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FOREWORD

This report, prepared by the Dynamics and Loads Section, Martin
Marietta Corporation, Denver Division, under Contract NAS8-29944, presents
the technical approach and the results of a study contract for the dynamic
characteristics of a spherical tank/fluid/bladder to be used in Solar
Electric Propulsion Stage (SEPS). The study was administered by the
National Aeronautics and Space Administrations, George C. Marshall Space
Flight Center, Huntsville, Alabama, under the direction of Mr. Frank Bugg,

Systems Dynamics Laboratory.
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INTRODUCTLON

The proposed Solar Electric Propulsion Stage (SEPS) will be
responsible for the transmittal of Shuttle-based payloads between low
orbit and geosynchronous orbit. The SEPS will be a reuseable vehicle
powvered by accelerated mercury ions. The mercury propellant will be
contained in spherical tanks. Propellant orientation within the tank
will be controlled by a neoprene expulsion bladder; propellant feed to
the ion engines will be maintained by insertion of freon pressurant
into the ullage space between the tank and the expulsion bladder. The
mass of the mercury will be a very significant portion of the total mass
of the spacecraft. It is, therefore, apparent that this high mass frac~
tion cannot be ignored and its dynamic characteristics must be investigated.
This study obtained the equilibrium shapes, vibration modal properties,
and mechanical equivalent slosh models for the mercury and bladder for five

fill conditions and two acceleration levels.



1. SCOPE

1.1 Purpose
The purpose of this report is to document the investigation performed
under contract NAS8-29944, "Tinite Element Analysis of Mercury Slosh in

the Solar Electric Propulsion Stage''.

1.2 Scope

This report documents the dynamic characteristics of the system of
spherical tank/hemispherical expulsion bladder/mercury propellant. The
static equilibrium shape corresponding to various ullage and gravity con-
figurations was established. The finite-element approach was ap-
plied to different fill conditions in different gravity fields to evaluate
the lateral sloshing mode shapes and frequencies. The resulting mode
shapes and frequencies was used to define a spring-mass mechanical
analog that describes the sloshing phenomenon. Computer programs for the
equilibrium shape and vibration analysis including the modeling were

developed.

1.3 Summary 7

The stétic equilibrium shapes of the neoprene bladder have been es-
tablished corresponding to various ullage and gravity configurations under
specified boundary‘conditions. The hemispherical bladder is taken to be
attached at the diametral plane of the sphere with zero relative slope.
With these shapes, the spherical tank with bladder and mercury has been
modeled as an assemblage of finite-elements. The properties of these ele-
ments have then been calculated using a linear displacement field. The
dynamic characteristics were obtained to be used to define a mechanical
analog which will reproduce the sloshing phenomenon of the system. The
computer programs for the static free surface and vibration analysis have

been checked out,
2. TECHNICAL APPROACH

The problem was approached in two distinct steps.

(1) Establish the static equilibrium shape. _

(2) TUsing the free surface éhape from (1), model the system as an
assemblage of finite elements and obtain the mode shapes and

frequencies. Further define a mechanical analeg for the system,



2.1 Static Equilibrium Shape - The method comprises of deter-
mining the total energy of the system in terms of the variables invelved
and minimizing the total energy for the stable equilibrium state under
the given constraints. This is outlined below. However, it is to be
polinted out here that the idealized cése here is for an infinitely long
cylinder and the feeling being that the static free surface for this

case will be close -to the actual case of spherical tank.

Additrmed
(‘C’NK' ?t lr'l'ﬂ-f(é i
4

o

Figure 1
The equation for the circle (with origin at center)
2 2 2
x -f-“z. = R (1

Taking the origin at bottom point

12. :
W = ir_é‘.»}z] {;. R (2)



Introducing w(y) in the expression
x@)= % (-0 = -sRfTRCG)

The plus sign represents the upper point of the sphere and the negative

sign the bottom and hence,

1,
e @) = %@~ )= [~ T+ R-wG) &

An assumption is made here that w(y) may be expressed in terms of a

power series:

w(y) _oa.,, ‘a. (6)

A

Substituting for w(y) from equation (6) in equation (5),

()= [2F1 % R-Zay @

The stretching in the membrane strip of length s measured along the

curved shape is U(s). It is assumed that

w@E) = bs (8)
Therefore, .
- .
2=

That is, B is the strain in the membrane.
The total potential of the assumed configuration will now be calcu-
lated. They are: ’

(i) Bladder strain energy in bending:

% Ials | - a0

strain energy in bending

where: dV.

E = modulus of elasticity for the bladder



I = moment of inertia
ds

length

radius of curvature

-
I

Further ..
"/
P Ty o

Therefore, equation (10) can be rewritten as

[T

. 2
ok =
AV, = Ler _(_ﬁ__/_‘_”f;___a ds (12)

It can easily be seen that

i
-/2,.
gy
Substituting from (13) in (12)
(&)
€
. Pyt
AV = %EI A2 szot'j 4
(Y]
Therefore,
. Ya in)z'
{ dy? ol
VE’ 2.4E - f A ¥ 513, } - (15)
o [+ rﬂ]

ﬁhere: h = thickness of the bladder

(ii) The strain energy dud to membrane action:
dVM = %(stress){?train h 4§
Resulting in
o b

2,
Vei® 2 &4 E’zof [ +(f¢%) Ty (16)

_ where VM = strain energy due to membrane action,



(iii)} Fluid gravitational potential energy:

(x-x)dy bt Py {xr(x-%p) /f2} (17)

Simplifying,
e fa
Leg (=g - 5Py xiay (18)
O =]

where: F)= mass density of the fluid

g = acceleration due to gravity
xg = as shown in Figure 1
Vg = gravitational potential energy

(iv) Work dome by ullage pressure:!

dW = p.dv (19)

where: p = ullage pressure

Therefore, virtual work by ullage pressure due to virtual change in w,

b
W = 'ajgw‘c(_.v} : (20)

where : Sw
&W

Substituting for §w from (6) in (20),

virtual change w

virtual work

S = 1:5 $a; H;& (21)

as
W=TW (ag, ay, ay, vessavess b)) (22)
SW? z"’__vg Sa, + 2w §6 (23)



The comparison of equations (21) and (23) reveals,

('aﬂc fafy da‘
fori=0,1, 2, ..., N

and'

"a_\i\lro
-]

(24)

(25)

In the present case, the system may be treated as conservative for a

particular time, and therefore

V=-W

(26)

-where: V = is the total potential energy of the system

W

(]

work function

Substituting in equétion (24);

Y
AV A 4
Foac “’J“a“at
and
Y =
c]3

Yo
oty = K
where: 2K = given ullage volume

and

= VB + VM + Vg

Assembling the expression

1

\}a zl X
V- E43 A2 ELs
'y . A + f [ (d Y

Gy ™

a

(27a)

(27b)

(28)

(29)

173 e '
T4+ & [ E=x2) 40



The equation (30) has to be expressed in terms of ai's and

5’2_ )
xR X6 - ) = () e - facy @D
0

rd
AL =

<3

dx_“__ Z }__/Z, £-1
= = (R-¥ ‘ZLay‘ (32)

/' z 2 2NV 2, 2 z—fyzu_‘ iy :
~7= %?-_ ‘(RJ}J)— ) (R.-‘-&_) - Eoc(x-t)ax;} (33)

Substituting from (31), (32) and (33) in equation (30) and differentiating

with respect to aj 's and b respectively and comparing with (27a) and

(27b) )

= - P [ .31. Ay |
‘rf ’I;gc_xzsixﬁ- Ok e i fx’f{-zs"‘n
(1 +4x7)

o+ Jﬁff{“@-’)‘}“‘ '} {-& }"l}JA.?.
+ 03 ST 4

| a..
2
%31= O = E/uéy'[ﬁgx’j]agg (34b)
S
© for i =0, 1, 2/..., N
Under the auxiliary fonditions of
&5_(7“) = (4]

‘J/(ya) ) | | (35)
uI'(O) =0 '

f{:'al; = K

&

(34a)

and



Finally, the equations of the system are

543 / d. [{u(x fP{xP {-<l9) _%-5_} {x”fz{*} f~< }‘“}) 4 a4y

2% [1+1x3"]
—“‘f [{u( <)} {-zf{“-? 437 oy | 36)
+ Pa{ CixE-y414 + fo/; it =0
and
Jo 2 | |
545/[,_,, {x}]dy =0 (37)
é
for i =0, 1, 2, «...., N |
under the conditions
‘J(}-ﬁ) =0 7
=) e (38)
©fo) = o
flw'd = A
"~ Thusg,
£ F(cz Ay -a, B) = F (2,0, fmz) (9

In general, the equations can be written as,

Bai)= %MM 4y

[H{ 1%
+f—’*=—f[{:+(x)} {=<31-6-) " iy (@08
+r? fﬁx}{-y “Fy + fofz oy =0

forn=1, 2, .,...., Nl

Fn (?[) = £4 5/[14{:6)2]/95; = 0 (40b)
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for n = N+2

under the auxiliary conditions
w'(?.,) =0
CU'(’,,):'-O
w(o) =0
j wdy = K

The system of equatlons (4, i.e., (40a),

(40c)

(40b) are to be solved under
Denocting (Fn;,

stands for initial assumption,

conditions of (4Qc) for gq; with iteratlve approach.

where s stands for iteration step, (Fn)o

(Fn) (Fn + Ir.'..) Ag,m (41)
In géneral therefore,
(59 (ﬁ;u.)‘l',.a ( ) A?m (42)
..#.1. Fm
where n = 1, 2, ..... , M2 and m =1, 2, ..., N2 (separately).
Rewritting the equatioms (42) in matrix form:
R T . . N :
o) (Bl ) [ a
F ?Fz L1 jéizp&/)fs o '_‘—_y%’w; Ail
' = . _ - ! (43)
' ' l + :
, } -
I } N I
F Wiz BEne2 [Wniez | - : %gj A
N*Z_g_“ P91 4a P93 ’a.?mz.’. o

The various terms involved in the matrix are as follows:

sl ¥ ns, 29
2o = gL [([Er T YA [ 671360
+(){26)2 (x’)}J-6&)5&1)}”'2{(::).2,(35)+2(i)é:)%n)}) (4da)

+(EH T (R IFT- () ) ) -G I)}m:])



11

([-Vz]ft+c==) @] [2.0)D]%
+E4E° [ [(11+677F AR 6N 39 14 (T PR ( )}{x’D

Cova77) ) 4+ P E2.OIEF) 43

forn=1, 2, ....., Ml andm=1, 2, ..... , M1 (separately)
and
(F £ 7 2, o
Ofn . £AE ‘ ‘ S A
A of({u{x)f {szf—@d)/ j) dy (D)
' forn=1, 2, ..... , N+l and m = N+2 (separately)
Also .
i ££Efﬂam ey (”*—k"{z(x')@_(:c')} (4hc)
(f227h-— K (iF{/Ef { +'xﬂ) } D, Ci? ¢
forn =2 andm=1, 2, ..... , N+1 | |
and 4

r’aFﬁ :££/(”érx ) . )

for n = N2 and m = N2

Recalling equation (13), the axc length can be written as

_/2,

s e /(H(x)>pg} (45)

Assuming the bladder to be attached at the diametral plane, the original
length of the arc is

l=rTR | | (46)

Therefore, b can, now, be defined as

- &
b=2= 7)
Thus, the system of equations (4Qa), (40b), (40c¢) and (47) are to be
solved simultaneously with an iterative appreoach, This is accomplished -

in the computer program:
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2.2 Vibration Analysis - Vibration analysis of structures having
a large number of degrees of freedom is an ever present problem. Digital
computer oriented techniques are primarily restricted by core size and
computer time. Consequently, economically feasible eigenvalue/eigenvector
techniques are needed for large size structural systems,

However, for a large size structural system, if one is interested
in a relatively small number of modes, Rayleigh~Ritz technique appears to
have the advantage over the others. In this method, essentially a large
problem is reduced to a smaller problem for the range of interest only.
The solution is obﬁained as a linear combination of assumed linearly in-
dependent mode shapes.

The method consists in using the assumed mode shapes initially,
which reduce the number of generalized coordinates used and then, by an
iterative procedure, these modes are improved until they converge to the
normal vibration modes of the structure.

2.2.1 Rayleigh-Ritz Technique - The iterative Rayleigh-Ritz
method{1l) is used to calculate the mode shapes and frequencies of the
system, This method is based on repeated application of the well known
Rayleigh-Ritz technigue using improved mode shapes for each iteration,
This technique reduces the size of the system without degrading accuracy
in the desired frequency range., The technique is briefly described
here. |

For a discrete coordinate model of a strucﬁurg having n degrees of

freedom, the equations of motion can be written as

[MI{%}+ (K] {x} = {o} @)

{X}={x (“'.)} vector of discrete coordinate displacements,
[M] = mass matrix
[KJ =.stiffness matrix |

If a solution of the typé {z} :{X} e"")t, implying a simple

harmonic motion is assumed, equations (48) can be written as
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((<1- &) fx} = {0} 49)

Equation (49) is recognized as a matrix eigenvalue problem of order n,
whose eigenvectors {'3‘} are the mode shapes and Who:.;.e eigenvalues fc.)z;,

are the frequencies. A complete sequence of trial vectors

{#,, &, &2, -~ -{g}, (50)

which are linearly independent, is assumed. The displacement {x} is

then expressed as a linear sum of the first "m" trial vector, that is,

{x} =[2] i1} (51)
(1) (uom) Gnxt) |

Substitution of equation (51) into (49) and for multiplying by [ZJT gives

((_T«.] — a"[rq]) {3} =10} (52)

(& =[2] (k]2 -
and [ﬂ] — [1]_‘-[”] [E] | (54)

"m" whose

Equation (52) is a matrix eigenvalue problem of reduced order
eigenvectors are Cﬂ and eigenvalues are Ec.)zg The solution of

equation (52) has the form

fa}=[I100Y =

where : {f} is the normalized coordinate vector. The eigenvalues,
szJ , approximate the first "m" eigenvalues of the original struc-
ture, The associated approximate eigenvectors [y} of the original

structure are obtained by substitution of equatiom (55) into (51), yielding
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x{ = 2] ["J*J {f}
SR
=1=1v1{s"} | 6)
where: [3] .-—' [1-] [\.‘“J (57)

The accuracy of the mode shapes‘ ty] and frequencies fa‘] ob-

or

tained depends entirely upon the trial vector [1‘] . I1f{2] contains
the true modal patterns, then the eigensolution for{[¥J and En‘}J are
exact. However, in general, that is not the case. Exact results can

be obtained for the first "m" modes of the structure if the trial veec-

tors [2] do not have any contribution from modes higher than "m".
Thus, an improved set of trial vectors can be calculated by suppressing
the cqntribution of higher modes in approximate mode shapes. The pro-
cedure for suppressing the contribution of the higher modes is well
known; in fact, it is the basis of the Power or Stodola-Vianello' matrix
iteration method(?) of modal analysis. Here, however, the method is

applied to all modes simultaneously and is given as,

K] (2] =[n]lY] | (58)

The sclution is carried out for [2] , which is then used to repeat
equations (52) through (58) . The cycle can be repeated until all the
mode shapes [Y] and frequencies 02_ have converged to within a pre~
scribed tolerance. Convergence is assured because the technique is
equivalent to a power iteration applied simultaneously to all modes.
Thus, the convergence .theorems associated with the power method are
directly applicable. The role of the eigensolution (equation (52)
is to prevent all modes from converging on the loﬁest mode.
Associated with the iterative Rayleigh-Ritz technique are para-
meters that affect the convergence and hence computer time which will
be briefly discussed here. They are: ‘
(i) the initial mode shapes asgsumed to start the iteration process,
(ii)  the number of modes used,
(iii) the repression of higher modes, and

(iv) shifting.
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(i) Initially Assumed Mode Shapes - The choice of initial mode
shapes plays a very important role in the success of the technique.
Inherent with the initial mode shape selection are two basic problems:
(1) modes may be missed, and (2) the triple product [F] = [Z]Ttrﬂ]fzj
may be ill-conditioned if the columns of [Z] are not.sufficiently inde-
pendeﬁt. It does not appear that there is a way to guarantee that the
above two conditions will be met with any selection of [Z] , however,

" the chance of\them occuring can be minimized with some judicious selec-
tion of the vectors. Without proof or discussion, it is to be pointed
out here that if the elements of the veﬁtor or of matrix (2] are randomly
generated, it has been found that the chances of the above two conditions

being violated is wvery remote.

(ii) Number of Modes Used - An increase in the number of modes

used will, in general, decrease the number of iterations required for
convergence. However, if more modes are used, the computer time for
each iteration will increase because of the increase in sizes of the
matrices used: hence, there is a tradeoff.

(iii)} Repression of Higher Modes - As pointed out earlier, exact

results can be obtained for the first "m" modes of the structure if the

trial vectors in [2] do not contain any contribution from modes higher

than "m".

Generalizing, it can be said that an improved set of trial
vectors can be calculated by suppressing the contribution from the higher
modes in the approximate mode shapes at each step. This is achieved as

(7] = (][] ], 6

The subscript j denotes the iteration number, If this iteration is »
repeated sufficient number of times, modes corresponding te the lowest
frequency will be reached. If this iteration is repeated too many times,
the mode will repeat itself in one or more columns of {Z] and will render
[2] LmI1[Z] cobe ill-conditioned.

Its use here is not to converge to a mode but just to repress the

higher modes and, hence, just a one time application is advisable.
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However, in this case [K]~1 is required for which [k] has to be
non-singular. Thus, the technique can be applied only if [K] is not

singular or has been made such with some technique as described next.

(iv) Shiftiane - Shiftihg is an useful technique to speed the con-
vergence of modes whose eigenvalues are close to the shift value. As
an additional benefit of shifting process is the conversion of the
stiffness matrix (in case of a free-free structure) from singular to a.
non~singular matrix, The method is as folléws.

The eigenvalue problem is

[KI(&1=[M]CETE"T @

wheite: different quantities carry their usual meaning,
Also, it has to be noticed that [ K] may be singular. To introduce the
shift value, )\s , the folldwing operation is performed., The quantity,;

}\s[}1][3§] is subtracted from both sides of equation (80). Thus

(0K1-As0) (3] =[] (4] (<1-201) @

By definition

[ﬁ] =[k]- As[M] | (62
[f] =[«]- A:D]

and

(63)

[?(] [é] = [M] [é] EQ?-J | (64)

This is now the eigen-problem to be solved rather than (60).'It is to be
noticed that [K] is non-singular even if [K] was not.
The eigenvalues of the original system are easily obtained as

2 2
& = .Q_‘:.-l- As (65)
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-

The convergence will be to the lowest absolute value of R Thus,

shifting by a value, ;Xﬁ ., the eigenvalues, QDa, around this shift

point are converged to first.

Some general remarks on Shift:

(a)

(b)

(e)

(d)

Analysis of a Free-Structure - Because a free structure has
a singular stiffness matrix, the solution of the simultaneous
equations in the iteration loop is not gossible. However, the
shift technique alleviates the problem.
Specific Frequency Range - When a shift value is used, the
modes with eigenvalues closest to the shift value will con-
verge first, which enables one to obtain the modes in the
desired frequency ramnge only.
Large number of modes - By repeéted use of different shift
values, any number of modes can be obtained.
The following observations are made without discussion.
(1) If the lowest eigenvalues in the rangelCOz, Cdz, ceaee af,
are needed, a shift value of zero should be used for a restrained
structure and one for a free-free structure.
(ii) If the modes are needed in an intermediate fange, a shift
midway between the lowest and the highest expected eigén-

values should be used.

2.2.2 Mass and Stiffness Matrices -~ The iterative Rayleigh~Ritz

analysis subroutines require as input mass and stiffness matrices of a

structure. To reduce engineering time required to perform an analysis,

subroutines were included to calculate mass and stiffness matrices for

general standard structural elements. " The basic idea behind the sub-

routines for mass and stiffness is outlined here for continuity,

Mass and stiffness matrices of the complete structure.(fluid and

bladder) are calculated using finite-element approach. In this approach,

a continuous structure (fluid and bladder each separately) is assumed to

be composed of simple, small structural elements - the so called finite

elements - such as tetrahedron, pentahedron, triangular plates, quadri-

lateral plates, etc. The procedure to obtain the finite~element mass and

stiffness matrices is based on kinetic and strain energy principles,

respectively.
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The kinetic energy for a complete structure may be expressed as

T = %[ff'()(x,y,g). .Sz(x.y,a,é) dxdydz (66)

i

where: kinetic energy

= time rate change of deflection

It

T
ﬁ = mass density
&
t

time

]

X,¥,2 global coordinates

The difficulty in integrating equation (66) is expressing the deflection
) (x,¥,z,t) as a continuous function over the complete structure. In the
finite~element approach, however, this apparent difficulty is circumvented
by idealizing the structure to be comprised of many small structural ele~-
ments for which é;(x,y,z,t) can be expressed as a continucus function.
Thus, the expression (66) is valid for each of the finite-element of the
structure. Then the kinetic energy of the structure is the summation of

the kinetic energies of each of the finite elements, that is,

T=3 T4 (67)

where i refers to one particular finite element "i",
The common junction of finite elements is denoted as panel points, nodes
or jolnts. Now, however, the deflection S (x,v,2,t) is easily expressed
as a simple function of the joint deflections. These element joint de-
flections are then generalized coordinates or degrees of freedom of the
complete structure. _

The approach is to derive the mass matrix for finite-element, "i",

in a convenient local coordinate system and then transform it to the

Global coordinate system. The technique is outlined here:

w=ghOL RO, e

where [m,_]‘ = the mass matrix in the local coordinate system for the
ith element. This mass matrix is obtained by integra-
tion using an assumed displacement function. The

"discussion is deferred till later.
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{AL(Q}'- the time raté of change of the joint deflections of

A e 10

finite-element, "i This is in local system.

The deflections in the local coordinate systems are related to deflections

in the global coordinate directions by a transformation matrix,[?r].
- )

(A },; = [¥] "‘{‘&5&)}'6 @

where {iﬁéi)}_ = the joint deflections of finite element, "i", in
v the global coordinate system.

Using equation (69) in equatiomn (68)

= YA O] P, (A9) a0
where [%]A..: ET]:-EWLJL[TJ‘: | 1)

is the mass matrix with respect to the global coordinate system for the
ith finite-element. Further, all the elemental mass matrices are finally
assembled to give the mass matrix of the total structure, as shown in
equation (67).

The development of the finite-element stiffness matrices is similar
to that of the mass matrices. The strain energy for the structure may
be expressed as the summation of the strain energies of each finite

elements. That is,

U=2U, 72)

As was done for the finite-element mass matrix, the stiffness matrix for
finite~element, '"i", is derived in a convenient local coordinate system.

Thus,

U, = yz { {;(t)}t'jl”[k‘]‘:{‘ht(t)}‘: | (73)
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where [k,_]. = the stiffness matrix with respect to local coordinate
_ A ,
directions for finite element, "i". This stiffness matrix
is obtained by integration using an assumed displacement

function. This will be discussed later.

{“Q(*)} = the joint deflections of finite‘elemént, i, measured in
s ‘

local coordinate system.

The same transformation matrix, [ﬁr]_, which was used in equation (70)
is used here to relate the deflections in local coordinates to deflec-

tions in global coordinates. Substitute then,

U= b (hO] ] fh0),

‘ . [kel;: [TJI [kdJ ;.[TJL (75)

is the stiffness matrix with respect to the global coordinate system for
the ith element. .

Euler angle rotations at some joints (where the body coordinate is
needed to be different than that of the global coordinates) are input in
the program to allow the joint degree of freedom at these points to be

different than that of global x,y,z directions.

However, in case of fluid, there is another item to be taken care
of as far as stiffness matrix is concerned. This has to do with the
surface elements of the fluid. Thg item concerned is known as gravita-
tional potential. The energy contributed is known as the gravitational
potential. This is caused by fluid movement in the gravitatiomal field.
Development of the gravitational potential stiffness effact is given in
Section 2.2.4.
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2.2.3 Stiffness and Mass Matrices in Local Coordinates (Solid
Element)

Mass Matrix (Triangular Element)

Triangle Plate Membrane Triangle Bending Triangle
Element Plate Element Plate Element

Figure - 2

The consistent mass matrix for a triangle plate element are calculated
as a combination of the two following elements.

(1) consistent mass matrix for a membrane triangle plate element,

(ii) consistent mass matfix for a bending triangle plate element.
The elemenfs of the mass matrix for the membrane triangle plate element
represent the distributed mass properties of the triangle. These matrix
elements are calculated by assuming a quadratic displacement fie1d (3},
The elements of the mass matrix for the bending triangle plate element
represent the distributed mass properties of the triangle. These matrix

elements are calculated by assuming a cubic displacement field(4).

Stiffness Matrix: (triangular element)
The stiffness matrix for the triangle plate element is calculated in
the same manner as the mass matrix and the technique and displacement

fields are exactly the same.

Mass Matrix (quadrilateral element)

i

Figure 3
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This mass matrix is calculated by taking the average of the four over-
lapping triangles created by the diagonals (1.3) and (2.4). The triangles
are handled as discussed before. Thus, the quadrilateral case is nothing

but a combination of triangular case.

Stiffness Matrix (quadrilateral element)

This is handled in exactly same fashion as the mass matrix case.

2.2.4 Stiffness and Mass Matrices in Local Coordinates (fluid

finite element)

t (7 out GE Fn.{.n() 2
Figure - 4

Local Coordinmate System

for Tetrahedron Element

The basic fluid element is a tetrahedron; pentahedron elements and
hexahedron elements are synthesized, simply by placing six and ten
overlapping tetrahedrons together respectively and averéging the result.
The averaging is carried out to eliminate the bilas, if any.

For each tetrahedron element, a local cartesian coordinate system
is defined so that vertex 1 is the origin, the x-axis includes vertex 2,
vertex 3 lies in the %x-y plane and vertex 4 always has a positive Z-
coordinate (figure above). |

This element considers a linear displacement field (constant strain).
This is boundary conformable. The displacement field throughout the

element is expressed in terms of coordinate locations and appears as

&
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- The coefficients F(t), K=0, 1, 2, 3 are eliminated in terms of the 12
vertex displacements.
The mass matrix for the fluid elements is obtained by expressing the

kinetic energy

T= 1/2[ #.c‘fj"f’dv an
Vol

where: T klnetlc energy
Byt B+ g+ A2
P = mass density
This gives rise to a (12x12) mass matrix.
The stiffness matrix for the fluid element is obtained by expressing
volumetric dilatation strain energy and gravitational potential energy in

terms of wertex displacement coordinates

2 |
U_,D-.: L/zv‘gka v (78)

U= 1,3 (7 ) (7)) 4e a9

[}
]

where volumetric dilatation energy

D
-Ug = gravitational potential energy
k = fluid bulk modulus
8 = volumetric strain
T = unit outer normal
T = a unit vector parallel with the gravity vector g, but of

oppesite sense, i.e,, © = JE/g

An observation is made with respect to the gravitational potential energy
as expressed in (79). Since it is a boundary conformable element, the
surface integrals such as (79) will all cancel each other throughout the
interior of the fluid in a container, since n on common element boundaries
is equal and opposite. Thus, the gravitational potential energy will de-
pend only on displacement coordinates at the boundary of the entire volume
of the fluid, the free surface, the wetted container wall and also, in .
this case, the bladder. Also, for a rigid tenk,za'-'ﬁ is non-zero only at

P

the free surface where @ = H; thus,
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Uy = % pg [ (57R) s BNCY
Free A&vfﬁ~gt .

, Stiffness coefficients corresponding to gravitatiomal potential

and volumetric strain energies are thus derived.

2.3 Mechanical Equivalent - The mechanical equivalent in this case has

been calculated on the following basis. The forces and moments developed
by the model due to an external disturbance should correspond to the
forces and moments exerted by the fluid under similar conditionms.

Since any arbitrary liquid motiom can be thought of as superposition
of different slosh modes it suggests itself that the mechanical equi-
valent must consist of a series of spring mass systems, the masses
corresponding to the effective amounts of liquid oscillating in different
slosh modes. The frequencies of the mechanical equivalent must correspond
to the frequencies of the elastomer for the mode they represent. However,
to account for the part of the fluid that does not take part in the motion,
cne may also add a mass without a spring.

A short definition of the mechanical equivalent is as follows:

The equations of motion for a base driven elastic system are
e . . .. T va
{40+ {20 {$1+T I 41 = -8 [M] D7) 10 (81)

where:

.

modal coordinates,

modal velecities,

s

: modal accelerations,

discrete mode shapes,

"'. v, M.\MIM

: rigid body transformation matrix,

?5: discrete base accelerations (6 degrees of freedom),
S : modal damping, A
> ; frequencies,

1 : mass matrix
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The base reactions to support a given modal accelerations are

{ FEE%L: [TJT[F/!.] 545; ':é | (82)

Noting that

£ o (4[] Fr] 4] "

Substituting from(83) in(82>
(F1 o< i {ad ] (D4 (o0

where the proportionality parameter is a function of frequency.

The product

T T
[Tj [M]{‘F} i‘tj} [M][T] is a (6x6)} matrix, in
general, for a given mode. This may be called a matrix of forces and

moments. The equivalent slosh parameters can be interpreted as shown .

in the following sketch,
£

| R ‘
WGy
i |

—_—

where k: effective stiffness
m: effective slosh mass

X: distance of line of action from the reference point.,

The reference point is the same as tﬁe reference for the rigid body
transformation.

This equivalent model is only valid for loads at the reference
point. This may not be used for getting any detailed information

concerning what is happening inside the elastic system,
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In this particular case, the final product is a matrix (3x3). The
term (2,2) is the slosh mass in the y-direction and the ratio of terms
(2,3) and (2,2) is the distance x. It should be noted that X may be
outside the tank boundary. The slosh mass and X are printed out in the
computer run. The slosh stiffress is the frequency squared because the
modal‘displacements are normalized such that the generalized mass is
unity. To obtain the mechanical equivalent slosh parameters of the pre-
ceding sketch, only y-translation and 6, rotation need be considered in
the rigid body transformation matrix T . Thus, the general 6x6 slosh
matrix is a 2x2 matrix for the particular case considered here, The
1,1 term is the slosh mass in the lateral y-direction.and the ratio of
terms (1,2) and (l.1) is the distance x. It should be noted that X may
be outside the tank boundary. The slosh stiffness is tﬁe slosh frequency

squared time the slosh mass, G%g mg .



27

I

3. MODEL
Tﬁe modeling .of the system is achieved in two distinct parts. First,
the static free surface of the fluid/bladder system, within the constraints,
is established (refer to 2.1). This static free surface is subsequently
used in modeling the total system as an assemblage of finite-elements for
vibration, |
3.1 Finite Element Model of the System - This is an axisymmetric sys=

tem. The system thus can be subdivided into four quadrants, 1, 2, 3 and 4,
as shown in the figure. Quadrants 2, 3 and 4 are reflected on to guadrant
1 with the following technique whereby the analysis of only one quadrant is
necessary for the dynamic analysis of the total system. This renders the

problem relatively small as far as sizes of the matrices are concerned.

f—'-'"‘fp

_gxcﬂahm\

Ruadrant 3 Quadrant 4

— %
- %ﬁ;:--(::j—-—uw—-o—- o E
3 -‘3‘5

Figure 5, Quadrants and Coordinates Systems
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% y z is the global coordinate system (right handed)
xg Yo % ig the so called body coordinate system (right handed)

The global and body coordinate system systems are t o different coordinate
systems related through the Euler rotations. The global system remains
fixed but the body coordinate system varies for different points.

The global system is used for interior fluid and the body coordinate sys-
tem is used on the boundary. The use of body coordinate system on the
boundaries makes the handling of the boundary condition easier. The body
coordinates are shown in the figure for a few important points. The re-
flections of quadrants and the derivation of the Euler anglés are discussed

in the following pages.

3.2 Reflections of Quadrants 2, 3 and 4 on Quadrant 1 for

Lateral Slosh - For the case of lateral slosh and the excitation direction .

a simple relationship between q's of different quadrants are as follows.
N;" .
g

Ghuaébtaactl-

Quadyant4

uadvanrts
Lateral Slosh (Interior Points)

Figure 6
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where: u, v and w are the velocities in the global x, y and 2z directions.
and a: a typical point in quadrant 1 (on the boundary) '

b: a typical point in quadrant 2 (on the boundary)
a typical point in quadrant 3 (on the boundary)

(9]

a typical point in quadrant 4 (on the boundary)
q's: local coordinates

a typical point in quadrant 1 (interior)
a typical point in quadrant 2 (interior)

: a typical point in quadrant 3 (interior)
a

typical point in quadrant 4 (interior)

1‘7\
%
s
Trof
Tu
Yz

(85)

T
Frs
Tl ~
XA
F1e
3

(86)

(87)

4} = - j21, (88)
14, = -8 - S e
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There exists a relation between q's and global coordinates. They are

(writing them in terms of their velocity or displacement components)

% U

;‘; =1 o (90)
%4 i ex

4=

) :ﬁ’

11 [ U

% w

s Lo (v}

%o o= ' ' (91)
In oz

), Oy

Recognizing the relations (88) and (89}, the other quadrants relations
are not followed through any further. From relations (85) and (91) the
relation between the degrees of freedom of quadrants 1 and 2 for interior

of the fluid can be written as

wy ) )| | [
v el 4 | |
(Ap 1-f () ‘(92)
L L [ D
%4 | [t Oy
iz L { i 2 f ’
Thus 2

{u}z: [raa] {u3, (93)

where




If the boundary degrees of freedom were also in the global comparison
system, the same transformation could be applied to them. But as the
situation stands, they are in the body coordinates system which in

general will have a different transformation than [TZi] .

e}

31
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4. RESULTS

The results of the study has been obtained in three distinct steps.
They are: (1) Static Equilibrium Shape, (2) Vibratiom Analyéis and,
(3) Equivalent Slosh Mass for Dynamic Characteristics of the System.
The static equilibrium shapes obtained in the first part are fed into
the second part for establishing the grid pattern for finite-element
analysis of the system. '

4.1 Static Equilibrium Shapes ~ The technique used for this has

been discussed in Section 2.1. A computer program has been developed
for this purpose which is listed in Section 7.

The static equilibrium shapes for fill conditions of 80%, 60%, 50%,
40% and 20% for lg case have been obtained using the available computer
program. However, for the case of 10'5g conditions, only fill ratios of
80% and 60% have been successfuily run through the program. The other
cases of 50%, 407 and 20% were extrapolated from available results,
This was achieved with the help of gfaphical representation between the
percentage fill and the coefficients of the power series, assumed for
the static surface, see Figures 11G through 14G. The graphical repre-
sentations of the static free surface and the coefficients are presented
in Figures 1G through 14G. ) '

The values of other parameters used in all of these are:

(i) Radius of the sphere = 8 inches (20.32 cm)

(ii)  Young's modulus for the bladder material = 200 1b/in?

(1.378951x10N/m?)

(iii) Thickness of the bladder = 0.06 inches (0.1524 cm)
0.0013 1b/in/sec? (0.00059 Kgm)
(v) Ullage pressure = 0,10 lb/in2 (689.48 N/mz)

and the assumptions made are:

(iv) Mass density for mercury

{vi) Bladder attachment level = diametral plane

{(vii) Order of the polynomial = 4

Figures 11G through 14CG may be used to establish the coefficients
which defiﬁe the static free surface for any gravity and any percentage

fill without making any more computer runs.
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4.2 Vibration Analysis - The ijterative Rayleigh-Ritz technique used

to calculate the vibration mode shapes and frequencies has been described
in Section 2.2.1. The computer subroutine "YMODE2" used to calculate these
modal values already exists at the MSFC computer center and is, thus, omitted
from the program listings 6f Appendix AZ2.

The calculated vibration mode shapes were used in the calculation of
the mechanical equivalent slosh parameters which are given in Section 4.3.
The calculated vibration frequencies are listed in Section 4.3.

4.3 Mechanical Equivalent Slogsh ~ The technique used teo caleulate the

mechanicél equivalent slosh parameters has been deseribed in Section 2.3.
‘The computer subroutine '"MECHEQ" used to calculate these parameters is in-
cluded in Appendix AZ.

A great deal of difficulty was encountered in the identification of
the slosh modes among the many vibration modes calculated. It was decided
to identify as slosh modes those modes having the largest slosh mass. The
following tables give the slosh frequencies, masses, stiffnesses and attach
stations. It should be noted that numerical précision of the computer

casts some doubt on the accuracy of these modal results.



Table 4.3-1

SLOSH PARAMETERS
807 FILL CONDITLON
lg ACCELERATION

£ Mass Stiffness Attach Station (¥)

(H=) lb-seEZZin 1b/in in
1.0756 .0037 .1690 4.2
1.0828 .0022 .1018 10.0
1.0946 .0002 .0104 6.8
1.1193 .0001 0044 8.9
1.1235 L0014 .0698 5.0
1.1337 L0011 .0558 6.2
1.1709 .0008 L0411 1.5
1.2429 .0180 1.0978 6.0
1.2471 .0014 .0860 4.3
1.2640 .0250 1.5768 3.9
1.3188 - .0130 .8926 5.7
1.3276 .0035 .2435 4.8
1.3709 .0120 .8903 5.1
1.4495 .0007 0581 11.4
1.4625 .0003 .0262 8.4
1.4729 .0350 2.9976 3.7
1.4952 .0001 .0097 ~4.0

Table 4.3-2
SLOSH PARAMETERS
60% FILL CONDITION
1g ACCELERATION

S Mass Stiffness Attach Station (X

(Hz) 1b-sec?/in 1b/in in
1.0805 .0008 .0350 22.7
1.1020 .0093 4458 2.0
1.1284 .0660 3.3176 5.1
1.1384 .0002 .0112 7.3
1.1741 L0230 1.2516 7.7
1.1871 .0007 .0384 -3.8
1.2307 - .0041 L2452 3.7
1.2355 L0550 3.3143 3.5
1.2412 .0240 1.4596 1.7
1.2647 .0830 5.2406 1.5
1.2748 .0056 .3592 ~1l.3
1.2764 .0420 2,.7014 0.8
1.3093 . 1400 9.4748 2.3
1.4149 .0000 .0001 -94.0



Table 4.3-3

SLOSH PARAMETERS
50% FILL CONDLTION
lg ACCELERATION

£ Mass Stiffness Attach Station (%)
(Hz) ib-sec2/in 1b/in in
1.5270 0003 .0285 -3.6
1.5692 L0062 L6027 10,2
1.5888 .0060 : .5979 12.3
1.8572 0002 L0245 -2.6
1.9030 0180 2,5735 9.6
2.0489 .0160 2.6518 6.7
2.0725 0000 .0100 4.7
Table 4.3-4

SLOSH PARAMETERS
40% FILL CONDITION
lg ACCELERATION

£ Massg Stiffness Attach Station (X)
(Hz) lb-sec?/in 1b/in in
1,059 .0004 .0199 3.3
1.0988 .0001 .0028 ~3.3
1.1035 .0210 1.0258 1.3
1.1071 .0008 .0397 5.0
1.1674 L0004 .0200 -2.8
1.2077 L0017 .0978 10.4

1.2184 .0001 .0068 35.6
1.2429 .0002 .0127 -0.3
1.2570 .0005 .0336 28.0
1.2705 .0001 .0072 25.0
A jump was made to higher frequencies _
5.4081 .0003 .3938 37.2
6.0773 0000 .0032- 11.4
7.0748 .0000 .0000 -177.0
8.1944 .0004 1.0516 28.3

8.2019 L0001 .2094 - 27.5
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Table 4.3-5

SLOSH PARAMETERS
20% FILL CONDITION
lg ACCELERATION

£ Mass _ Stiffness Atrtach Station ()
(Hz) lb-sec2/in 1b/in in
1,1170 ,0019 .0936 3.7
1.1209 L0060 2971 3.1
1,1250 L0017 .0084 ~0.4
2.6893 .0099 . 2.8272 1.9
6.6

3.3176 .0000 L0162 -

—



Table 4.3-6 .

SLOSH PARAMETERS
80% FILL CONDITION
10-3¢ ACCELERATION

£ Mass " Stiffness Attach Station (%)

(H=) lb-secZ/in 1bfin in
0.9374 .0390 1.3469 3.7
0.92803 0055 .2080 1.0
1.1229 L0008 ' .0319 17.0
1.1420 .0022 .1151 . -2.8
1.1697 .0023 .1235 9.6
1.2470 .0000 L0011 22.0
1.2914 0012 .0823 9.4
1.3485 .6025 43.2559 7.7
1.3604 .3385 24,7301 7.3
1.3964 .0113 .8699 9.2
1.3967 0064 4940 3.4
1.4706 0011 .0981 2.2
1.5501 .0037 .3546 4.6
1.6660 .0003 .0285 -26.2

Table 4.3-7

SLOSH PARAMETERS
60% FILL CONDITION
10-5g ACCELERATION

£ Mass Stiffness Attach Station (%)
(Hz) 1b-sec2/in ib/in in
0.9789 .0006 L0246 18.2
1.0190 0033 .1334 5.4
1.0461 .0530 2.2743 6.4
1.1590 .0040 ,2098 5.9
8.1

1.2204 .0001 0072



Table 4.3-8

SLOSH PARAMETERS
50% FILL CONDITLON
10~5g ACCELERATION

£ Mass Stiffness Attach Station ()

(Hz) 1b-sec?/in 1b/in “in
1.0629 .0008 +.0380 -10.9
1.1177 L0180 .8636 _ -.4
1,1392 .0043 C L2197 -9.9
1.1759 .0095 . 51935 0.7
1.1766 .0030 L1620 -2.8
1.2032 .0094 .5393% 0.3
1.2247 .0000 .0002 17.9
1,2859 L0030 .,1972 ~2.4
1.3917 .0000 .0039 5.0
1.3942 L0020 .1569 -2.6
1.3949 .0027 .2103 3.8
1.4356 0030 L2431 -2,0
1.5645 .0003 .0320 -10.,6
1.5788 L0022 .2118 2.8
1.6007 0001 0066 - =22.0

Table 4.3-9

SLOSH PARAMETERS
40% FILL CONDLTION
10~ 5g ACCELERATION

£ S5 Stiffness Attach Station (X)
(Hz) lb-gec</in ib/in in
1.0036 .0038 .1519 ~-6.3
1.0191 0001 L0021 -39.0
1.0238 .0006 0212 2.9
1.0384 0026 . 1059 -3.7
1.0660 .0015 .0685 1.4
1.0973 .0010 L0475 : - 17.7
1.1022 : L0036 L1745 13.3
1.1441 L0001 : L0078 42.9
1.1496 L0004 L0200 12.1
1.1772 L0045 . 2457 2.9
1.1823 .0220 1.2059 9.4
1,2267 0000 0001 10.3
1.2270 L0008 L0471 0.7
1.2514 0250 1.5727 3.6
1.2555 .0027 .1698 20.1
1.2879 .0060 .392¢9 4.7
1.3154 L0008 .0548 -0.8
1.3403 .0001 L0070 -3.5
1.3754 0004 L0306 ~0.5



£
(Hz)

1.0284
1.0661
1.1009
1.1260
1.1440
1.1624
1.1703
1.1933
1.2512
1.3078
1.3175
1.3381
1.3401
1.3642
1.4709

Table 4.3-10

SLOSH PARAMETERS

20% FILL CONDITION

Mass

lb-gsec/in

.0008
.0030
.0000
.0000
L0012
.0003
0017
.0004
.0000
.0000
.0052
.0019
.0011
0007
.0001

10-35g ACCELERATION

Stiffness
lb[in

0314
.1363
.0003
.0006
L0615
0154
.0939
.0235
.0025
.0023
.3592
.1320
L0746
.0510
.0048

Attach Station (%)

in

-4.9
-2.6
~2.07
55.9
2.0
23.
1.

-9,
-48.
7.
-1.
5,
-10,
-29.,
-67,

0000 = M LA LN L ~d Lo

33
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5. CONCLUSIONS AND COMMENTS

It is felt that a significant contribution was made in this study
to the state of the art in finite element fluid analysis. As with all
new investigative analytical studies, review of the work performed re-
veals that although significant advances were made, several items that
should have been studied further or have been performed in a different
manner if time had permitted. _

Several different approaches were developed and programmed to cal-
culate the static equilibrium shape of the fluid/bladder system. Most
of them did not perform satisfactorily due to the numerical or convergence
problems. TFinally, being limited by the time available, a two-dimensional
representatlon - an 1nf1n1te channel - was chosen for the representation
of the equilibrium shape as the only approach showing a reasonably good
convergence. A future effort should review this approach critically and
perhaps extend it to a 3-dimensional representation.

A second item that should be investigated is the use of double pfe-
cision in the computer programs, particularly for the calculation of
vibration modal properties. This study pointed up the possible need for

. double precision because a bladder with small modulus of elasticity was
used in the analysis. Thus, clear separation of the fluid slosh modes
from fluid circulation modes was clouded. In addition, use of low shift
values,.;\s , (see Section 2.2.1) sometimes resulted in failure to de-
compose the dynamical matrix ﬁK]f-?% [yi'due to singularity. This is
obviously a computer accuracy problem.

The data generator computer subroutine, used to calculate joint X,

Y, Z locations, degree of freedom values, Euler angles, and finite element
joint nu@bers‘has some limitations which should be removed in future
studies. One of these limitations is the requirement for vertical radial
cuts. This was used to minimize user input but it became obvious later
that odd shaped elements resulted. A more general data generator should

be coded to allow more user contrxol on the shape of the elements.
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The representation of the lateral slosh by a spring mass system has
been achieved on the assumption that the modes are completely uncoupled.
A detailed investigation of slogh ‘equivalent modeling techniques should

be persued in this direction in a follow-on effort.
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7.  APPENDIX

The analysis of the éystem is accomplished in two main steps. The-
first is the static free surface definition and the second is the dynamic
analysis. The dynamic analysis program includes the automatic generation
of joint X, Y, Z values, degree of freedom numbers, Euler angles, element
joint numbérs, calculation of mode shapes, and frequencies, mechanical
equivalent slosh mass and plots. A computer program has been developed
for these steps. A schematic flow chart is shown here for the system
analysis steps. The listing of the static free surface computer program
is given in Appendix A-1 and that of Dynamic analysis computer program in
Appendix A-2. The important parameters input to the programs and subrou-
tines are explained in Appendices B-1 and B-2, respectively, hsing typical
input listings.

A brief summary of important subroutine functions are presented in

the following pages.



Brief Summary:

STATIC ‘
FREE SURFACE Free Surface DYNAMLIC ANALYSIS
¢ 2 ) t

' COMPUTER PROGRAM' Coefficients COMPUTER PROGRAM
SUBROQUTINE SUBROUTLINE SUBROUTINE SUBROUTINE SUBROUTINE
'GNEYZ3' 'FINEL' 'MODES 'MECHEQ' 'PLOT'
SUBROUTINE SUBROUTINE SUBROUTINE SUBROUTINE SUBROUTINE
'XYZEUL' '"FLULID! 'GRAVTY' 'TRNGL' 'QUAD'

09




Summary of Programs:

STATIC FREE SURFACE

DYNAMIC ANALYSLS

61

obtains the static free surface

obtains the dynamic characteristics of the
system (frequencies of mode shapes):- and the
mechanical equivalent

Summary of Subroutines (uéed in the DYNAMIC ANALYSIS Program):
[

GNXYZ3
" XYZEUL
.

FINEL
FLULD

GRAVTY

TRNGL
QUAD

MODES

MECHEQ

PLOT

input data for 'FINEL'

automatic

generates

generates

generates

generates
elements

generates

generation of input for 'FINEL'

mass and stiffness matrices

mass and stiffness for fluid oniy
gravity contribution to stiffpness matrix

mass and stiffness for non-fluid triangular

mass and stiffness for non-fluid quadri--

lateral elements

obtains frequencies and mode shapes

obtains mechanical equivalent for the sloshing fluid
and bladder ‘ o

plots the

mode shapes for the mid-plane.



1001
2001
2002

10

Al-1

APPENDIX - Al
STATLC FREE SURFACE PROGRAM

PRAGRAM SEPS (INPUT+QUTPUTITAPES=INPUT, TAPE&=UUTPUT) 004840
IMPLICIT COUSLE PRECISION (a=ry(=7) 004850

, . : 004860
DIMENSION F(l9)s DFDQ(15+15)s ((15215)s HASV(LD)s VEC(1S5)s 004870

VECL(15)s 9G(19)s CLlL(L59150 s CL2(15915)s wORK(19+15)s 004880
Tll9el%) e FTU15al%)t e ClC2U15v15) sPLTLIND(83)sPLTDEP({A3) 004890

064900
FOUTVALENCE (PLTINOD (L) o WKL) ¢ (BLTDEP(]) s WURK (H4)) 004910
004320
F ¥ TE KNAGIL FTLleFTPeFI30FT4sFTRherTHhaFT7 004930
. 004940
COMMON/ZBLKY/  EsTHeHM s G PR e} D 04a%S50
MM OIN W{l1S) ’ 004960
004970
FARMAT L ISe3017.,.8) ’ , 004980
FORMAT (IHLg19 (/) s20 K #taxTHuUM [TERATION LIMIT REACHEN®)
FOAPMAT (1Xe920,10)
00Os0UQd
NATA KQ/12/ 005010
NATa AZ00D007s RAB000ONAe EPS/LeU0=37s £E/200.0000/
NATA THAGLO0ODIR e HHNO/0, 0003000/ S/6.0D06/
NDATA INJLA/s NCras 005040
005050

YR - EIE-Y-E RN UR R R B R LR R EE A T T LS R R R g Y Y. R R R R L -2 R R - R B T )
VAR TARLES~

IN = HN0. OF INTERYALS FOR NMERTCAL INTEGRATION, 005060
A = LOWEK ( IMIT 005070
8 = JPREAR | I417Y 008680
NA = ORDER OF THE POLYMOMIAL ' 005090
TH = THICKNESS 0OF THE RLANDER, 005100
F o= YOUNGS MUITULUS FOR THE SLaDnNEH MATERTIAL, 00ps11¢@
RHO = MASS DENSITY OF THE FLUID, 005120
G = ACCELERATION NUE GRAVITY 005130
D= ULLAGE PrESSURE, - _ 005140
R = RADTUS OF THE gdaoary n05150
NE = MO, OF CONSTRANT EnuaT[xs ’ N 005160
UV = ULLAHBE VOLUMF 605170
FRPS = EPSILJY TO CUMPAKFE DWll)}=5. ges5180

EE Y- - E R A SR AR A A A L E-A R R R R R R R R R LR LR R R R Y R - X R R N

IMPUTS -
MO eePaPCT (T5 301 TaH)

00%190
Carl STawd ’ 005200
BEAD(S ey 1UNT) #ebsPaPCT 005210
CALL FEHODINFIMIs ke Kile®Ki) 0052240
CALL FERY (Contlantesa) 005230
Car L 7ERD (el eras Lakid) Nps5240

PT = 2,0 % a3FN{iai) 005250



15n

150

165

ARCVAL = 1,06 % P1 # R /7 2.0
DV=0.5% (1 0~PCT)Y#PTHRpey
VEC (NCY = UV

MY = NO+I

NP2 = NO + 2

GFNFRATE THE MATWRIX (Clio.
FIPST RO

C{ls1)=1.0

nNo130 J=1aNU

Clled+l) = H¥® |

SFCOMD RuUw

CiPe1)1=0.0

C{Pae2)¥=loail

NN 135 J=2¢NG

CtPed*l) = B2 J=11%rr a7 ()}
THIRD RQWw

Clis1)=0a0

ﬁ(3w2)=1-0

NG 140 J=3,01

C(e)1=0.0

FORTH RIw,

N 145 J=1enNi

Clas)) = (BEHRJY / FLOAT (J)

CALL WRITE (CoaNCoyNleP2HCNaxW]
PARTITION (C) TO MAKE (C11) &#«p (Cl2)

AN 150 1=1 48
PO 180 J=]eNC

C11(Ied)=C(Isd)

NPT = NG O+

NINC=NL=C

NN 18 I=1eNC

DN 156 J=1eNINC

C12{TeJI=C (T JenC)

Capl WRITE (CIlenCoeNCa3HCL1eRO)

CALL WRITE {(Cl2sNCaNINCe3HC1Z 4rA) '
GFT (Cll) INVERSE

CaLt TNVIICLLsWORKeNCKD)

CALL WRITE (WORKeNCINCeOHOLL TNV 4KY)

GEFT {(~=CLLl)INVERSE TIMFS (Ci2)

CR L MULT (WORKaC12s 2 ~ o it S
CALL 7ERG (TQK(JQKQﬂ‘(((j:)l(:_'NL’HC,NINC‘KE.F\Q,
Na 160 1=1e4

NO 160 J=14NINC

T{Ted}=~ClC2{1a4)

NN 165 L=NCIeM]

TANEY=T=NC

TETeINCIEI=1od

CAL wRITE (TornlenNINCyaHTRAN e ())

FORM MATRTA (C11)INVFRSE TIMES THFE RIGHT HanS SIOF

ORIGry

AL p

OF AGE
POOJ? QUALIT?

Al-2

005290
005300
005310
005320
005330
005340
005350
005360
005370
005380
005390
005400
005410
005420

005430

005440
005450
005460
005470
005480

005500
005510
005520
005530
005540
005550
005560
005570
005580
005590
005600
005610
005620
005630
005640
005650
005660
005670
005680
005690
005700
005710
005720
005730
005740
005750
005760
005770
005740



100

2000

CALL 7ERC (QsRidslsKud) .

CALL MULT (WORKSVECeaNCoMNCr lamidnii)

B{NZY = SIMPS (AT e FTToTOUMSTIDUMY ZBHCVAL = 1.0
Cal L WRITE (deNZelshbHI{T)I=1aK0))

LOOP TO DETERMINE Q(I1)-S,

MM = 0

CONT INUE

CalL MULT(CoUlswWlURRKINCeNT ] sKidakG)
CAlL WRITE(WORKeNCsl s AHCONSTHeKG )
WITTE(Hs200U0) MM

FORMAT (% ITEHATION NO, #413)

MM = MM +]

TF (MM GT,.50) GO TO 1%0

Fnr THE FIRST N+laF-5,

nno1in L o= 1eN]

Fry = SIMPS (Asfs INgFTY ol o 1DUM)
Fno THE LAST dN+2 Nl F

CALL WRITE (reNLalyZ2HFR 4K}

CAl CULATE (DFD 4 mATRIX,

P 115 I=1eni

nno11% J=lsl

NFNG(Ted) = SIMPO>{AYRsINGFTIv 4]

o 120 1 = 1wl
Do o120 J =z 1sl
NFRA{d«I1 = 2FDOLTIsJ)

CALL WRITE (OFDUstlsNleasRDF Hex0)

GFT (T) TRANSFOSE AND MULTIPULY
[ 170 I1=14N1

nn 170 J=laNiNC

TT(JeT) = §(Ei2d)

CALL MULTH (TTaFenlnCanilel sKusKQ)

NRTAIN (T)Y TRAMNDPUSE X (DFLUQ) X (T

Call BTADA (LFDUW-TaNLeNINCeRUIKD)

CALL, WRITE (GFDWReNLINCeNINCsOHTTDFUT oKW
CAapl INVIINFUQsTTolNlNC o)

Cat L MULTR (TT obF wiInNCedlaCe lonweni)
NRTAIN DELTA-A?

Catr WRITE (FoeMiNCslsdrmDiiPerwi

GFT DELTA~A.

oAl MULT {¥fF-nu;Nl.M1MCnlvﬁquw)
Carg, WRITE (LideNlsloddrGianidl)

GFT UIPRESENTY = Q(PRFVIUGLUSE+00

NN 17% T3ianl

Al1-3

005790
cOs&00
095819
005820
0osg30
105840
005850
005860
005870
0058480

005890

005900
005910
005920

005940
005950
005960
005970
0059840
405990
006000
006010
006020

006030

006040
006050
006060
006070
006080
006090
006100
n051140
0061290
006130
G0hl140
006150
006160
006170
00krl80
6061%0
006200
066210
0062210
006230
06240
006290
406260
006270
06280
006290
G0a300



175

180

1R5

190
195

QeT) = Q1Y = Hatl)

AINP) = STMPStAees INeFTTyTUUMe]JuUM) FAHCVAL ~ 1.0

CAat L WRITE {(QaNZ2elaDrnNGgl=Sett)
WRTTE (€+2002) {0{l)al=1482)

DN 180 Li=s)eikl

[F (DABSIDQILL) Y «O6TePSY 606G To
CONT INUE

PLAT FREY SUKFACE SHARE
PLTINND(]l) = K

BILTREP (L) = 2#R

PI.TINNDI33)Y = 0.4

PLTDER(H3)Y = 0.0

NFL = B / BD.Y

X = A -~ UEL
nn 185 1 = 24l
X = X + DFL

Pl TINDII) = X
PILTNFP(I) = Z(X)
CONTINUE
PLTIND({HAZ2] = &
PHTDEP(HZY = Z2{)

CALL WRITF(PLTINDsB3,2snHSHARE
GO TO 195 :
WRTTE (S«20001)

CONTIMUE

s TO 1

EAR

oA EPRECTSTION FUNCTION SItes

100

s 33}

(AsHaNsF aNPa I_NI)

IMPLICET DOUHLE PRECISION (A=H,u=7)

Al-4

THTIS FUNCTION SUPPLIES THFE WUMERICALLY INTEGHATEDG VALUE OF THF

TMTEGRAND ,

COMMON/REKNEZ  EeTHaHHI e el sk ani(

C oM DN WiLb)

A=t NDwFR LIMIT
A-1PPFH LIMLT
M~N0,. OF INTERVALS
F=FUNCTION

NP=RENMERAL TZFD COURDINATE NUMKER

INTTTALVAF PARAMETERS
TWwniH= (B=A} /N

H o= TWOHZZ,Q
SUMEND=0.0

SUMMIN = 11,0

TwAH=INTERVAL
HeHALF INTERVAL

(aS TO whiCH ONE

0063190
006320
006330
006340

006350
006360
006370
006380
006390
006400
006410
006420
006430

006450

006470
006480
006494
006500

006510
006520
006530
006540
006550
006560
006570
006571
0065640
006590
006600
006610
006620
006630
006640
006650
006660
006670
006680
006690
006700
006710
006720
006730
006740
006750
006760
006770
06780



C=-

Cm»

15
29

SUMMEND=SUM OF F(XI)s I AcING-EVEN EXCEPTING I=2N
SUMMID=SUM OF F(AL)s T BEIMSI 0D,

FVALUATE SUMEND AMD SUMMID.

N 1 ¥ = leN

X=a+FLOAT (K=1)#TW0OH ,
SHMEND SUHEND + FoXaNPFyINT)

SUmMM I SUMMIN + F(Xx+HsNPsINT)

i1

RETURN ESTIMATED VALUE OF THE TINTEGRAT,

Al-5

STMPS = (a,oﬂsumtwu+4.nnsuMMIn-F(AgNPvINT)+F(B,NP9INT))*H/B.O

RETIIRN

FNn

NNRLFPRECISION FUNCTION FTL (X NP lDd)
MR ICTT DOUBLE PRECISINN (A=ra0=7)

006790
D0&EOD
006810
006820
006830
006840
006850
006860
006870 .
006880
006890
006900
006910
006920
006930
006931

THTS FUNCTID@ DEFINES TRE INTEARAND FOR F=5 FUR DISCRETE VALUFS OF006940
FOP DIFFERENT EWQUATION rpu«pEtsd CURRESPONDING TU DIFFERENT @-5 OR A006950

NP = FQUATTION NUMBER

COMMON/BLK] Y/ EeTHIRHN + G aRe D
cCo™MM O N wiln)

N2 = N + 2

I (X .l‘_._‘u). 0e? -UR. = -LE- 2y 00 TO %
TFEDT] = =FLOAT((NP=1)2{Ne=2)) % x#8(P=3) ‘
a0 TO 10 ‘

TFIOT1 = 0.0

CcoMTINLE

IF (X oFuwe Deft oURWa MNP LiE. [) GO TG LS
TEIAT2 = =fFLUAT{NP=1) & Xa# (w[pPeg])

GH TG 2¢

TeELNTA = 0,0

COonT INUE

TERMI= ((ESTH®E3) /12,005 ({1 O+ 2R (X)5ug) 52 (=3 ,54))
1} Bl ezPr(RY2R2y 8 (0P (XY )% TFLOTL)
z ~(0 2.H0)F(LDP () #x2)0 (P (X)) # [FLUTZ2))

CTFaMP2s (EFTHH (2198240 S)a (L] 0+ 7P (A) k)80 (={,5))

1 BLLE XYY R TPLUTR)Y '

TFRA3= (REQGROIHZ L) ({5 (NP=1) 1)

TERML = PR L88 (gP=]))

Gn TO 30
COMT INUE
TFEMI = Uel)
TEuMs = 0,0

ORIGINV AT,

PAGE |
OF Pogg QUALK%?

006960
006970
006980
006990
007000
007010
pO7020
007030
507040
007050
007060
007070
007080
0070490
007100
00711¢
007120
007130
007140
007150
007160
DUTLITU
007180
007190
007200
007210
007220
007230
P07240
007250
007260
007270

007280

007290
0073040



c

In

in

15
2n

FT1=TERM1+TERMZ+ TERU3+TERY4

RF TURN
END

PDNURLEPRECISIUN FUNCTTION FT2UX4NPsIDU)

IR ICLT DOUBLE FRECISINN (A=Hs0-/)

THIS FUNCTION DEFINES THr INTEGRAND FOR DISCRETE X FOR

COMMON/ALK]L/ EsTheRHGeGeP R s lN
C A MMUN Gl

NP2 = NO + 2

TERM= (F# [H2Q (N2) ) ® ({10 /0 (X) 582) 5% (0,5) )

FT? = TESM

RETURN

230

DAURLERRECISION FUNCTION Z{X)

IMP] 1011 NOUBLE PRECISTION (h=Hy0=2)

THTS FUNCTION DEFINES THE FUNCTIUN Z(X) AT DISCRETE X.

COAMMONZZLKL/Z FalHyRHOaGe R e 90

oM MO N Gl

IF (R EW, X)) GO T &

7 = (R##Z2-X##214%) Ser=w(X)
Gn TO 10

Z = B = w(Xx}

CONMTINUE

RFTILIRN

FAD

NAURLEPRECISION FUNCTTON W (X)

TMPLICIT NOUSLE PRECISION (A~He(=7)

THTS FUNCTIOM DEFINES w(X) AT nISCHETE VALUE UF X.

COMMON/BLKLY/ FEeTHIRHDsGsPoR NG
COMMIUON Q{I9)

M1 NG + ]

w1 (a0

IF (X LEW, Dot} G0 Ta 15
nn 10 T=1laM]
Wl=vwile+Q(l)axss(1i-1)

G T 20

Wl= Wl +« Q(1)

CONMTINUE

W = wl

{1

RETLIRN

Al-6

007310
007320
007330
007340
007350
007351
(NO+2) EQUAD0T360
007370
007380
007390
007400
007410
007420
007430
007440
007450
007460
007470
007480
007490
007491
007500
007510
007520
007530
007540
007550
007560
007570
007580
007590
007600
007610
007620
007630
007631
007640
007650
007660
007670
.007680
007690
007700
007710
* 007720
007730
007740
007750
007760
0a7770
007780
007790



in

20

30
25

19

15

£n

Enn

DOURLEPRECISIUN FUNCTION ZF(A) .
IMPLICIT DOUHLFE PRECISTION ( A-reU=Z)
THTS FURCTION DEFINES (Z) AT DISCHRETE Ao

COMMONBLELF  FeTHaRH)eGar a1
Cn MM ON Q(15)

N1 = N + ]

TramMl=0,.u

IF (X LEW, 040y GO Ty 1s

IF (R Fu, XY 30 TO 26

A 10 T=den)

TFRMI= TERMI+ (G (1) *Xae(T=2) ) RFLNAT(T~]1)
TERMISTENM] + J# (WBFmg i) #3 (m(jyn)

G0 TO 259

TEFEMI = J(2)

nO TO 249

COonT INUE

NN 30 I=2anN1

Froml = TERSAL + (Q(I) % xes{l-z)) % FLOAT(]=1)
CONT INUE

TFOM = ~{FRM]

ZP=TFRM

RFETURN

Ean

NDAHSLEPRECTISION FUNCYION ZOF (X4}

TMPL TCTT DOUHLE PRECISION (A=ida0=4)

THIS FUNCTINN DEFINES (7) FUR GiIaCkeTe X,

CAMMONAEEKT Y/ FaTrsRHEU sl ey bl
coa MM goN O0L)
N1 = NO +» ]

TERMI=0,0

TF (X JEtia 0a0) 60 10 14

IF (B LEide X} GO TO 2D

no 10 I=dewl
TFRMleTERMY+ (B {L) N (=Y ) ury gali ((J=])% (=P}
TrpMl=s TERML+ (RE#2exHmi2) ad (-1 5]
1 WL VERET L FENE L NE T RN
G TO 2%

TEOM] = 2.0 % {3} ¢« (1,0 7/ ®j

GO TO 2o

CONTINUE

o A0 [Txdangl

Al-7

007800
go78l0
po78ll
007820
p07R30
007840
Do7850
pOT86G
007870
007880
007890
y07900
007914
007520
007930
007940
0071950
0079600
007970
007980
007990
00e000
008010
008020
pexs030
008040
00A050
0GRO60
008070
o0gpo8d
00RO81
P0R090
008100
N0R110
Q0Ric0
008130
00R140
008150
008160
0GR1TO
00R1B0
008190
noezo6o
00210
00&a220
008230
008240
008”2540
008260
008270



Al-8

A0 TFEM]I=TERMY « {J (I RXR#([=3) ) #FL OAT((TI=1)%(1~2)) poazso
25 CONTINUE ' . 008”290
C ' : 008300
TEDM = ~TeEksl . . n08s3ld
c : . 008320
7P=TERM 00A330
C 108340
RF TURM ,008350
Eaun 008360
NOURLEPRECTISION tJNCTINN FT34x NP aM) ‘ 008370
IMPLICIT DOUBLE FRECTSION (A-iieli=4) 008371
C~- THIS FUNCTION DRDEFINES THE IwibGram) FOr OF (r )70 (M) FOR DISCRETE XQ08340
C~ KF=]sPe—==(NQ+1) AND MzlePam==——sinU+i)ae [N Trit MATRIXZ ¥ IS THE ROWQQR3I9O0
c- ANP M OIS THE COLUMN, , ' . 008400
c 008410
COMMON/BLELY EolHsRHMatGgirakeri; Q08420
C oMM On (1% 008430
C 008440
TF (X oFle Da  odKa NP JE. 2) w) T 5 008450
TFIOT1 = =FLOBAT({NP=] 3+ {NE=2)) & d#5{{P~3) 008460
an o TA 10 008470
5 TEIOTL. = 0,0 ' 008480
10 CONMTINUE 008490
T (x JFde Dall  oUH. &2 JpiEe 13 w0 T {5 ‘ 008500
TFRLNT? = ~FLOAT(inP=1) # Ke@ {liF=p) : 008510
60 To 20 008520
16 TR 0T2 = 6,0 008530
A0 CONTINUE 00R5440
C 008550
N2 = NO o+ 2 0085640
C 008570
Al = 1.0 + ZP(x)ewZ _ 008580
o] = ZnPrix) 0CR590
o1 = TFLOTY 008600
A? = ZDPR{x)uug : 008410
R2? = JP{X} 008620
rP o= 2,50 » TFLOTZ 058630
A3 = ((leD+ZP (X)e#2)un(=0,50)} 008640
€3 = Z2P(R) 008650
1 oz TFLUTH ‘ 008660
N o= (lefl & ZE(X)¥%2) &% (=3,5U) ‘ 008670
AYAM = Z2a0 % FP{A)] HO/LP{Kei) 08680
BYAM = RIDP(AsmM) 008690
APAM = Fafll # FOP (X)) & DIOE (K 08700
aram = PLP(X9) ' : 008710
aFAM = =LR (X)) F (L7 x)FRegas (=] ,30)) * PLE(XeM) 008720
BIAM = PIE(AeH) 008730
Mav = (=701 % ({Lefh + 7R {R)®wp) #% (=4 ,50)) # JR{X) # PZP({XsM) 008740
C : . . 008750 -
TEpMI = ((FwTues3lsl2. 01 o . ‘ ' : 08760
1 (5 % ((AL#CL*BIAM) + (FHI¥T1FAalAM)Y = (AgZRC2¥RZAM) - ‘ 008770
2 (R2#ECAHALAM) )+ (Al#alx(l = A2¥R2HCL) # (3aM) 008780

c _ 008790
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25

3n

ls
20

1

Al-9

TEPMP = ([ ,SU%FE®IHRQ(R2) #2) =~
(A3UC3HBIAM 4+ B I8CIen a0

TF (X JEWe Gol) wu Tn 25
TERMI=(RAQ#GI #* (P (K gd} @ (= x¥F (ngpP=T71) )}
6N TO 30 '

TFEM3 = U.0

TERM= TERMY e TERMZ+TERMY
FTAazTFRM
RETHRN

EA
DOANHALERPRECTSTION FUNCTTION FT4 (1 ¢t ot4)

CIMRLICITV DOUSLE PRECTSINN (A=reG=7)

THTS FUNCTION DEFINESQINTEGRAND FOR DF(K) /DU (M) FOR HETE .
' ) Ttk S TR GR AR ! . R DISCH
Ke=]elg==={0G+]1) AND sM=N+2 ISCRETE X AN

COMMUONSSLK L /A FaThadiqllaizaeiry =yl
CA MM G g D)

N = NO + 2

TF (R (El, Ol " JUHL N Lre 1) G0N T 15
TRYOT2 = =FlLusTlub=1) & xa%{=2)

Gn TO 206

TFI0Te = 4,0

CONTINUE

TrEM {FETHEQ N2 YR { ()  De @) Fdp)ud{=0,9)% (A} % TFLOTZ)
FTa = TEMHW

RETAN

END

DOHRLEPRECIS TN rUnCT TN FIH{x a0~ o)
1AL ICT T A0HHLE FHrECISTON (A=nel=7)

008800
ovaslo
00RRZ20

nH8a30

n0BsRaQ
00ras0
008860
noparvo
008880
00RA9YD
008900
008910
00”320
D0as3v
00R940
00A941
008950
0089640
008970
008680
008990
003000
009010
009020
009030
009040
009054
009060
009070
009080
Np9090
0093100
np9liu
009120
009130
0091440
009190
009151

THTS FUNCTTAON DEFEINES [4THORAMD U OFIK) /DG (M) FOr DISCHETE X ANUO0G9160

KmMO+? AniY) Mz fsde——maife],

CNMMON/BLET/  EaTHaeRHM g et e i)

N MM D WD) '

NP = NO P . i

Trom=(E* Tadi () IR {{G.h) @il uesmia) s o3 («0yD)
FALLNFLANAPHEFD (X g21) ) )

i

Fra = TE~4

Q& THIMN
Faiin

009170
009180
0069190
D0G200
009210
009220
009230
009240
009250
009260
009270
009260
009290



1o

15

10

15

il

ORLIRLEPRECISTION FUNCTION FIOIXgNP 4}
IMPLICIT DOoUBLE VWHECISTOmM (&-atim=/) 009301
THTS FUNCTION OEFINES TNTFGRAME For DR (LK) A0 M) FOr DISCRETRE X ANDDOS9310
KohO+2 AND MM+ 009320
009330
COMMONZRLRT/ Eeldsnpdatiabake iy 109340
cOMM Oy O(Ld) 0093590
A 003360
TEeM=(FeTHY*{] U+ P X)) a2y Ly, 5) 009370
009380
FTe=TERY 009390
009400
RFETURN 009410
ENM 009420
NDOHPLEPRECTSION FUNCTIOG PLUF (La™) 009430
IMRLICIT DOURLE FRECISION (L=Hau=/7) : 009431
THYS FUNUTION CALCULATES THE waLJs NF QU7 O PNnP FOR HISCRETE Xe009440
TF (X JEue Ga0) GO To 10 009450
IF (M WGT. 2) GO Tu 5 nN9460
TFoM = G40 009470
an TO 15 009480
ConTINUE 009490
TFRM = =FLOAT({M=L)# (M=p)) & Xud (M=) 009540
an TO 1w : 009510
CONTTMUE 009520
TERM = .0 009530
IF (M ,Ew,., 3) TERM = =24 009540
caonTINUE 003550
p7nP = TH#m 009560
009570
RETHRN 009580
FRm 0095940
NOURLFPRECISIUN FUNCTION PP (XM} 009600
IMDELECIT DOUMLE FPRECTISTION (A ~H0<7) 009601
THTS FUNCTION CALCULATES THE WVaLus nF G (4)Y us PZP(X) FOR DISCRETEDOSE10
I ( X oEl. 0,01 GU TD 14 009620
IF (M «6GTe 1) GO 10 5 009630
TeoM = H.0 009640
GA TO 15 005650
comTEMle 009660
TERM = =FLOATI{M=]) # Qo (2=2) 009670
G TO 1% 009680
cAanTINUE 009690
TreM = (0,0 ‘ 002700
TF (M JEW, 2) TEr4 = =1,4 009710
ranTINUE 009720
psp = TERW 009730
009740
RETURN 0p97s50 -
Enn . 0097640
DOVRLEPRECTISION FUNCTION BZ({Xaw) 0097TO
Tuet ICTIT O0USLE PRECISION, (A=ryG=7) 009771

Al1-10

009300



Al-11

C- THTIS FUNCTION CALCULATES THE VaLUE oF G(Z)GRPZ{X) FOR DISCRETE X. 009780

IF (X «EUG, 0.0) 60 To 3 009730
TEPM = «w{X&#(M=11]) ' 0069800
GO TO 10 ‘ 009810
5 CONTINUE 009820
TFOM = 0.0 , : 009830
IF (M nEmo 1} TEHM = "1.0 009840
10 cAMTINUE ' : 009850
P7 = TERM 0098690
c 009870
RETURN - : 00986&0
END 409890
DOURLEPRECISION FUNCTION FTT (X, 10DUM, JDUM) 009900
IMPLICIT DOUHLE PRECISION (A=H.0=7) 009501
C : 009910
C- FUNCTION TO EVALUATE ARC LENGTH OF DEFORMED SLADDER 009920
C 009930
FTT = DSQUATILW0 + ZP(XI#ZB(X) ) ' 009940
RFTURN ‘ 009950
Exn : 7 | 0069960
SURRQUTINE PAGEHD _
COMMON/LSTART/ TRUNNO s TDATE oNPAGE s UNAME (3) o TITLEL (12) s TITLEZ2(12)
NATA NITsNOT/5,6/
¢

2001 FORMAT (IHIRUN NU« 286962X95HNATE AR/
#SHEXe THRUN RY 93A6/7102X4829127 CLUCK TIME/LIOXs}lZA6419%9F10.30
#12H SECe CPTIME/LUXe1248)

C

cair )l TIME (DTIME}

CALLL SECOND (CP)

WRITE (NOTL2001) IRUNNOSINATE s UNAME o DTIME

# _ TIFLEL9CRyTITLES

c

RFTURN

Ean

SURROUTINE MULTE (AsR7ZsMRASNRESNCBsKASKEBZ) 00010C0

IMPLICIT DOUBLE PHRECISINN {A=HeD=2) ’ 000110

DIMFENSION A(KAsLl)sBZ(KRZ41) ‘ 000120

COMMON /LWREV]/ wiaQ) 000130
C . 000140
C MATRTX MULTIPLICATIUNG A = R = 7, 000150
C USES TWO WORK SPACES. RESULT (Z) 15 LLACED IN He : " 000160
C RZ MUST BE DIMENSIONED | aRGE ENOUGH TN MAIN PROGHAM TO CONTAIN THE n0oplvo
C LARGFR OF B 0R Z. . ' 000180
C CALLS FORMA SUBROUTINE Z7pMNmMi3, : 000190
C THF. MAXTMUM SIZE 15 . ‘ 000200
C NRR = 40 ' , : : 000210
€ DEVELOPED AY CARL BUULEY, oJARUARY 1965, 000220
C LaST REVISIUN BY & L WOWLEM. JULY L4972, 0002340
C _ 000240
C SURRGQUTINF AHGUMENTS . 000250
C A - = TNPUT MaTRIX. S5T/FE(NRA«NKA), 000260
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Al-12

B7 = INPUT MATRIX. SIZE(NRRsNUH),
) = OUTPUT RESULT #AaTRIX, SIZE (NRASNCE) .
NRA = TNPUT NUMBER OF ROWS 0OF MATRICES a+2,
NRE = TNPUT  MUMBER OF ROWS OF MATRIX Re COLS OF MATRIX A, MAX=40,
NCR = TNPUT NUMHER OF COLS OF MALTRICES Ael.
KA = INPUT ROW DIMENSION OF A IN CALLING PROGRAM,
KAaZ = INPUT ROw DIMENSION OF BRZ IN CALLING PROLKAM,

) ~ NERROR=z1
IF (NPB.GT,40 JOR. NRALGT.KEL OR. NHH.GT.KBZ}) 6O TO 999

DO 40 J=1eNCB

DN 20 K=1oNRR
20 WiK) = BZ(KsJ)

D0 40 I=1+NRA

5 = 0,

nn 30 K=1sNRB
30 S = S + A(Ter)#w (<)
40 BR7(TI+J) = 8§

RFTURN

999 Cap ) ZZBOMB {(6HMULTHE oNERROH)
END
SURRQOUTINE ZZBOMHE (SUBNAMNERRQR)
NIMENSTION DFM356(4) .
NATA NITsMNOT/S546/

CONTRNI. A COMPUTER KUN AFTER AN ERROR MESSAGE HAS BEEN ENCOUNTERED

IN ANY OF THE FURMA SUBROUTINES. i

ON THFE CDC 6000 SERIES COMPUTER THIS INVOLVES .e.
(1) PRINT ERROR MESSAGE. INCLUDING SURNAM ANU NERRORs IN PRINTOUT.
{2y PRINT ERROR MESSAGE, INCLUDING SURNAM AND NERRORs IN DAYFILEs
(3} CALL TO NON-EXISTANT ROUIINE TO CAUSE ABNUKMAL

STOP AND TRANSFER TO THe EXIT CARD. '
CADEN RY RL WOHLEN., SEPTEMAER 1970.
LAST BEVISION BY R HRUDAs JAN 1974,

SHRROUT INE ARGUMENTS ,
SURNAtM = INPUT SUBROQUTINE NAME L WHICH ERROR OCCURRED.
NERROR = INPUT ERROR NUMBFR FROM SUBHOUTINE WHERE ERROR OCCURRED.

3001 ForMAT (1H1)
3002 FORMAT (194 Z2Z30MB = ROUTINE (sA86s11H) ¢ NERROR (aI3s1H))

WRITE (NOT.3001)

W2TTE (NUT43002) SUBNAMNERRUK

ENCODE (40,30029DFMSSE) SURBNAM, NERROR
CALL REMARK (DFMS3G3)

capLl, ARHORML

FND
SURROUTINE BTABA (AZsBoNRBeNCHGKAZaKE]

0002790
000280
000290
000300
000310
000320
000330
000340

000350

000360
000370
000380
000390
000400
000410
000426
000430
000440
000450

. 000460

060470
000480
000490
000500
000510
000520
000530
000540
000550
000560
000570
000580
0005990
000600
000610
000620
000630
000640
000650 -
000660
000670
000680
000690
000700
000710
000720
000730
000740
000750
000760
000770
000810
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IMOLICIT DOUBLE PRECISION (A=ry0=Z) ‘ : p00820
DTMENSTON AZ(KAZsb) e H{XKHsl) 000830
COMMON / LWRKVLI / wW(40) 000840
000850

TRIPLF MATRIX PROUDUCT. B(TRANSFAOSE) # A # B = L, 000860
A MUST BE SYMMETKIC TO GET CORRECT ANSwEH,: 000870
7 WILL BF SYMMETRIC. UPPER HALF CALCULATEDe REFLECTED TO LOWER HALF. 000880
USES TWO WORK SPACES. RESULT (Z) IS5 PLACED IN A 000890
A7 MUST BE DIMENMSIONED {ARGE ENOUGH IN MAIN PHOGHRAM TO CONTAIN THE 000900
LARGFR OF A OR Z. ' 000910
CALLS FORMA SUBKOUTINE ZZRQMR,. 060920
THE MAXIMUM STZES ARE 000930
NRe = 490 non940
NCR = 40 ‘ n00950
DEVELNPEN RY w & REWFIELD, HMAY 197Z. 0600960
LAST REVISION BY R a FHILIPPUS. JUNE 1472. , 600970
, : : ‘ 000980

S SURROUT INE AHGUMENTS 000990
A7 = INPUT INNER MATRIX, STZE (NKHeNRA). : 401000
= OUTPUT RESULT MATRIX, SIZE (NCHBeNCH). 601010

"B = INPUT OQUTER MATRIX, STZE(NREANCA). 0010240
NRR = INPUT  NUMBER UF ROWS OF MATHIX As SIZE OF MATRIX A, MAX=40. 001030
NER = [NPUT  NUMBER UF CUOLS OF MATRIX 8y SIZE OF MATRIN Z. MAX=40. 001040
KaZ = TNPUT ROW DIMENSION OF AZ TN CALLING PRQOGHAM, 001050
KR = INPUT 20w DIMENSION OF 8 [N CALLING PHOGHAM, 001060
001070

NERRDR=] 001080

TIF (NRB.GT .40 o0Re NCR.GT.40 L0 ANHE.GTWKAZ «URs NCBeGToKAZ) 001090

# GO TO 999 001100

: , 001110

RO 20 I=1anNRA ' : 001120

NN 5 K=lsNRB . ‘ 001130

5 Wik) = AZ(TeK) 001140
on 20 J=lanCH ‘ 001150

S = 0,0 - 001160

Nnn 10 K=1e«NRE 001170

10 S = S + W{K)#R{Ks+J) p01180
20 A7 (Tsd) = S 001190,
001200

DD 30 J=1+nCH po1210

A0 25 I=ls.) 001220
W(T) = UaD : 001230

nn 25 K=1,NRY 001240

PS5 WIT) = W(F)+8{Ks[I*AZ (KeJ) 001250
Nn 30 I=led . ' 001260

87 (TsJd) = wil) : 001270

30 AZ(de1) = w(I} 0012860
RETHRN 001290,

. 001300

999 CalL 7ZBOMA (oHBUAKA WNERRUKF) _ 001310
Fain _ 001320
SURROUTINE TMVD  (AsZsNekKR) : 001330
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TMBLICIT DOUBLE PRECISION (A=t,0-7)
DIMENSION a(l}e 2(1)

COMMON fLWAKV1/ G{203+ DETR(CO)
COMMON /LWRKVE/ IX(20)s H(ZD)

DATE NITeNOT/ 56/

MATRTX INVERSION (A%%=l = 7},  SBORUEHING METHOU.
THE PFTERMINANT RATIO DFT(I+1) / DET(1) IS PRINTED. DET(I) IS THE
DETERMINANT OF THE FIRST I BY I SUB-4ATRIX OF A,
THE IMVERSION CHECK Z#A IS CALCULATED AND PRINTED.
MATRICFS AsZ MAY SHARE SAME CURE LOCATIONS. (Z#%A CHECK 1S INVALID).
CALLS FNRMA SUBKUUTINES PAGEHD s LZRUMH.
THE MAXIMUM SIZE IS
N = 20
DEVELOPER BY  BOR UILLON. FEBRUAKY 1865,
LAST REVISTON RY ) ERNSTs 0CT 1973

SURZOUTINE ARGUMENTS

A = TNPUT  MATRIX TO S TaAVvERTED, >TZE (Neil),

i = OUTPUT RESULT MATRIX, STZE (tueN) .

N = THMPUT SIZt OF MATRICES Asl. MAK=ZU.

KP = TMPUT ROW DIMENSION OF AssZ TN CALLING PROGRAM,

2000 FORPNMAT (/7 10X« lU(TXelH(eI2aiH))])
2001 FORMAT (// 1UXa49H3URROUTINE [NV HAaS CALCULATED THE DATA BELOW

# /710K a4ATHE DETERMLaNT RAaT DE +
. ’ (l3x-10011.3)}_ ATIOS DET(LI+1) 7 DET(I) ARE
200?_FOQMAT (/771 0XKa 3THTHE (As#w=1)%(A) INMVERSION CHECK GIVES
*# //IIUKgZSHTHE DIAGUNAL ELFMEMTS ARE /7 {13%+8D14.6))
2003 FORMAT (/7 10Xa35HTHE MAATHMUM OFF-LTAGONAL ELEMENT IS
& N11.3¢ 24Xy 4apal ( I3y 1Hs 14s 1H) )
NERROR=1

IF (N .67, 26) GO TU 999

NN 160 T=24N°
160 tx(r) = I |
INVERT FIRST NOW=ZEXO ELEMEWT IN FINST COLUMN,
DN 190 I=]1.8
IF (8(1) JNEe G2} GO TO 220
190 CONTINUE
&0 TO 999 NERKOR=2

START TNVERSION WITH HOWw 1.
220 DFT={1) = AL

Zi1) = e / AL(T}

IF (N WEJde 1) RETURN

TY¥¢(I) 1
- Txtl) I
BNADFRING LUOP,

n

001340
001350
001360
001370
001380
001390
001400
601410
001420
001430
001440

001450

001460
001470
0014840
001490
001500
001510
101520
001530
001540
001550
001560
001570
001580
001590
001600
001610
001620
001630
001640
001650
001660
001670
001680
001690
001700
001710
001720
001730
001740
001750
001760
001770
001780
401790
001800
001810
001820 -
001830
001840
001850



C
C

NO AR30 L=2aN
K = L
Lt =L -1
250 s = 0,
MIXL = Kkr & (IA(L) -
LL = IX(L) + MIXL
nn 450 I=1l.0L1
MIXI = KR # (IX(]) =
LI = Ix{L) + MIX]
R(I, = Na
G(T) = 0.
NGO 440 J=l401

MIKJ = KR # (IA{J) =

IJ = IXt1) + MIXy
JL = IX(d) + MIxL
ALY = Z2(IJ)* a(JL)
JI = IX(J) + MIXY
LJd = Ix(L) + MIXJ
440 G(TY = GII) = a(LJY® Z:(J]1)
450 S = S ¢ A(LT)® 8(I)
AL = A(LL)+ 5
IF (A(LL) .EQs D) GO TO 480
ALRAR = DABS (AL 7/ A(LL)}
60 TO 430 -
480 ALRAR = UABS (AL)
490 IF (ALBAR ,GE. .1D=6) 60 TO 550

R(T)

INTERCHANGE ROWS AND COLUMNS,
K = K + 1
IF (K «6GT. N) GO TO &4y
Ix L = IX{L)
Tap) = IX (K}
T¥(K) = IX L
Gn TO 294 - .
540 TIF {(AL2AR ,GE. L.1D0-8) G0 TC 5450

G0 1O 99Y

550 Z¢11.)= 1« /7 AL

NFTR{LY = AL

na 870 1=1l.0_1

IL = Ix(1) + MIXL

LT = IX(L) + R ¥ (Ix(1) - 1)

ZiTLy= BOIY ¥ Z{LL)

ZLT1y= GIDY = Z2{LL)

nn S70 J=ll.L1

T = IX(I) +« K& #* (IX(J) = 1)
S7T0 ZitJdy= ZA{IJy+ GLJ)Y # Z(fiL)
630 CANTINUE

COMPITE TNVERSION CRECK Zwa,
XOFF = 0.0

Al-15

NERROR=3

001860

001870
001880
001890
001500
0¢191c0
001920
001930
001940
001950
001960
001970
0019890
001990
002000
002010
002020
002030
002040
002050
002060
002070
002080
002090

002100

002110
an2120
002130
002140
002150
002160
002170
002180
002190
002200
002216
op2zz220
002230
002240
002250
002260
002270
goz280
002290
002300
002310
002320
002330
0023490
002350
002360
Dp2370
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Al-16

N 720 I=1.N _ 002380

PN Tl J=1en 002390

X = 0,0 ) 002400
KIA = Kk % (J=1) 002410

NO 703 KSlen 002420

[w = 1 + KR#{(K=1) 002430

Kd = K + KJA ' 002440
703 X = X ¢ Z(IK) % ALKJ) 002450
IF (1 .NE. JY GU TO 70% 002460
GLTY = X ‘ ' , 002470

GO TO 7140 0024840
705 IF (DAHS{X) oLT. UVAHS(xXxOFF)) 60 To 710 002490
XNEF = X ' 002500
10FF = I 002510
JOFF = J ‘ po2s52¢0
710 COMTINUE 002530
720 comTINUE 002540
002850

PRINT THF DETERMINANT RATIO AND INVERSION CHECK. ' 002560
call PAGERD . 002570
WETTE (NOT52000) (JCs JC=1e10) 002580
WRTTE (NOTs2001) (DETR(I)s I=1yi) ,902590
WRTTE (NUT,2002) ( G (T)s I=1a4N} ) . 002600
WPTTE (NUT.2003) AQFF+JOFFsJUFF 002610
RFTURM : 002620

: 002630

959 CALL 7ZBOMB {(BHINV]  sNERROR) ‘ 002640
ERR 002650
SUBROUTINE MULT  (AsRsZ e NRAYHHEBsNCHRoKHAYKRE) 002660
IMPLICIT DOUBLE PRECISION (A=Ha0™/F) 002670Q
DIMENSTON  A(KRAsLY e B((KFHeLl) s £(KiRA5]) 002680
002690

MATRIX MULTIPLICATIUNS. A #* 3 = 7, 002700
NEVE) nPED BY R L wiOrlEN, FEIRUAKY 1065, 002710
LAST RFEVISION BY R L WOHLEN. JUbLY L1972 : p02720
002730

SURROUTINE ARGUMENTS 002740

A = TNPUT MATRIXA. SIZF(NRAINKRS), . 002750
-] = INPUT MATHRIXs SIZE(NRRsNCH), ‘ ' 002760
Fd = QUTPUT RESULT MATRIX, SLZE(NRAWNCBH). 062770
NRA = TNPUT - NUMHBER OF ROWS OF MATRICES AsZ. 002780
Z = NUTPUT RESULT MATRIX., SIZE (NRA+NCH) . 002770
NER = INPUT  nNUMBEHR OF ROWS OF MATKIX He COLS OF MATWIX A. 002790
NCE = INPUT NUMBER OF COLS OF MATKICES B+Z, 002800
KRA = INPUT ROw DIMENSION OF AeZ IN CALLING PRUGHAM, . 002810
KRB = TNPUT ROW DIMENSION OF B In CALLING PROGRAM, 002820
002830

no 20 I=lsNRA , : 002840

pn 20 J=1eNCH 002850

S = 0 : 002860

- no 10 K=leNRY ‘ 002BT70
10§ = 5 + A(LsK)I®A(Ked) ' : 002880

20 Z(Tsd) = S | | 002890
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C RETURMN
EMD ‘
ISUPQOUTINE MULTA (AZ HenRANHEEyRCReKALZoKE)
IMPLICIT DOUSBLE PRECISTON (A=re0=7)
NTMENSTION AZIKAZ»l)e Ri{KEs}l)
COMMON / LwWReVL /7 wWiaQ)

MATRTY MULTIFLICATIUN, a4 # B = £,
:SES TWO WOHRK SPACES. RESULT (2} IS PLACED IN A
LZp;g;Tﬂ?EAUé:L3?IONED LARGE ENCGUGH IN‘MAIN PROGRAM TO CONTAIN THE
CAalLS FORMA SUBROUTINE Z7R0M8,
THE MAXIMUM SIZe 1S
MAR = 50Q
DEVELNARED BY € > gONDLEY, JaNUARY 1965,
LAST REVISIUN BY @ F HRUDSA, . JUNE 1977,

SURROUT TNE ARGUMENTS

A7 = INPUT MATHIA. SIZFINHASNRY),
= OUTPUT RESULT MATRIX, SIZE(NRASHCHE),
] = INPUT MATHIX. SIZE(NRBNCH)
zgg = ;Szui NHUHMBER OF ROWS OF MATwICES AlZ,
2 = t NUMAER GF ROWS OF MaTkIX R ) '
MCB = INPUT  NUMSER OF COLS OF MA;RiCE§,6?EES OF MATRIX 4. MAX=500.
:;? = [NPUT  kOW DEMENSION OF AL In CALLING FROURAM,

TNPUT  ROW DIMENSTION OF 85 IN CaLL ING PROGHAM,

IF (NPB «GTs 300) 60 TQ 99%9 NERROR=1

N 40 T=1eiRA

NN 20 K=l .NRS
20 wWiw) = AZ(Te+K)

NO 40 J=1e8NCH

S = (.0

DN 30 K=lentes

3005 = S ¢ w(K)I¥(Ksd)

40 A7 (Ied) = S
RF TURN

Qa9 | 7780MH (AHMULTA +NFEHROR}

£ an

SUBROUTINE WHITE  {A,NReNCeINaAME oK)
I ICIT DOUHLE PRECISTION (a=H 0=/}
NTMEFNSTON Al(RRs )

NATA NIT«tgT/5e6/

WRITF MATRIA OF wREAL NUMSERS OMN “abPtR,
REQUTSFS 123 COLUMY (MIMTMUMY PHRINTER,
UP TN 10 DATA FIELDS PER LINF. FRINTS C &
i NE S ONLY NON-£ :
CALLS FORMA SUHKRUUTINE PAGEHD ' ERO FIELD ROWS.
CONFN aY  RL WOHLEN. DECEMHER lusd.

002500
002910
0029240
002939
002940
002950
002960
002970
002980
002990
003000
003010
003020
603030
003040
003050
003060
003070
003080
003090
003100
003110
003120
003130
003140
003150
003160
003170
003140
003190
003200
003210
003220
N03230
003240
003250
003260
003270
003280
003290
003300
003310
003320
003330
003340
603350
003360
003370
003380
003390
003400
003410



A
MG
NC

KR

OO0 m O

2010

o

2020
- @
203n
2040

C

C PuL

in

INAME

LAST REVISIUN BY R HRUDAs, NOV 19713,

SURROUTINE ARGUMENTS (ALl INFUT) .
MATRIX TO HE PFRINTED, SIZE(NRWNC).
NUMBER OF ROWS IN MATRIX n.

MUMBER OF CULS IN MATRIX a.

MATRIX TUENTIFICATION. (£6 FORMAT),
ROW DIMENSIUN OF A IN CALLING PROGRAM,

W nnan

FARMAT (//15H OUTPUT MATRIK AGe2A 1HUI&s2H X Lbe2H ) //
10Xe10(TXelH{ I1291H)) /) '

FORMAT (//15A OUTPUT MATRIA A6s24 1H{T&4s2H X 1442H )
3%y SHCONTINUED /Z/10Xe1G(7Xy1H 1291H)) /)

FOPMAT (1Xs21542Ky  10011.3)

FORMAT (l4HOEND OF WRITE.)

L UP A NEW PAGE FUR MATRIX aAnp PRINT MATRIX NAME,
CaLl. PAGEHD

WRITE (NUTe2010) INAME ¢MNRoNCs (Lel=1s10)

NLIME = O

nn 60 I=lank

NZFRD =

JS = 1

JFo= JS+?

IF (JF 0T, NC) JE=NC

C SEF TF ELEMENTS ARE LERQ.

20

30

ne 20 JsJSedt

IF (A(IsJ} JNEe Qa) GO TOQ 30
CONT INUE

GO TO 410

NILTHE = NLTNE+]

IF (NLINE (LE. 4%} GO TO 39

CCALL PAGEHD

35

4n

WERTTE (NOT42U20) INAME ¢NReNCs (Lsl=1410)
NILTNE = 1 '
WRTITE (NOT2030) TsJSe(AtTIsd) s J=JSeJE)
N7ZFRG = 1

I (JE «EG. NC) GO TU 6

Js = JS+10 :

RO TO 10

Al-18

C SxIP A SPACE RETWEEN EACH R0OW IF THERE ARE MURE THAN 10 .
C AND SOMETHING HAS BEEN WRITTEN. COLUMNS

50

60

IF (NCoLELI0 «QORe NZERODLEN.D ,0Re I,EQ.NR) GO TQ 60
NLTME = NLINE+] .
WRTTE {NOT.2030)

CONTINUE
WRTTE (NOT.2040)
RFETURN '
ENM
Q;ﬁguwﬂb‘p
OQR Q ﬁb@,‘
15 A

003420
003430
003440
003450
003460
003470
003480
003490
603500
003510
003520
003530
003540
003550
003560
003570
003580
003590
003600
003610
003620

003630

003640
003650
003660
003670
003680
003690
003700
003710
003720
003730
003740
003750
003760
003770
003780
003790

003800

003810
003820
003830
003840
003850
003860
003870
003880
003890
003900
go391¢0
003920G
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SURROUTINE ZERC{ZesNR4NCIKR)
ITMPLICIT DDoUBLE PRECISION

DIMENSION Z(XRs1l)

GENERATE A MATRIX OF ZEROES.

(A=H,0=1)

CODED BY RL WORLEN. FEH 1965,

SURPOUTINE ARGUMENTS

S1ZE (NRsNC) »

7 = nUTPUT MATRIX GENERATED.

ND = TMPUT NUMBER OF ROWS I[N MATRIX Z.
NC = TMPUT  NUMSER OF COLS IN MATRIX Z.
KR =

nn 10 I=1sNR
DO 10 J=1sNC
0 Z(Tad) = 0.0
RFTURN
N
SURROUTINFE STarT

DIMENSION MONTHN({L2) sMONTHL (1 2)
COMMON /LSTAHT/EHUNNO-IDATt;NPAGF-UNAWt(J)oTlfLEl(12),TITLE2f12)

DATA NIT«RQT/ 290/

DATA MONTHN/&HUIQEHOE;EHO?’EﬁOa9&HUS;2H06;
# ZHOTs2HO0B s PHOGs2H10+2H11s2H12/
# MONTHL/Z2HJA s 2HFE o 21HMG 9 2HAP o
¥ EHJIL s PHAU s 2HSE s 2HOC s 2HND s 2HUE S

READS INPUT CARD 1 FOUR IRUNNOS
CHEC®S TRUNND FOR STUP ({I.E.
BF STOPPEDY}. YOU SHOLULD HAVE A STOP CARD
STARTING IN COLUMN i) AFTER YQUUR REGULAR DATA DECK.
IF TRUNNDG IS5 NOT EQUAL TO STOFP»
RFaps INPUT CarD 2 FOR TITLE].
READS TNPUT CARD 3 FOR TITLEZ.

SFTS NPAGE = 0,

UNAME,

INTERNGATES COMPUTER TO DEFINE DATE AS AN

TNTERNGATES MaCHINE FOR THE TIME
AND PRINTS THESE ITeM5 ON A SHERT OF THe QUTPUT EVERY
TIMFE THIS ROUTINE IS CALLED,

IMeT ORUER

IRUNNMD e UNAME FORMAT (A6s 4% 3A0)

TITLF1 FURMAT (1246}

TITLF? FORMAT (1246)
NEFINTITIONS

IRUNND = HUN NUMBER. (As FORMAT)

INATE = DaTeE. (an FORMAT),

NPAGE = PAGE NUMHEH.

Uname = USERS NAME. {346 FORMAT)

TITLFY = FIRST TITLEs. (1246 FORMAT)

TITLE? = SECOND TITLES (12A6 FORMAT)

DEDICATED T4 G. MOROSUOW,

2ZHMY s ZHJUN ¢

OF DAY AND THE CPTIME

+

INPUT  ROW DIMENSION OF MATRIX 7 IN CALLING PROGRAM,

IF TKUNND = S5TOPs PHOGRAM WILL
(THE wURD STOP PUNCHED

Al-19

THE SUBROUTINE CONTINUES AS FOLLOWS.

003930
003940
003950

003960

003970
003980
003990
004000
004010
004020
004030
004040
0040540
004060
004070
004080
004090
004100
004110
004120
004130
004140
004150
004160
004170
004180
004190
004200

004210

004220
004230
004240
004250
0042640
004270
004280
004290
004300
004310
004320
004330
004340
004350
004360
004370
004380
004390
004400
004410
004420
D04430
004440
004450
004469



OO0 O00

c

CALLS CDC-6000-SERIES COMPUTER STANUARD ROUTINES DATEs SECONDS
CALLS MARTIN MARIETTA SPECIAL RUUTINE PPTIM.
CODEN FOR YOUR CONVENIENCE HY YOUR FRIENDLY METHODS GROUP. DEC
LAST REVISION BY R HRUDAs MAY 1974.

1001 FORMAT (A6, 4K 3a6) 7

1002 FORMAT (12A6)

2002 FORMAT (1H1 B(/) 55X 10HTIME SHEET / 38X 45(in-) //

o 38X 3UHCUHRENT TIME OF DAY IN HeMeS = ALQ //
# 38x 26HTOTAL CPTIME USED TO NOW = Flue.3s 9H SECONDS.
# 38X 26HMTOTAL PRPTIME USED TO NOW = I6+4Xs 9H SECONDS,

2003 FORMAT (36HLEND OF INPUT NDATA HAS BREEN REACHEL,.)
5001 FORMAT (3(1XsA2]}) ' .
50072 FORMAT (3a2)

CayL TIME (DTIME)
CALL SECUND (CTImE)
WRTTE (NUOT2002) DTIMESLCTIME s IpTIME
CaLL DATE (I0ATE)
DECODE (945001« IDATE)  IM IDsTY
PN 20 I=1.412
IF (IM,EU.MONTHN(I)) GO Tn 30
20 COMTINUE
An 1M = MONTHL(I)
EMNCODE (645002, I0DATEY  TDeIMyIY

BEAD (NIT#1001) IRUNNOsUNBME

IF (IRUNNO (NE, 4HSTOR)Y Ggo TO 1D
WRTTE (NOT,2003)

STnP

10 READ (NIT41002) VITLEL
READ (NITs1002) TITLER
NPAGE = 0
RETURN
FNR

Al-20

TIME. 004470
004480
19684004490
004500
004510
004520
004530
004540
004550
/ 004560
) 004570
004580
004590
004600
004610
004620
004630
004650
004660
004670
004630
004690
004700
004710
004720
004730
004740
004750
004760
004770
004780
004790
004800
004810
004820
004830



APPENDIX - A2
DYNAMIC ANALYSIS PROGRAM

A2-1

SIRISHPODDGG®FZeMAIN
| . C
2 C OVERLAY MAJN PROGRAM TO CALCULATE SHUTTLE EXTERNAL TANK SLUSH HOpDEg.
3 C DEYELOPED oY W BENFIELD, ¢ BODLEY, R PHILIPPUS, R WOHLEN, JULY 1973,
4 C LAST REVISION BY R A PHILIPPUS. WJULY 1974,
5 ¢
& A I AL L L P R L T Y T T R L I T T T Y T P TP T TRTY DT T YT T T ampe g
7 € INPUT DATA READ IN THIS PROGRAM,
[} € 10 CaAapL STaRT
¢ < CaLl COMENT
13 C IFINIT TAPE]Y T FQRMAT (cAs)
13 € 15 lgprt : FORMAT (aél
12 4 IF (10PT +EQ, SHSTART | GO T¢ 1@
13 d LF (10PT LEQ, 6HGNXYZ ) CALL GNAYZZ {SEE SUBKT FOR JwPUT)
14. ¢ IF (j0P} LEQ, &HFINEL ) CALL FINEL (INPUT DATA FROM GNXYZ2)
1s ¢ IF (1O0PT LEQ, 6HXTRAMK} CALL PXTRA USEE SUBRT FOR INPUT)
16 < IF {10FT +EQ, 6HMODES ) CcALL GNIMD (SpE SUBKT FOR INPUT)
17 C *1F ()0PT .EQ, 6HMODES ) CALL OYMUDE (SEE SUBRT FOR [wPUT)
lg ¢ IF (JOPT ,tQ, 6HREDUCE) CALL REVUCE (SEE SUBRT FOR [nPUT)
ly C IF (jOFY +EQ, 6HSAVEMK) CALL SaVE (SEE SUBRT FOR INPUT)
26 ¢ LF (1OP7 +Eq, &HSUBSTR} CALL SUBSTR {SEE SUBRT FOR InPUT)
21 ¢ IF (10PT ,kQ, &HPLOT ) CALL SPLT1 (SEE SUBR] FOR InPUT)
22 ¢ Go TUL ls
23 ¢
24 CommMON 7 RWTAPS / NUTEL, NUTAYZ A NUTLT o NUTST ) NUTHX s NUTRX s iv0 TBX
25 COMMON 7 BVAREF / NUTMF yNUTKF yNUTIF ynUT2F yNUTIF
26 COMMGN + BTAPET / NUTHMT NUTKT,NUTLIT pWUTRT g NUT3T (NUTH) ,NuTST
27 COMMUN / BTAPEM / NUTHMM NUTKMyNUTTH NUTPM , NUTFHM, nUI!n,NUTzﬂ,Nufdn,
28 » NUTYM NUTEM NUTEMyNUTTH
29 COMMOUN /7 BTARED / NUTKD  NUTLUZNUTDD yNUTID ,NUTZD yNUT3L ,NUTHD
39 Cummoh 7/ BTAPEB / NUTKB,NUTB3 ,NUTPB yNUTLu NUTZB, NUT3p,NyuT4B,
3 » NUTSB, Nuraa.wurvs
3z COMMON / BTAPEC / NUTMC,NUTRCINUTTC,NUTIC,NUT2C,NUTIC, NUTYHC NUTC,
33 .- NUTeC
34 COMMGN / BTAPER / NUTHR NUTKRINVTTRINUTEIR JNUTZH, NUT3R,NUT4R  NUT 5,
35 » NUT &R
s COMMON s BTAPES / NUTMS,NUTKS,NUTTS
a7 COMMoN 4 BTAREP 7/ NUTHP , NUTKP!“UITplﬂuTlP,NUTZP NUTJF NUT4P NUIEF
38 COMMON £ BTAPEA / NUTPAGNUTFASNUTIAWNUTZA,NUT3ANUTYA,NuTSA,
3g » NUTEANUT7A
40 COMMON s RESTAP / NRSYTL
4} COMMON v RTRANS / IFTRAN
42 C
43 DATA NIT NOT/Ses8/
44 C DEFINE REAUIARITE TAPE UNITS FUR ALL UVERLAYS.
45 ' DATA NUTELWNUTXYZ /
Ye * 29 30 7
47 DATA NUTLT:NUTST,NUme.NUTkx,NU]ax /
QB L 3]. . l’ 2’ 20] 2? /
49 € DEFINE BUFFER [nyOUT TAPE UNITS FOK FINELOD,
50 UATA NUTHMF yNUTKF ZNUTIF ,NUT2F, NUT&F/
51 . 21 22, 1L, 12, 137
52 C DEFINE BUFFER In,0UT TAPE UNITS FOR EXTRA Myk OVERLAY.
53 DATA NUTHT NUTKT NUTLY (nNUT2T,NUT3T ) NuT4T ,NUTET /
54 * 21 22, 11, iz, 13, 14 15 7/
55 C DEFINE BVFFER 1w,0UT TAPE UNITS FUK YMODEZ.
Se DATA NUTMM NUTKH NUTRM,NUTTH, NU]FM NUTlM.NUT2N;NUT3N.NUTﬂhgNUTSm/



57
58
5%
6o
&4

&3
64
45
6b
&7
68
&9
70
7
72
73
74
75
76
77
76
79
- h]
&1
B2
83
84
uh
86
87
88
89
72
913
92
?3
94
75
Fé
97
98
¥y
160
161
102
103
104
165
104
107
108
109
115
111
11z
113

[ oW o]

<

C

A2~2

. 21 22, 23, 24, 25 11 120 13, b4 34
DaTA NUJa&M/ ‘
‘ ‘6/ L
UATA RUT7M/
. _ 5
DE;lNE BUFFé;/lN,UUT TAPE UNITS FOR STAVIC DEFLECTION CALCULATIONS,
DaTa NUTKD.NUTLD.NUTDD,NUTlD,NUIZD.NUTaDgNUTﬂz 5
* 22 2}, 23, 11, 120 13, t

) v}
DEFINE BUFFER In,0UT TAPE UNITS FOR BUCKLING LOAD CALCULAT]ONSe

| 0T bt 7
DATA NUTKEnNUTEB.NUTPH.NUTIB.NUIZBiNUT330NU743'NUT?E'NUT::'NUTl?;
i ]
' 2 z Il _iz._ 2y 14 el A i :
DEFINE BUFFER. 1n, 00T Tabe uniTh FOT CONSTANT VOLUME FLUD ELEMENT
caLSﬁ#:Thg?zé.NurKc.Nurrc.NUTIC-NUIZC'““Tac'”“TQC'NUTSC'NU‘:E:
. 2ty 22, 24, 119 124 13, A'“GLAT:gﬂs-
PEFINE BUFFER [IN,OUT TAFE UNITS FOR REDUCING CALC UTSR,NUT6R/
DATA NUTHRINUTKR NUTTR,NUTIR NUT2RNUTIR (NUT4R N e T er
. 21s 22, 24, ll, 12, (130 RE CALCULATIONS .
- . K SUBSTRUCTURE
: BUFFER IN,OUT TAPE UNITS FO \ .
oA N R TR INUTTE (NUTIF  NOTZP sNOT SR TSP S RO TSP s

12, 134 I4e 15/
2i 22, 24, 11,
UEFINE BUFFER.IN.UUT TAPE UNITS FUR PLOTTING.

i 1 N ApNUTEASNUTOA KUT7AY/
.DATA NUTZS:NUT;::Nuri::Nurf;:Nu!fg: UT?H: oA pas 784
DEFINE BUFFER IN,0UT TAPE UNITS FOR SAVEMWK, {
DATA NUTMSsNUTKS  NUTTS/
& 21 22, L ¥4
OEF iNg RESERVE TAPESg
"DATA NRSYTIL / 28 /

195 FORMAT (12A6)

10IG FORMAT (30X 51

C

IF (NRSVTIL »6Te 0 REGIND NRSVTI
10 CALL START
CALL COMENT .
READ (NIT,16u1) IFINIT,TAPEID , ‘
TE“?;é:mg§ ?EQ- 6HINITIL) CALL INTAPE {NRSVT1,TAPEID)
IFTRAN = §
15 READ (NIT,logg) IOPT

i G
1 OPT  “EQ.5HSTART ) 60 To 1
IE :fupr -EQ:6HGNXYZ } G0 To 1B

LF (1OPT  +EQ.6HFINEL ) G0 Tu 20 (HiﬂlmmﬁlffﬂﬁGﬁfls

IF (IOPT  «Eqe&HMECHER) @O Ty 70
IF (19PT «EQ+4HREDUCE) GO Tu ﬂg
IF (IOPT sEG«dHSAVEMK) GO :0 ?50
OPT Ey,6HSUBSTR) GO Tu
ig :{OPT +EQ¢6HPLOT ) 0 TO iT0 NEKKORe1
G0 T 999
I8 CALL GNxYze
GO 7o 18
20 CALL OFINEL
60 To 15
30 CaLL PXTRA



114
115
ils
V17
11s
119
12¢
12]

122
123

ie4
125
126
127
128
iz2v

130

RPRT

FleBASIC

40

70
80
90
100

118

979

GO To t5
CALL GNIMD
CALL OYMODE
GO TO L&
CaLlL MECHEWQ
GO T0 15
CALL REDUCE
Go 10 1%
CALL SAVE
40 TO 15
CALL SUJSTR
GO Tu 15
Capk OPLTLIO
G0 To 1o

CALL £ZpOMB
EnD

(4HPSLOSH (NERROR}

A2-3



A2-4

SIRISHPOOO0O®F14BAS]C

WPRTY

1

OO0 SN SN

P S e e b et At e g e s
DX N L wN

N NN
W Ko

MNNNNNN
b I R VA < T

(=]
42

L7C I 7T 1]
LA S

W W
oo B

[aRalN ol ol ol

SUBROUTINE @aSIC  (AYZ,JUOF JEUL eKRXKLAZKRI yKCI o KRE P KCE,
¢ NUTEL s NUTXYZ)

SUBRQUTINE TO READ BASIC FINEL UATA FROM ¢aRD INPUT AND WRITE ON
NUTEL AND NUTXYZ,
DEVELQPED BY Wa BENFIELL, APRIL 1974

DIMENSION XYZ (KRX,

1), JOGF(KrJyd), EUL(KRE, 1)
DIMENSION 1DATA (14)

DATA NIT NOT 4 5,6 /

1004 FORMAT (13A6,a2}

m™

FlsgNiMD

REWIND NUTEL
READ JGINT XYZ (COURDINATE MATRIAS
10 CALL READ UXYZoNJ gNCX yKRX 4 KC KD
REALD JOINT DEGREE OF FREEDOM MATRIA.

CALL READIM (JDOF yNRU,ZNCJpKRUKEJ)
KEAD JUINT EULER ANGLES,

Call READ (EVL NRE ,§CE ,KRE ;KCE)}
READ ONE CARD WITH NAMEL FOR FInELe
READ DATA CARDS FOR AXIAlL OR BAR OR TRNGL, ETC.
15 READ (nIT 16D} LUATA

WRITE (WNUTEL,100%}) LDATA

IF (IDATA(L),EQe6HRETURN) GO TO 100

G0 To fs

160 REwInD NUTEL
REWIND wWUTXY;
WRITE (NUTAYL) NJ,NCX.NRJ;NCJQNRE.NCE
WRITE (NUTKYZ) LGNOOF 41 sddaiml gNRY) pu= g NCU)
KRITE (NUTKYZ) €0 AYZA{l,udol=ly NJ)odmyNCK)
WRITE ENUTKYZ) (¢ EUL{E Jielml yNRED yd=1 yNCE)
REWIND NUTXYZ
RETURN

END
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WPRT
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FleGQNXYZ2

SUBROUTINE GuIM™D

Pat g ot tac VBl RGO Ns el P Rt RO R U R uRQQUENERE bR RO RGO at

lNFUT DATﬁ—READ IN YHIS PROGRAM,
CaLL YREAD (INITLAL DISPL MUDESI
RETURN

COMMON /BTAPEM/ NUTM NUTKNUTTRINUTZoNUTI  NUTZeNUTI  NUTYH 0TS,
. NUTS  ,NUTT

DIMENSION V(}2000), LVi12000)

UATA KV / 12c00 7/ -

CALL YREAD (NUTZy VLV k¥atuTl?

RETURN ’

END
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SUBROUTINE GnXYZ2
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A2-6

MAEN PROGRAM TO GEMERATE (XYZ), (JUUF), AND (EUL}s AND STORE MATRICES
ON UTILITY TAPE, ' :
DEVELOPED B8Y W RENFIELD, C BODLEY, R PHILJPPUS, R WOHLEW. JULY 1¥73,
LAST REVISION BY R A PHILIPFUS, JUNE 1974 :
'&lll.q.'IQOQDOOQ‘UCGttt,ttt'.ll.i‘liﬂlIlql&t.lltbﬁilﬁﬁll‘.'.l"l'.!'
INPUT DATA READ IN THIS pPROGRAM,
IOPT FORMAT (Ab)
IF i:OPT sEQ, SHBASIC ) CALL READ (XYZ4iNd 3}
¢ CALL READIM (JDUF ,NJ,6)
. CALL READ (EQLyNJ 3D
CALL FINEL {SEE SUBRT FOR [nPUT)
IF (10PT oEQ, OHXYZEUL) CALL DATGEN (SEE SUBRY FOUR INPUT}
KETURN
COMMON ¢ RWTAPS / NUTEL yNUTXYZ o NUTLT oNUTST o NUTHXINUTAK o NUTEX
DaTA NIV, NOT 7 G466 /
1ol FORMAT (13A4,A2)
REWInD NUTEL
READ {NiT,lcgl? iQPT
IF (JOPT  sEW.6nABASIC 3 GO T 30
IF (10PT sEqe6HFLAT P} 60 Ty 23
IF (JOPT  sEye6HCNT w#) &0 To 30
IF (10PT  +EQeSHCYLCOR) &0 TO 43
IF (I1OPT  #EweSHCIRCYL) GO TU 53
IF (10PT  Ewe&HNASTRY) GO Yo 60
IF (10PT  +EQ.&HSNAP ) GO Tu 73
IF (JOPT  #Ey.6HXYZEUL) GO Tu 87 ,
NERRURa
GQg To 999
1 CaLL PBaSIC
REWIND WUTEL d
REGIND nUTRYZ
RETURN
Fyi] NERROR®Z
Go T¢ 999
g NERKUR®)
G0 To %99
4g | UhiaiNAL PAGE IS NERRORa4
GG TU 999 OF PO
5¢ O'R QUALITY NERROR=S
Go Tp 999
&g NERROR=S
GO TO 799
70 NERROR®7
Gy To 999
80 CaLL XYzEU2

REWIND NUTEL
REWIND NUTXYZ

RETURN



A2-7

57 ¢
58 999 CALL 2Z50MB (4HGNXYZ2 ,NERKOR)
59 END

BFRT FleMECHEQ
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SUBRoUTINE MECHER

COMMUN / BTAPEL / NUTKD NUTLUWNUTODNUTE], NUTIZoNUIlJpNUTIQ
DIMENSION V(40000 )LV (485007015380, él.TFtaac,ba,xtqos,a),

214D el ) pJIVECKS) pE (405, 3) sk 16 4& ) yRTIE,6)EM({&s8)
DIMENSION TT(4+600) JaR121,RV (6,61 ,IVEC(6},1TVC(6CO)

DATA KV KR sKJ  yKD KX 4 KBT/
* 4000, 4g0» 405, by 3 » 1500/
EQUIVALENCE(T VI (T (4081 )LV

PROGRAM TO CALCULATE EFFECTIVE MASS FOR SLUSH
DEVELGPED BY P 4 ABBOTT, DECEMBER 197H.

FORM RI1GID BODY TRANSFORWATION IN GLOBAL

2001 FORMAT (/730X 13HSLUSH MASS = El1o%,5X,8RCP{X} »
C

C
¢

C

C
C

CALL READ(X ,NRoNC ) KJ4KX)
READ(59101) N3IsNBLAD
101 FORMATI1615)

N3 is THE LAST NOPE WITh ONLY 3 DOF

NBLAD JSs THE UOQF NGe AT pi.
00 & I=],N3
UG & JBL,23

6 JD(l,N)adedegl=1)
NaN3+]
BO 7 I=NNR
D0 -7 J2l 46

7T JD(ld)=dedenitilrN)eg

CALL WRITIM(JDsNR 36, 6HJIDOFUL JKJ)
CalLL READ{AR,NFoNCol,KKX)

CaLL READIMNVEC NRJ §Cd b s KUY
CaLL RBTGI(x,xRaJDnJVEC.TsNR,NRInNCT.deKBTS

CALL WRITE(T ,NRT ,NCT,s6HRGLOBL ,KBT)

TRANSFOKM TQ LOCAL SYSTEM
CALL READIM(JD o NR¢NG KJ KD
CALL REAUDC(E nNRINCaKJ KX
DO 10D I=)a6

180 IveEC(id=]
L=}
Me(
HI = @
Vo 1o l=l hR
CALL ZERO(JVECHL 16,1
Call ZERO(R,6,6.KD)
KRQT=3
IF(1.6ToN2) KRUT:ﬁ
K=Q ’
Lo 9 J=ip8
TFL9Dll,d1el 7401 GO TO 888
IFlJobTa4) AR(JISE (1 ,y)
IF(oollJieleeD}) 60 T 9
IF (1eGToN3 ANUe JO(L,4JIe+LECNBLAD) &0 TO 9
K=K +}
JYEC(¥)BK

tELLed)
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57
58
oy

40 -

61

63
b4
65
b6
&7
64
&y
72
71
72

73

75
78
77
78
79
b0
8]
8z
83
8y
85
86
u7
LY
8y
93
¥1
32
93
¢4
95
96
97
kL

B

8

88
It

89

Ml+}
T%vzcﬂll a Jpilisd)
NUE
ggszlﬁULER(XR;RtKDI
IF‘KRUT.EQ¢6’

CaLiL ZERO

0
CALL BEULER(AR RI424) K

(RVIKROT K KD

A2-9

Dakpi
F KROT 4K eK

1 ROlvﬁC'JVECugrOKRO¥!KRUT|

RE (5} 1,y

CALt ﬁgng(R;gRToKROT'KQKD!K
CAL _

TiKD+KBT)
MULTAIRT ) THUL 1) 3K KROT 4NCT,y
CALL

Do 8 IT=1,K

JTal NCT
??ig+iT.JTl=HT(1TgJTJ

Mz=pi+K

L+ ROT

R KR}
CDNII#S%TE(TFQM.NCTgOHROTRANQ _
CAL

Do 887

Ja2}3

JVEC(I) = J

CCALL ZERQ

CALL WRITE

: i KBT)
(T'M'NCT‘ggTLVEC.TIMoNCT'H'NCT’Kh’

iy ' -

@ [#] %) (lt.TFl

CALL REya

(T aNCT 6HCORTRNIKET)

0)
NCT yKBT 4K
SUT,TT M,

CapLt TRAN

RES |
ASS AND MppES AND DO THE
READ M

15

2r

2¢

F1eOFINEL

CalLtL YRgAD
C:LL YREAD

ALL YMULTY
CALL YSsTop

CaLL MuLT

GO 1s D=1, Ncy
DO 15 J=1,NC

TT(l,a)

4
(NUTll.v.gv.kv.Nggiq}
INUTIZW ViV kYN A

LV RY NUTI %}
NV M 2 NUT‘alyl » T14)
‘NUI:;’TFT;R:NC.KRQKUJVILV'K ’
NV ? ' VeNU {

? ] C lN I‘. 4 ) R

= R ,J)

: cf ! ?
¥ | Bl

CALL PAGERD

vo 2p

CT KD KR}
EMyNCT 1N
L)eTFUIs10, ASS,1)4+KD)

AL WRITECE RCToNET MRt ann =T

CALL '

I=Y N

Mez,2)
CPRESS = EM(2,3)/EM(z,2

HRITE
RETURN
ERND

las2001)

EM{2,2),CPRESS
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21
22
23
24
25
zg
27
24
29
an
31
32
33
34
35
3e
37
3y
39
42
a1
42
42
49
45
46

4 u
49
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C

SUBROUTINE OF INEL

HalN PROURAM TO nﬁAD {X¥Z1,y LJOOF s (EUL) AND CALCULATE (UN UPT]ON,
ASSEMBLED FINITE ELEMENT MASS, STIFFNESS, LOAD TRANSFORnATIOM, AND
BUCKLING MATRICES

CalkLs FORMa SUBRQUTINES FINEL VIN s YWRITE . ;
DEVELGPED BY W BENFIELQ, € BODLEY, KR PHILJPPUS, R WOMLENs JULY 1973,
LAST REVISION 8y K A PA[LIPPUS, DECEMBER 1974.

COMMON 7/ RWTAPS / NUTEL yJNUTRYZoNUTLT oNUTST yNUTHMAINUTER $+NUTHA
COMMON 7 BTAPEF 7 NUTH,NUTK  WUTE NUTZynuT3

COMMON / DUMMY / V(12520)

COMMON / 10UBMY /7 LV{123CC)

LoMMON / RESTAP v/ NRSYTI .
DIMENSION XYZ(200Q,3), JuGF(2000,6), ELL12000,3)
EQUIVALENCE {XYZ,V¥), {(EUL,Vv(a031))s (JOUOF,LV)
DATA KRX, KCX» KRJ, kCJ4, KREs KCE, KY /
. 2500, 3¢ 2000, 6y 0004 3,12000 v/
READ XYZsJOOUF EuL FROM nuTXYZ CREATED IN PROUGRAM DATGEN,

REWIND nNUTKYZ
READ ENUTXYZ) NJGNCX, NRJ,NCJ,NRE $NCE

NERRU4®]
IF (€A oNEe 3) GO TU 999
NERRUg=2
IF (nRJ «NEs NY «QRe NCJ oNE. &) GO TO 999
. . NERRUy=3
I (NRE +NE. N"J «ORe NCE +NE 3! G0 70 999 X
NERRVRg=4
IF { NJLGTeKRX sO0Re NOX4GTeKCK *URS
» NRJZGTeKRJ ¢O0Re NQJeGTekCJ *OR
* NREOTeKRE ¢0Re NCELGTRCE) GO TU 999

READ ANUTAYZ) (LJUDOF(f4d)sl=1 NRUJsu=l NCU)
" READ (NUTXYZ) U KYZ(L,J)slm}, RNJlsd=1 ,NCX)

READ INUTXAYZ) (¢ EULiL,J)slml ,NRE},JBl KCE)
CALL WTAPE  AYZahJy 4NCA,6HXYL PKRX NHSVT 1)

CALL WTAPE (JOLOF)NRUZNCU6HIDOF  JKRJ NRSVT )
CALL WTAPE | EUL,NRE ,NCE,&HEUL s KRE ,NESYT 1)
CalLL FINEL {XYZ,JDOF, EUL NUTELINJ,

* NUTHeNUTK yNUTLT JNUTST pNuTE A,
. Valk VKV ,KRX,KRJKRE,
. NUTHX GNUTKX ,NUT L, NUT2,NUT )

CALL YWRITE (NUTM L 4HMASS v LV IKV)

CALL YWTAPE (NUTM,6HMASS »Y,LVeKVINRSYTI)
CALL YARITE (NUTK4HSTIF ¥ LV&V)

Catl LTAPE (NRSVT})

RETURN

9%9 CALL ZZp0OMbB {6HUF INEL yNERNKOR)
ENp

FieOPLTIO



A2-11

SIR{SHPOCOOY®*F1+0PLTIO

N0 DX N D N e

b

Sk e e ek gk e A
M N U w

M
-3

N o
[N N

e NN
SRS D N 10 <

e P
L O

b
-

W
o N

[PRRNE PU FUIN FU PU]
o ~§o 0

L L ELr ox BEW
has R T i PO IR = I o

P ]
0w

53
51
52
53
54
S5
58

[al o

C

<.

1ol
2001
2002

2003
5001

RE
Ny

RE

5
RE

RE

8
g

RE

SUBRQUTINE QPLTID

COMMON 7 BTAPED 7 NUTKD NUTLUGNUTOD  NUTL  NUTP ,NUTI NUTH

DIMENSION XYT(45,32, PLOC(T0,200, XFPi2000, YP(200), APYPIPD,5},

) UX(450; DY(451, DALL4D), DYL (453 PYLITLELG}),

. SCALEM(20), FREMIZ01r BIGP16D0O,4),IVEC{45)yJ00F {60040,
¢ V40009, Lvg4a00)

DATA KJ, KP, KM, KPLOT,KulGF,KBLIGM, K/

[ 45, 90, 23, 2088, &00, by 4060/

DaTA EPS/LeE=)5/ _

UATA NITNUT/Sre/

FORMAT (1grh [5»15)

FORMAT §10Kk, FLlDe4aF10+4)

FORMAT (//1GXK, 9HHODE NOW 134 //)

FORMAT (/710x%, YHMOUE NO, [3, SR THSCALE = Fop,.3)

FORMAT (SHMOQE=13s 1A GSHFREWGwF7e4; 1X BHSHFT=[4, 1X 4HSCLEF4.3)
CaLL ICFRMV (12H 6 I BULTMAN 412K BIN 5 190 16H5 6325

* [ZHHARDCUPY )

AD IVECe IN SURFACE JOINT CRpDER FROM CENTER OUTe VALUE I5 ROW

MBER [N AYZsJDOFsEULER,

CALL READIM (IVEC) 11,NJS,y 1,KJ)
AD XYZoe

Cali READ {B1GP, NJF,13, KolGP,3)

0p 5 I=1:NJS

ONT = IVECU(])

AYTCisd) = BIGPLUNT, 1}

X¥YT(Is2) = BIGPIJUNT,2)
AU EULER,

CaLl READ  (BLGPs NJF, 13, Kal6F,3)

DU 6 1=14NJS

INT = IVECI])

KYTULed)l = BIGPLUNT 43} .

CALi. WRITE (XYT, NJS,3, 3JHXYT,y KJ)

IMs = 1

ISHIFT = ©

CALL READ (FREQMy MM, 119RN,10
AD MOpES. FIND LARGEST VALUE (AB3) IN EACH MODEe (SCALEM}.
CALL YREAD (NWTPaV LV KV NUTL)

CALL Y5700 (NUTP,BIGP NBIGP  NMKBIGP ,Ka1GM, v LV¥skV ,wUT})
LD 9 Jm) Nl

BlGM = B«0

00 8 I=3l,n8)GP

VaLm = ABS(BIGFR(Ipd))

IF (yALM 6T, BIGM) BIGMaVALHM

CONTINUE

SCALEM(J) = 1 ,/BIGHM

CALL WRITE (SCALEM, [,NM, &nSCALEM, I,
AD JDUF!

CalLk READIM (JDOF» NJF,l&y KalGP,6)

COMPRESS BIGF [NTO PLOC. ORDER |5 UeV 1w JOINT QRBER GIvEN BY JVEC,

00 2 l=1,NJs
JNT = IVECLI)

ly = JBOF(JNT )}
ly = JOQF(JNT,2)
IPY = 2el-=1

IPYy = 2]



27
58§
59
&0
6]

&3
b4
65
66
&7
48
&9
70
71
72
73
74
75
76
77
78
79
8p
8

82

83
84
85
e
67

88 -

89
v
¥
92
93
9y
95
96
97
78
&

168

161

102

103

104

105

166

167

168

109

119

111

112

113

12

Jz | NH
230éflPU|Jl g 0D

: GPillUsd)
GTe ) PLOC(IPU,v)®BI
EF (U .

PLOC({IPY Ul a gOG

BIGP{IVed)
@Te (). PLOCLIPY )=l
IF 1Y o -

CONTINUE

PLOC, KpP),
TE (PLOC, 2oNJS,NM, AHFPLOC
CaLL WR]

A2-12

TIRIGHT,
OT X,Y¥s LEF
DISTURSBED SHAPE, XP,YP IN PL

Y

DEFINE U

¥ v]

15

Ng = NJS

=}
ML = NJ
?j i NJe])

DO 1g IP=1.NJM]
fd & lda=t

‘ )
=Aypiid,2
AR

L s Lusiahy
fg iSNJMl+1J

)
= XYT(Ide2]
¢§:;;} = KYT(Idall

M=) QNM
Do 199 | .
IHSw)+
gggsgo : SCALEMUIM)
FREY = FREGM (M)

HT»
DYhe R§GH

[N 'FTHDXL_,

DELTA=Y: IN JAG X,¥, LE

E VELTA=X -

CALCULAT

60

65

CALL PAGEMD

20
WRITE (NOT.2002) MODEWN

DO 5p lu=leNy
IXL = 2#]1J)=}

1Yy, = 20lJ

51
ANG = AYTIL1J,3)1/57.295779

: CO5(ANG)
gj . SIN{ANG)

x‘JAG ( q LUCI L' & \J
4

AG
(NOTs2001) DYJaGE?Eé‘DXJA@
“RITE) = XYT([Jsl} +» § IR
ot gt ST T SEALEanJAﬁ
PKlef B XYT(Ive2) + 5 PRI
PY(I?Jls-xVTtiJoZ) + SCA
2gcgyb;,ox INTG AP +YP,

NJM1¢N4¢1

:i; : IPL=lapnNdM)
NJw§

ég :o Ip=1Py, P2
[J=}

i;Q:P’ 2 DYL{i)

YPL{IP) = DXLthjml

1P & NUMIENJeN

65 lumlnNy

?g = IP1+[J

KP(lP} = DY(IJ;

YPUIP) = OX(1J

i
PACK xP,YP FOR PRINTING,

NJ2M] 2 ZahJa)
00 gg isl NJzpMi

LEFToRIGHT



130
i3
132
133
134
135
134
137
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ag

¢ PuT

®
19¢
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KpYPeleld = xpil)
APYP(I,2) ® ypil)
xPYP(Il.}l s (.0
XPYP(ls4) & xPUleNJ2ZML)
APYP({I:5) = yP{Ll+NJZNM])

CALL WRITE (XPYP, NJ3M1,5, 4HXFYP, KP)
ARITE INOT2003) MODEND,SCALE
IN TANR TOP,g0T AT CENTERLINE.

AP{Ip+l) = 0.

YP{IP*‘) 2ld,

XP{lp+2}) = 0,

YPyip+2) = g,

NRP = Ip+2

IFSamE = |

IFCURY = 1

IFLIFY = |

ENCODE (4045403 sPTITLE) MOUDENQ,FREQ,ISHIFTY,SCALE

CALL PLOT1  [XPsYPaNRP, 1,y ~10s220y SHY=TANK,6HX=TANK,PTJTLE,
IFSAME 4 JFCURV,IFLIFT KPLOT)

CONTINVE '

Call FLYND

RETURN
EnD
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thlSHPUUDQQ'FI-OYNDDE

1 SUBRQUTINE OQYMODE

2 <

3 C MAIN PROGRAM TO TEST ITERATIVE RAYLEIGH=RITZ METHOD OF uRes JOHN AV IRE
Y4 ¢ TEQHNIGUE =.COHPOSITE STRUCTURE,

5 < VERSION = NDN~SWEEPINGo

& C FPROGRAMMING LOGIC ® SPARZE.

7 C MAXIMuUM SIZE OF MA$S,STIF s (820

B C MAKIMUM NU = 70

¥ C DEVELOPED Y R | WOHLEN AND R A PHILIPFUS. MARCH 19720

i C  LAST OIMENSION (HANGE (FOR |50080C) B8Y HHRUpA 02APR75.

il C LAST REvISION By R A PHILIPPUSs JULY 1974,

12 <

13 C AP I QAN L E AR LSRR RLL ARG PN NI In PR RS GRG0 LNt DRAbGOROCRRQOOR LD B
i4 C INPUT DATA READ IN THIS PROGRAM,

15 o Ny FORMAT (10;,15)
le < Ny FORMAT [10X,15)
17 < 'SHIFT FORMAY (10X,E10)
le C MAXIT FORMAT (10X;15)
19 . C 1PUNCH FORMAT (A6)
20 C RETURN

21 C
22 C DtFINIT:ON OF InPUT VARIABLES
23 C ¢ NUMBER OF MODES WANTED,
24 C NU s NUMBER OF RAYLE]GH=RITZ MODES TO USE.

25 C SHEFT = SHIFT yaLUE TO YSE,

26 C MAAIT = MAXIMUM NUMBER QF ITERATIUNS Tu BE PERFORMED,
27 ¢ IPUNCH = PUNCH CARD OPTIQN FOR w2y FREH, MOUES, AND THMGUES,
28 C 2 SHMPUNCH ¢ FOR PUNCH CARD OQUTPUT.

29 C = 6HNOPUNC» NO PUNCH CARD QUTPUT,

k¥ C

2l COMMON /BTAPEM/S NUTM.NUIK.NUTTRoNUTZoNUTF,NUT[.NUTZ.NUTA:NUT%,
32 » NUTS ,NUT&,NUTT

33 COMMON 4 RESTAP 7/ NRSYT)
34 COMMON ¢/ RTRANS /7 LIFTRAN
a5 C
KT DIMENSTON V{109240), LV(L0920) s ®2470)y w(701, FREQ(70)

37 L . Al 7?! 70’, 8¢ 70, ?3’| MH{LG) :
kY’ ¢ _
3y EQUIVALENCE (VI(3641),58), (LV(A&41)sA)
49 C
4] GATA NITWNOT / 546 /
42 LaTa KVs KA 7/
43 L] 13920y 70 7
44 DATA NITERL, NITER2, ToLZ, TULw2/
35 & O 1y 1E=Qb, I-!’-‘ﬂq/

46 Daya IFRRNT /1000y

47 1001 FORMAT (13%, 415}

43 10lg FORMAT (1GX, EIQ.D)

49 1020 FORMAY (J2As)

=% TN c

51 Reap (NIT, 1)) NW
52 READ (NJTF,10g1) NV . .
53 REab (MNJT, 10100 SHIFT
5y READ (NJT,lenl) MAXIT
85 REaAD (NIT,1320) 1PUNCH
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7 CALL YMUODEZ (NUTHMpNUTK  NUTZ,802:% FREWyNW, VoVeA2S,y KVaKA,
58 * NUT I aNUT24NUTI s NUTY yNUTSyNUT S NUT

o9 . IFPRNT ,MAXIT,

63 . NUSNITER] yNITER24SHIFT ,TOLZ,TOLW2)

61 4

62 CALL WRTE (WZINW o1 2 ZRWZ KA

63 CALL WRITE (W sNWyl,LHW KA

64 CaLL ARITE (FREQoNW, | 4HFREW KA}

&5 CALL YWRITE (NUTZ,5HMODES Y LV 8V}

64 IF (NRSVTL oaTe O0) CALL WTAPE (W2eNWw,| ,2HW2,KAWNRSVTL)
&7 IF {(NRSVTL saTe £) CALL WTAPEL (FREGQenw ol p4HFREGIKAynRSYVT )
o If INRSWT] osaTe J) CALL YWTAPE (WUTZ,SHMODES,Y LV KV,NRSYT])
3] CALL YUTOS (FREQeNUTF Nllel ykA sl oV aLV KV ,NUTT)

0 IF (IFTRAN stEGe O3 GO To 100

71 REWInDO NUTTR

73 NRT = MH(])

74 NCT = MH{2)

75 CALL. YDJSA ‘NUTZ.Il'1QNUT"NCTIN"!VILV|KleuT7)

76 CALL YHULT (NUTTR NUTL NUTZ,V LV KV NUT7}

77 REWInD NUTE

78 CALL YInd (NUTZsNRM, 1,4 1)

79 NRTM 3 NRp = NCT ¢ NRF

8p CALL YZERO (NUTJ oNRTM, N}

81 . CALL YASSEM (NUTZola i gNUTE VYV LVIKVINUTS  NUTS,NUTT)

82 NCTPL = NCT + |

83 NRX = NikM = NCT

84 CALL YDJSA (NVUTZ NCTR1, 1 NUTI)NRXaNNQy, LV, KV,NUT7)

85 HRTPL = NRT + |

8s CALL YASSEM (NUT3yNRTPI,TyNUTE sV 4LV KV NUTS 4 NUTS,NUTT)
87 CALL YH#RITE (NUTI26HTHODES eV VKV

Bs IF (NRSYTL oGTe 0) CalL YWTAPE (NUTIs6HTHMODES, VoLV aKV)
89 - 100 1F (NRSVTL oGTe D} CALL LTAPE (NRSVTL)

0 IF (JPUNCH +nEe SHPUNCH ) RETURN

71 ' CALL PUNCH (FREGQ,NW,}] ,4HFREYKR)

92 CALL YPUNCH (NUTZ,SHMODES,V,LV RV}

$3 ' IF (IFTRAN onEe 0) CALL YPUNCH {NUTE 6HTHODES,YebViKy)
b L] RETURN

75 ¢

g6 END

WPRY FLlePBASIC
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SIRISHPOGOODOF1«PBASIC
i SUBROVTINE PyaSIC
C PRUGRAM TO CaLL BASIC, _
COMMON / RWTAPS 7/ NUTEL ,NUTAYZ WUTLT oNyUTST  NUTMX NUTKX oNUTBX
DIMENSIUN XYz (2000,3), JDOF(2000,6) EUL(20004+3)
DATA KRXy, KCx, KRJ, KCJy KnE,s KCE /
s 2C0Cy 3, 2000, 6y 2000, 3y

CALL BASIC (XYZ,JDUF yEULKRASKCK4KRJ)KCJHKRE 4KCE,
o NUTEL ;NUTXYZ)

RETURN

END

=0 DO N WA o

g

WERT  FlsPXTRA



A2-17
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wFRY

|

R SR U« S VU - AU

12
i

13
14
15
ls
17
18
19
23
21
22
23

24
25

26
27
28
29
3c
31
32

ﬂﬁﬂhﬂﬁﬁﬂ fal

Fl«.REDUCE

SUBROUTINE PXTRA
OVERLAY PROGRAM TU REVALY EXTRA MASS AND STIFFNESS MATRICES TO
EXISTING MASS AND STIFFNESS MATRICES,

tﬂ'tccncibptvntgqoie&iﬁuq.t¢o.'twuiuviaoi.-ﬂocamctﬁttueaitadluuﬂol,l-
INFUT DATA READ IN THIS PRGGRAM,

CaLL READIM (JJVEC,§,nCI)

CALL TREAD (MASS MATRIX)

CALL YREAL ({STIF MATRIX)

RETURN

COMMON ¢ BTAPET / NUTM,NUTK  NUT} oNUTZpNUT3 ZNUTH$NUTX

DIMENSTIUN V{12D000), LV(12000}, 1JVECIZ500)

DATA Kve KIV /

. 126856 2000 /
READ JJVEC FOR gXTRA MyK MATRICES.

CALL READIM (JIVEC,NRL NCI,1,KIV)

Lo 1g [=1,NC|

IF {(J4VEC(Ll) (NE. O) GO TO 20

17 CONTINVE
_ BQ Is I=34NCT
15 luyecily = |
READ EXATRA MASS MATRIX,
20 CaLk YREAD (NUTX VLV Ky NUTH _ _

CALL YREVAD (1eaNUTX,JJVEC s JUVEC I NUTH sV LY KV NUTTINUTZ,NuTI,NYTY)
READ EXTRA STIFFNESS MATRIX,

CALL YREAD (NUTX oV ¥ KV,NuTlI .

CaLL YREVAD (o aNUTA IJVEC)IJVEC yNUTK sy sV oKV NUTL o NuTLHuTI4NYTY)

CALL YWRITE (NUTM SHMATHA ¥ ,LVeRkVI

CALL YWRITE (NUTK»SHKATRA sV,ybkVeKY)

"RETURN

END
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SIRISHPOGDUO'F[-R:DUCE

i

Lo B T R

IaYalalalalaRalaNaRakaNalataNale

bU&ROUTINE REDUL£

OVERLAY PROGRAM TO REDUCE STIFFWESS AND MaSS MATRIX.
LOF To BE WEDUCED MUST BE POSITIONED FIRST JN MATRIX.
REDUCING TRANSFORMATION [S STOREC ON NUTTR.

DEVELOPED B8Y WA BENFIELD, FEBRUARY 1974,

INPUT DATA READ IN THIS PRUGRAM.
MR ’ ‘ FORMAT (10K,18)
CALL READIM (IJVEC,1,NnCI) o
RETURN

DhFINlT[UN OF INPUT VAR[ABLESe
w NUMBER OF ROW-(QLS IN REDUCED MATRIX.

IJVEC = LUVEC 70 REARRANGE ROWS AND COLS BEFORE REDUCING

COMMON IBTAPER / NUTMR NUTKRyNUTTRsNUTRE oNUTRZINUTRIJNUTRS ,WUTRG
o NUTR&

COMMON ¢ RTYRANS / IFTRAN

DIMENSION GBDDJ. bV
1

ccon)
VIMENSLUN 1¢(3008), (

(1
v2(3000)
UATA NIT, NOT / 54 & 7
UATA KV 7 tgobe /
DATA Klv ¢ 3000 /
C .
o0l FORMAT {(6ljpXelS))
2001 FORMAT (/// 20X14HOVERLAY RELUCE, _
. // 1DX42HNUMBER OF ROWS AND COLS BEFORE REDUCING = 15,
/ 1GK42ZHNUMBER OF WOW®S AND COLS AFTER RELUCING = ,i5)
Go 1o I=l,K1y
G Ivzily =

¢ READ NUMBER OF RQWS IN REDUCED MATRIX.
READ INIT,100)) NR

REWIND NUTKR
CALL YINDI {(NUTKRMRK,1,1)

CaLL PAGENWD
WRITE (NOTs250E) NRK, NR

C READ REARRANGING IVEC,

CALL READIM ([VLNRI,NCI,1,KEV)
U t2 1=1,NCI

IF (JV1{l} +WEe B) GO TG L7
12 CONTINVE

Do 15 L=l ,NC
1 Tvpdr) = 1

¢ REARRANGE MASS, STIFF, AND TRANS (IF ANY} MATRICESs
17 CaLL YZERQ (NYUTRIoNRK,NRK!}
CaLi YZERO (NUTR2,NRK, NRK)

CALL YREVAD (1e0,NUTHMR,IVLalvEsNUTRL,Y, LV,KV,NUTRZ.NU!HJ.NUTRHn
* NUTRS)

CALL YREVAD (1¢0,NUTKRyIVIaEVEsNUTRZ4V LV KV NUTRI)NUTRY sNUTRE s

CAPRGAR st PORID AU P RN SR NP YR E RGN BRI NV I I N np PR BE RIS RNRERT, 00

kY



57
58
59

én -

61
62

63
64
05
b
&7
by
6%
70

72
73
74
(4

WERT

20

Rie

2-19

“IF (IFTRAN bEQs B S0 -
RSl
REW NG NgTTR(NUTTR Lv'llz)VGZ)i LV KV NUTR4 G NUT
CALL YINRO (NUTR3'L"':;§ IVISNUTR3,V,
ZE UTTR
CaLL Y o0, N
VAD (1
CALL YRE

‘RS yNUTRS
TRYyNUTRS ]
ViKY bl
' K Z (NUTRZ, i i
CALL YSKED NUTMR} ,V.LV.KV)
) WARITE (NUTTR,2HIR v kY)
L :“:KTE {NUTKR )y 2HKR
CALL

;] Hlv’ v. [ ]
.

LY yKY)
ITE (NUTTR,GHMULTTR,V,
CALL Yhg

NUTRS)
VoKV NUTRY,

UTRI yNUTTR, NUTMRtL;LK;'

{N VaLv,

L ::;??E (NUTMR y ZHMR '

CALL

IFTRAN = }

RETURN

END
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§1RISHEUPUGU°F1-SRVE

I SUBROUTINE save
2 t
3 ( OVLRLAY PRUGRAM TO SAVE MASS, STVIFFNESS, aAND REUWUCING TrRANSFORMAT IR
4 ¢ MAIRJICES ON FUHMA LIBRAKY TAPE.
5 C DEVELOPED BY WA BENFIELD, FEBRUARY 1574+
& ¢
7 C Da'titlgdIttqaygaubﬁﬁd-ungn.ol;coaﬂ.Qltll¢¢i-aOﬂltiliﬁtthtttdlobil.ct
4 C  INPUT DATA READ [N THIS PROGRANM. ,
¢ C NAMEM s NAMEK yNAMET FORMAT (3Ae)
1g C RETWRN
i1 <
2 C DEFINITIUN OF InPUT VARIABLED.
13 C 'NaMEM = NAME OF MASS MAYRIA TC USt ON FOgrMA TAPES
14 < = &n s MASS 15 NUT wRITTEN UN FOGRMA TAPE.
15 ¢ NAMEK = NAME OF STIF MATRIxXx TU USE ON Fuxea TAFEs
16 ¢ s bn y» STIF I5 NOT wRITTEN UN FGRMA TAPE,
17 € NAMET = NAME OF TRANSFORMATION MATRIX TG USE On FOURMA TAFE.
Ls C = bH s TRANSFORMATION 15 NOT nRITTEN ON FORMA TAPE.
ly C _ ' ' :
24 COMMON ¢ BTAPES /7 NUTHS  HUTKSHUTTS
21 COMMON 7 RESTAP / NRSYTI
22 COMMON s RTRaNS / IFTRAN
£3 C
24 _ DIMENSION V (15080}, LV(15000)
25 &
24 DATA KV / 153500
27 UATA NITs NGT 7 54 & ¢
28 C
29 el Furmal (l12As).
an d
31 READ INIT,1030) WNAMEM HAMEK NAHET
3z IF (HAMEM oNEs ONH } CALL YWTAPE (NUTHS  WAMEM VLY eKVINRSVI L)
33 LF (NAMEK +NEe &H } CALL YWTAPE (WUTKS NAMEK,V,LV oKV NRSVT )
34 IF (IFTRAN oEe O oAND. NAMET oNE. &H } CALL YW/[APE (NUTTS,
s » NAMET yV LV, KV NRSVT])
35 CALL LTAPE {NRSVT))
37 RETURN
3s END

WPRT FleSUBSTR
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SIKISnPDTODOF 1 +SUBSTR

! SUBROUTINE SUBSTR

g E OVERLAY PROGRAM 70 COMBINE SUBSTRUCTURE MASS AND STIFFNESS WATRICED

4 C TUGETHER. .

5 C GEVELOPEL BY wA gENFIELDe FEBNUARY 1974

& ¢ ' - .

7 C LR I A L L T L I Y Y S 2322222 RS YRS R AR R AR R R A2 2 2 2 0 e

8 ¢ INPUT DATA READ IN THIS PRUGRAM.

9 ¢ NSUBS FORMAT (104,15}
in C NR FORMAT (10X,15)
It L NTRAN FORKAT (ag)
1z < LU 3G K=l,Nsyas
13 C NSRC ‘ / ‘ FORMAT (i{0X,1i51}
14 C CaLlk YREAD (MASS MATRIX) ’
1s C 30 CaLL YREAD (STIF MATRIX)

1 C IF (NTRAN +Eys OHTRANS ) CALL YREAD {TRAWS MATRIX)

17 ¢ RETURN
iy e
1y € DEFINITION OF INPUT VARIABLES

¢ ¢ NSUBS = NUMBER oF SUBSTHUCTURES TO BE KEAD [Na
21 C KNR = NUMBER OF ROW=COLS IN TOTAL MASS<S5TIF MATRICES.

22 C NTRAN = OPTION TO READ jN TRANSFORMATION MATRIK,
23 d = 6nTRANS + TRANSEQRMATION MATRIA 1S READ INes
24 ¢ = SHNOTRAN, TRANSFORMATION MATRIXR S NOT READ [N,
25 C  NSRC = START gOW=COL T0 ASSEMplLE SUBSTRYCTURE INTO.
28 4
27 COMMON ¢y BTAPEP / KNUTHP NUTKP NUTTP  NUTLIP NUT2P NUTIP  NUTHP NUTGP
28 _COMMON / RTRANS / IFTRAN
29 C
6 DIMENSIUN V{jQOO0}, LY(1000G)
31 DIMENSION Fvi¢30C0)
az ¢
33 UATA NIT, NOT / Sy 6 /
34 DATA KY /7 14000 /
35 bata Klv ¢ 3pl0D /
36 <
37 131 FORMAT (&(10X,15))
kYA 1002 FURMAT (12A6)
39 <
40 ¢ KREAD NUMBEK OF SUBSTRUCTURES TU CUMBINE TUGETHER.
41 READ (NET,lgQl? NSUBS
4 ¢ : :
43 C  ReAD NUMBER OF ROW=COLS IN FINAL MATRIK, AND [F TRANSFORMATION wibk{
4 4 C BE InPUTs
4g READ (HIT,ipg1) NR
46 READ (NIT;lpga} NTHAN
47 CALL YZERO (NVTMP,NR,NR)
Gy CALL YZERD (NUTKP MR ,NR
49 0o 39 K=1,wsyuBS :
Y, ¢
51 € READ STHRTING ROW=COL NUMBER TU ASSEMBLE SUBSTRUCTURE InTO,
52 READ (MIT, 00317 NSRC
53 IF (NSUBS sEWe 1 «ANU, NSRC JEWe () GO TO 490

Ca {0 =), NR
16 IV)(1) = NSRC ¢« I ~ 1

(LI P
[« S T
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57 ¢ REAU SUBSTRUCTURE MASS MATRIXA.
58 CALL YREAD (NUTLP,V,LV, KVnUTZE)
59 CALL YREVAD (1 eQyNUTIPyIVLIalvL aNUTMP oV LV KV NUTZ2P ) NUTSP onUT4P
6 » NUTEP} '
¥ C
&2 C READ SUBSTRUCTURE STIFF MATRIX.
63 CALL YREARD (NUTLP,V, LV, KV NUT2P)
b4 CALL YREVAD (10, ,NUTIP, IV oIVLI NUTKPV LV KV NUTZP NUTIP NUTHP»
&5 . a, NUTISP)
6y 30 CONTINVE
&7 CCCCC CALL YWRITE (NUTKP,6HTOTSTF,V,LV KV}
-1 CCCCC CALL YWHRITE (NUTMP EnTOTHMAS VoLV, ,KV)
&y a0 Tg 52
73 40 CALL YREAD (NUTMP,V,LV,KV,NUT2F)
71 CalL YREAD (NUTKP,V,LV,KkV,nuT2P)
72 ¢ ‘
73 C READ TRANSFORMATION MATRIX (IF ANY).
74 50 IF {NTRAN #NEe. 6HTRANS )| RETURN
75 CALL YREAD (NUTTP ¥V, LV KV NUTZF)
76 IFTRAN =
77 RETURN
78 En

BPRT FleXYZEUZ
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SUBROUTINE XYZEU2
SUBROUTINE XYZJAG (NUTEL.NUTAYZ)
DIMENSION XYZ{1200,3),EUL{1200,+39),J00F(1200,6)
CIMENSIOUN TCONF1508,8),3CONS(200,9,1¢0NBL2C0%]
DIMENSION XYzB(20Q,3)EVLBL200,3)
DIMENSION RB{20D),AT120) 40120 NP INTS{20) NELEMI(Z01A01(20)
DIMENSION ANG{1D)sAKGS) LT INTGLZ)
COMMON # RATAPS / NUTEL yNUTAYZsNUTLT aNUTST yNUTHESNUTKX o NVTBX
DATA KX KSsRiprs12004250,20/
UATA PENTAYHEXA/SHPENTA (4HHEAA/
DATA NCXxoNCU/306/
UATA ANG/GHRETURNpGHFLUILD s6HEGRAVTY 6K JoHTRNGL »6HWUAD
* aHM| LI 1OoHK s&HK2 s 6HONST 7,
° ANSL /5HRQ sSHBLKM ,5HGVX  #BHGYY  4BHGVZ »5HE 2 5HNU
& SHTMAS JSHTMEM ,SHTBEN /s
* INTG/0,0/
BATA LIERO/Q.0/
Data EPS/1eCE=lby
001 FORMAT (1615
1202 FormaT (BFLD,.O0)
1603 FORMAT {8al13)
IgtL FORMAT (AB)
3002 FORMAT (5(Aé,4X))
3003 FoRWMAT (JtAB, 1043}
004 FOorMAT (415,3€10.3)
3005 FuRMaAT (515,3610.3)
Ande FORmMAT (915)
5001 FoRrmaT (10L/)
. 15Xy  2ZARADIUS UF THE SPHERE =y F1Qe3,//
a 1%  22r FLUID MASS DENSITY =, FlO.7,//
. 1s%s 220 BULK MODULUS =, Fl4.34// ‘
@ taXky 22H GVA By Fi0e3,//
. icX, 22H GVY =, FiGeldy//
* 15Xe  22H GVE =y FiQud,//
. 15X  22HBLAUDER MASS DENSITY =y F)D474//
® 15X,y  22H E ony, Fl4.3,//
* Jcky 22H NU =y Fi0o7,4//
¢ |5Xy 22H BLADDER THICKWESS =y F0.7)
5002 ForMAT (igl/)
s leKs 224 NCIR =y (5,77
¢ 5Ky 22H NRBAT =, (5
u-----w--—-----*—--u-,--u-—---—T-‘------i--—-------pnu-----—---_-
I NP UT S eesceccccceacanna
KEAQ (5,1G002) R (a6FlQ«CG}
READ (5,1002) RHOF,,BLKM, GVX,GVY GV 18F10.01
READ (5,1CG2) AMOBLD (EBLD,ANUBLLU,TBLD (aF 0.
READ 15,1001 ) NCIR,nNRBAY L1615}

A2-23
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57 ¢ CALL READ (A],NRAsHCA,1,KB) (5 OF THEM)

58 < CALL READ (R ,NRRoNCR L KkB) {4 X NRBAY]

59 C CaLL READIM {NPINTS, NMRN uCN,LlsKB) (} X (NRBAY*[ 1))

60 C CALL READIM (NELEMI ZNRE ,NCE, ) sKE) {1 X WRBAY)

61 € READ 1S,1GE2) (KOULL)} 1=j§,8PL) (5F10.0)

62 C READ (5,1002) (X0I(I),1=),NP2) - {BF10.01)

K| C 0G 298 1l=2,nREAY ‘

by < REaD 15,10021 {AGI{K) kel hF1) tsrlo,ol

&5 € 200 CONTINUE

) C READ (5,3002) ELMIDI,ELMIDZ _ (5{AbsHX})

&7 c READ (5,3002) ELMIDL,ELMID2 (5(Abs4X))

b8 o DO 5p0 11=3;NRBAYL _

&% 4 READ 15,3002) ELNID] ELniD2 : I5{AS44) }

70 C 500 CONTINUE

71 C ‘

72 C n---_"-——unm-_--—‘—---u---a-cu-'_'.G_---t-_-—-.---.-----——---&--------.
73 C

74 C EXxXPLLANAT ] OUNS mscaams==sc

75 C

7Te = AlaCOEFFICIENTS QF THE FREL SURFAcE POLVNOMIAL-

77 = RaRADIUS OF THE SPHERE,

78 c- NCIR=NOsOF CLRCUMFERENTIAL PTSe AROUND THE MODEL.

79 C= NRPAY=NO«RADIAL BAYS In THE HMODEL,

a9 C= RaRAOIAL BAY RADII ]

81 C= THETAT=TOTAL MODEL ANGLE (=180.0)

82 = NPUINTS=NCa0F POINTS ON EACH VERTICAL LINE In THE PLANE.GVECTOR,
83 C= XOuA0=S FOR FOR FHE CENTERLINE,

84 C- KOlaXaVALUES IN EACH VERTICAL LINE [N THE PLANE (NU,SNPOINTg)
8y = , (NUTELFOUINTS gnN SPHERE AND BLADDER ARE REPLACED BY ACTU,L
85 Cw CALCULATED VALVES)s STARTING FROM I[N EXCEPTING CENT.LIgk.
57 C= ELMIDIeF[RST ELEMENT{FRUM BOTTOM) FOUR THE ANNULAR SPACE 1D

8 C= ELM]DZ=LAST ELEMENTLFROM BOTTUM} FOK THE ANNULAR SPACE 1D,

89 C PENTAZPENTAHEDRON

fc o HEXA=HEXAHEDRON

91 C- NELEMIaNO.0OF ELEMENTS In EACH BAY (FLANER MQDEL) (VECTOR)

%92 C : _ : :

93 C

94 - BLADVER IS SUPPOSEL TO BE ATTACRED AT LIAMETkAL PLANE

95 C

96 d

?7 (o RHOF=MASS DENSITY QF THE FLUID

?8 C= + BLKMaBULK MOOULUS FOR THE FLVID

79 Ce GVX=GRAY[TY ACCELERATION IN A=DIRECTION

10¢ C= GVY=GRAVITY ACCELERATION IN Y=DIRECTION

101 (- GY{aGRAVITY ACCELERATION (N Z=DIRECTiON

102 (= RHOBLD=MASS DENSITY QF THE sLADODER

103 C= EBLD=YOUNG=3 HODULYS FOR THE BLADUVER.

104 C= ANUBLD=POISSON=5 RAT]O FOR THE BLADDER

105 C= TalLB=sTHICKNESS OF THE BLAWDER

10& C - :

107 CoNOTE=THE TOP ELEMENTS IN THE FIRST ANNULAR SPACE HAVE T0 BE TETRASs
108 c T ‘

109 C w-?n,ﬂﬂ-wu---wﬂﬂw-w--w,n--_----?.---ﬂ.—-ﬂﬂ--u--w-m---u--u------_-.
LI c - :
1l REWIND NUTEL

112 RENIND wUTAYZ

i13. <



114
115
i
117
18
119
123
121
122
123
124
125
128
127
128
129
1ag
131
132
133
124
13%
136
137
{36
139
140
1491
42
143
144
145
1494
L47

148

14vy
153
151
152
153
154
155
156
187
158
159
1ep
161
162
163
164
165
166

167

168

169
173

(=

20

is

AZ-25

" PI = ATANZ2{C.01=100)

RADDEG = ATANZ{1+04Lo0) /7 4540
INITIALLZE SOME VARLABLES REQUIRED

NDP = D
ND = 0
NEL = @
NELS=z O
NELB= O
NpPR= O

CaLL ZERO (XYZoKXod,RX)
CALL ZERO (XYZBsKSy»3I,KS)
CALL ZERO (EUL»KX 3 ,K¥)
CALL Z2ERC ({EULBKS,3,KS)

Lo 20 J=il,1500
0g 20 Jm=1,8

ICoNF(L;d) = @
Lo ag J=1,8

Iconstili,d) = @
fconglld) = @

HEAD IN.DATA

REaD {5,1002) R .
HEAD (5,1002) RHOF;BLKM,GVX,GVY,aVZ

READ (5,1002) RHOBLD ,EBLU,ANUBLY,TBLU
READ €5,1001) NCIR,NRBAY

WRITE (6,5001) R,RHOF ,BLKM,GVX,GVY GVZ RHOBLD ,EBLD,ANUBLY ,TBLD
WRITE (6,5002) NCIR,NRBAY

CaLlL READ LAL JNRAGNCA 1 ,KB)
CALL READ (Ru,NRR¢NCR, 1 K8)
CALL READIM (NPINTS, NRN yNCh ol KB
CALL READIM (NELEMI,NRE ,NCE, ] KD}

NCIR1 = NCIR = }

ANCIR = NCIR

ANCIRL = NCIk}

FHETAT = Pl

THETAD = THETAT / ANCLR])
NDy2 = NCIR}

NG ®» NCIRE / 2

Ngt a Nig = |

N@2 = Ny ¢

TOTAL NQOe OF FLUID FOINTS,
NTPF = 0 ‘

Do 15 K=2,NCn

NTPFE, ® NTPF o NPINTS(K)

NTPF = (NTPFoNCIR) + NPINTS(1)

POINTS IN THE FIRST anNULAR SPACE
NP) = NPINTS()) |
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171 . NP2 = NPINTS(2)

172 READ (5,1002) (X041} 4i=i4NFL)

173 " READ (5,10C2) 1X0I(l),[=i,NP2)

174 C

175 Yy = 0§

176 XBl] = R = SQRT(R#e2=Yjoea2)

177 Wi =& 040 .
178 w1 o= AL(E) + ALE2)eY] o+ AL(3)eY1we2 ¢ aliq)sy1esd + alis)eYjead
179 AT] a R + S5@guTi(Res2«Yjisaz] = Wl

180 < '

181 Yz = Ro(l)

182 XB2 = R = SQRTI(Re%2=Y2ee2)

183 W2 = De@

184 w2 = AL(L)] « AlCZYevz + Al{3)eYZ¥%a2 + altareyzeed + Alis)eYZzend
185 AT2 = R + SQATiRe®¥2=Y2e82) = W2 .

j6é C '

167 0 (11 = xBi

186 K0 (NPL) = XTI

189 Ap01¢1) = XB2

190 : Kol (nNP2Z) = XT2

191 C

192 NDPB = |}

193 C= FIRST POINT gF THE MODEL

174 HD = ND + 1}

195 JOOF{isi}) & ND

194 EUL (1+3) = (Pl/2+0) ¢/ RADDEG

197 (= ALL GTHERS IN THE FIRST BAY.

196 NOP = |}

2010 THETA = 0,0

201 . UD ug <=l NCIR

2Cz2 WDP = NDP =+ | ,

203 AYZINDP L) = X01¢1)

204 KYZ(NUP,2) = RB(i) ® COS{THETA)

20% XYZ(NDP,3) = RBLE) & SINLTRETA)

206 IF (JeNESNP [NTS{2)}) @0 TO 65

207 EULINDP 1) = ATANZUAYZ{NDP,3) XYZ(NDUP,yZ)) / RADDEG

208 EuL(nDP,2) = 0.0

209 IF ¢y +6Te 1) GO TO 82 :

21 TERM 2 (Re92 = AKYZ(NLP,2)9%2)

211 _ IF (ABS(TERM) +LTe EPS) DEG = =70.0

212 IF {ABS(TERM; +LTs EPS) GO Tu 82 i

213 TERM) = (1+0/2+0) # (Rea2 =AYI(NDP221we2) os (~0e5) »
214 # {~2:,082YZ(NDP,y2)) .

z2ls . = {AL(2) + 2.02Ai(3IXYLINDP 21 + 34QrAll%)uAYLINDP,2)%,¢
21e . + 4.00AL(5)eXYZINDP,2)4%3)

217 DEG = ATANITERMI) / RADDEG

2ls 82 CONTNUE

219 EULINDP,3) = =90.0 = DEG

220 ¢ ‘

221 NOPB = NOPB « |

222 XYzB(NDPB, LY = KYZ(NDP,IL) O

223 XYZB(NUPB,2) = AYZ(NDP,2) ' O;HGHVAL_p '
224 XYZu(NDPB,3) = KYZ(NDP,3) --POQR A,
225 EULB(NDPB,1) = EULINDP,1) ‘Qﬂ@ugqi:
228 . EuLBiINDPB,2) = EULINULP,2)
227 EULB(NDPB,3) = EULINUP,3)



228
229
239
231
232
233
234
23s
236
237
238
239
240
241
242
243
244
245
246
247
246
249
2590
251
252
253
254
255
256
257
258
259
2630
261
262
263
264
265
266
267
268

269

270
271
272
273
274
275

2746 -

277
278
2749
285
261
282
283
284

65

76

6é

75

77

7y

= 3¢]
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CONTINUE
IF (leNEell} GO TO &6
EULInDOPol) = ATANZ(XYZ(NDP w3 )2 XYZUINDP2})) ¢ RADDEG
EULI(NDP 3} & =ASIN({240e(XYZ(NDPy1Y=RY) v
(4002 (XYLINDP 1 )=R)882 & 4,08XYZ(NDP 300l +
eDeXYZ{NDP,2)v%e2)*%0.5) 7 RADDEG
IF ¢u +aTe Ny2) GO Ty 79 ‘
IF (JeEGQel s0Re JeEQan@2) GU TO0 76
ND & ND + 1 :
JOQF (NOP; L) = N
Np = ND ¢ )
JUOOF (NDP4+3) = ND
@0 Ty 79
COUNTjNUE
IF g ¢« EQs ) KD = ]
IF (g *EQe Ny2) KD = 3
Np = ND + |}
JOOF (NDP KDY = ND
Go Tg 79
CONT INVE
IF ¢J +aTs Ny2? GO0 TO 79
IF (JsEdal eGQRe JebEQenNGZ) GU TO 75
ND = ND + |
JOOF (NDF 1}
ND = ND +
JOOF (NOP,2} = WND
ND = ND ¢ )
JOOF (NDP 4 3)
G0 TO 79
CONTINUE
IF (J eNEe 1) GO TO 77
ND = ND + }
JOOF(NDP,1) = WD
ND = NLD 2+ 1
JODOF{NUP,2) = NU
GO TO 79
CONT INVE
IF {] eNEe« NPZ) KD = 2
IF ¢1 ebds NP2) KD = 3
KD = ND + 1

ND

ND

JOUF (NDP X&) = ND

CGNT INUE

THETA = THETA *¢ THETAD
CONT [NUE

kF (] ebde § oYRe [ oEWse WP2) U TO 1082
NOP = NuP = nCIR

Ml = NUP

K2 = NOP ¢ NODVE + 2

Np = NIl + 1
NZ = N2 = 1
JOGF(N2,1) = =JUOFIN], 1}

JUGF (N2,2) = JUOFINE42)

v 81 J =

bengl
Wi = NL + |}
i

HZ &= N2 =



2585%
284
287
283
289
290
291
292
2v3
AL
295
298
297
298
299
300
Gt
g2z
303
304
IG5
30s
347
308
acy
310
311
e
3ia
JiH
315
3lé
317
3is
-

Y 3s
321
322
323
32y
ags
324
327
azls
iz¢9
3idp
331
332
333
334
iis
336
337
338
33y
340
34)

lo

lg
C

81

az

83

Lpss
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JDOF {NZ231) = =JDOF{NL, 1)
JOQF(NZ2,2) = JUGFINL,2)
JDOF(NZ2,3) = «JOOF (N}, 3)

CONT I NUE
GO To 1984

CONTINUE

NOFP = NUP = NCIR
Nl = NOP

N2 = RDP + NpvZ + 2

N = Nl + |
N2 = N2 = }
JDOF (N2,1) = «JDOF(NL i)
JDOF(N2,2) = =JDOFI(N1,42)

00 JpB83 J = ) ,N@j
Nl = Ni <« 1§
N2 = N2 = 1

OOF(NZ231) & «JUOFINE,))
JUOF (N2,2) & =JDOF(N],2)
JOOF(N2,3) s JOOFINL,3)
CONT [NVE

CONTNUE

NP = NDP ¢ NCIR

CENTERLINE POINTS

NDP = NpP +

XYZINDP LI} = X0L1+1)

ND = ND + |

JOOF{NDP,2) = ND

CONTINUE

FOR THE TOP POINT (TOYCHING BLADDER)
JOOF(NOP 1) = JUOF(NUP,2)
JDOF(NDOPs2) = O

KYZBLlsl) = XYZINDPy1}
EULB(Lls3) = («F1/240) 7/ RADUEG

EULINDP,3) = EULBI1,3¢
ALL OTHER NODE POINTS STARTING FROM SECOND BAY OUTWARDS,

Do 200 1122, ,4RBAY

MPI = NPINIS{I1+1)

READ 15,10802) {AOI(K) ,Ks1 NP}

Y e gBLLI)

Xg 3 R = SURT(Ree*2ZmYee2)

W oa el '

W= ALG3) + AT(219Y + AL(3)eY®92 + Ai(4iwyes3 + AJ(GieYang
KT =2 KB ¢ SWRT(R¢a2=Yog2) = @&

XO0l¢y1?» = X8

XOI(NPL) = X7

‘UG 120 [s1eNPI \

THETA = uea



342
343
344
345
kL I
347
34s
349
359
351
352
353
354

355 -

35¢
357
548
asby
363
kY-3
b2
363
kY-X
3é5
364
367
168
3oy
370
371
372
373
74
37%

376

377
378
37¢
389
b))
kY-
383
384
a8s
3ué
387
368
a9
avyn
391
a9z
a93
394
3¥s
I¥eé
A97
398

A2-29

DO 140 J=tpsNCILR
NDP = NUP ¢ |
XYZIWPP 1}y a Xx0k(1}
XYZ(nNDP42) = RBIIII®CQS(THETA)
RYZ(NDP,3) & RB(IL)eSIN(THETA)
IF (1oNESNPINTS(II®1) } GO TO 125
EUp(NDP L) = ATANZ(KYZ‘NDP.SJ.szlNDP.zJQ / RADDEG
EUL{NDP,2) a g.0
IF (J e6Te 1) GO TU 122
TERN = (Re#2 = AYZ(NUP,2}e%2)
IF (ABS(TERM) +LTe EPS) DEG = =90,0
IF (ABS(TERM) oLTe EPS) GO To 122 ~
TERML = (heD/2+0) ® (Ro42 =XYZINDP32)992) e (=0+5) @
. (<2,00xYZiNDP,, 2 v
= LALLZ2) * 2,02Af13)aXYZINDP,2) + 3-0!A!(H3°A71(“UP9£)'¢2
* * YeQsAI(BIeKYZINGP,210%])
VEG = ATANC(TERML) / RADDEG
122 CONTJNVE
EUL(NUP,3) s =70.0 = pee

L

NDPB = NUPB + |}
XYZB(NOFB,1)
AYZB(NDFPEB,;2)
Xy2o(NDPB, 3
EvLB(NLPB, )
EULB(NDpB,2)
EULBINDPB,3)
125 CONTINUE
IF (leNEe}) g0 TO 128
EULINDRP,1) = ATANZ(XYI(NDP|3i:XfltNDPoZ)l / KADDEG
- EUL(HOP43) & =ASIN((Z24Qa (AYZ(NDP 3)ar)} /
(oD% (XYZ(NDP 1 1=RI®92 ¢ 4.08XYZ(NOP,3)eu2 +
4.08XYZ (NDP,2)2+2)9%%0.5) s RADDEG
IF (4 «6Te Ny2Y GO0 TO 139
EF (ueEla]l oURe JeE@snNGZ} GO TO 136
Np = ND ¢
JUOF {NDP,1) = ND
HND s NU '+
JODOF{NGP 433 = NOD
G To 139
136 CONTINUE
IF (4 o EQe ]} Kp = 1}
IF (J sEds Ny2) KD = 3
ND = ND + |}
JOOF (NDP KP) = ND
Gg To 1239
126 CONTINUE
IF {o +6Te NQ2) 60 TO 139
IF (JeEwel oURe JeEWeNR2T GO TC 135
ND = NO +
JDOF (NDP 41} = NOU
ND = ND +
JUOOF (NRP y2) = ND
ND = ND + ]
JOOF (NUP43) a NU
Go To L9
135 CUNTINUE

XYZINDP1)

XYZ(NUP,2)
AYZ(NDP 43}

EUL{NOR, 1)
EUL(NDP.Z’

EULINDP,D)

[ S
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399 IF (J eNEo 1) @U TO )37

400 ND = MO + |

“0 I JOOF (NDP,1) = ND .
4Gz NO & ND ¢ |

403 JOOF{NDP 42} = WD

404 GO Tg 139

4G5 137 CONTINUE

404 IF ({ eNEe NPI} KO ® 2

4G7 IF (I 9EQe NPIL} KD = 3.

464 WD a& ND « }

4Gy JOOF {NOP KD) = ND

418 139 CONTINUE

41 THETA = THETA + THETAD

412 1490 CONT)INUE .

413 IE 1] sEW@e ! JUHe 1 oE@c NP1} Gp TO0 1122

41y NDP = NDP = NCIR

415 N] = NDp

416 N2 = NDP ¢ nNpvZ + 2

4317 d

418 ‘ Ny = N} + 1

49 , Ng =2 N2 = 1}

42n JOOF {NZ241) = =JOOF(N1,1)

4z JUOF{N2,2) = JDOF(N1,2)

422 C U‘“GIN"'
423 Do 141 J = §,NWl -AL<PA'
424 Nl = Ni o+ 1 ' OFPOOR QU, s
425 NZ = N2 = 1}

424 C

427 JDOF(N2,1) = «JUOF(NL,41)

429 JOOF (N2,3) = =JDOF{NL43)

43p 141 CONTINUE

43} GO 7o lj24

43z 1122 CONTINUVE

433 C

434 NDP = NOP = nCIR

435 ‘ N = NDp

43¢ N2 = NUP ¢ NDVZ + 2

437 ¢ :

438 N i & ML ¢ 1}

43¢ NZ & N2 = 1

440 JOOF(N2,)) & =JDOFiNL, 1}

44 JOOF(N2,2) = =JDOF(NI,2)

442 C )

443 DO 1323 J = | ,NQ

g44 N) = NI + 1 o

445 N2 = N2 = 1

444 <

447 JDOF{NZ,1) = =JDOF (N}, 1)

444 JDOF(N2,2) = =JDOF(N142) -

449 JDOF (N2,3) = JUOF{N1,3) ‘1{5‘ :
458 1123 CONTINVE " %< )
451 ¢ - & q%,
452 13124 CONTINUE -‘(QQEfP
453 ¢

454 Nl = N1 + |

455 NDP = NGP ¢ KCIR



456
457
458
459
460
461
442
463
464
465
466
467
4o d
469
473
471
472
473
474
475
476
477
478
479
480
481
482
463
484
485
468
4b7

48

4ug
490
49§
492
493
49y
495
49¢
497
498
499
s03
SG1
6502
SU3
504
505
504
567
5G8
509
51c
sl
512

120 CONTINUVE
280 CONTINUE

229
210

225

230

CALL
CALL

CaLL

CaALL

CALL

WRITE
WRITE
WRITE
WRITE
WRITIN

IXYISNDP33¢3HKTZ|KXI
tEULlNDP|3|5HﬁULEH.K§l

{XYZB ,NOPB,3,4HXYLB,KS)
(EULBuNDPB.S.bHEULiﬂﬁ.KS)

{JOOF s NDP 6, 4HJDUF ¢ KX)

A2-31

BRING XYZ,XYzp AND EUL,EULB TOGETHER ALSO ADD THE JDUFE,

ta 210

i=4 s NyUPB

NOPA = NDP # ]
DG 220 J=i.3

XYZi(NDPa o)
EUL(nDPAJ)
CONT INUE

JOOF

TABLE

NDP = NUP +

NCNR
ND =

= (NPINTS

ND + |

JOOF (NRP 1)

ALL OTHER FOINTS ON THE bLADUER (ON THE FIRST BAY)

NCNR

= NCNR

a AYLBILL 4}
= EULB(I.J}

(TOP CENTER POINT)

= NUO

—chﬁ-l

Lo 230 1=tsNCIR
NCNR 2 NCNR o @
NDP = NOP *
JDOF (NDP,2)

IF {1

vaTe

IF (IsEGel

ND =

ND < )

JOOF (NDP o 1)

ND =

ND o+ |

JDOF (NDP,3)
G0 Tu 230
CONTINVE

IF {1

IF ()

P LI
IF (]

stQo
cEWa
s
cE Wy

CONTINUE

NCKNR

s NCNR

NOP = NDLDP =

N] =

NDP

i
= JOOF{NCNR,2)

Ng2} G0 TO 230

+ORe leEQeNG2) GO TO 225
= ND
= ND

1y NEo= ND o+
1) JOOF(NDP,1) = ND

Ng2? NU = ND + 1

Nw2) JDOFINDP,3) = NO

+ b = NCIR
NCIR

N2 = NDP + NpVvEd + 2

Nl & NI + |
N2 =2 NEZ = ]

JUOF (N2, 1)

JOOF (

NZo2)

Uo 231 | =
SR o=

NZ =

JOUF
JOOF (

Nl '+ 1
NZ = |

NZ, 1)
NZ,2)

<JOOF(NL1,1}

= =JOOF(N1,2)

1 NE D

= =JDOF{N141}
= «JDOF(NL,2)

(2H)eNGCIR + wPINTS (1)



513
514
Slg
516
517
Gla
-Bily
520
521
522
523
524
52%
S26
527
528
529
538
531
532
533
534
535
536
537
538
53¢
sS40
G4
5842
543
544
545
54
547
«538
E49
Y]
551
552
553
554
555
556
557
558
559
540
561
542
543
864
YT
566
867
568
569

245

240

\ . ‘ : AZ2-32

JDOF{NZ,3) = JOOF{NL,23)
CONTINUE

Nl = N1 + |
NDP = NUP + NCIR

ALL OTHER BLADVER POINTS EXCePT THE LAST ONE.
NRBAY] = NRBAY = 1}

Do 253 KKIZpNRBﬁYl

NCMR ® NCNR ¢ NPINTS (KKk+l1) & NCIR
DD 240 Im]sNCIR

NCNR = NCNR + )

NOP = NODP +

JOOF (NUP 421 = JOOFINCNR,2)

LE (] +6Te Nw2t 60 To z4Q

IF (1oEWel +ORs I«EQs NG2Z) Gu TO 245
N = ND + |}

JDOF(NOFP,]) = NU

ND = ND ¢+ |

JOOF{NDP,23) = ND

GO To 240

CONTINVE .

IF (I «EQe¢ 1) ND = ND + |

IF (] ¢EQe 1) JOOF{NDP,L}) = WD

IF {1 +E@as N@2} ND = ND + 1}

IF (I 9EQ@s NQ2) JDOF{NDP,3) ‘= WD
CONTINVE

NCNR = NCNR - NCIR

NDP = NDP = nClR

NI = NDp

Nz = NDP + Npve + 2

Nl & NI +
NZ 8 N2 «~ 1}

JOUOF(N2,1) s =JDOF(N},1)
JOOF{NZ2,2) = =JDOF(Ni,2)
DO 2411 & §,Nu)

N = NI + 1

N2 a N2 = 1

JOOQF (N2,41)

JOQF (NZ242)
JDOF (N2, 3)
CUNTINUE

=JUOF{N1,1)

=JOOF (N1,2)
JDOF(N143)

NDP = NOP ¢ NCIR
CONTJNVE

TAKE CARE OF THE LAST POINT wITH NO UegeF,
NDP = NOP ¢+ NCIR

FUR ROTATIONAL DOF AT THE BLADDER POINTS
NDP = NP = NOPB

NDP = NDP & |
00 2a0 KRK=]l ,NRBAY]



574
571
572
573
574
575
576
577
578
7%
580
561
562
583
5d4
585
SHeé
587
E8g
589
598
571
592

593

594
595
596
597
594
599
&00
60U
602
&3
a0y
605
LU&
6407
606
6G9
6l
411
&i2
613
6ly
&lh
6ib
617
blB
617
- H20
421
642
623
624
645
e

mno

C

262

2464

27¢

271

260

A2-33

Do 270 1=1eNy2

IF (1 <E@e Nu2F GU TO 264
IF (] eNEs 1) GO TC zgz
NDP = NpP + |

ND = N + |}
JOOF (NDP &1
GQ To 270
CONTINUVE
NDP = NDpP + |

ND = NUL + 1

JUOF (NP g1 a NOQ
ND = ND + 1

JOOF (NDP %) = NOD
ND = ND ¢

JOOF (NDF46) = NO
G0 Tg 270
CONTINUE

NDP = NQP + |

NO = ND + 1
JOOF (NDP s 4)
Np = ND 2+ ]
JDOF INDP,5) = NO
CONTINVE

NDP = NP = w@2

Nl = NDP

N2 = NDP + NDVEZ + 2

ND

ND

Nl = NI + }
NZ m N2 = |
JUOOF (N2,49) s JUOFIN],4)
JUOF(N2,5) = JUOF (N ,5)
JOOF (N2,86) = -JDDF(ngél

PO 271 1 = 1 ,nNu}
Nl = N1 + 1
N2 8 NZ =~ |}

JDOF(N2,4} = JOOF(NL,q)

JDOF (NZ2,6) = -JDOF(NI.é)

CUNTINUE

NDP = NUP + NCIR
CONTNUL

CALL WRITE (XYZsNDPA,3,3AXYZ,KX])
CALL WRITE (EULNDPA,3,5HEULERIRX)

CALL WRETIM (JUUF NDP4,6,49HJLDF pK X}

(.CcccLm_.,-_un-.u..-....u-p--—-u-,-..-..,-a------t-----_n-_...,_.,q---g----.,--_

C

WRITE (NUTAYZ) NOPAZNEX NOPAZNCYsNDPAZNCA
WRITEINUTAYZ) (LUDOF ([ 4l slalyNOPAI pJm [ ,NCUI
WRITE (NUTXYZ) f0 XYZ{l,Jd) o lmlsNDPA) s =1 ,NCX)
WRITE (WUTRYZ) L EUL(LsdlaimleiDPA) oY= NCK)



&27
628
629
632
&3}
632
6323
63y
&35
634
637
638
639
640
641
642
643
644
b4y
b4¢4
&R
648

649
&5

651

652
653
654
654
656
657
658
&5
&60
&6
662
663
bé4
Y-
bbb
bb7
Lbi
669

678 |

471
672

673
674

675

&74.

677
&78
679
663
681
662
4483

33D

ELEMENTS IN THE FIRST BAY
PENTAS

NJ = ]

NCOUNT = NELEMILY) =

DO 310 I=3 oNCOUNT
NJ = NJ + NCIR *+ )

NL = NJ

N2 @ NJ + 1

N3 = NJ ‘ _
M4 = NJ = NCIR = |
NG = NJ = NCR

Ho = NJd = NEIR = )

00 320 J=1.NCIRIL
NEL = NEL + )

N2 = NZ + |}

N3 = N3 + |

NS = NS + ]

Ng = N& + |

ICONFINEL )y = NI
ICONFINEL,2) = N2
FCOUNFINEL,3) = N3
ICONFINEL , 4} = N4
ICONFINEL,S) = N5
ICONFINEL,6) = Né&
CONTINUE

CONTINUVE

TETRA (TOP}
Nd = NJ + NCIR +1

NY = NJ

N} = NJ < NCIR =1
NZ = NI

NB] = NTPF + 1}
Nez = Ngl

DQ 330 I=loNCIRL

NEL o Nel +
NZg = N + |}

N3 = NZ ¢ 1§

ICONFANEL,1) = NI
ICONFINEL ,2) = N2
ICONFINELG3) = N3
ICONFINEL,4) = N4

NELS & NELS + )
ICONSINELSaL) = N4

FCONSINELS»2) # N2

1CONSENELSs3) = NI

NELB = NELE + |

N2 = Ng2 +

NE3 = Np2 + }

ICONBINELBoL) = NBI

ICONBINELB,2) = NB2

ICONBINELB3) ® NB3

CONTINUVE o

NJg = NJ = {NgiRei)

NJd = NJ = (NCIR+1) o NCOUUNT

NJI & Ny ' ‘

NJ2 = NPINTS (1) & (NBINTS (2)®NCLIR)

A2-34
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684 C= READ IN THE gQTTOM AND TOP ELEMENTS IDENTIFICATIONS.

665 READ (5,3002) ELMIDL,ELMID2
6o L= BOTTUM ELENMENT OF THE SECUNU BAY.
687 : READ (5,3002) ELMIDL,ELMID2
6B C

669 C

6%9 IF (ELMIDL sNEe SHPENTA) 60 TO 340
691 Nip = NJi T
694 . W2 = NJi ¢+ NCIR + |

673 N3 = NJZ2

694 DO 35C 1= NCIR]

695 NEL = NEL + |

696 My = NI +

697 N2 = NZd + }

698 N3 = NI ¢ |

699 Ng = NP + 1

7005 NG = N2 + 1

701 Né = NI + )

7G2 ICONFINEL L) = NI

763 ICONFINEL ,2) = N3

704 FCONF{NEL,3) = NZ

70% ICONFANEL,S) ®» N4

766 ICONF (NEL (5) = WM&

167 ICONFINEL ,6) = N5

7048 390 CONTINVE

709 NJ] = N5

7ip NJg2 = Np

711 Go Ty 370

72 340 CONTINVE

713 NL = NJL + NelIR + 1

714 H3 = NJZ « NCJR + |

715 NG = N

716 N7 = NJ2 + |

717 Lo 3460 I=laNCIRI

718 NEL = NEL + |

719 Ny = NI « §

726 NZ = NL o+ )

721 _ N3 = N3 + |

722 ' Ny = NI = |

743 NG = NS + 1

Tiu Ng = NS5 + |

725 W7 = N7 + 1

726 NB = N7 = 1

727 ICUNFINEL,1) = NI

728 ICONFINEL ;21 = N2

7% ICONFONEL,3) = N3

735 TCONFINEL %) = N#

731 ICUNF(NEL,5) = N5

732 ICONFINEL,6) & N§

733 ICONFINEL,7) = N7 ¢
734 ICONFANEL 8) = N8

735 360 CUNTINUE

7368 NJ] = N2 = NgIR

737 NJ2 = N3 = NCIR

738 370¢ CONTINUE

739 Co In BETWEEN ELEMENTS IN THE SECONU BAY (EXCLUDING TUP ¢ LUTTOM)

7HE €



390

k30

"FTCONEANEL 44 )

NCOUNT = NELEMI(2) = 2

Ni =

NI = NJZ2 + NCIER
NG = NJ}

N7 = NJ2Z + |

00 380 1=1.NcaoV
U0 390 J=)lgeNCIR
NEL = NgL + v

Ny Nl +
N2 N1
N3 N3
™ N3
NS NS
N§ NG
NT N7
Ng & N7 = |

ICONFANEL, )
ICONF (NEL ,2)
ICONFENEL 4, 3)

# aF 8% 85
LI . J

o Ot e e Gt e e

+ ¢ %

ICONFINEL,5)
JCONFENEL46)
ICONFENEL,T7)
LCONF (NEL , 8)
CONTNUE

NP = NI = NCIRI
N3 = NI = NCIRI
N5 = N5 = NCiRI
N7 B N7 = NCiRI
Ndl = N2 = NCIR
NJ2 = N3 = NCIR
CONTNUE

+

T
}

NJL + NCIR + |}

H

NCIH
NCIR

i

FOR THE LAST ELEMENT

NKOUNT = NPENTS(2)
SHPENTA) NKOQUNT =

IF (ELMID]

IF {NKOUNT
IF (NKOUNT

IF (NKOQUNT

N2
«GT

Nl = NTPF
NB3 = NTPF
N = NJL
NZ B NJZ
N3 = NJJ
Do 418 1=1NCIR
NEL = NeEL ¢ 1
fi} Nl + 1

N2 NZ
N3 N3
Ny N1
NG N2
g & NI + )
ICONFINEL L)
[ICONFINEL ,2)
ICONFINEL 3}
ICONF (NEL ,4)

W B W B

4+ b
Qub fouk i i

A

N}
N3
N2
Ny

NPINTS

+ 1 + 1
+ NCIR +

NCIR + 1

NCIR + |

1311}

NJd3 =

oLTo NPINFS (3)) NJ3 =
oEWe NPINTS (31) GO TO

NKOUNT =

NJl + NCIR + 1}

NJZ2 ¢ NCIR
RGO

1

A2-36
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798 TCONFINEL 5} = N§
799 LCONF (NEL ,6) = N5
800 : IF (NKOUNT oLTe NPINTS (3)) GO TO 395
801 HSL a N3

802 NS2 = N2

&Gl NS3 = NS

804 NS4 = WNé

805 NE} = NBL + |

80é NB2 = Ngl =

807 NE3 = N3 + |

808 NB4 = NB3 ¢ |

aug 60 Ty 397

aip 395 CONTINUVE

8l] N5l = N}

812 N52 = N3

813 NS3 =& Né

Bl4 NS4 = Ny

8is HBL = Ngl + |

gls ' NgZ = NGt = }

817 HB3 = NB3 +

§18 NBY = Npd + |

Bl9 397 CONTYINUL

820 WELB = WNELB +» 1

8zl ICONBINELB1} = NB)
822 ICoNBiNELB,;2) = NB2
823 - ICONBINELB3) ® NBJ
8§24 ICONBENELBs4) = NBH
825 NELS 2 WELS «

BZé ICONSUINELS el ) = NSI
827 ICONSENELS,2) ® NS2
82s ICONSEINELSy3) = N33
829 : ICONSENELS )4} ® NS4
83p 417 CONTINUE ;
831 IF (NKOUNT ,GTe NPINTS (3)) NJ2 a NJ2
832 ~ BF (NKOUNT  4LTe NPINTS (31} NJZ = Nu3
833 Gd TO 43D

B34 480 CONTINUE

8§35 NJ3 ® NJ2 + NC]R
836 NJ4 = NJI + NCIR+}
837 NL = nJib

838 N T NJ3

839 NS = iWJ}

840

B4} NEB v NJZ

8492 g 420 I=laNCIRY .
‘843 NEL wm NEL + ]

BHY . N} = N1 « 1}

845 N2 s N1 + 1

B4& NY = N4 + |

6497 N3 = N4 + 1

848 WS = NS5 + 1}

847 Ne = NS + |

850 Ng = N8 <+ |

851 W7 = N8 + 1

a5 . FECONFINMEL, b} = N1
853 : ICONFINEL,Z2) = N2
854 TCONFINEL,43) = N3



855
854
857
858
859
Y]
8§61
862
863
8by
565
abs
867
8éd
BoY
870
671
87z
B73
ary

875
876
877
878
B79
aap
By}
BE2
883
884
B85

88s

g8y
é88

889
£70

8¥l

892

8%3
894
895
896

B97
898

899
900
701
902

503
904

FUL
906

9G7
208

YUy

i

211

[aNa)
]

Co

420

430

HCONFANEL %)

ICONFINELyS)
ICONF (NEeL 61}
[CONFONEL » 7))
ICONFEINEL , 8)
NSl = N2

NS2 = Nj

NS3 @ N4

NS# m N3

NELS = NELS +
1CONSEINELS 1)
1CONSINELS»2)

ICONSINELS.3)
ICONSINELS s H)

NELBE = NELB «
NBl = Ml + |
NBZz = NBLl + )
Ng3d = Npd + }
NRY = N3 + ]
LCONB {NELB )

lCONpBINELBE2)
[CONpINELBs3)

JCoNBINELB e d)
CONTINUE

NJ2 = NJ3
NJ3 = NJY

CONT INVE

ALL OTHER ELEMENTS FROM THIRD TU LAST guT ONE HAY.

NBTL ® NTPF +

NBT3 = RTPF + NCIR +

NB81 = NBTI
NB3 = NBT2

NJ2 » NY2 + p
0o 500 1l=3,n
Nl = Nel + y
NB3 = NBI +

READ (5,3002) ELMIO1,ELMID2

FIRST {BOTTOM)ELEMENT OF EACH
g+ SHPENTA)

IF {ELMID) on
NaJd]l = NJd)
NJdJ2 3 N2
NJJ3I = nd]
WL = WNJJl

NZ B NJJ2Z

NaA & NJJ3

D0 520 L=1eNg
NEL = NEL + |

N = NI + |
NZ = NZ +« 1
N3 = N3 «+ |}
Nyg s Nl < |
Ng & N2 + 1
W m NI + |
FCONF(NEL L}

nNg
NS
Né&
N7
NE

g # aH

NS
NS 2
NS
NS4

- R DR e

NB

NB2
NB3

NB§

b +

NJE = NJ3 + nNCIR ¢ 1

CIR

RBAYI
cIR

CIR

NCIR

1R1

s NI

G0 JO0 Blo
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P12
913

L4

AN

F1é
917

?1a
¥l
20
92}
Ge2
923
<4
925
924
%27
928
929
?3p
931
932
f33
T3y
935

936
937
934
939
AL
941
P42
943
944
945
946
947
948
949
450
951
952
953
95 4
955
956
957
954
95¢
561
961
962
963
964
965
966
967
968

520

51C

530

540

JCONFENEL 4 2)
TCONF{NEL ,3)
ICONFENEL,9)
TCONFENEL ,5)
ICONFINEL &)
CONTNUE
NJCL = NJJY3I
NJC2 = NJJ2
G0 To 549
CUNT INUE
NJJl = nNJl
NJdJ2 = nNJZ
NJJI & NJZ2 ¢
NJJd = NJ) +
Np = NJJY

NYg = NJU3

NG = NJdJi

Wg = NJJ2

N3
N2
N4
NG
NG

H A g ua@A

NCIR
NCIR

DO 530 [=1sNCIRI

NEL = NEL +

W} 8 N1 + ]
Nz = N1 + 1}
N4 = NY + |}
NI = N4 ¢+ |
NG = NEH &+ ]
g B NS + 1|
NGB = N& + 1|
N7 = NB + |

ICOUNFINEL,1)
ICONF INEL,2)
FCONnFINEL,, 3)
FCONFINEL 4 4)
LCONFINEL ,5)
LCONFINEL 4 &)
FCONFINEL,7)
ICONF {NEL ;8
CONTINUE

NJC1 = NJJH
NJCZ2 = nNJJ3
CONTINUE

IF ¢ NELEMI([1) oLEe 2) GO0 Tu 1050

IN BETHEEN ELEMENTS ELEMENTS OF EACH
NCOUNT = NELEMICGT])

Nl
Nz
N3
N4
N
Né&
N7
N8

00 550 (=1 sNCUUNT

NJC3 = NdC2 +
Ny = NJCL + NCIR

Ml = NJLY
Ny = NJCI
Ny = NJCI
Nz NJC2

NCIR

Uy 560 u=1NCIRI

NEL = Nl +

Ny = N1 « |
N = N} & 1}
Ng = N4 + |
M3 = N4 » |

1
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ey
$7n
71
77z
%73
74
275
976
§77
e748
7%
f85
98]
982
283
FHYy
985
PB4
967
88
V-
e¥e
9591
992
993
99y
R
994
997
2948
299
1008
1041
1002
o3
1004
100%
1nGs
1007
l1p08
10u9
1gisa
igtid
iglg
igia
oLy
1g15
lote
igLt7y
igls
1019
lgzo
o2l
g2z
1023
Ip24
102%

56

550

1050

565

. .

NG = N5 ¢ )
N = NS 4+ )}
NE = N8 < |}

N7 = N& + |

ICONF INEL 1)
ICONFINEL 2]
ICONF INEL 3)
ICONF INEL;9)
[CONF INEL ;9
ICONF (NEL,6)
1CONFUNEL 7))
ICONF INEL,8)

CONTINUE
NJC] = NJCH

CNJL2 B ONJCS

CONTINUVE

CONT I NUE

N}
N2
N3
NY
NS
N&
N7
N8

IF ( NELEMI(II) okTe 2) GO TO 586
FOR THE LAST ELEMENT [N EACH BATY,

NEKOQUNT = NPINTS(II)

IF {ELMIDL oEQes SHPENTA) NKOUNT 8 NKOUNT = |

IF (NKOUNT oGTe NPINTS (1i+#1)} NJC3 = NJYCL « NCIR
IF (NKOUNT  oLTe NPINTIS (1I«1)} nJC3 = NJC2 ¢ NCIR
CLF INKOUNT  LEQe NPINTS (11+1)} GO TO g&%

Nt = NJCI '

N2 = NJCZ

N3 & NJC3I

00 570G I=1l.NCIRI

NEL = NEL +
N1 NL o+ ]
NZ N2
N3 N3
N Ni
NG N2

N3 + 1

+ & + ¢
.

Ng = .
ICONFINEL )

1CONFINEL,2)
ICONFINEL ;)
1CONF INEL 4 #)
LCONF (NEL ,5)

CICONFUNEL ,6)

IF (NKOUNT
NSE = N3
N§2 = NZ
NS3 = N§
NSE = N
GO T¢ 587
CONTINVE
NSY = N
NS2 = N3
NS3 = N§&
NS4 = N§
CONTINUE
NELS =
ICONSINELS s}

i

}

= N}
= N3
= N2
=z Ny
a Né&
z NG
LTe NPINTS (11+1)) 60 TOU 555

NELS + |

a N3
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1026
1gzy
1028
102¢
1032
1043
103z
1033
1034
ioas
1036
lgay
ln3s
1039
PR ]
ip4)
o4z
| L X
LG4y
1o4s
048
1047
1048
Ipde
054
1051
lps2
1052
Cig5Y
1055
1gse
1057
1058
1059
1069
lgs6t
lgé2
1063
1064
igss
10464
lce7
Ioée
1669
107¢
1671
Q72
1073
1074
Igc7s
1076
177
tg78
lg79
igsAn

ips1-

ig62

570

565

I1CconS{NELDSs2)
ICONSINELS )
FCONSINELS»4)
NELB = NELB +
Nl = Nl ¥+ |}
NB2 = Nel - |
Ng3 = Npd + |
NBd = NB3 + |

ICONBINELB )
ICONBINELB2)
IconNBi{NELBY3)
ICONBINELSB Y4
CONTINVE

lF {NKOUNT

IF (NKOUNT eLTe
G0 To 5890
CONTINUE

— & 0 a

NSZ .

NS3
NS Y

NB )

NB2

NB3
NBY

sGTe NPINTS (1I+10) HJCL = WJC3
NJC2 = NJC3

NJC3 ® NJCZ « NCIR
NJCY4 = NJCL + NCOIR

Ni = NJCH
Nyg = NJC3I
NG = NJCI
NB NJSC2

NEL = NEL *+ 1

Ny = NI + 1
Mz = N1 + |
N4 = N4 + 1§
N3 = NY + }
Ng = NS + 1}
NG = NS ¢ |
Ng = NB + 1

W7 = N8 + |

FCONFUNEL , 4
ICONFINEL,2)
ICONF INEL 43}
LCONF INEL ; 4)
ICONF (NEL 4 S)
ICONFLINEL @)
ICONFINEL,7)
ICONFINEL,®)

M N hda o o

NELS = NELS + 1

NSt = Nj

NS2 o« N4

NS3 = N§ + |
NS4 = N} + |
FCONSENELS s L)
ICONSINELS¢2)
ICONSENELS D}
ICONS{NELSe%)
NELEB = NELB
Nl = Npl +
NBZ = NBi =
NB3 = Npd =+
NBY = NBI + |
ICONBINELB )
IcoNBINELLB;2)

b b

- g &Hn

=
D0 590 ImlsnNCIRI

N1
N2
N3
N4
NG
Né
N7
N8

NS 1
NS 2
N33
NS4

NB 3
NB2

NPINTS

A2-41
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1083 ICONB{NELB+3) = NB3

losy IcoNB{NELB4) = NBH

(Fv]-1Y 59G CONTINUE -

lose NJCl = NJCHY

lose7z NJC2 = NJCI

lpas 5BO CUnTiNUE

logy , N8l s NBil = wCIR1

10%p NB3 = N83 = wClIR1

g%l NJdl = Nul + nCIReNPInNTS (11D
loy2 NJ2 s NJ2 * NCIReNPINTS (11+}) -
1093 500 CONTINUE

1094 L= FOR THE LAST (ONE ELEMENT) BAY,
1095 NJ3 = Ny2= NCIR

i0%s NLp = NJ)

097 N2 a NJ2

1098 N3 = NJ3

109y NGBl = NBl + nCIR

1100 N3 = Ngd ¢ polR

1101 vu e)0 L=isNCIRI

lig2 NEL = NEL + )

1103 NL = N1 + |}

1104 Hz = N2 + 1

1105 N3 = N3 + 1

1106 Ng = NI + 1

107 NG = N2 + 1

11Gs : e m NI o+ 1

1409 ICONFUINEL, b} = N}

1110 ICONFINEL,2) = N3

11 ICONFINEL,3) = N2

1112 TCONFINEL ¢%) = NN

1113 . JTCONFUNEL 51 = Né&

SRR ICONF{NEL &) = NS

li1s WELS & nELS +

1116 NS = N3

1117 ‘NSZ = NZ

1114 NS3 = iND

lyl9 NS4 = Né&

ly2g ICONSINELS L} = NS

112} IconsinNelSs2) = NS2

1122 ICONS(NELSy3) = NSI

1123 ICONSENELSs4) = NSH

1124 NELB = NELB + 1}

1125 HBl = NBL + 1

1126 w2 = NBL =

1127 NB3 = NB3 + |

1128 N4 = N3 + |

112y ICONB(NELB,3 )} = NBI

1132 ICONBINELBY2) = NB2

b131 ICoNB(INELEY3) = NB3

1132 ICONBINELB 4 = NBA

1133 610 CONTINUE

1134 CALL WRITIM (1CONF yNEL,8,4HJFLD 15001
l 135 C"'-""""---—“'“"""-‘f“'""'-""""'"f'f""’"'"""""""""""""""""""""
1136 ¢

1137 (- ARJTE FLUID PROPERTY gn TAPE (INTERLOR,
1138 WRITE (WUTEL 30010 ANe(2)

1139 HRITE (NUTEL,3002) ANg(7),ANGLTF) sANGLY9) yANEG(1] ) sANGLS)
! }
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14D WRITE {NUTEL,3503) AnNG{]1},RHOF ) ANSIZ),8LRM
L4 C= NRITE FLULD ELEMENTS oN TAPE
Lp42 Uo 455 t=2leNtl
L143 405 wRITE (NUTEL,3006) L, (ICONF(Lavisdolye)
tigg CWRITE (NUTEL,3006) (INTG(J) 9210 2)
lj4s C ” .
llqﬁ C---"*-H'-‘---ﬂ'-—-"--ﬂ------dﬂﬂ—-'T-------G--un----—‘-H--*-f-.----_-
L1147 C : '
:145 C= ARITE PROPERTY UF GRAv]TY ELEMENT ON TAPE
149 C
1150 CALL WRITIH (ICUNS(NELS,4,4HUSUR,KS)
1151 WRITE (NUTEL,3001% Ané(3)
l1s2 WHITE (NUTEL ,3002) ANG(41,AN6(9) s ANG(4) jAaNaLY) eANELY)
1153 WRITE (WUTEL,3003) Anm{l)RHUOF
1154 ARITE (WUTEL,30037 ANG(3)2GVA)ANBI4]GyY sANS(B) 1GY2
1158 C= WRITE GHRAVITY ELEMENTS On TAPE
1156 Do 710 Ll = | ,NELS
1157 L = 1 + NEL .
lisy 710 WRITE (WUTEL,3006) L, (ICONS({LI»J)vJml,4)
1159 ARITE (NUTEL, 30061 (INTGIJ) J=1s2)
IR Y-T. B < '
1161 (CCL((mmmunocasarauasrasmacsanas rroes S oo  Crfenrne e sta=
11462 C .
1163 = WRITE PROPERTY OF TRIANGULAR BLADDER ELEMENT (NCIRI) On TAPE
1164 C
1145 CALL WRITIM (ICONB NELB 9 s4HIBLU,KS)
lise wRITE (WUTEL ,3301) AnelD)
1167 WRITE (NUTEL, 30020 ANGLB)ANGLT) JANSLY) sANG(4)1ANSGIT)
IR WRITE (WUTEL ,3003) ANS(1) ,RROBLO,ANS(6),EBLD,ANS(T),,ANUBLD
1169 WRITE {NUTEL,30031 ANG(8) g TBLDsANS{9) 4 TBLD 1ANSIID)»TBLD
1178 C= WRITE BLADDER TRIANGU_AK ELEMENT ON TAPE
1171 UG 725 LI = [ ,nNCIR1
1172 L = L1 + NEL + NELS
1173 725 WRITE (NUTEL,3004) L, CICONB (L1yu)pd=1,3), TaLDTBLL,TBLD
1174 WRITE (WUTEL,3008) (INTGQiJ1 =1 ,2)
1175 IF (NELw .EQ, NCIRL) GO TO 727
1176 < ‘
V177 (= WRITE BLADDER QUAD. PROPERTY ON TAPE
V178 WRITE (WUTEL,3001) AN&LS)
1179 WRITE (WUTEL,3002) ANG(8)ANG(TI ANEGIH) JANE(4) 1ANGLG)
1180 WRITE (WUTEL,3C03) ANBU1) RHUBLUANS{&) ,EuiD,ANS(7),ANVELY
1181 WARITE (NUTEL,3803) ANS(B8)TBLOWANS{?)yTBLOANS 1D, TELD
1182 C= WHITE BLADUER “UADs ELEMENTS ON TAPE
1183 U0 728 L1 = CIR,NELGW
l1&4 L = |1 + NEL + NELS
ljbs 728 WRITE (NUTEL,3005) L, (1CONBILEsJIed=l, 40, TBLD,TELD,TBLY
1186 WRITE U(NUTEL,3006) LINTelJ) oY=l ,2)
1187 727 CONTNUE :
1168 wiklTE (NMUTEL,3C01) Anstl)
1189 ¢
V1198 D R e e T e i et D ek il bl e
119} < ‘
11%2 RETURN

1193 END



Card
Nos.
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Appendix - Bl

EXPLANATION OF

. Bl-1

INPUT TO STATIC FREE SURFACE PROGRAM

Input

Run no., cols. 1~6; name, cols. 11-28
Title 1, cols, 1-78
Title 2, cols. 1-78

Order of the polynomial, acceleration due to
gravity (in/sec?), ullage pressure (psi),

ratio of volume f£ill to total volume

'STOP', cols., 1-4

Explanation

Three cards to satisfy
subroutine "START"

Format (I5,3D17.8)

End of data
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Appendix - B2

EXPLANATION OF
INPUT FOR'DYNAMIC ANALYSIS PROGRAM

' !

Card
Nos. - Input
1-31
32 Run no., cols. 1-6; name, cols. 11-28
33 Title 1, cols, 1-78
34 Title 2, cols. 1-78
35 Users comment cards
36  "INITIL' or 'NOINIT', cols. 1-6
37 - 'GNX¥Z', cols. 1-5
38 'XYZEUL', cols. 1-6
39 Radius of the sphere, cols. 1-10
40  2x'mass ‘density, 2 xbulk modulus,
of the fluid and gravity components °
in %, .y, and z directions
41 2 xmass density, 2xYoung's modulus,.
Poisson's ratio, and thickness of
the bladder
42  Number of circumferential points and
number of radial bays in the
half space mocdel
43 Name, no. of rows, no. of cols. of
the matrix
44  The coefficients of the polynomial
45 assumed for the free surface
46  Zeros
- 47 Name, no. of rows, no. of cols. of
the matrix
48
49 bay radii
50
51 Zeros

"Format

Explanation

. Control cards (if needed)

Three cards to satisfy subroutine
"START"
Any no. of cards, the last card

must be zeros. Cols. 1-10.

Subroutine ''COMENT"

To initialize or not to initialize
the reserve tape

To call'subroutine "ENXYZ 3"

To call subroutine "XYZEU3"

" Format (F10.0)

Format (5F10.0)
(4F10.0)
(215)

Format

Subroutine "READY

Subroutine ﬁREAD"



52
53

sS4

58-70

71-81

82
83
84
85
86
87

88

89
90

91
92
93
9
95
96
97

98

99

Name, no. of rows, no.
the matrlx

Number of points on each vertical
line

Zeros

of cols. of

X-coord. of the points on each
vertical line from inside-out

Ldentification of the first and the
last element in each bay from bottom
to top

'FINEL', cols. 1-5

'"MODES', ecols. 1-5
Name, no. of rows, no. of cols.
the matrix

Zeros

of

Number of modes wanted

‘Number of modes used

Shift value for GJZ
be about this wvalue)

(convergence will

'No. of maximum iteration allowed

'PUNCH' or 'NOPNCH', cols. 1-6

"MECHEQ', cols. 1-6

Name, logical tape no., run no.
Last joint with only 3d.o.f., last
d.o.f. number

Name, ﬁOa'of rows, no. of cols. in

the matrix
Zeros

Name, no. of rows, no. of cols. in

the matrix

Column no., of rigid body ma trix
(non-zero)

Zexros

Name, logical tape no., run-no.

.Subroutine

B2-2

Subroutine "READIM"

Format (8F10.0)

Format (2(A6,4X))
Calls subroutine "FINEL"
Calls subroutine "OYMODE"

Matrix of assumed mode shapes (if
any). Subroutine "READ"

Format (10X,I5)

Format (10X,I5)

Format (10X,E17.0)

Format (10X,I5)

Option for punch output

Calls subroutine "MECHEQ" to calcu-
late mechanical equivalent

To read x, ¥y, z locations of the
points. Subroutine “READ"

Format (215)

ocation of the reference point.
Subroutine "READ"

The alements of the matrix indicate
which cols. of the rigid body

trix are non-zeros.
Subroutine "READIM"

freedom matrix.‘
"READ"

Degrees of




100
101
102
103
104
105
106
107
108
169
110
111
112
113

114-118

. Name, no. of

-Name, no. of

Name, logical tape no., rum no.

¢

Name, logical -tape no., run no.
Name, logical tape no., run no.
'PLOT', cols. 1-4

Wame, no. of rows, no. of

the matrix

"Node no. to be*plotted

Zeros

Name, no. of rows, . of cols.

the matrix
of

Name, no. of cols.

the matrix

rows,

TOWS, of cols.

the matrix
of

Name, no. of cols.

the matrix

rows,

TOowWs, of cols.

the matrix
VSTART', cols. 1-5

'STOP', cols. 1-4

cols.

in

of

of

of

of

of

Euler angle matrix
Subroutine "READ"

Mass matrix
Subroutine "READ"

Modes matrix -
Subroutine ""READ"

Option to plot the mode shapes
(NO card, no plot)

Joint numbers which are to

be plotted
Subroutine "READIM"

%, ¥, 2 location of the points
Subroutine ''READ"

Euler angles of the points
Subroutine '"READ"

Frequencies of the system
Subroutine "READ'

Modes of the system
Subroutine ''READ"

d.o.f. matrix of the system
Subroutine "READ"

Preparatory to end
End of data

Control cards

- B2=-3
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&R

NREBIR

22
23

26

57.

=RUMS ) MOBGRLHMMHEABTO4, S=RULTMOOD00,30,2000/1200

=USHER L HOXPCH

Na0026 20000000  =3RA,D

=FREE TPFs.
TASG.T  TPFRE&WF2/1/PUS/500
=ASG,T T,U,17701
=COPY 5 T. TP 6.
=FRFF 7.
=ASEH,T 1aeFaQ/1/PDS/TD
SASG, T 2oy FLO/Y/POS/IN
=ASG,T 1144F40/1/PDS/10
=ASG, T 17.+F&0/1/PUS/10
=ASG, T 13.4F40/Y/POS/ALO
=ASG,T 1. FaO/1/POS/IN
=ASG,T 15.,F40/ L/APOS/10
=ASGLT 1A . F4N/1/POS/YD
=ASG,T Y. sFaQ/1/B13S /10
=ASGT  21..F&0/1/F05/10
=ASG,T 22asFaQ/Y/POS/1D
=ASG,T 23 . FAO/LAPRS /D
=ASG,T Pl G Fan/ L/POS A0
=ASG, T PR E40/1/B0OS8/10
=ASG,T 2R FA0/1/PDS/T0
ZASG, T P2TaaF40/1/PGS/T0
=&SG1T 28t
=ASLL T 30..F4D/V/PUS/T0
=ASG,T 31a4FaG/1/PIS/LD
=ELT,TLD NATA
RilM1an PHILIPPUS
LATERAL SLOSH AR SPHERICAL
SPHERF RIGIN—=~mw 40 PERCENT Fel L
no0a000000 :
INT TP
GHNXYZ
XKY7ZENL

& .00

000228 400,00

7 12
Al 1 5 :
i 1 B 426723
1 5 N.024364
DRDOONHNOON
BB 1 12
1 1 10002
1 s} 4, 30
1 9 Taed
NOONNNNGOD
NP TS 1 13
1 1 e & 2%
O0NNNGNNON
NELFMI 1 12
1 1 4 3
000DONGHNN

’ S"lgS-P\“LTo

e

BULTMAN

BIN S-190

IT.

=0}.3%6903

A30
Ha4
4.0

ORi L
o .
ALiry
WITH MERCURY AND BLADDER
--------- G # 386.0 IN / SEC®%Z,
o
0.0 0.0
DA
0.00 1.1642764
2.00 2,75
540 Ao 20
7.5 7.9
3 “ & 3 5
3 4 4 5 5



58
539
6o
el
B2

€5
4
67

Fa

107

103
Lo
1
1z
413
1i4
115
116
uy

=
L}
O

006275

. - L] L I ]
[

O D = O WA W
[

o

un

. L] » »

e I S N ™ e T

PENTA
HEXA

HEXA

HEXA

HFX A

PENTA

HFEXA

PENTA
PENTA

HEX A

PENTA
FINFL
MONES
ITMMODE 1

. 0000000000

NI
3|
SHIFT
MAXTT
NPRDINCH
MECHED
XY Z
321 37s
XREF 1
0onnNoooonno0
JVEC 3
1 1
o000000000
JDOF
ELIL
MASS
MODES
PEDT
SURFAS 1
1 i
nDoOonONNO0DO
XY7 :
FLEL
FRED
MODFS - -

_JnnNE

START

5iIne

=END

=XQT MM20
=ADD,PL D
=PMD,PLE

# % e ¥ 3 w8 & 8 @

OO N W W W
LA

R N I N VRS )

TETRA
kX A
HEXA
PENTA
PENTA
PENTA
PENTA
PENTA
PENTA
PENTA
PENTA

1

&
15
500.0

15

—Z28RUNL40

3

-1 z

—2BRUNL4G
=Z2BRUNL40
~2BRUNTI4LD
—Z2BRUN140D

13
33 24

~Z2RRUMNT&O
—Z2BRUN1 40
—Z28RUN140
—2BRUN140D
—28RUN140

0
ATA

SRR S L S - . S S
- - L] L) - -
DD D N A - e

55

A3

.68
he6B
5.13
4.28

fo o T, T S N
[ - -
NND O D

[

104 132

B2-5

T.57
9,0
10.2
10,5
OR
(H?LGBVAl;fﬂQG_ _
“F Pogp or ALE;&
160 195 230 2645 293‘ 307J

314 .0
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i3 =FIN



