F

JF(NBE.EQ.1) GO TO Z01L

GENERATE HEAM MASS MATRICES

NG <3 NM=1.NBE

REANCIDISC) AR X YJ MAT,JTNRLJTFR.(NOSC(1),123,0)
X1=X(JTNR)

X7=X(JTFR)

YI=Y(JTNR)

Ye=Y(JYFR)
FLNTH=SORT(( X/ -X1)0u2+(Y2-Y1)esy)

CALL TRANS(X',X2,Y1,YZ . FLNTH. hIS)
RHO=DENS{MAT)

CAtL HEAMM(FULNTH.RHO, AR Xt.YJ,SHM,DLS)

NG 4 K=3,¢

1 (NOSCC(K).ER.r ) 60 TU 24

1sNOSC(K)

no 5 N=1,"

IF(NOSCI(N).EG,N) 60 TO 2%

J=NOSC(N)

IF(J.LT.I) GO TO ¢5
MM=(P2aJe(l~1)u(2aNDF=-1))//
SHM(MM)I=SM(MM)+SMM(K,N)
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CONTINUE

CONT INUE

CONY INUE

CONTINYUE ’
1F(NPE.EG. ') GO TO S0

GENERATE TRIANGULAR PLATE MASS MAIRICES
DY 26 NM=1.NPE

REABCIDISC) PTH MAT,JT1,JT2,dT3,(NGSC(!),I=1.9)
BX1=X¢{JT1)

RX2=X(J1?)

BYt=Y(JT1)

qy2:=Y(JT72)

Ye=SORT((BX, ~BXL)#82e (RYZ2=BY1)%e2)

CALL TRANS(HX1.BX¢.BY3.BY’.Y?,0LS)
XazpCSe21e{x(JT3)=BX1}-DCS(L)n({Y{4TS)-BY1)
Ya=pBCSC1 Yo (X (JTS)=8X1)+DCS(2)s(Y(JTO)~BY1)
PRHU=DENS(MAT)

CALL PLATEM(YZ.X3,Y3,PRHOLPIH . DCS,PLTH)
N ¢7 K=1,9

Tt (NOSC(K).EQ.N) 6O TO 27

F=N0SC(K)

g #8 N=3,9

[H(NOSC(N).EQ.") 60 TO 28

J=ROSCIN)

1F(SeLTo0) GO TO /8

NM= {72+ (]-1)u(28NDF=-1))/"
SHIMM)=SH(MM)+PLTM(K, N)

CUNITINUE

GUNTINUF

CONTINUE

CONTINUE

SIORE FOR RENUCTION

CONTINUE

RO «%Sd [I=1.NLUMP

NN=JMASS ()

TF(NT(NN).FU.2) GO T0 »%8B

NNN=N] (NN)

NSz (P xMNN¢+ (NNKR~L)a{eNDF-NNK))/?
SMINS)=SMINS)+RSMASS (NNN)

CONTINUF !

N0 «9 I=1,NIF
NS=(2el+(]-)ruilaNDE~{))/~
NE=(2eNDF+(1-1)e( oND}=~fP)/¢
WKTTF(NDISE) (SM(J),J=NS.NF)
NUMASS=NDF-NREDU

CALL FIGENCA.VALU. TEMP,H,C.UUM:,F, 1DUMA, 1DIST,IBISE,KBESC,NDLSE,

ITMUTSC . NDF I NMOUF . NMODE , NREDU, NOMASS)
A0 10 140
END
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4 FORTRAN DF CK . |
JCOORDBN ASSICNS A CUORD. NO. 10 FACH HEGREE OF FREEDOB AT EACH JOINE
NRY,NR?,NRS = AHRAYS CONTAINING RESTRAINT INFU. FUR EACH UEGREF

Nt FREENOH AT FACH JOINT (FREE=u, CLAMPED=1) s ,
N1.N?,N3s = COORND, NO. FOR FACH UFGREE OF FREFNOK (NURMAL .
DISPLACEMENTS ARE WUMBFRED tIRST)
NJTS = NO. OF JOINTS
NRFDY = NO. OF NORBAL DISPLACEMENIS
NDF = TGTAL NO. OF DEGREES OF FREEDUM (INCLUDING ROTAIJUNS)
SURKOUTINE COORIN(RRYI,NR2,NRI,NL>N?» NS, NJTS, NRFDU, MiUF ) ) \
DIMENSTION NRU(SUI.MR2(50),HRI(LU)NL(H0) N2 () s N (1) { :
NO=3}
N0 10 1=1,NJTS
IS(NRLCTIFO.1Y G0 TO 10
N1(]l)=NO
NU=NO 1

1 CONYINUE
HRFLU=NO=1 ;
BO 0 T=1,NJTS 4
1F(NR2C1)FO.LY 680 TO 71 ;
N2 () Y=NO )
NO=NO+1

21 TFINRS(1I.FU.3) 6O YO ~U
Na(l)=ND
NO=NO+1

Zu CUNTINUE
NDF=NO-)
RETURN
Eup

aNafIadw».

b}
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4

5 FORTRAK DFUK

CTIRANS TRANSI ORMATION DIRECTION GOSTNES

€ Xt.Y1 = COORDNS. OF POINT :

n X7.Y2 = COORRS. OF POINT 2 ) :

£ FL = DISTANLF BETWEEN POINTS [ ANG ¢

c NCS = DIRECTION COSINES OF VYECTOR FROM POINT 1 10 PUINY 2 ;
SURROUTINE TRANS(XI.XZ,Y1,Y2:FL.DUS) p

NIMENSION DES(>)
NCSel)=(X2-X1) FL
RCSL2)=(Y7-Y)/FL
RETURN
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L) FORTRAN DFCK -
CHFAMK PLANF GRID BEAW ELEMENT STIFFNESS MATRIX IN SYSiFh UOUKUS.

€ FI = HEAM LENGTH ,

¢ £ = YOUNSeS NMORBULUS ; 1
¢ n = MODULUS OF RIGInlTY - 3
¢ Y1 = AREA MUMENT OF INERTIRA :
e YJ = EFFECTIVE TORSIONAL MONENT G6F INERTIA |
¢ GIM = STIFFNESS MaTRIX .- 1
¢ nES = NDIRECTION COSINES

SURROUT I NE BFAHK((L,E.G.XI.YJ.SIH.uUS) 3
niMENSION SIM{n,8),DCSL2) ~ ‘
ZVzEeX1/FL l
77=z=08YS/FL
SIM(T,1)51 o2V /(FLSFL)
QIH(?.,1)=6.821B05(2)/FL ~
SIM(?,?):4,-710005(2)lﬂCS(?)*ZVQDuS(I)'DCS(L)
SIH(3,1)=-“-¢Z"'DCS($)/FL
S}M(J.?)=(-4.&ZLOZ?)!DCS(L)*DUS(?)
9!%(3.J)=4.n73¢ucs(1)0905(1)*Z)-DCS(?)'MCS(Z)
SiMEA, ) IZ=STIH(1,i)
GIM(4,2)=~SIN(C’,1)
STM(4,3)==STH( 1)
GTM(4.4)3STHL, L)
GIM(5,1)=STH(Z. L)
SIH(5.7)=2.-110065(7)-nCS(?)~z9-nCS(1)tDCS(n)
5lﬁ(5,3)=-(7.n?xoz?)-ﬂcscl)-DCS(?)
SlHt5.5)=SIM(2.2)
STH(6,1)=STH(s. 1)
g]"‘ho?)"S‘H(')O-S,
SIM(6.3)=Z.'7|OHCS(J)0HCS(I)-zv-nuS(?)‘UCS(d)
STM(6,4)==8STM( 1)
SIM{6,5)=STH($.2)
SIM(6,6)=STH(S.I)
no 10 1=2.n
N=1=1
NO L J=1,N

(0 STM(J, 11=STH(L. J)
RETURN
END
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FORTRAN UFCK

PLANE GRID BEAM FLEMFNT MASS MATRIX IM SYSIEM COOKBS.

FL HEAM LENGTH

RHO = DENSITY

A = CROSS SECTIONAL AREA

X1 AREA HUHENI_GF INFRTIA

XJ EFFECTIVE TORSIOMAL MOMENT OF INERTIA
SHM = MASS MATRIY

NCS = DIRECTION (USINES

SURROUTiNE hFAHHtFL:RHO:A,Xlo?J.SHH.DCS)
NDIMENSION SHMM(A,6),8B0S(2)

Zi=RHGs A} L

77=tL ey

7-\=XIIA

M=l 1a(13e 0. 9(h.0Z23V7/ (D282}
CC=/Ta(lVanbl s 0, 8723/7(20,8FL))
AA=Z18( 722/ - un 42,8207 1%,)

TI1=218¥J/70 .40 '

RR=/18(9e/ "t1.={0.820)/(D.#22.)
QU=Z1w(Y13.2b1 7120 ,=25/7¢10.¢FL))

SSr=Z18(2¢ 11,425 780,)

PP=/12YJ/{".sA)

SMMLI,1)=0D

SMM(7,t)=CreNS(7)
SMM(?2,?2)=AASRCS(7)#BCS(2)+TI#gCSO1)*DCS(T)
SMM(S,1)=~CLsHCSE1)
SMM(I,2)=(~AA+TT)aDLS(1)epCS{)
SMM(3,3)=AAeNCS(1)*BCS(1)+TTeDCSL{/)eDCS(2)
SMM(4,1)=RR

SHM(4,.2)=00+NCS(?)

SMM(4,3)=-0uaprS(i)

SMM(4,4)=SMM{). L)

SMM{S,1)1==GHM(1.,7)

SMM(H, 2 )=554DCS 7 )2 DCS( ) +PPRUrS( 1 )*DLS( 1)
SMM(5H,3)=(-SS+PPIDCS(1)eDCS( )
SHM(“:4)='SH"(”11)

SMM(H,h)=8MM(/.2)

QHM(ﬁr1)=’SHH(4)‘)

SMM(6,2)=SMM(»..9)

SMM(6,3)=8SsNCS(1 )oDCS(1)+PPRRCS(, Y#DCS(?)
SHMM(6,4)==-SMN(s5 1)

SMM(6,5)=SMM(4$.7)

SMM(6,5)285MNM(4,3)

ng 0 1=2,"

N=T=-1

DO 0 J=1,N

SHM(J, 1)=SMM(].J)

RETURN
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FORTRAN DECK
PLATEK X
THIS SUBROUIINE DETERMINES THE STIFFNESS MAIRIX OF »
TRIANGLE PLATE ELEMENT IN SYSTEM COORDS. ]
Y?.X3,Y3 = COORDS. OF PLATE CURNERS IN LOCAL COURUINAIES ¥
DX, HBY,DI,DXY.BFTA = FLEXURAL RIGIUVITY TERMS AND ANGLE OF MAIERIAL 4
PRINCIPAL AXFS wW/0 TRIANGLE LOCAL AXES
BCS = DIRECTION COSINES
PLYK = STIFENESS MNATRIX
SURROUTINE PLATEX(YZ,X3,Y3,DX,DY,b1,BXY.,BETA,LCSPLIK)
DIHENSION PLTK{9,9),C(9,9),CINV(92,9),P(9,9),R(Y,9)
DIMENSION T(9,9),STIFF(9,9),DCS(2) e
FOUIVALENCF(P(1,:),STIFF(1,1)), (R(1,1):8(L,1
CALL CHAT(YZ.X3,Y5,C)
CALL MINV(G,CINV,w)
CALL DlNHAT(Y?.XK.YQ.BX-DYJH.DXY.RE:TA.P)
CALL MATMPY(F,CINV:R,9) 5
o 30 (=2, g
Mz ]-1 ‘
f0 10 J=1,N
ZZ1=CINV(L. )
2I?=CINV(J. 1)
CINV(},J)=22°
CiNvVEed, 1)=Z 0
17 CONTINUE ’
CALL MATHPY(CENV,R.STIFF,»9)
PO 409 I=].v 3
no 40y Jgst.v
Anlt T(T1,Jd)=u, ‘ ]
T(1,1}1=}).
T(4,4)=1.
T(7,7)=1.
T(2,2)=pCS(2)
T(3,3)=pCS(2)
T(,5)=pCS(2}
3 T(h,6)zDCS(2)
#ﬁ T(R,8)=DCS(2)

AT DNONTH

PR

T(90,9)=NCS(¢)

: T(?2,3)=-DCS(1)

4 T(5,6)=-DCS(1)
T(R19)='DCS(' )
T(3,2)=pCS(1)

’ T(A,5)=DCS(1)
T(9,8)=DCS(1)

CALI MATMPY(STIFF,T,C,9)
T(2,3)=DpCS(1)
T(%,6)=DCS(1)
T(Rr,9)=DCS(1)
743,2)==DCS(1)
1(6,5)==DCS(1)
T(9,R)==DCS(1)

CALL MATMPY(T.C,PLTK,9)
RETURN
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FORTRAN DECK
TCHAT ‘
THIS SUBROUTINE FORNS THE C MATRIX RELATING THF CURNER 7
DISPLACENENTS TO THE POLYNOMIAL DEFLECTINOM COLFFICIENTS
FOR THE TRIANGULAR PLATE ELENENY
Y7 X3,Y¥Y5 = COORUS. OF PLATE CORKRERS IN LOCAL COORDINATES
T = € MATRIX :
SURROUTINE CMAT(Y/,X3,Y4:C) . 3
NDIKENSIGN CT(9,9) :
Do 10 l:lnq .
nu 10 J4=1,9 3
InC(l,d)=0.
CE1,1)=1,
C(?.3)=1.
C(3,2)=-1,
Cea,1)=1.
C(4,3)=Y2
C(a,6)zY2e0
N{4,9)=Y2asy
C(d,3)=1.
C(5,6)=vemY?
C(5,9)=3.8Y2ns?
C(6,?2)=-1,
C(f\r‘j):’Y(
Cin,H)z=-Yoea?
C{7,1)=1,
C(7,2)=X3
N{7,3)=Y3
C(7,4)=X30a2/
C(7,5)=X3aYa
C{(7,6)=Y3e~,
C(7,7)=X3uuy
CIE7,8)=X3aYssa’¢eYsa)XIne?
£(7,9)=Y38+y
C(RD3)=10
C(R,5)=X3 '
C(R,6)=2.0Y0
C(R,B)c2.0X52YA¢X 500
C(R,9)=3.0Y3800"
C((’o?)="lo
(‘.(0.4)=-2.’X‘
C(,5)==Y$
(O, 7)==J.5X3aa?
C(9,8)=={Ysnaz:+2, a)0eYS)
RETURN
END

—
T3

DO
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CHINV
¢
Y
C

vnnt

9n¢ét
UL L
9nns

9023

onn7

9Ne9

yilih
YL

PLRR
gn1bh

9853

FORTRAN DFCK )
MATRIX INVERSION SUBROUTINE

A MATRIX 10 RE INVERTED
] INVERIED MATRIX
NM = ORDER OF MATRIX {.LE.9)
SURROUTINE MINV(A,U.NH)
NIMENSION A(9,9),U(9.9)
no vnut B=1,NM
no oyl J=1,NM
U(,OJ,=“.0
IF (1.EQed) U{T,J)=)el
CONTINUE
EPS=l.N0BUuN]
ne yN1% =, NN
K=1
1F (1-HM) 9u?1.9087,9021
it (A(I,D1)-EPS) Quin,yNué, 904/
1F (~A(1,1)-FPS) oNuH,900h.YNU7
K=K+1
DO Y023 J=!.NM
Wl =il JreU(K, )
A(!oJ)=A(l-J)vA(K:J)
G0 10 9121
no YNy9 J=',HM
(T PD=UCL. 3V /DL
ACT,J)=All. 3V/D1LV
50 yoL5 MM=1,NM
NELT=A(NM, V)
IF (ABS(DELT)-FPS) yi15,9U019,9116
IF (MM=-1) 2610.905,9010
no 90ttt J=' NN .
H(HH:J):U("H-J"U(an).DELT
A(HH.J):A(HH.J)-A(l'J)ODEL7
CONTINUE
00 yNi3 I=1,NHM
no 033 J=',NM
ACT d)=UCL - )
RETURN
FND
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T» [\ FORTRAN DECK
COINMAT

£ THIS SURRCUTEINE DETERMINES THE DOURLE INTEGRAL MATRIX FOR . ¢

C THF K EQUATION FOR THE TRIANGULAR PLATE ELEMENT %

c Y2.X3,Y$ = COORDS. OF PLATE CORNERS IN LOCAL COORDINATES 3

c DX.0Y,D1,DXY.BFTA = FLEXURAL RIGIUITY TERMS AND ANGLE OF HA]FR!&L d

e PRINCIPAL AXES W/0 TRIANBLE LOCAEL AXES v

I P = DOUBLE INTFGRALI MATRIX 3
SURROUTINE UINMAT(Yz,X3,Y3,DX.DY, U :DXY,BETA,P) . ;

NIMENSION P(9,9),D(0,3) 3
- DO 30 I=1, ¢ :
na 10 Jg=1,9
LN P(1,Jd)=0.
CAIL DHAT(DX.DY,D1.BXY,BETA,D?
Al=DBLINT(YZ. X3, Yor50) |
A7zUBLINT(YZ, X3,Y3,1,0) -
AS=PBLINT(YZ.X3,Y3,72018)
A4=DBLINT{YZ. X3, Y3,0,1)
Av=BLINT (Y2 X3 Y¥00 05 2) e 4
Ab=DBLINT(YZ.X3,Yu,1,1) ¢
P(4,4)=4.801(1,1)84) ’
P(A,5)= 4,+D(1,5)0h1
P(4,6)=4,.%D(1,7)eAl
P(4,7)=12.2b(1,1)eA;¢
P(8,B)24e0 (DTS L)NAQ+D(1,2)8A2+42,.0D(1,0)8(A2¢A4))
P(4.0)=12.%U(1.2)4AA
P(F,D)=4.,801(8,5)epl
P(5,6)= A,2D(3,2)2AT
P(%,7)= 12.#N(3,1)8A7
P(h,8V= 4,0 (N(3,1)68A4+N(3,728A242.eD(3,3)0(A’+A4))
P(5%,9)z 12.40(8,2)nA4
Pl(h,b)=4,.,811{?,7)8A1
P(A,7)=1220(2 1 )0k
P(h.B)=ae0(U(2,1)2Ra4D(2,2)%8A2+2.0D(2,3)u(A20A4))
P(6,9)=12.2D(7,2)xA4
P(7,7)=86.%l(C1,1)0A0
P(7,8)=12.3(N(1,1)#A6+D{1,2)%A342,00(1,39)e(AS+AD)) ’
P(/,9)=36.2D(1,2)8A6
P(AR,B)=4.%(D(1,1)2hb+U(1,2)%A0+2.8D(1,35)u(A6+AR))

1 +4.8(D12,1)2A0+D(2,2)8A3+2.8(2,3)0(AN1A"))
1 e (D(S,L)0AO+D(3,2)0A8+7.8D(J,3)0(AS+ARL))
’ 1 B2 (DI, 1)eAB+0(3,2)0A0+2.8D(3,3)a(A6AN))

P(R,9)=12.%(N(1,2)0A5:D(2,2)%A0+2.8D(3,2)0(RA+AD))
P(0,9)=36.%0(2.2)%RS

po 20 I=1,+
N=§+1
no ¢0 JsN,

e PLELD)=POE. O
RFTURN i
END

——
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3 FORTRAN DECK ! k
CHATHPY i
c MULTIPLIES MATRINES A AND B T0 GET C, ALL OF ORDER NeN ‘ :
SUBRKOUTINE MATMPY(A,8,0,N) ‘ 3
DIMENSION A(9,9),8(9,9),8(9,9) g : :
no 36 1=1,M ;
ne 10 J=1,N i }
ﬂ(]nJ)‘-"-ﬂt g , 1
o 10 K=1,N . 3
-4 18 C(1,3)=C L. U)+ACT.KIWB(K, ) 4
g . RETURN 3
’ FND g:
i
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96 )
: § |

e - ’ : - MR s e e

ke SENEI ORGP RS

[Em——



€N s ¢
‘ e e e e . e ,
{ - {
( T R |
( t
¢ ) Y |
[ IO OLICICOCICICILICICICIICIICI ORI
AULLIYNIAHOD SIHL AB u3ISH AUOHIM IO SAUON_96£22 -
VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV
( 62 an3 1Ty )
82 e 9¢
2 viZevnlstelecelorizoinl=(g e)d Y
[ 9¢ 2iZeryiezelezfleclZeiv)=l2°€3 . % (
g2 TeZevylv1eZeesletbZo iz £)U £¢
.- ¥e gL2efcler2ZocelerZelol=(g ) ]
( £e ZrZepclecelecelecizolala(2 2)a it (
22 T52eLc) +1220220 ¢ 1 L2 Lel (2200 oy
12 REZeCLieE2ivclientZo izt 1IC 6c
« .. 0e Z8Zegile2eZoclisclZol =02 0)Q . _8¢ .
61 1 ZevtlsvleZelliottzotsr=(1°134 P
- 0 — __£slerxqsesZ . ee .
( I3 veleAXa=e£2 s2 {
st L 1leAXQ=182 ve
61 ZEisAdriLIeIQ=EEZ €<
( pl ... .¢2leAUclclelg=edz . . _ 2% & (
[ CELeAUGrttlelq=1Lte2 1¢
e e e et e 23 —_ . e o tuslrlexq=eiz | ) 0e
{ 1t delarviclaxgsct 61 (
11 _gMieteTirexa=112 .8 _
6 Sul-Tl1=e81 A
¢ - — 9 e e e L o 1gA-meryl 9t .
. ] (v138)5u0e (VL3HINIS 2= 8L st
mn e o e e ) - -- - — S 3 ¥ 5.3 % § .. vi
{ 3 t11=¢2l '3
v 21i1=12) L 2L .
€ (V1381500 (VLILINIS=L 1L Tt
£ e 2 -~ e Cee((VLIIBINISI=CUL oL
Zee((V1481S00Y=111 6
(£°£)0 NUISNIKIA I
( (G°Vi3B AXG TG AU XEILVNU INTInOEBAS i !
+SNE00 V0T 3T9NVINL NI XIYLYH ALIUIOIY IvE0NXI14 = @ 2 9
SAXY 1¥001 JTUNVINL O/M S3XV IvdioH18d 2 S
! . i e 2ylu3pve 30 JTIORY GNY SHHIL ALIOIOLH IVHIX3TS = VI3HIAXe® 1a At xd a |4 ¢
SALVNIAE00D Y301 3Tanvid H) € :
. e . NI_XISLYS ALIUIOTY Tv80x314 3hl SINIkBILIU IN1L00EHAS SIHL D 2 .
4 LVRQY 1 «
) HT XTd1VH ALIQIOLY IVENX313 3RL S3ninWgsi30 3NILNOHEN %
(¢
[ | ELLL] B - - B e T oy GETID T V0 THREAu )
( . ) T o ’ - - (
- _ ; _ : e e e e e e L . . e
i
N - L e - ety

e @




44

41

42

10
43
5n

21

5?

ok a b ey

EQUATIONS T'UR K AND M FOR THEE TRIANGULAR PLATE ELEMENT
Y’2.X3,Y4 = COORBS. OF PLATE CORNERS IN LOCAL COURDINATES

M,N = POWER OF X AND Y RESPECTIVELY., PRIFMIENIECKI., PAGE ohY
FUNCTION DHLINT(YZ?.%3,Y3, M N) 3
DIHENSION AY(2),BL(/),P1(7},P2(7),Po(]) : ‘
FOQUIVALENCE(RLI(1),PI(1L))
!F(”'l) ‘Ul4lp42
Pi(id)=1,0

Nl =L

GO 10 45

Piltl)==iel

Pi(es)=t1.0

Ni=\

G0 10 43 ;
CONTINUE . k
A!(l)="1’“

AL(r)y=1.0

Qi(l)==1.8

Bitz)=1.8

Ml=1}

MH=M-i

N0 10 J=1,MM

CALL PLYMP(A1,1,81,M1,P1,N1)
NNT=Ni+1

DO 10 J=1,KRN?

R1(E)=P1(])

M1=N}

CONTINUE

CONTINUE

TF(N=1) B0.91,%2

PZ(1)=1.0

N2=u

80 10 53

Pz )==Y3+YY?

P2l )=Y3

N7=1

GO 10 5§

CONTINUE

A1 (1 )=~YJ+Ye

Ai(r)=YS

R1())==Y3+Y2

B1(e)=Y$

Ml=)

NN=N=-1

NG 70 J=1,NN

CALL PLYMP(AY,1,BLsM1,P2,N2)
NH?2=N2+1

DO 70 f=1,NN”

BLOL)=P2(])

98




P I SN Py

Mi=N?
Y #0 CONTINUE
23 CONTINUE
CALL PLYNP(PI,NL,P?,H2,P3,NS)
HNS=NS+1
SOl =0,
NO 40 f=1,NN?
SOL=SOL+(X a8 (M+1))oY2a{1,/FLCAT(M+N+Z))o PI(]1 )l /FLOATiNStZ~1))
Al CONTINUE ¢
F'et INT=SOL
RETURN
- END .
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FORTRAN

SURROUTINE PLYMP(A,LsU.H. 0o H)

f-CK
17¢58

POLYNOHIAL HMULYIPLY

A{LYeB(J)

Cl-udng Qui=Ay
BIMENSION A(1t.B(Y).C{L)
N=L ¢+ H
(Y = N ¢+
Do B 1 = L4
L(t) = &

L? = L ¢ ¢

H? = M ¢

po 1 1 = 12
DOV J = '\ L,Mp

K = 1+Jd

C{K=i) = T(K=1)
e 2 K = L1

i1 = K

IF(C(KI) 4:7,3
CONTINUE

IFede = 1Y 5,5,6
N = L1 - 1

N =2 N ¢ 1}

e 7 Jd = ,RN2

HY = J ¢+ 11 - 1L
CtJd) = C(NY)
RETURN

END

T
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FOKRTRAN DI CK

PILATEN

n

4ul

THIS SURROUTINF NETERMINES THE MASS KATRIX OF A
TRIANGLE PILATE ELEMENT IN SYSTFM COORDS.

Ye X3,%0 = UCOORDS. OF PLATE CORNERS IN LOCAL COURDINATES
PRHG = DENSITY :

Piv = PLATF THICKNESS

NCS = DIRFCTTION COSINES

PLLTM = MASS MATRIX

SURRQUTINE PLATEMI(YZ X3, Y3, PRHO,PTH,DUS,PLTH)
DIHENSION PLTM{Y,9),C(9:9),CINV(9,9),P(9,9),R(9,¥)
NIMENSION T(9,%),FMASS(Y,9),00S5(?)
FQUIVALENCE (P{1,1),FMASS(L151)),
CALL C"AT(Y('X:‘:YJnC)

CAlLL MINV{EC,CINV,9)

CALL DINNTHM(YZ.X3,Y0.PRHO,PIH,P)
CAlLL MATMPY(P,CINV,R.v)

no 10 }=2,v.

N=7-1

Do th Jg=1,N

7Z1=CiNvV{l. )

7.7=CINV(D. D)

CINV (L, J)=2/

CIiNV D, 1Y=7

CONTIKUE .

CAlLL HATHPY(C!NV.R-?HASS.Q)
HQ «aflan 1=1.9

M- allu J=1.y

¢, Ji=u.

T(r,1)=1.

T(4,4)=),

r(707)=]o

T(?.,2)=pCS{7)

T(3,3)=RCS(¢)

T(H,5%)=CSH(/)

Ten,4)=pCS (2

T{R,8)=DCS()

T(0.9)=pCS(,)
T(2.3)==DCS (1)
T(h,6)==DCS(1)
T(R,93==DCS(1)
T(3,2)=DCS( )

T(r,5)=BCSC1)

T(9,B)¥=nCS(1

CAIL MATMPY(FMASS,T,C,9)
T(?,3)=pCS1)

T(H,6)=NCS(1)

T(R,9)=pCS (1)
T(3.2)==BLS (")

T(6,5)==-DCSC )
T(0,8)=~DCS()

CALL MATMPY(T,.C,PLTHM.9)
RETURN

END

(RO1,i).TCl,1))
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T tORTRAN DFCK

CDINMIN :

£ THIS SUBRUOUTINF DETERMINES THE DOUHLE INTEGRAL MAIRIX FUR
R TRE TRIANGULAR PLATE M MATRIX ~ PRZEMIENIECK!, PAGF 3u4

e YeoX3,Y0 = COORDS. OF PLATE CORNEHS IN LOCAL CLOORUINATES
'S PRHO = DENSITY

c PTH = PLATF THICKNESS

¢ P = DOUBLE INTEGRAL MATRIX

SURROUTINE LINMTIM{Yc, X3,Y3,PRHG,PTIH,P)
NIMENSTON P(9,09)
P(1,1)=DBLINT(VYZ2.X3,Y¥3.0,0)
PC2,1)=DBLINT(Y2,X3,¥S5,1,1i)
P(7,?2)=BBLINTE(Y2,X3,Y3.2,08)
P, 1)=NBLINT(YZ. X3, Y8, 00,1)
PCs,2)=DBLINT(YZ2. XIoY3.1,1)
PO, II=DBLINT(YZ X3, Y8, 0,2)
P(4,1)=pl2.r)
P(A4,2=DBLINT(Y2, X3 Y3,5,11)
P(4,3)=DBLINT(YZ, X3,Y5:241)
P(A.4)=DBLINT(Y?2:X3,Y3.4,1)
P(S,1)=Pls.2)

P(S,2)=P(4.4)
P(5,3)=DBLINT(YZ.X3,Y5,1,7¢)
B(H,4)=PBLINT(Y2,X3,Y58,5,1)

. PR, )=DBLINT(YZ2,X3,Y0,2,2)

R(r,1)=P(0. )

P(6,?2)=P(n. )

Per, )=0UBLINT(YZ, X3:sY3,0,3)

P(A,4)=P(D.5)

P(6.2)=DBLINT(YZ2.X3,Y$,2,0)
P(6.6)=DBL1NT(YZoX3;Yo.0,4)

P(7,1)=P(4.7)

P(7,2)=P(a.4)

P(1,3)=P(B.a) _
P(7,4)=DBLINT(Y2.X3,Y3.,5,1)
PC7,%)=RBLINT(YZ,X3,Y,4,1)
P(7.6)=DBL|NT(YZ.X33Y‘hépe.‘)
P(7.7)=DBLINT(YZ.X3,Y3.06,1)

P{R,L)=P(D.51+P(4,4)

P(R,?2)=P(06.4)+P(5,4)

P(R,3)=P(6.21eP(%.5)

P(R.‘)'-’-‘P(/:O)OP(7,5)
P(R,5)=DBLINT(Y2.X3,Y3,2,3)¢P(7,6)
P(H,6)=DBLINTL{YZ, X3, Y. 1,4)+DBLEINTLY2,X5,Y3.-, 1)
P(R,7)=DBLINT(YZ, X3,Y3,4,2)¢DBLINT(Y?,X3,Y38,9,)
P(R,A)=DBLINT(YZ2 . X3,Y¥5.2,4)¢DBLINT(Y2,X3,Y5,4,7)
1 +2.0DBLINT(YZ2,X3,V8,48,))

P(O.1)=P(0.3)

P(0,2)=P(0o.b)

P(a.4)sP(6.0)

P(O,4)=DBLINT(YZ2.X5,Y0,2, %)
P(O,5)=DBLINT(YZ.X3,Y8,1,4)
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P(Q.h)"—'DBLlNT(Vt’.XS:Y-S,U.?) ¢
P(O,7)=DBLINT(YZ2,X3,Y35,3,9) i
PO, 8)=UBLINT(YZ, X3, Yi:1,2)¢DBLINTIY?,X0,¥4,7,4)
P(u,9)=DBLINT(YZ2,X3,Ys,0U.,4%)

no 10 i=1,9

No 10 J=i,1i

P(1-J)=P(].J)sPRHU*PTH

ne 20 =2,

N=]-1

no «6 J=1:N

P{J,1)=P(]. )

CONT INUE

RETURN

FND
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FORTRAN ‘DECK

EI1GFN REDUCES STIFFKESS MATRIX AND INVERYS IT, REDUCES MASS HATRIX

DETERMINES EIGENVALUES AND EIGENRYECTORS
THE ARSUMENTS ARE= _
A - VECTOR OF LENGTH NRDFR(NRDF+1)/2
VALU - VECTOR nF LENBTH KEIG
TEHP,B,C,-DUNL, ~ VECTORS CF LENGYH NRDF OR NMASS (SMALLER)
E - MATRIX OF DIMEHSION (NRDF.,3)
IDUM4 - VECTOR OF LENGTH NRDF OR WMASS (SMALLER)
TTAPE, JTAPE, NTAPE, MTAPE, - THESE ARE VARIOUS VAPES
NRDF - NUMBER OF DEGREES OF FREENOM OF THE SYSTEM
NEIG ~ NUKMBER OF EIGENVALUES DESIRED
NVF( -~ NUMBER OF E!SENVECTGRS DESIRED
NMASS=NO. OF NORMAL DISPLACEMENTS
NOMASS=NO. OF ROTAVIONAL DEGREES OF FREEDONM
STIFF 1S ON MTAPE IN COMPACT FORM
MASS S ON NTYAPE IN COMPACY FORK
SURROUTINE EIGFN(A, VALY, TEMP,.B,.C,.DUMILE, IDUMA, ITAPE, JTAPELKTAPF,
INTAPE . MTAPE, NRDF,NEIG, NVEC, NHASS, NOMASS)
DIMENSION DUMS(NRDF ), IDUKNA(L).A(Y), VALU(1).G(1) C(1),E(NRDF,3),
1YEMP(I
DIMENSION TLON(S50), IRIGH(S5N)
INTFGER OUY
DATA Q1/6HFLEXIB/.Q2/6HILITY /.Q3/AHMATRIX/
DATA QA/6HUEIGHT/,05%74H MATRI/.Q6/6HX /
N0 %6 T1=1,NMASS
ILow{try=i
56 THIGH(I1)=NMASS
NYT=6
REWIND MTAPE
REWIND NTAPE
NTENP=NMASS
CALL DIVID(NMASS, NOMASS, MTAPE, JTAPE> ITAPE A,B) )
CALL ZROMAX(A,B,C,DUM3, NMASS,. NOMASS, ITAPE, JTAPE, MTAPE.KTAPF)
CALL DIVIDINMASS, NOMASS,.HTAPE, JTAPE, ITAPE,A,B)
CALL ZROMAM(A,B,C.DUMS, NNASS . NOMASS, ITAPE, JTAPE,NTAPE,KTAPF)
345 CONTINUE
REWIND MTAPE
REWIND NTAPE
NREDU=NMASS
NRMX=NREDU® (NREDU+1)/2
READ(MTAPE) (ACI),1=1,NRNX)
NRITE(OUT,55n0)
5500 FORMAT(///85HR E D U C E D UPPFR TRIANGUL AR
1S TIFF HNFSS #ATRIX)
N0 5501 1=1,NREDU
NS=(2#1+(1=1)e(2eNREDU=-1))/2
NE=(2#NREDU+([~1)9(2oNREDU~-1))/2
WRITE(OUT,55n2) T1,(A(J),JsNS,NE)
55027 FORMAT(/3HROW, 14,.5(/9E14,.5))
5501 CONTINUE
CALL SYMINV(A,NREDUY)
WRITE(OUT,55n03) .
5503 FORMAT(///894R E D UC E D VP PFR TRI1IANGULAR
iIFLEXYXTIBYLITITYY MATRIX
PUNCH 5402, ((!LOH(K).lHloH(K)).K-1.NREDU)
5602 FORMAT (1814
O 5504 1=1,NREDU
NS=(2sfe(l=1)a(2eNREDY-])}/2
NE=(2oNREDU+ (I-1)o{2aNREDU=})) /¥
5504 MRITE(OUT.%502) 1,(A(J),J=NE.NF)
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PUNCH 6011, 01,07,02
6011 FORMAT('3A6)
’Y D0 5537 1=1,NREDU
I1=z1~1
IFCI1.EQ0.0) GO TO 5508
N0 %509 J=1,11
NU=(28le{Jdm118(201=0))724(J=1)s(NREDU=I) : E
5509 B{J)=A(NU) \%
- 5508 CONTINUE ‘ :
NS=(?ele(1-1)e(2NREDU-1))/2
NE=(?aNREDU+ (1=1)*(2+NREDU~13)/2
- Jz= .
N0 5510 JJ=NS, NE
B(JI=SA(IS)
56510 J=j+1
PUNCH 6010, (R(J),J=1, NREDUY)
6010 FORMAT(1P6F12.5) ’
5507 CONTINUE

c OPTION TO EXPAND REDUCED FLEXIBILITY MATRIX TO FULL MATRIX 8Y
c INSERTING '1 OR 2 ZERO ROWS AND COLUMNS RFEPRESENTING ATTACH POINTS.
c COBF , NCOD = 1 GPYION EXECUTED , NCOD = 0 OPTION NOT EXECUTFD

REAN(5,560) NCOD
560 FORMAT (16)
IF(NCOD) %80.580.%70
570 CALL FULFL (A.NREDU)
580 READ(NTAPE) (ACI),I=1,NRMX)
DO 6012 l=1, NRMX
6017 A(T)=AC])e32.174812,
MRTTE(OUT,5505)
5505 FORMAT(///79HR E D U
1 F 1 GHT MAT
DO “596 1=1,NRFDU
NS=(P#l+(I=1)a(2¢NREDU=-]))/2
NF=(?«NREDU+ (i-1)s{2?eNREDU-1))/2
5506 WRITE(OUY,5512) 1,(A(J),I=NS.NE)
PUNCH 6011, 0Q4.05,06
DO 511 I=1,NRFDU
1i=1
IF(11.EQ.0) RO TO 5512
6o %513 J=1,11
NU=(Paf+(de1)e(201=0))/2¢(J=1)¢(NRFDU=T)
5513 R(.J)=A(NU)
5512 CONTINUE
NS=(28l+{I=1)a(2eNREDU=1))/2
NE=(?#NREDU+(1~-1)e(2eNREDU=1))/?
J=1
NO 5514 JJ=NS,NE
B(JI)=A(JJ)
5514 J=J+1
PUNCH 6010, (R(J).J=1,NREDU)
5511 CONTINUE ;
iFINEIBG.FQ.0) RETURN L,
NMAX=NTEMPS (NTEMP+1)/2
CONTINUE
Y READ IN THE MASS MATRIX
‘ REWIND NTAPE
1 READ(NTAPE) (ACT), =1, NRHX)
RENIND NTAPE
) 355 CONTINUE
CALL ETGMAT(NTEMP.A,VALU) TENP,R,C.DUNI. E, | DUNY, nvure.nvar&.arnrt.
‘ 11 TAPE,NEIG, NVEC) . 105
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ML Freas.

108 CONTINUE :
DO 60 J=1,NEIQ i ;
DUM3C1)=SORT(VALU(T))/6.2831R53 ]
60 CONTINUE . 3
NRITE(OUT.9009) : z
NRITE(OUT,9005) (1,DUNI(1), 121, NEIG)
9609 FORMAT(1H1,47X.33IHHERE ARE THE NATURAL FREQUENCIES /14)
9005 FORMAT(35X, 29HTHE NATURAL FREQUENCY WUMBER 13,2X,2HIS F12.4,2%, - ]
13HCPS) S
9008 FORMAT(1H1,38X.43HHERE ARE THE EIGENVALUES AND EIGENVECTORS ///)
RETURN "
END f
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w FORTRAN NECK I
E CFULFL EXPANDS REDUCED FLEXIBILITY MAYRIX BY INSERTING § OR 2 ZERO 1
c ROWS AND COLUMNS REPRESENTING ATTACH POINTS. r
¢ THE ARGUMENTS ARE S
- B(I) = REDUCEN FLEXIBILITY MATRIX IN COMPACT FORM 4 ,:
e NXC = ORDER OF RENUCED FLEX. MATRIX 5 -
c INPUT DATA RFQUIRED 6 ,:
-~ C NR = NO. OF ATTACH POINTS (1 OR 2) 7 .7
e NNE,NHO = HASS NUMBERS OF ATTACH POINTS 1 AND 2 RESP, 8 !
C 9 3
. SURROUTINE FULFIL(B.NXC) 410 3
DIMENSION B(1),D(1275),C(50) - 15
DATA 0Q7/6HEXPAND/,0B/6HED FLE/.0Q09/6HXIBILI/,010/6HTY NAT/,Q11/6HR] 20 &
1x v 25 '
READ(5,1)NR, NNE, NWG . 30 -3
1 FORMAT (918) N 35 ' 4
MS=NXC+NR ) 40
MMS=MS# (MS+1)/2 45
no 50 1=1,MnS 50 3
50 D(T)=0,.0 56 -4
JJJ=0 60 3
KK=0 ‘ 65 3
JJd=9 70 .3
DO 100 y=1,MS 75
iF(JJEQ.NNE.OR.J.FQ.NN0G)BO TO 99 80
I=dJ+1 85
JJ=1+NXC=J+ Ul 90 : 3
KKK=J=1 95 | ¥
DO 98 JK=1,d4Y 100 | 3
KKK=KKK+1 105
KK=KK+1 110
IF(KKK.EQO.NNEL.OR. KKK EQO.NWO)GO TO 96 13%
Gn 10 97 120
96 KK=KkK+1 125 : 33
97 DIKK)=R(JK) ’ 130 ' %
98 CONTIMUF ; 135 ' 7
60 TO 100 149
99 KK=KK+MS=J+1 ) 145
NNNENNNES! 150 | '3
100 CONTINUE 155 | 1
2 FORMAT(///86HU) P P E R TRIANGBLE-EXPANDED P L 165 : °
1 EXIBILITY MATRI X) 170
no 10 1=1,MS 17%
NS=(2#f+(]=1)n(2eMS~]))/2 140
NE=(2#MS+(1~-1)0(22MS5~-1))/2 185
WRITE(6,3)1,(N(J),JI=NS,KE) 190
3 FORMAT(/3HROW, 14/(9F14.5)) . ) 195
10 CONTINUE 200
PUNCH 4,07,08,09,010,011 . 206
4 FORMAT(5A6) 210 |
- N0 20 1=1,MS. 215 .
11=1-1 224
: no 19 J=1,11 P30
3 { NU=(2#]4(J=1)0(20]=J))/206(0~1)8(NS~]) 2346
3 19 C(J)=D(NU) 2440
18 CONTINUE P48 3
} NS3(20]+il=1)a(28MS=1))/2 ' 750 . . %
; I NEz(28MSe([=1)0(2¢MS=]))/2 . . 255 '
- J=i , 260 g
S 107 I N -
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DO 16 J4=NS,NE
CCY=D(3d)
16 J=u+1
PUNCH BD(C(J)0J31)"S)
5 FURMAT{1P6E17.5)
29 CONTINUE
RETURN
END
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t DRTRAN BFCK

o ]

AR AR

RIS

N=N{l., OF NORMAL RISPLACEMENIS -
Mz=NQO. Of ROIATIONAL U.0.t.
NTPEL-CONTAINS STIFFNESS (OR MASS) MATRIX
KI1PL~-K1? (H1”) STORED
TTPE~K1: (M])) STORED
A- DUMMY STCRAGE YECTOR.LARGER OF (M#(N+i1) -2 OR Mo(M+11)/2)
SURROUTINE BIVID (N, M, NTPE.MTPE, 1TPE-A.B)
niMt NSION AC*).B(1)
REWIND 1TPH
REWIND NTPI
REKIHD MTPE 3
NMAX=Na(N+ ;72 3
MHUAX=NO (M) /2
NM=N+M
TCNT=
HY 19 I=1.N
1i-NM-]21
READINTPE) (B{J).J=2.{1)
To=}I-M
no N0 J=1,140
TUNT=CONT s
0 A(TERT)=B(Y)
TD1=1p+1]
JUERT=
nGg o0 J=ipr, l1l
JUNT=JONT ¢
v} BOJCNTY=B(D)
WRITE(MTPE) (B(J),J=1.HM)
i CONT INUE
WRITE(ITPE) (A(J},J=1,HMAX)
REHIND MTPH
Rt WIND [TPF
Th=h
TUNT=0
ng v [zi,H
P1=M-ICNT .
REAB(NTPE) (R(J),.J=1.11) :
JCN{=fCNT+
ng ot J=3. 11
Th=lhe
on A(TL)Y=R(J)
- Ha CONT INUE
RETURN
END

[ B Bien B R e ]
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FORTRAN BHCK

D

TZROMAK
D IS A DUMMY YECTOR WITH STORAGE N OR H (LARBER) i
A TS A BUMMY VFUTOR WiTH STORAGE Ne(N+id)/? UR Me(Mel)s2 (LARGER- 4
B IS A DUMMY VFCTUR WITH STORAGE N OR M (LARGER)
T 1S & DUMHY VFGCYOR MITH STORAGE N OR M (LAKGER)
N=NO. OF NGRMAL DISPLACEMENIS
HzNU. OF ROTAYIUNAL D.O.F.
NTPE CONTAINS K1, MATREX
MIPE CONTAINS Ki,. MATRIX
1TPH SCRATLH TAPE 1
KTPE STORES KI“eK 2%8(-41)
A INITIALLY CONTAINS K“2 INVERSE 5
ean  REDUCED STIFFRFESS MATRIX IS STOREND UM 11pPE [ E
SURRCUTIKE ZROMAK(A,B,C, D N, M, NTPE.HTPE, [ TPL.KIPE) ' :
DIMENSION AC!1),B(1L),0(1).h(1)
NOHKLE PRECISION SUNK.DP1, P2
CALL SYMINV( A.M)
REMIND MTPF
REWIND ITPF
REWIND NTPF
RLUWIND KTPF
NMAX=N& (Ne: )/
MMAX=M& (Mo )/
np 1o KK=1.N
R&A“(HTPE) (Q(’)'i=1pﬂ)
ICNT=1
No 108 1K=V, M
JI=1K
JK=3K
ng .0 Jzdd. ¥
TCNI=IONT+1
79 C(JI=ACICNT)
INENRLS|
JA=M
To=1K
no o6 Jg=1,4y
(H(JJ.FQa1) GO TO SU
CLdI=ALLD)
JA=JgA-1
TOU=1D+JA
30 nONTINUE
SuUM=t.0pY
no +0 J=1, M
NP1=B(J)
nP2=C(J)
gl SUM=SUM+DP 2 DpP,
N(JK)= SUM
150 CONTINUE
WRITE (ITPH)  (DCJ)H»JI=1, M)
HRITE (KTPE) (D{J)sJd=L, M)
1 CONTINUE
RENIND 1TPK

Ay Br B B B B M- B ]

-
-
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uf

/n

[°Y})

REWIND MTPE

RFEHIND NTPYF

RFUIND KTPK

READ (NTPE) (A(J)Y.J=1,MHAX)
fUNT=Y

Ng oB KK=' + N

READ (1TPEHY (D(J)Y,Jd=1,M)
Kl=kK

nog /10 KJ=1.N
REALIMTPE)(C(Y), J=1, M)
KP=kJ

TH(RP.LT.KI) 680 Y8 /0
SuM=ti,.nph

ne wa KR=1.H

NPi=D(KR)

P?2=C(KR)

SUM=SUM +)P,epP2
TCNI=JCNT+

SH=SUM
ACTCNT)=A(TUNTY-SH

OCUNT INUF

REWIND MTPF

CONTINUF

REHIRD NTPH

REWIND MTPH

REMING 1TPE

WRITF(LITPE)Y (ACIY.I=1,NMAX)
REMIND ITPF

RETURN

FMD

111




b

B O

]
i
s FORTRAN DFCX ‘
CZRUMAM .
c N=NO. '0F NORMAL DISPLACEMENTS ]
C M=NU. OF ROTATIONAL D.0.F. :
€ . NIPE CONTAINS M11 MATRIX
c MIPE CONTAINS M12 MATRIY
¢ [ TPE SCRATVH TAPE 1
¢ KTPE CONTAINS Ki2sK/Poe(=() E
Cese  REDUCED HMASS MATRIX IS STORED ON [TPE 3

SURROUTINE ZROMAM(A-B,C,D. N M, NTPE  HTPE, 1I1PE.XKTPF)
DIMENSION A(Y ). 8(1),C(1).0{(1)
DOUBLE PRECISION SUM1,SUN2,DPL.DP..NPY
NMASS=H \
REWIND MTP( ' o
REWIND 1YPF '
REWIND NTYPI-
REWIND KTPF
NMAX=N®(N+:) /2
nYg 11 KK=1.N .
READIKTPE) (R(11,1=1.,M) !
TCNT=4 '
N 1080 JK=§,.M
JJI=1K
JK=1K |
no 7 J=JdJ.H i
ICNI=[CHRT+
20 0(J)=a(iCNT)
JJd=dJ=-1
JA=M
10=1K
Do ol J=1,.0J
[H{JJ.EQ.8) GO TGO 3
L) =Aa(1D)
JA=JA-1
10=iD+vJa
»# CONI INUE
SuUMi=g.ph
no »n Jg=1,M
NP1=8B(J)
NP2=C(J)
Wit GUMI=SUML+NP: NP2
: N{JK)=SUM)
! s CONYINUE
WRITECITPE)Y (D(J),Jd=1,H)
i RONYINUE
REMIND I1TPE
REWING MTPFE
RENIND NTPF
QEHIND KTPE
READINTPE) (A(D),J=1,NMAX)
NO o) KK=1.N
READ(MTPE) (R{J).J=1. M)

|
l
1
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? READCITPE) (0(J),J=1,.84)
no 0 XJ=1.N
READCKTPE) (£(J),Jd=1 . M)
- SuMiI=y. DO
SUM =it Bt
10 v KR=1.M
NP1 =B(KR)
NP2=N(KR?
nPi=C(XR)
SUMY=SUMI +DPY PP
= b SUKe sSUM2+uP7alip
SM1=SUMI
SMP=SUM. \
- 1F(RJeBLoKK) MMz oK)+ (KK~1)8 (P aNMASS~KK))}/ /2
TP (RJ.BEKK) A(MM)I=A(MM)=GML+SMY
TF(hJ.LE<KK) MM (- #RK+(KJ-1)n(2eNMASS~KJ))/2
IF(KJ.LESKK) A(MM)I=A(MM)~-SH1
s ONT INUE
REWIND KTPF
Ht CONTINUE
REHIND NTPr
RENINND MTP-
REWIND 1TH
REWIND KTPF
URITECITPEDY (ACL), I=1,NMAX)
REWIND 1TP-
RETHRN
FHD
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¥ FORTRAN DFCK '

CSYMINY

C A IS THE UPPER TRIANGLE OF THF SYMMETRIC HMATRIX 70 BL INVEKTED. §S°.
c FLFMFNTS ARE STORED ROWMISE. e
¢ N = ORDER OF HMATRIX

N PROGRAM INVERTS IN PLACE. S
SURROUTINE SYMINV(A,N) -9
NIMNENSION A1) P
NMAX=RK2(N+1 )/,

AC1)=SQRT(A(1)) S
DO it fJd=v,
tul ACED)ISA(TY/7A01)
A(1)=1.0/A(1)
Int=9
fJ=N
N0 1046 I=-,N
Ti=1Jd+1
=11
nyg 720 Jg=1.N
JHI=Jd-1
Li=i
INEN
NO 1724 L=1.1M)
ACTOY=ALL) =ALLT)eA(LY)
L1=L1+N=-L
120 Ld=LT1eJMl
2at [J=ide1
A(11)=SORT(A(}1))
Ji=1
JJ=
Do H0u Jg=1.1M|
ACJI)=A(JIIY»A (D)
TFCI=TML)S 0. 472y, 420
300 JP1=J+1
JL=JdJ
Li=Jl
No 40 L=JdP1, M1
JL=Jl+1
Li=LI+N-L
4y ACJL)=ACJIEYCALIL)Y#A(LD)
49 A(JI)==ACUL)7A(LT)
J1=Jl+N=J
5ul Jd=JJeN=Je+ !
TFCI=-NYOOU . YU, 910
Aul JPI=Te1
1d=11
no /00 J=1P3.N
1d=1d+1
Tun ACTY)=ACIdIZALTLD)
ub A{T1)=1.0/7A011)
1nun MY =]
11=1

P X7 B T, Y N 7, S 7. Wl

[7. 3 ST N 7 gl N 7 B 7 7

. Y LLswm

- BT SN
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Jtun

1280

14
2nun

NG By i=1,N

Jd=11

1d=11

ne 1440 J=1{,N
ALTd)=A(Larea (D)
IP1=J+1
FF(JPL=N)LIye, 1 10,0400
fL=1J

JL=JJ

DO 120 L=UpP1,N

TL=iL o1

JL=JL ¢
ALTOI=A(TDALTLYwALIL)
SNENIES

Td=ldet

11=14

RETURN

END
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t ORTRAN BECK v
EIGHAT
THIS SUBROUTINF FIRNDS THE EIGENVALUES AND EIGLNVECTORS # OR
SYMMETRIC MASS AND STIFFNESS MATRICES.
THF ARGUKENTS ARE--
N- ORDER UF MATKRICES.
A~ DUMMY VECTOR KITH DIMENSION TN MAIN PHOGRAM OF Ne(N+1)/.
VALU- STORAGE FOR FIGENVALUFS. MUST BF DIMENSIONED IN THE MALN
PROGRAM AS A VECTOR OF LENGTH KEIG.
TEHP,H,C.- o= DUMMY VECTORS WITH DIMENSION OF N IN MAIM PHOURAM.
F- DUMMY ARRAY WITH DIMENSIONS OF (N,3) IN MAIN PRUGKAM. .
T0UM-  DUNMMY INTEGER VECTOR WITH DIMENSION OF N [N MALIN PROGRAM.!
MIARPE- TAPE WHERE STIFFNESS MATRIX IS STURED IN COMPACT FORN.
NIAPE- T1APE HHERE: MASS MATRIX IS STOREH [N COMPACT FURM.
JTAPE, 1TAPF- SCRATCH TaPES.
NE!IG- HUMRER OF EIGRNVALUES DESIREU.
N¥EC- NUMRER Of EIGFNVECTORS DESIRED. MUST HE EQUAL 10 OK LFSS
THAN NEIG.
THF MASS AND STIFFRESS MATRICES ARF STORFU [N LOMPAUT FURM AS
VFCTORS. ONLY THE UPPER TRIANGLE OF THESE MATHICFS(HY RUWS) IS :
STORFD. 3
SURKOUTINE EIGMAT(N, A, VALU,TEMP,8,C.D,F, TDUM.MTAPE.NTAPL,» JTAPE.
LETAPE,LNETG. NVEC)
BIMENSION ACT).TEMPOU) . YALUCTEY o B( ), CCL ), DY, LEN, ), EDUMLL) 4
NOHkLE PRECISION SUM. SUMY
INTEGER OUY
nuT=6
REWINU 1TAPE
REWIND JTAPE
REWIND NVAPE
REWIND MTAPLE
Mz"sf
NMHAX=N® (N+L ) /2
C.EQQC'0.'“.90..""'5.*'“G"ll&‘ll’il#
e SIFP 1
C READ IN M 4Y ROWS IN COMPACTED FORH
c
(.

S b WAL

annannn‘:nnnnnnnnnnnﬂa

REPLACE M HY (1 )TRAMSPOSE, WHERE M=Ls(L)TRANSPOSH
CALLCULATE FIRST ROW
READ (NTAPH) (A(T),1I=1.NMAX)
REWIND NTAPE

h CONTINUE
A{1)=SARTLA(Y))
nY i f=?2,N

10 ACTI=ACT )z 0(Y)

N CALCULATE ALL THE OTHFR RONWS

INTNI=N
") 40} =N
IND=IND )
SUM=1, Ny
Kiz})=)
0y »h JusL.k)
MI=(M=JJS)a(JJh=1)7/¢]
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N
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®

L RL

If

LR

#

40

SUM=SUN+A(MJ)I=sA(MJ)
ACIND)=DSQRI(ACIND)~SUM)
TFCIND.EQ.NMAX) GO TO !UN
SuUMi=A{IND)

Kiz=]+y

o v9 J=K1.N

iND=IND+)

SUM=0,h4

13=1=-1

N ofi JJ=1.1t1
Kz(M=gJd)®{JJ-1)/2

Ki=hn+1]

KJ=K+.l
SUKM=SUM+A(K]IYsA(KS)
ACTND)=(ACLIND)-SUM)/ SUML
CONTINUE

CONIINUE

TUNTINUE

CHEFK FOR SINGULAR MASS MATRIX

Ng il =) .N
Ki=(M=-[)e(]=~t) 2+]

THA(KTD)eEQ ) GO TO Y49

TONTINUE
THIS COMPLETES STEP )

LR TN Y S B N TR T TN DY ST BT RN BRI 2K NN K 2NN JEE K BN BEE BEE BEE R BN IEE I B

STLe 2

WRITE (L)TRANSPNSFE ON TAPE BY UOLUMNS
PUT (L)TRANSPOSFE INTO TFMPURARY STURAGE (TEMP--A VECTOR)

AND THEN NRIIF TEMP ON TAPE

KTAPF=NTAPF

IND=D

Dy 4% J=L.N

ng o34 I=1.J
IND=END+ 1
Mltz(M=1)2(]=1)72+J
TEMPUIND)=A(M])
NONT INUE

WRITF(KTAPF) (YEMP(JJ).JJ=1,1IND)

INR=0
CONYTINUE
YIS COMPLETIES STEP 7

[ BN 2 2K IR TN 2N B R 2N NN RN JEE 2K IR 2NN 2 JEE NN JER Y BN B JEE BEE Y R SRR N

STeP 8

CCLYTRANSPOSEY INVERSF REPLACEFS (L)TRANSPOSF
REPLACEMENT 1S DUNE BY LAST COLUMN FIRST-<-HORKING UP THE CULUMN

Ng 414 [=1.N
IND=(T#(Ms 1 =1)V/7=-N
ACIND)=1«/A(IND)

N0 a9y J=/. N

IJ= (N2 ) =)

no .90 1=¢.J.
IND=(N+J+]~-01e(J)=1)/2
SUM=N . Np
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o rna—— 4
ahagthi £

Ki=gJ~14+2
N0 a%4 K=K1,.)J
1hK=1HD+X
Mh=(M-K)o(K=-1)/2+Jd o
491 SUM=SUMsA(INK) »A (MK
INDR= IND+ JJ ]
IBI=IND-I+ J
490 A(IND)=-SUMsA(TIDL)
499 CONTINUE
N END OF STEP o
ﬂl'llbliﬂﬂli&!&&l.'l'ilﬁ'!i!'iﬁ!ﬂ!ﬁ“‘
C STEP 4
) U=((L)TRANSPUSE ) INVERSE
C WRIYE 4 ON 1APF RY ROuWS
WRITECITAPF) (A{T1)>1=L,NMAX)
¢ FINTSHED WITH STEP 4
O 5 & & & 2 &8 & & ¢ & 8 & 8 & & 4 & & & % § & & » & % & % % « & & 3 b o
STFP >
WRITE U ON TAPE BY COLUMNS STARTING WITH THE LAST rOLUMN +IRSI
PUT U (LAST CUOLUMN FIRST) INTU TEMP AND THEN WRITE UM TaAPL
IND=0
N »%> K=¢-N
J=N=-K+)
ng »%a f=).d
(LHESTTITS!
NIZ=(M-[)e(|=1)/2+J
TEMP(IND)I=A(M]?)
5.n NONTINUE
HRITECJTAPF) (TENP(JJ),.JJ=1,IND)
INR=D
655 CONTINUE

ans

c END OF STEP »

o & ® & 8 # 8 & & 3 & 2 & &8 % & & & & ¢ 2 2 % & & 2 & % & 5 & » # & * ¥
C STEP 6

c FORM KU

c RFAD K INTO (ORF .

N READ U IMTO CORF A COLUMN AT A TiME IN REVERSF ORDER

¥ RFPLACE K HBY KU COLUMN BY COLUMN STARTING WITH THE LAST UOLUMN

c AND WORKING UP THE COQLUMN

READ(MTAPEY (A(CL),I=1,NMAX)
REWIND JTAPE
no 09y JJ= LN
SEI TRENN
READCJITAPE) (IFMPLID) . T1=L4d)
no »%4 11=',.}
T=d+1-11
SuM=0,Du
o 65 K=1.1
MKYT=(MeK)#(K=1)/2¢}

A0 SUM=SUM+A (MK ) TEMP(K)
INN=(M=1)e(f-12/2¢J
'F(!oEﬂoJ) GO ‘u "8“
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i AIRDARES o et B R Stk o b

Ki=(H=-1)®(]-1)/2

PR

=141
? no o6 K=1.J ;
KiK=K1+K 4
AP SUMz=SUM+A(KLK)#TEMP(K) ;
6R0 CONTINUE
A(IND)=SUH
A9 CONTINUE
C END OF STEP o
o & & & & & 8 & & ¢ & & &8 & & & # & & 2 % 8 & 5 4 5 % # # & # = 3 ¥ 2 &
c STEP Z
- r FORM{ (L) INVERSF) oK
C
f

KU IS IN CNORF
RELAD IN L 01 UMN 9Y COLUMN ANB CALCULATE ({L)INVERSE)I*KU
ROW BY ROW
¥ CALCULATE THE FIRST ROW
REWING NTAPE
) READINTAPEY TEMP()L)
N0 /1n I=L-N
700 ACT;2ACE)/TEMP(Y)
C NOW CALCULAIF THE REST OF THE ROWS
INP=N
no /99 I=¢.N
READL (NTAPE) (TEMP(JJ).JJ=1,1)
NO /99y J=1-N
IND=TIND+1
JI=1-1t
SiiM=0,. D3
NY s K=i.J4.J
MKZ=(M~K)#(K=1)/2+]
750 SUM=SUM+TEMP(K)#A(MK?)
79 ACIND)=(ACIND)-SUM)/TEMP(])
€ STEP 7 1S UOMPLETE
CIB&&G&&!G'll'lltliﬁ#ﬂliililﬂ.'&lﬂIQQH
C STEP 8
£ DFIFRMINE ETGFNVALUES AND ETGENVECTORS OF THE NEN MalIRIX
c CHANGE THE SIGN OF A IN ORDER TO UBRTAIN THF SMALLEST
¢ FIGHNVALUE FIRST
NG nhiu f=1.NMAX
Rull A(T)==~AC])
CALL HIGMAT(A,VALU.TEHMP,B,C,D,E,IDUM, N, NEIG,NVEC, MTAPE)
r NHANGE VALU RAGK
DO 8%0 I=L.NFIB
A5h VALUCE)==VALUCT)
STEP 8 IS COMPLFTF
NN S B BN 2 IR 2hE BER BN Y SR R NEE BN 2N NN IR K 2 A 2 JEE NN NN BN NEK SRRV BN TN N 2N 2
STFP ©
CHANGE FIGENVFCTURS HACK
READ U INTO CORF RY ROWS
RFAD UNCHANGED FIGENVECTORS INTO CURE ONE AT & TIME
CHANGE AND PRINT EIGENVECTORS
[ (NVEC.EQ.1) GO TO 2uny
WRETE(OUT, 1u11)

i I ey B B e I ]
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Que
9N

L Y
930

94n

941

947

94990
€

REMIND [TAPE

REAUBCITAPE) (ACL),1=%,NHAX)
REWIND HIAPH

N Y89 JJd=', NVEC
READ(MTAPE) (TFHP(I)s1=1,N)
IND=O

N vt f=i.N

SumM=0,.nu

N0 Y09 Jzi.N

IND=IND+Y

SUN=SUMsA(I1ND)» TEMP(J)
TFMP(])=SUM

NDRMALIZE THE EIGENVECTUR
SOM=TEMP(]) :

NG 93y {1z, N
1F(ABS(SUMI=ABS(TENP(IT))) 935,939,939
SUM=TEMP(11)

CONTINUE

1F(SUM) 94-,047,94R
CONT i NUE

nO va1 11= ,N
TEMPCIT)=TFHP(11)/SUM
CONTENUE

CONTINUE

WRITECOUT, v 10 JJs VALICJI ), CTEMPCT) . 121, N)
STEP O IS COMPLFTE

C® 8 4 &8 & # # % % 8 # 5 5 0 & 8 @ & & & K & % & & & & # # 4 ® £ # # # ¥

4 ab

401
9047
19y
oun

G0 19 200V )

FURMAT (1H ", 9H EICENVFCTOR MUMsER 15/12X,L7H CORRESPONDING

TIPF B 2/0LH 1PAET1 e })

FORMAT(1HL. 38X, 4 SHHERE ARE THE EIGENVALUES ANV EIGFNVECIORS

FORMAT(1HY . onX, 27HTHE MASS MATRIX IS SINGULAR
WRITF(OUT, -+ )

RETURN

ENR
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IR AT ey

éi
g
]
g FORTRAN DECK :
CHIGMAY 3
€ PROG.AUTHORS M.ELSON AND R.E.FUNDERLIC.CENTRAL BATA PROCESSING,4,t.0h b g
SURROUTIRE BTIGMAT{(A,VALU, YALL,UPPERU,DIAG,V, T, INTER,NN.NEIG.NVFL, E
1MTAPE) E
DIMENSION ACT ) VALU(T), VALLCT ) JUPPFRD(1).DIABGET),V(1),T(NN,O)., d
1ENTER(T) 3
REWIND MTAPE ;
N2=u H 3
N=NN oo
[FI(NJLF.2)60 TO 89 ;
NP1=N+1 H i
NMT=N=-1 R
NMP=N=2 B3
NIPPlz=N#2+: R A
Px=t B3
DO 10 I=zi,NM2 H a
SIGMAY =1, H R
1PizT+1 B
RO 3 JsIPL.N g
1d=1%+J K

1 SIRMA2=SIGMA +A(TJ) e, H
SIGHA=SQRT(SIGHA?) H
T1=1X+1 b
DIAGCT)=ACE]) i
TIP1=X+14! H
UPPERD(I)=-STIGN(SIGHA,A{T]P1)) H
T(1.,2)=S1GMA"

THECABS(SIGMA).GT.ABSCACTLIPT)))BE (0 ? H
UPPERD(I)=A(TIPY) H
ACTIPL) =0, 2
60 10 14 [}

2 ACTIPI)=SORI(1.+ABS(A(TIIPI))/SIGMA) b
SUTHLAM=-SIGN(SIGMA®ACTIPL), UPPERD(T}) B
IP?=1+2 B
ho o J=IP¢.N &
Taz1X+d R

S ACTII=A(TU)/SOTGAM H

JR1zIo(28N=-]~} )/ B
IX=uKt ]
Ti1X=JK1 ]
hy v J=tPL.N B
VALL(J)=0,
JR=JK1+J H
D) a4 K=1P1.J b
IK=1X+K ' H
VAL L () =VALLGJY+A(JK) €A (TK)

4 JK=JKeN=-K H
IF(JEO.NIGO TO & t
CALL LOOPL(J 2. NP VALL(J) ACIX). ACLEX))

hodX=JX+N=-J I

£ DELGAM=0. b
ne . J=iPL.N H

L TERD o A M ettt B i e SEparte e . - e e
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L

T AT TRy
e

3 b

g

A

4

p

i n

i

] 1”

13

7

4 14

k

i 1%
A
L7
iR

{ i0

5, 2n

i 21

]

]

4

]

» 29

i 23

T ATTE

iduas

Td=1X+d

DEI GAM=DELGAM+A(TJ)eVALL(J?
RGOr=.5sDELGAN

no & J=IP1.N

Tdz1X+J

TG T)RYALL GO -0G02#A( 1)
RO ¢ f1=IP',N

IEREI R ER R

Call LOOP2CACHIX),ACTIXILT(NZ- L), TCIE, 1), A(5ET) 2001 ,NPT)

FiX=sTiXeN-1]

IX=1X+K=-1

M=Ns{N21)/" '
UPPERD(NMI)=A(M~-1)
TI(NMI,?2)=UPPFRD(MNH]1)8e"
BIAG{NMI)=A(MH=-?)

DIAGIN)=A(H)

ENDRH=AMAX1 (ABS(NIAG) +ABS(UPPERD), AUS(DIAG(N) )+ ABS(UPPFRI(NNT}))

ng 11 I=2,NM
ENRIMP=ABS(DIAGB([))+ARS(UPPERD(1))+ABS(UPPERN(i=1))
TF{ERRTHP.CT.ENCRHIENGRM=ENRTHP
no i?2 1=1,HL1G

VALUU T )=ENORM

VALLOI)Y=-ENROURNH

BO ¢4 [=1,NEIG
ROOY=.5«(VALN(E) e VALLCT))

1V (ROOT.EY.VALL(T).0R.ROOT.EA.VALU(L))IGO TO -9
NAGREE=uY

PH?2=0,

pPM1=1,

N0 71 J=1,N

“"PMZONE.“.)GO Y0 4%
PH1=SIGN(1.,PMY)

G0 10 1/

1t (PML.NE. o) GO TO 17
Pz=-SiGN(L..PH2)

PH?=0,

TH(T(JU~1,2)) 1R,14,]8
P=DIAG(I)~ROOT~T(J=1,2)0PH2/PHI
PM2=1,

JF(PY21,109.¢20

pPM?=PM1

IF(PM2)21,°0.20

NAGREE=NAGREE +1

PM1=P

PO 3 J=1.NLEIG
1F(JLE.NARRFEIGG TO 2?7
TF(VALU(J).LF.ROGTIGO TO 13
VALUCD)=ROOT ! ’

60 10 23°

VALL{J)=RON

TONTINUE
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VA
30
31
37

33

KX

5

S6

NONTINUE

TH(NVEC.EQ.UIGO 10 4«9
FPSLON=ENORMe1 . E=A
CUMPLI=COMPL(1)

NO 48 1=1,NVFC

no 2% J=1.N

V{J)=1l.

T(J,73=DIAGCI)~-VALUL])
,‘(JCEQON)GO 10 24

TCJ, $)=UPPERA(J)

TC 41, 1)=UPPFRI(Y)

T(N,$)=1o

g 29 J=1,N
TECABS(T(J. ) ) LT 1L E-17)T(J.2)=2EPSLON
T(.J:,1)=2T784.721

T€J,2)=T0J. )

T(J,3)=1te

TF(JEQ.NIGU TG 3

INTFR(J)=0

JP1zJs} .
TECABSITCIPL 1)) LELABS(T(J,1)))60U TO 28
INTER(J)=1

Bo ¢v7 K=1,»

TERP=T(J:K)

TCH,K)=T(JPL.K)

TCIPY,L,KI=TEMP
THULTP=T(UPL.1)/T¢Jd51)
VALL(JI=ORCINTFROI) . ANDCTMULTP,COMPLI))
TCAP1,2)=T(JP1.2)~-THULTPRTI(J:2)
TOIPY, 3)=T(JP1L. ) ~-THULTPe T (J,»0)
TTFR=1

ng a7 J=1,N

L=Ne1=-J

VO )s(V(L)=TUL,2)e¥(L+1)=TCL,0)aV(L+2))/T(L,Y)
VNORM=0,

g a3 L=1,N
VNORM=VNORM+V (| )eu?
VNORM=SORT(VYNORM)

N0 o4 J=1,N

V) =V{J)I/UNTORM

THCITER.EQ.2YG0 TO JA

[TFR=?

NO oh Lz2,N

LMY= -1

TRY=VALL(LMI)
IFCANDC(TRY.J).EN.1) GO TO 35
VIEMP=V(LN")

VI M) =V (L)

VIL)=VTEMP

VO I=VL)=VALL (LML )8V (I M)

G0 10 31

IF(VNORM.ENN IV(i)=1,
TIX={NaeN~N-6)/?
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48
30

DU 57 KK=L.NM2

FIPI=N-KK

niv=o,

CALL LOOPS(UTV.ACLIX),VINZ),»1IPL+1.KPL)
CALL LOOP4(ACIIX),Y(NZ),NPL,I1IPL#+1,UTV)
IFX=TIXe1IP1I-N-2

WRITE(MTAPF) (V(ICH}, ICH=L,N) ~
CONTINUE

RETURN

END
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! ¥ FGRTRAN DFCK -
cLnuPl

‘F SURKOUTIRE LOOPL(JPZ.NPL, SGAKPJ,AJX,ATX)
DIMENSTON AUX(Y), AEX(1)

Bu 1+ L=JP: NPy
- 1 SEAMPY=SGAMP.I+AJIX(L)*ATX(LY

RETURN
i FND
ﬁ . § FORTRAN DFCK :
> cLnopy ‘
SURKOUTINE LOOPZ(ALEX,21X,S,SI.ATLI,IP1.NP1) ‘ b
NIMENSTON 311X, REX(1},SC(1) ' . B
’r n . JI=1P1, NP1
i " ALEXCINIZATEXCIS)~AT I [#S(II)=ST#AIX(IJ) M
: Re: TURN
] - FND
/ ¢ FORTRAM Df CK
4 TLOuPS

T
TXTox
At o dno e 2 a0 RIS Sl TN

T
X

SHRKHOUTINE LOUPS(UTV,ALIX,V,1iP:,.RKPL)
NIMENSION AJEIXCL)Y, V(1)
ng ¢ J=11P-, NP1
HIV=UTV+ALIXIJYeV(J)
RE TURN
ENp
% FORTRAN DFCK
'LnOPe
SURKOUTINE LOOPACATIX.V,RPI,1IP/Z, LTV
NIMENSION AJTXC(L)Y V(1)
3 DO « K=LIP',NPI
. A4 V(K)SV(K)=ATIX(KYsUTYV
RE TURN
FND
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WRITE(OUT, S0D&) (M, XN} ¥ (H) ,H21,NITH)

Al il

e

(R T}

LnShdl

Ao ST SEIORN

Fadth AT

PAGE 2

N\ xercar 10 1
FOR
121,108, ... ,HIT8

W Lol A B

PRI S

HR1{§2=0
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; PUO,9112,6(C(1,2)0A500(2,2) 6ACsZ. 80 (3,2) 0 (AGPAS)) !
(._ o)
|

RCFEAT 70 28
Hafet FoRr
JEN, N, .00, Y

/REPEAT TO 20
Foa
$38,803,...40

=]

Pid1rzp(l, )

- 152

E®BEC «eM»

c A o A

PR3 T\ R

S Ret)

[l

PRI




.
SRt e S AT e

:

LNAT

TS SUBROUTING FORMS THE € NATRIX RELATYING THE CORNER

DISRLACENEINTS TO THL POLYNOWIAL SEFLECTION COEFFICIANTS .

FOR THE TREAMCULAR PLATE ZLTMENY .
¥2,X3,7Y3 = COORDS, OF PLATC CORNEAS 1N LOCAL COORCINATES

1 € € MATAIX

si1ueEnRslontd vVARTIABLEL S

‘1NBOL STORAGES SYHBOL $TORASES SYNSOL S$TORASTS sYMsoL S$TORALED SYMEOL SYORALLS ;

« ¢ *,9

PR

153




TR ST e ey

SUBROTTINE CHMAT{YR,X3,73,C)
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CU5,9):=3,8Y2092 ctr, 128, C(?,9)sx32Y) C(r,9)3v%693 CLs,8)22.0x38730 03002 | > i
Cre,2)z-3, C(r,25=x3 CUr,#)273302 2 c(s,3 21, C(8,92:23,8Y3s82
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3TART cHAY HINY CINNAT ——
Ye,x3,vs,C C,CINV,? ¥e,X3,73,0x,0v,01,0xY,3E74A,0
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Icnnvt:,x)=zza
- SV |
400 | -
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REWING LLES L3 ] 128 ,808,...,% 7
- 1R ]
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[ e ]

7]

A(ICr=Bj )
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Symbol List gé :
Listed below by their FORTRAN names are some of the input quantities 9 ‘
to the program and their equivalent names in Section 3.0. E
Input Quantity Svmbol in Section 3.0 I §
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i X x |
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13. ABSTRACT

THIS STUDY COVERS THE DEVELOPMENT OF A SET OF COMPUTER PROGRAM TO PHRFORM
FLUTTER ANALYSIS BY THE COLLOCATION METHOD, WHILE THIS METIOD HAS BIEN KNOWN
FOR SOME TIME, ONLY RECENTLY HAVE ADVANCES IN COMPUTER TECHNOLOGY MADE THE METHOD
TECHNICALLY AND FINANCIALLY FEASIBLE, THE INGREDIENTS OF A COLLOCATION FLUTTER
AMALYSIS ARE 1) A FLEXIBILITY MATRIX, 2) AERODYNAMIC INFLUENCE COEFFICIEINT
MATRIX, AND 3) AN EIGENVALUE SOLUTION, THIS STUDY IS PRESENTED IN FOUR VOL.UMES,
VOLUME I CONTAINS A GENERAL PROGRAM DISCUSSYON, VOLUME II CONTAINS THE PROGRAM
FLUENC WHICH CALCULATES THFE FLEXIBILITY MATRIX, VOLUME III CONTAINS A SET OF
THREE PROGR'MS TO CALCULATE AERODYNAMIC INFLUENCE COEFFICIENTS FOR SUBHONIC,
TRANSONIC, AND SUPERSONIC FLIGHT REGIMES, VOLUME IV CONTAIlS THE PHOGRAM COMA
WHICH SETS UP AND SOLVES THE FLUTTER EIGENVALUE MATRIX,
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