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FOREWORD

- This report, prepared by the Dynamics and Loads Section, Martin
Marietta Corporation; Denver Division, under Contract NAS8-29946, pre-
sents the technical approach and the results of a study contract for
the vibration characteristics of a liquid in a container of arbitrary
axisymmetric shape with surface tension forces of the same order as
acceleration forces (Bond Number~1). The study was administered by
the National Aeronautics and Space Administration, George C. Marshall
Space Flight Center, Huntsville, Alabama, under the direction of Mr.
Frank Bugg, Systems Dynamics Laberatory.
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1. INTRODUCTION

Knowledge of the dynamics of liquid propellant in a low Bond number
(defined to be mass density times acceleration of gravity and the square
of a characteristic length divided by the surface tension) environment is
critical to the design of certain spacecraft systems with respect to or-
bital propellant transfer and attitude control system. The proposed re-
usable Space Tug will be required to perform orbital and docking maneu-
vers with as much as 90% of the vehicle mass as liquid fuel. The effects
of the liquid mass on the control system will be significant. In the ab-
sence of normal gravity, liquid free surfaces tend to distort drastically
under the influence of relatively small disturbances. The propellant mo-
tions in low gravity may cause inefficient spacecraft operation or even
mission failure, if the motion has not been accurately accounted for in
the design of the vehicle.

Because the Bond number will be near or below unity for a large por-
tion of the Space Tug flight environment, the equilibrium configuration
of the liquid and natural frequencies and mode shapes will be primarily
dependent on liquid surface tension and contact angle. A large body of
pxperimental data have been produced on low Bond number sloshing using
drop tower techniques and at l-g using very small modéls, but there has
been little successful analytical work applicable for tanks of gemeral
shape at Bond numbers of one. This study applied the finite element com-
puter technique to the low Bond number slosh problem for tanks of general
axisymmetric shape.

The study resulted in the development of digital computer programs
for the determination of liquid free surface equilibrium shape, and lat-
eral slosh natural vibration mode shapes and frequencies for a liquid in
a container of arbitrary axisymmetric shape with surface tension forces
the same order of magnitude as acceleration forces (Bond number ~ 1) .

For the vibration analysis, a finite volume element representation of the
liquid was used.

The liquid free surface equilibrium shapes were computed for several
tanks at various contact angles and ullage volumes. One of these config-
urations was selected for vibration analysis and lateral slosh mode shapes
and natural frequencies were obtained.

This report provides documentation of the above results.
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2. TECHNICAL APPROACH
The problem was approached in two distinct steps:

a) establish the static equilibrium shape for a given axisymmetric
container subject to contact angle and ullage volume constraints;

b) given the static equilibrium shape, model the system as an assem-~
blage of finite elements and obtain natural frequencies and vi-
bration modas.

2.1 Equilibrium Configuration for a Liquid Bounded by Free Surface and
Axigymmetric Container

0f paramount importance to the solution of the low Bond number slosh
problem is definition of the equilibrium free surface configuration. We
seek a solution, for a given container geometry, such that two conditions
are satisfied. The conditions are:

a) ullage (or liquid) volume consistent with user specifications,
and .

b) 1liquid/container contact angle consistent with user specifica-
tions.

In the following sections we develop a formulation for the equilibrium
surface shape consistent with the above two specifications. The analy-
tical developments presented herein assume a geometrically axisymmetric
container subjected to an axisymmetric acceleration field.

2.1.1 Axisymmetric Meniscus Shape - Under the assumptionms listed
above, it is evident that the meniscus configuration will also be axisym-
metric. Definition of the meniscus shape can be accomplished through
examination of a force balance. Consider the annular ring cut from the
meniscus as shown in Figure 2-1.
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Figure 2-1. Force Balance on Axisymmetric Meniscus
A force balance in the vertical direction yields
2 wo{r¥dr) [sin(B}dﬁ)] -27or sinpf
oy 3 :
= (Pl—Pz) 2T r cos [E"%féL} ds . (1)

surface tensiocn

i

where o

P1 = pressure above meniscus
P2 = pressure below meniscus
r = radius
h = height
s = arc length



and it follows that
(rt+dr) (sinB cos df + cosfB sin df) - r sing

= (PI-PZ) r {cosf cos 'dzﬁ - sing sin d—zﬁ) ds
——= .
For d8 small we have
sin df =~ df
cos .dﬁ ~ ]

and Equation (2) becomes

(rtdr) (sinf + cosf dB ) - r sinf

= (Pl-PZ) r (cosf8 - sinf ’d?ﬁ) ds

or . .
48 . o, dr _ (P -P
r cosf o+ sinf as 1 2} r cosf

-

where second order terms have been neglected.

Introducing
1
sing = cdl_l; = h
cosf3 =—§'§' = r'
2 u
cosp 22y
ds
yields
) i ] . - P ~P
rB' cosp + r' sinf 1 "2)r cosp
r ‘
or

rh'" % ' h' = (Pl—P2> rr'

o

(2

(3

(4)

(5)

(6)



and finally, we have the differential equation for the axisymmetric
meniscus® as

é% (rh") =(P1'P2) rr’ . (7

[r2
A second differential equation arising from the geometry is
CREERCORIEE @)

a) Liquid Below Meniscus

For a free meniscus with liquid below (Figure 2-2) we have

Py =%

- Py - o i
P2 PL Ly pgh = liquid pressure

ullage gas pressure

L[}

S
]
M
]
-

i

liquid density
g = acceleration

Py, = liquid pressure at origin

Figure 2-2. Meniscus With Liquid Below

* This is exactly the result presented in NASA SP-106, H. N, Abramson,
editor



and the governing differential equations are

rh' + r'h' = rr? (PG'.PLO + pgh)

o

(9)
@2+ mn?=n

b) Liquid Above Meniscus

For a free meniscus with liquid above (Figure 2-3) we have
P1 = PL Py,

b =P

- pgh = liquid pressure

ullage gas pressure

- T
Figure 2-3. Meniscus With Liquid Above
and the governing differential equations are
rh” + r'ht = -rr! | Tg FL,Y Pgh
o (10)

2+ )% =1

2.1.2 Yolume Contained Within Meniscus - With reference to Figure
2-1, it is seen that the volume of liquid (or ullage gas) contained within
the boundary of the meniscus can be represented as

dv = rrdh - (11)



or v' = ‘n'rzh' C(11)

and when h'> 0 then V'> 0
and when h'< 0 then V'< 0
so that for
a. liquid below meniscus V'> 0 is ullage volume
V'« 0 is liquid volume
b. liquid above meniscus V'>0 is liquid volume
Vi< 0 is ullage volume

2.1.3 The State Equations -~ Definition of the applicable set of
state equations follows from Equations (7), (8) and (11). We have

rh" + r'n! =( l-P2) rr'!

o
r'r" + h'h" =0 (12)

V' = =rlh’

with P1 = PG

o
"

PL, ~ pgh for liquid below meniscus,

and P1=PLo - pgh

P2 = PG for liquid above meniscus.

We now define a set of state wvariables as

¥ r
h h'
Y =4r'p ; ¥ o= {" (13)
h’ h"
V/-n— Vr/‘rr

and the governing state equations become



th" + r'h' = (A +.Bh) rr'
r'r" + h'h" = 0 ' s

Vr = rzh'

with A= (PG-PLO)/G'

B = pgle for liquid below meniscus,
and A = (PLO—PG)/c
B = ~pglo ' for liquid above meniscus.

The system governing state equations follow as

Yi = ! = Y3

Y, =h' =Y,

Yé =" = -Y, A+ BY, - Y4/Y1)
Y& = h'" = Y3 (A + BY, - Ya/Yl)
Y =-Yi Y,

subject to the initial values

YI(O) =0 Y4(O) =0
¥, (0) =0 YS(O) = 0, (16)
Y3(0) =1

The equations can be integrated using a numerical procedure to yield a
trajectory which defines (for specified values of the coefficients A and
B) continuocus values of h, r and the contained volume V. The apparent
singularity at the origin occuring in the 3xd and 4th of Equation (15)
can be resolved through application of L'Hospital's Rule.

2.1.4 Definition of the Container - The development to this point
has considered only the axisymmetric meniscus shape without regard to the
nature of the container. For purposes of this investigation, it will be
convenient to describe the container geometry as shown in Figure 2-4.
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Bond No, = B =
o

Figure 2-4. Container Geometry

2.1.5 Definition of the Contact Angle - Consider the fluid free
surface jintersection with the container. Using the usual definition of
contact angle {i.e., the angle between the container and the f£luid surxr-
face measured through the fluid) we can establish a measure of the con-
tact angle through examination of Figure 2-5. We define¥®

dr .
tany = —= =71
ch sza c
— i T
tan ¢ = rffo _
- X‘Xa
dX
'=—£=i . = ¥
where Xf 1 e (X; + h) h

% The subscripts f and ¢ refer to fluid and container, respectively;
the subscript a denotes the fluid/container intersection point.
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Figure 2-5. Contact Angle Geometry

and, with reference to the figure, it is evident that the contact angle
is

g = a7 (17)

2.1.6 Implementation - The digital computer program to define the
static equilibrium shape runs in one of two distinct and independent
modes of operation. The mode selection is controlled by the Boolean
input control variable SEARCH. If SEARCH is input as .TRUE., the search
mode is selected; if SEARCH is input as .FALSE., the survey mode is se-
lected. The same program is used in both cases, however, the input re-
quirements and the outputs obtained are different enough to justify
sgparate discussion of each mode.

2.1.6.1 BSurvey Mode - While developing and checking out

what is now the search mode, it was found to be quite difficult, in
many cases, to supply the program with initial values of the iteration
parameters, A, and Xj, sufficiently close to the desired values to guar-
antee convergence of the solution algorithm. (A complete discussion of
Ap and X; will be found in Section 2.1.6.2.) This difficulty is espe-
cially severe prior to the user obtaining any computational experience
with a given container. In other words, the user thinks of the problem
in terms of contact angle (8) and ullage volume (Vy) but the solution
algorithm developed from the differential equations derived in Section
2.1.3 requires Ap and Xj to effect a solution. Therefore, the survey
mode was developed and incorporated into the program to assist the user
in generating a mapping, or a transformation from @, V,; coordinates to
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A,, X; coordinates. It is strongly recommended that the user take ad-
vantage of this feature before attempting to arrive at a specific solu-
tion via the search mode.

The survey mode operates by cycling through a user specified range
of the two iteration parameters producing a table of 8 and V, vs X; for
each Ag. On option, the table may be plotted, three plot frames (8 vs
X;, Vo vs Xj, and 6 vs Vy) for each A,. This procedure may need to be
repeated several times with different ranges on Ay and Xy to obtain the
desired degree of correspondence but is inexpensive compared to running
the search mode blind with trial and error initial values. Given this
survey data and a desired 8 and Vy, the user can interpolate and/or cross-
plet to obtain good initial values of the iteration parameters for input
'to the search mode.

Specific input requirements for the survey mode are given in Section
6.2.1.1. A sample of the tabular printed output is shown in Figure 3-1,
and samples of the optional plotted output are displayed in Figures 3-2
through' 3-5.

2.1.6.2 Search Mode - The solution algorithm as encoded in
the search mode of the digital computer program consists of three phases:
input and initialization, iteration, and output of solutiom.

The input and initialization phase reads input data in NAMELIST
format (as Ffully described in Section 6.2.1), performs several checks
on the consistency of the input data, computes required constants, and
initializes certain variables. '

The iteration phase performs the computatioms required fo arrive
at the coordinates of the free surface static equilibrium shape. The
four nested loops which comprise the iteration phase logic are, from
inner to outer, the integration loop, the X loop, the A loop, and the
main loop. The main loop is entered with current values of Ay, AAg,
X, AX;, and the direction of search in the A coordinates (as denoted
by the variable SGN) and control immediately falls through to the A-
loop. In the search mode, the A-loop is repeated at most twice for
each entry from the main loop. The A-loop increments the current Ay
by AA, in the proper direction (A=A,+SGN« AAg), initializes the state
vector and other data associated with integration of the state equations
(Section 2.1.3) and enters the integration loop.

The integration loop uses the Runge-Kutta-Gill numerical integra-
tion algorithm to integrate the state equations, saving the r,X coor-
dinates of the free surface trajectory obtained. The integration loop
exits on any one of the following conditions:

a) the trajectory passes through the maximum radius of the con-
tainer, r>Rpax; :

b) the trajectory passes through the axis of symmetry of the
container, r< 0;
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¢) the trajectory passes through itself, dr/ds>0 and dX/ds<0,
or dr/ds< 0 and dX/ds>0, where s is the arc length coordinate.

These conditions are monitored by the Boolean function GOBACK and the
loop is exited with the curfent trajectory in the array SOLN.

Upon exit from the integration loop, initialization is performed
for the X-loop and the X-loop is entered. The X-loop is repeated the
number of times specified by the input variable NX for each entry from
the A-loop. 1It's function is to search each Xj in the range X+h(NX)y¥AX
< X; < X-5(NX)*AX; for an approximate value of the error function, ¥

= - 2 - 2
Whgre 4 [(Vucurrent vudesired)lloo'] + [Igcurrent gdesired)/lsoJ ’

less than the current value. If a smaller error is found, information
identifying the current solution is saved and the loop is repeated until
completion. Upen completion of the X~loop, one of two conditions exist:
either a better solution was found, or a better solution was not found.
1f a better solution was not found, control passes to the top of the A-
loop and the process is repeated for A=A,-SGMxAA;. If no better solution
is found on the second pass, the presumption is that AA, and 4% are too
large; they are halved and control passes teo the top of the main loop for
a new search about the same A, and Xi as before but with smaller values
of AAp and AXj. '

If a better sclution is found upon completion of the X-loop, an
accurate value of is computed for the current solution, and, if ¥ is
greater than the input tolerance, EPSC, A, is set equal to A and control
passes to the main loop for another search with no change in direction.
This procedure is repeated until either convergence is established
(¢ < EPSC), in which case final output is generated, or until A4, be-
comes less than a prescribed tolerance (currently 10-3 times the initial
input AAg) in which case the message HALVING LOOF ,EXECUTION TERMINATED
is printed and control passes to the input phase for the next case, if
any.

Final output consists of tabulated values of the free surface equili-
brium shape coordinates R and X as well as values of R', X', and incre-
mental ullage volume V¥,

2.1.6.3 Container Definition - In order to provide the maxi-
mum f£lexibility in specifying a container shape, it was decided to impose
on the user the burden of writing a FORTRAN subroutine called CAN, with
entry points RCAN and RCANP. RCAN is passed a value of X as an argument
and computes the corresponding value of r. RCANP is passed a value of X
as an argument and computes the corresponding value of dr/dX. The version
of CAN presented herein (Section 6.1.1) computes these values for the con~-
tainer selected for the vibration analysis demonstration problem and can be
used as a model for other containers. '
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2.2 Mass and Stiffness Matrices

Mass and stiffness matrices of the complete structure (only fluid
is used in this study because the tank wall is assumed rigid) are cal-
culated using a finite-element approach. In this approach, a continu~
ous structure is assumed to be composed of simple, small structural
elements such as tetrahedrons, pentahedrons, and hexahedrons for the
volumetric fluid elements and triamgles and quadrilaterals for the
surface elements (both gravitational and surface tension). The deri-
vation to obtain the finite element mass and stiffness matrices is
based on kinetic energy and strain emergy principles, respectively.

The kinetic energy for a complete structure may be expressed as

T = %’[fﬁ(x, Y, Z) 52 (X, ¥, Z, t) dX aY 4z (18)

where T

It

kinetic energy

p = mass density

3 = time rate change of deflection
t = time

X, Y, Z = global coordinates

The difficulty in integrating equation (18) is expressing the deflection

8§ (X, ¥, Z, t) as a continuous function over the complete structure. In
the finite-element approach, however, this apparent difficulty is eircum-
vented by idealizing the structure to be comprised of many small structural
elements for which 8§ (X, ¥, Z, t} can be expressed as a continuous function
within the element boundaries. Thus, the expression (18) is wvalid for each
of the finite-elements 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 = ZTi | (19)

where i refers to one particular finite element "i".

The common junction of finite elements is denoted as panel points, nodes
or joints. Joints will be used here. The deflection &(X, ¥, Z, t) is
easily expressed as a simple function of the joint deflections. These
element joint deflections are then generalized coordinates or degrees of
freedom of the complete structure.



15

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

in a convenient local coordinate system and then transform it to the
global coordinate system. The technique is outlined here:

T, = % {I;L(t) }rf [mL] . {I;.L(t)} : | (20)\

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

cussion is deferred till later.

{ﬂL(t)} ;T the time rate of change of the joint deflections of

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

The deflections in the local coordinate systems are related to deflections

in the global coordinate directions by a transformation matrix, [Y]i of
direction cosines. Thus,

{hL(t)} (= [v1; {hG(t)} . (21)

where {hG(t)} . = the joint deflections of finite element, i, in the
global coordinate system.

Using equation (21) in equation (20)

Ty =% ;f‘G(t)} 1 (o] ; {flG(t)} i e
Shere [ve] . = [}ﬂf [mL] Dﬂi (23)
1 . i

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 (19).

The development of the finite-element stiffness matrices is gimilar
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= ZU:L (24)
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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,

o =5} [] i {hL(t)}i - (25)-.

directions for finite element, '"i"., This stiffness

matrix is obtained by integration using an assumed
displacement function. This will be discussed later.

where [FL] = the stiffness matrix with respect to local coordinate
i

{hL(t)} = the joint deflections of finite element, i, measured
i in local coordinate system.

The same transformation matrix, [Y]i, which was used in equation (22)
is used. here to relate the deflections in local coordinates to deflections
in global coordinates. Substitute then to give

U, =3 {hG(t)} : [KG] . {hG(t)} i (26)

where [KG] . = [Y]i [KL] - [ (27)

1 1

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 joints to be
different than that of global X, ¥, Z directions.

2.2.1 Surface Tension Finite Element - The basic surface tension
element is a triangle; quadrilateral elements are formed by taking the
average of the four overlapping triangles created by the diagonals.

For each triangle element, a local Cartesian coordinate system is -
defined such that vertex 1 is at the origin, vertex 2 is on the positive
x~axis, vertex 3 is in the positive y direction as shown below.



Figure 2-6. Triangle Coordinate System

The displacement field, in the normal direction {2z}, is chosen to
be. compatible with the triangle gravity element and the tetrahedron fluid
element and will be linear of the form

w=a+tbx+tcy (28)

The coefficients (a, b, ¢} are eliminated in terms of the 3 vertex dis-
placements (wy, wg, w3). '

The mass matrix for the surface tension element is zero because
there is no contribution of this element to the kinetic energy of the
total system.

The stiffness matrix for the surface tension element is obtained
as follows. Surface energy is associated with the liquid/vapor inter-
face and the work done by the external liquid molecules to extend the
surface. To simplify calculations, a hypothetical tension that acts
in all directions parallel to the surface is substituted for the sur-
face energy. This hypothetical tension is generally termed "surface
tension'. Surface tension has the same dimensions as surface energy
per unit surface area, and it must have the same numerical magnitudea
The concept of liquld surfaces behaving like a stretched membrane must
not be misconstrued because surface energy is the fundamental liquid
property and surface tension is merely a mathematical equivalent. The
derivation given here is similar to that given in Reference (2) under
Flexure of Plates with Simultaneous In-Plane Forces:

The effect of the normal deflection, w, is to intreduce additicnal
in-plane strains. Considering the figure (2-7) below, if points A and
B move vertically, then the original length Ax becomes

%(Ax)2+ (g—fz Ax)ZE % . ‘ (29)
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1+ % (g—‘-;)z+ E (30)

]

1

]

I

!

A |
X |

S
ENE

Figure 2-7. In~Plane Strain Due to Normal Deflection

The extension of the plate is then (neglecting higher order terms)

uv=3% Ax Qw : (3D)
2 a_x
and the in-plane strain (u/ ax) is
Ay \?
= 1 —_—
€ x z ax (32)
Similarly, in the y direction,
dvw \ 2
=1 | S¥ )
°y T % \ 3y (33)

The in-plane strain energy thus becomes

= S} 2 2
USt = -l/sz 0'% a—g + %;—‘: dxd'y (34)

Where o is the coefficient of surface tension. Noting that the slopes
are related to vertex displacements, we may wWrite

= [c]{s} | (35)

wilg i
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where

{S}T = [Wl’ Wy w3] | : (36)

and [G] ig a differentiation matrix.

The potential energy for the element becomes

-

Ust = {SET [Kst] {8} (37)

where [Kst] is the stiffness matrix for the surface tension element and
is defined as

[Kst] - uff [¢1" [¢] axdy (38)

Using the linear displacement function of Equation (28)
a
v= [Lxy]|b (39)

c

To evaluate a, b, ¢

Wl 1 0 0 a
w2 = 1 X, 0 b (40)
Vg 1 X3 Vs c
{s} [4]
From which
a
-1 .
bl = [a] “{s} | (41)

c
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where
1 0 0
-1 . _
[a] = | -1/x, Ux, 0 (42)
(x3vx2)/x2y3 -x3/x2y3 l/y3
w= [ x y] [817" {5} . 43)
Now

BW "'1- 8
ax o 1 o] [a] " {s}
= 44)
dy ¢
- 0 0 1
ay .
By comparing the above equation with Equation (35), we see that
-y y 0
- L 3 3
[G] T 2A (45)
X3'X2 'X3 Xz
where A = % %, ¥q (the area).
Then from Equation (38)
K = oa [6]7T [e]
st
_ 2 82 2 _ o\
T 4A ¥y ¥ (%)) ¥y © Xy (xgmxy) |oxy Gegmxy)
_ 2
%, (xj-xz) X, %4 x5

2.2.2 Gravity Finite Flements - The basic gravity element is a
triangle; quadrilateral elements are formed by taking the average of
the. four overlapping triangles created by the diagonals. This element
uses a linear displacement field (W) that is boundary conformable.

The mass matrix for the gravity element is zero because there is no
contribution of this element to the kinetic energy of the total system.



21

The stiffness matrix for the gravity element is obtained by expres-
sing the gravitational potential energy in terms of the vertex displace-
ments as

u =%"% % T (F-73) ds (47
& area _
where Ué = gravitational potential energy
A = unit outer normal
€ = a unit vector parallel with the gravity vector g, but of

opposite sense, i.e., = -g/g

A noteworthy observation can be made with reference to the gravitational
potential energy expressed in Equation (47). We note that since we have
a boundary conformable element, -the surface integrals such as Equation
(47) will all cancel each other throughout the interior of the fluid in

a container, since T on common element boundaries is equal and opposite.
Thus, the gravitational potential energy will depend only on displacement
coordinates at the boundary of the entire volume of fluid (the free sur-
face and the wetted container wall).

Notice also that for a rigid tank, W + T is non-zero only at the
free surface where & = n; thus,

U =3%pg f W - ﬁ)z ds, (48)
& Free
Surface

a much more familiar expression than that of Equation (47).

2.2.3 Fluid Finite Element - The basic fluid element is a tetra-
hedron; pentahedron elements and hexahedron elements are synthesized,
simply by placing six and ten overlapping tetrahedrons together, re-
spectively and averaging the result. The averaging is carried out to
eliminate the bias, if any.

For each tetrahedron element, a local Cartesian coordinate system
iz defined se¢ 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 2-8).
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Y
e

Figure 2-8. Local Coordinate System for Tetrahedron Element

This element uses a linear displacement field (constant strain)
that is boundary conformable. The displacement field throughout the
element is expressed in terms of cocordinate locations and appears as

W(x, y,2, t) =3, t3; x+3,y +3a, z (49)

o 2 3

The coefficients @, (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 as

T=32'j[ W oo W pdv (50)

Vol

where T kinetic energy

w o= +a + 3 +7a
W a ta;xta, yta

mass density

3Z

1

p
This gives rise to a (12x12) mass matrix.
The stiffness matrix for the fluid element is obtained by expressing

the volumetric dilatation strain energy in terms of vertex displacement
coordinates as

Uy = % f k8% dv (51)
Vol

Q
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where UD = yolumetric dilatation energy

K fluid bulk modulus

8

[}

volumetric strain

2.3 Vibration Analvsis

Two methods are included in this study for the solution of the
eigenvalue/vector (i.e., frequencies/mode shapes) problem. The first
method uses a Jacobi technique and is documented in Reference 3 in the
description of Subroutine MODEl. This subroutine is used to calculate
frequencies/mode shapes for small and intermediate size problems (ap-
proximately 120 DOF on a computer with 65000 core}., No descripticn of
the method will be given here because the use of this subroutine is
straightforward.

For larger size problems, a second method of calculating the fre-
quencies/mode shapes is included. This is the iterative Rayleigh-Ritz
method which is described in References (1) and (4). In this method,

a large problem is reduced to a smaller problem in a particular fre-
quency range. Mode shapes are initially assumed and then by the itera-
tive technique are improved until they converge to the normal vibration
modes of the structure. Because the iterative Rayleigh-Ritz method is
not as straightforward as the first method described above for smaller
size problems, the iterative Rayleigh-Ritz method is briefly described
here:

For a discrete coordinate model of a structure having n degrees of
freedom, the equations of motion can be written as

[M] {n} + [K] dn} = o (52)
where {h} = {h(t)} vector of discrete coordinate displacements,

It

(4]
(k]

~Lf a solution of the type {h} = {h e , lmplying a simple harmonic
motion is assumed, equation (52) can be written as

mass matrix

I

stiffness matrix

(- 00) i} - o) ‘ (53

Equation (53) is recognized as a matrix eigemnvalue problem of order n,
whose eigenvectors [ @ ] are the mode shapes and whose eigenvalues [FoZ]
are the frequencies. A complete sequence of trial vectors
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L I 4 P L B v (54)

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

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

fnp = [V] {4} h | (55)

(nx1) (nxm)  (mx1)

Substitution of Equation (55) into (53) and multiplying by [v] T gives

(0] - o2 [#]) fa} = {0} | (56)

where

&) = [V]T [K] [V] s7)

and
(] = [v]© [m] [V] (58)

Equation (56) is a matrix eigenvalue problem of reduced order "m'"" whose

eigenvectors are Db*] and eigenvalues are Eb J . The solution of
equation (56) has the forxm

fa} = [o*] {d*} .(59)

where q*! is the normalized coordinate vector. The eigenvalues,

[w2] , approximate the first "m" eigenvalues of the original structure.

The associated eigenvectors [ﬁ] of the original structure are obtained
by substitution of Equation (59) into (55), yielding

fny = vl [e¥]  {a*d
(nx1) (nxm) (mxm) (mx1}

‘or

{n} = [t} | | | (60)
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where

[e] = [V] L[] e

The accuracy of the mode shapes [@ and frequencies [m%] obtained
depends entirely upon the trial vector ] . If |V} contains the true
modal patterns, then the eigensolution for[d{] and m%J'ére 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 vectors [V] do not

have any contribution from modes higher tlan "m". Thus, an improved set
of trial vectors can be calculated by suppressing the contribution of
higher modes in approximate mode shapes. The procedure 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. MHere, however, the method is applied to all modes simultane-
ously and is given as,

[x] [v] = [M][=] - (62)

The solution is carried out for [V] , which is then used to repeat equa-
tions (56) through (62). The cycle can be repeated until all the mode
shapes D@] and frequencies ¢ have converged to within a prescribed
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 ap-
plicable. The role of the eigensolution (equation (56)) is to prevent
all modes from converging on the lowest 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:

a. the initial mode shapes assumed to start the iteration process,
b. the number of modes- used,

c. the repressicn of higher modes, and

d. shifting. '

a. 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 [Mﬁj = [VJT [M] [V]
may be ill-conditioned if the columns of [V are not sufficiently inde-
pendent. It does not appear that there is a way to guarantee that the
above two conditions will be met with any selection of [VJ , however,
the chance of them occurring can be minimized with some judicious se-
lection of the vectors. TIf the elements of the vector or of matrix [V]
are randomly generated, it has been found that the chances of the above
two conditions being violated is very remote.
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b. MNumber of Modes Used ~ An increase in the number of modes used
will, in general, decrease the number of iterations required for conver-
gence. However, if more modes are used, the computer time for each
iteration will increase because of the increase in sizes of the matrices
used. Determination of the optimum number of modes to use requires an
empirical assessment.

c. 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 [V] 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 contributien from the higher
modes in the approximate mode shapes at each step. This is achieved as

follows.

), = k177 [ [, (63)

The subscript j denotes the iteration number. If this iteration is
repeated sufficient number of times, modes corresponding to 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 [V] and will render

[V] T [m] [V] to be ill-conditioned. The 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.

d. Shifting - Shifting is an useful technique to speed the conver-
gence of modes whose eigenvalues are close to the shift value. An addi-
tional 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 follows.

To introduce the shift value, Ag, the quantity Ag [M] is added and
subtracted in Equation (53) to give

s \

([KJ- \ [M] - 2 [+, [ ) {8} = {o} (%
Define |
[X] = [x] - &, [M] (65)

and

A (66)
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to give

([‘KY - o [M]) {n} = {o} | (67)

T@§§ is now the eigen-problem to be solved rather than (53). Note that
is non-singular even if [K] was not.

The eigenvalues of the original system are easily obtained as
o = 0 + A 7 (68)

The convergence will be to the lowest absolute value of 02, Thus,
shifting by a value, Ag, the eigenvalues, w2, around this shift point
are converged to first.

Some general remarks on shifting follows.

1. 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 possible. However, the
shift technique alleviates the problem.

2. Specific Frequency Range - When a shift value is used, the
modes with eigenvalues closest teo the shift value will con-
verge first, which enables one to obtain the modes in the
desired frequency range only.

3. Large number of modes - By repeated use of different shift
values, any number of modes can be obtained.

4. The following observations are made based on the results of
Reference (4). ‘

a. If the lowest eigenvalues in the range m%, m%, Peers m%
are needed, a shift value of zero should
be used for a restrained structure and one for a free-free
structure,

b. 1If the modes are needed in an intermediate range, a shift
midway between the lowest and the highest expected eigen-~
values should be used.

. 2.4 Finite Element Model

After the static free surface shape has been established, the total
fluid is modeled as an assewmblage of finite elements for the vibration
analyses. Instead of analyzing the complete tank and £luid, it is con-
venient to reduce the number of degrees of freedom (and, thus, reduce
the computer time) by using a 90° sector., This 90° model requires four



28

sets of boundary conditions to completely represent the total 360° model.
This technique will be discussed in Section 2.4.1. To reduce the amount
of input data describing joint coordinate locationms, degrees of freedom,
and Euler angles along with the finite element joint numbers, a subrou-

tine to generate this data was developed and is described in Section 2.4.2.

The vibration analysis is for an axi-symmetric tank with rigid walls
as shown in Figure 2-9. Euler angle rotations are used to give body coor-
dinate systems normal to the tank walls and, thus, allow for fluid slip~
page tangentially and zero penetration normally. For consistency, the
""" DOF is normal to the tank wall.

X
A

Z is into paper

Figure 2-9, Tank/Fluid Geometry

2.4.1 96° Model Boundary Conditions - Using the four sets of
boundary conditions given in Figure 2-10, the complete 36Q° model is
represented. Because this study is only concerned with the lateral
"¥" slosh modes, the symmetric/anti-symmetric boundary condition was
the only condition used for the data generator.
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Boundary 1

Boundary 2 Center -
Type of Motion (XY plane) (XZ plane) c ,
. . onstraints
Constraints Constraints
Boundary 1 Boundary 2
(XY plane) (X2 plane) Allow Fix Allow Fix Allow Fix
Symmetric Symme tric 8> Sy 8 8,0 3, Sy LN L 8,
Symmetric Anti-Symmetric SX, Sy sz Sy 8 Sz sy SX, Sz
Anti-Symmetric| Symmetric 8, 8, ay 8> 3, ay 8, 8y ay
Anti-Symmetric)] Anti-Symmetric SZ Sx, Sy ay Sx’ SZ Sx’ Sy’ Sz

Figure 2-10. 90° Model Boundary Conditions
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2.4.2 Data Generation - A computer subroutine (LBDGEN) was developed
to generate joint coordinate locations, degrees of freedom, and Euler
" angles along with the finite element joint numbers. Using a drawing of
the container wall and fluid surface in the XY plane, the analyst sketches
the desired grid and obtains the joint X, ¥ coordinates and Euler angles
(at the container wall). With this information, the number of sectors
desired in 90°, and other information detailed in Section 6.2.2, the data
is generated to calculate the finite element mass and stiffness matrices
for the fluid compressibility, gravity, and surface tension.

To avoid any ambiguity of the mode number of the first slosh mode,
an algorithm to calculate the first slosh mode number was obtained as
follows. The total number of degrees of freedom is given as

NDOF =M +M + M (69)
0 g c
where Mb = pumber of circulation (zero frequency) modes, ’
M = number of slosh modes which is the number of surface degrees

of freedom,

M= number of crunch (high frequency) modes which is the number
of f£luid elements.

Because NDOF, Mg and M. are easily calculated from the finite element
geometry, the number of circulation modes ig obtained as

M =NDOF - M - M (70)
o s 1

The mode number of the first slosh mode is then M.0 + 1.

In terms of the grid sketched in the XY plane; NDOF, M.S and Mc
are given as

NDOF = NGPAX + (2*NGPCW+3*NGPIS)*NSECT
M, = 1 + (3%NGPFS+2)*NSECT
M, = NGPEL¥NSECT

where NGPAX

number of grid points on X-axis,

NGPCW

]

number of grid points on container wall (except at
X-axis)
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NGPIS = number of grid points on interior and surface (except
at X-axis and container wall)

NSECT = number of sectoré in 90° model

NGPFS = number of grid points on fluid surface (except X-axis
and container wall)

NGPEL = number of grid point elements, i.e., number of elements
on XY plane

Usage of these algorithms is demonstrated in Section 3.2.
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3. RESULTS

3.1 Free Surface Static Equilibrium Shape

The digital computer program for generating the free surface static '
equilibrium shape has been verified by running several containers in both
the survey mode and the search mode. The survey mode results consist of
tabular printout and several plot frames. The tabular printout, a gample
of which is shown in Figure 3-1, consists of values of ullage volume and
contact angle vs tank axis intercept (X) for each value of A specified
in the input data (Section 6.2.1). The asterisks indicate that no solu-
tion exists for this value of A and X. The plot output graphically dis-
plays this data in a manner intended to allow the user to visually bracket
the desired values of ullage volume and contact angle and thus provide .
good initial values as input to the search mode. Ullage volume percent
vs tank axis intercept plots are shown in Figure 3-2a; Figure 3-2b gives
the correspondence between the numbers associated with each curve and
the value of A. Contact angle vs tank axis intercept plots are shown
in Figure 3-3a; Figure 3-3b gives the correspondence between the numbers
‘associated with each curve and the value of A.

The range on tank axis intercept is XUP- AX to XLO+ AX where AX is
given by (XUP-XLO)/NX and XUP, XLO and NX are input.by the user.  Figures
3-4a and 34b show the cross plot of ullage volume percentage vs contact
angle for tﬁb,consecutive'values of A. The range of A is from ACOFO+DACOF
to ACOFOH-NA%*DACOE where ACOFO, DACOF, and NA are input by the user. Figure
3-4c gives the correspondence between the numbers associlated with each
curve and the value of tank axis intercept. All of the above figures
(3-1- through 3-4) apply to the tug like tank shown in Figure 3-8.

As an example of how to use the survey mode plotted output, consider
determining initial conditions to the search mode to find the equilibrium
shape for an ullage volume of 50% and a contact angle of 45°, For this
particular -tank, the cross plots, Figures 3=4a and 3-4b, are the most
useful. The idea is to bracket the desired point and the solutions for
A=0.05 (Figure 3~4a) lie to the left of the desired point and the solu-
tions for A=0.04 (Figure 3-4b) lie to the right. Therefore, reasonable
input values might be ACOF0=0.04 and DACOF=0.005. To determine the range
on tank axis intercept note that the desired point lies betwesen points
numbered 17 and 19 on the plots.. Referring to Figure 3-4c, point 17
corresponds to X=84.2 and point 19 corresponds to X=76.9; therefore,
reasonable irput values might be XUP=84, XLO=77, and NX=20.

The search mode has been run with a number of containetrs, Bond
numbers, contact angles and ullage volumes. Results are plotted for
a cylindrical tank (Figure 3-5), a spherical tank (Figure 3-6), a cosine
tank (Fi§§§é§3—7) and the Tug-like tank (Figure 3-8) selected for vibra-
tion-analysis. - These results are presented to demonstrate the wide range
of axisymmetric- tanks to which the program may be applied.
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3.2 Vibration Analysis

The Tug-like container of Figure 3-8, with a fluid of nitrogen
tetroxide (N204), was used for the vibration analysis.

From Table A-1 of Reference (5), the demsity {(p) and surface tension
(o) of this fluid are obtained as p = 1.454 dyne sec/cm® (1.36x10-4% 1b-
sec2/in%) and ¢= 27.4 dyne/cm (1.56x10"% 1b/in). From this same refer-
ence, the contact angle is 00-2° for the liquid, its vapor and titanium.
From Martin test work, the bulk modulus is estimated at 90,300 N/em?
(131,000 psi).

The acceleration (g) is calculated from the equation for Bond num-
ber which is

B = P g rl%.ax
a

Using the tank radius (fpax) as 81.28 cm (32 in) and a Bond number of 1
gives g = .00285 cm/sec? (.00112 in/sec?) which is 2.9x10-6 of the gra-
vitational acceleration at the Earth's surface.

Note that there is an inconsistency in the characteristic length

used here (rp,y) and that used in the static equilibrium section 2.1.4
(Xpas) - Because Xgax = 372.11 em (146.5 in), the acceleration used in
the vibration analysis should have been reduced by (372.11/81.28)2 =
20.96. Because the terms of the gravitational stiffness matrix are al-
ready a factor of 10°2 less than the terms of the surface tension stiff-
ness matrix, further reduction in the gravitational stiffness matrix
terms should not effect the vibration analysis results that were ob-

© tained.

Four different size models were used in the vibration analysis,
A course grid with one sector size and a fine grid with three sector
sizes. The grids are shown in Figures 3-9 and 3-10. The algorithms
developed in Section 2.4.2 are used here to calculate the total number
of degrees of freedom (NDOF), the number of slosh modes (Mg), the num-
‘ber of “orunch'" modes (My), and the number of circulation modes * (M)
in terms of the grid point geometry. These results are given in Table
3-1. The mode number of the first slosh mode is simply M, + L.
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Table 3-1

NUMBER OF DOF, SLOSH MODES, CRUNCH MODES, AND
CIRCULATICN MODES

Grid 1 Grid 2
2 Sectors 2 Sectors 3 Sectors 4 Sectors
Nepax (V) 4 5 5 5
NGPow(l 6 8 8 8
NGP1S 4 11 11 11
Neprs (1 4 5 5 5
NGPEL (1) 7 15 15 15
NSECT (1) 2 2 3 4
NDOF 52 103 152 201
" Mg 29 35 52 69
Mc 14 30 45 60
Mg 9 38 55 72

(1) Symbols are defined in Section 2.4.2

Using nominal values of bulk modulus, acceleration, fluid density
and surface tension, a stiffness matrix composed of

[Kflﬂid (BKM)] ' [Fgravity (e ¢ )] ¥ [KSURFTN (“)].

with terms on the order of 104, 10'7, 10_5 respectively with Grid 1 and
2 sectors in the 90° model. Based on frequency, there was no problem
separating the high frequency "crunch' modes. However, it was difficult
(based only on frequency) to identify which frequencies were slosh modes
and which frequ%ncies were circulation modes (should be zero). Factors
of 102, 104, 10” were applied simultaneously to acceleration and surface
tension. A summary of results (Table 3-2) shows the w2 of the slosh
modes to vary directly with the factor used and the w? of the circula-
tion and crunch modes to be uneffected, Scale factors were also applied
to bulk modulus. A summary of results (Table 3-3) shows the w? of the
slosh modes to be uneffected but the w? of the circulation modes de-
creased almost directly with the facter used and the w? of the crunch
modes decreased directly with the factor used. '
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Table 3-2

EFFECT OF SIMULTANEQUS ACCELERATION AND SURFACE TENSION
VARIATION ON FREQUENCY (w?)

(E-7 = 10~7) GRID 1, 2 SECTORS
Mode Type | Mode No.| Nom gy | Nomx10? | Nomx10" | Nomx10°
Circulation 9 2.578E-7] 1.931E-7] 6.335E-7 | 3.638E-7
Slosh 10 1.4035-6| 1.280E-4| 1.289E-2 [ 1.289E-0
osh 11 2.499E-6 | 2.389E-4| 2.390E-2 | 2.390E-0
37 9.765E-2 | 9.765E~0] 9.765E+2 | 9.763E+4
38 1.194E-1] 1,194E+1] 1.194E+3 | 1.193E+5 |
Crunch 39 1.453E+7 | 1.453E+7 | 1.453E+7 | 1.454E+7
Table 3-3
EFFECT OF BULK MODULUS VARTATION ON FREQUENCY (?)
(E-7 = 1077) GRID 1, 2 SECTORS
Mode Type |Mode No.}Nom BKM Nomx10™2 Nomx10-4 Nomx10~® |Nomx10"8 |Nomx10~10
Circulation 9 12.578E-7}3.299E-911.118E-10]2.633E-13]2.590E-15]5.307E-17
Slosh 10 | 1.403E-6|1.293E-6[1.289E-6 |1.289E-6 |1.289E-6 [1.285E-6
11 |2.499E-6}2.392E-6{2.390E-6 |[2.390E-6 |2.390E-6 {2.370E-6
37  19.765E-2|9.765E-2{9.765E-2 | 9.763E-2 | 9.565E-2 |1.023E~2
38 11,194E-1|1.194E-1]|1.194E-1 {1,193E-1 |1.148E-1 {1,297E-2
Crunch 39  {1.453E+7|1.453E45[1.453E+3 | 1.454E+1 [ 1.5658-1 [1.312E-2
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Scale factors were also applied to bulk modulus for Grid 2. A summary
of results (Table 3-4) shows the same variation of w2 with scale factor
as was obtained with Grid 1.

Table 3-4

EFFECT OF BULK MODULUS VARIATION ON FREQUENCY (mz)

(E-7 = 1077) GRID 2, 2 SECTORS
r

Mode Type | Mode No. | Nom BRM | Nomx10™* | Nomx107° Nomx10™ *°
Circulation | _ 38 2.980E-6 | 3.603E-10 | 3.403E-14 | 4.034E-16
Slosh 39 SE4SE-6 | 2.0728-6 | 2.072B-6 | 2.060E-6

40 6.0556-6 | 4.829E-6 | 4.829E-6 | 4.816E-6

72 2.840E-1 | 2.840E-1 | 2.185B~1 | 1.329E-1 .

73 4.309E-1 | 4.309E-1 | 2.324E-1 | 1.356E-1
Crunch 74 1,082+ | 1.082E%3 | 2.794E~1 | 1.545E-2

In addition to frequency, the effect on modal displacement with variation
of bulk modulus was also noted for Grid 2 with the results summarized in
Table 3-5.

Table 3-5

EFFECT OF BULK MODULUS VARIATION ON MODAL
DISPLACEMENT. GRID 2, 2 SECTORS
MODE 39 (FIRST SLOSH MODE)

Grid Point

Number Nom BKM | Nomx10~ %

8 10

Nomx10~ Nomx10~

20 (8% -1.193 -.2069 - .2069 -.2075
26 (8X) 5,803 -2.814 -2.814 -2.788
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Based on the results of the above four tables, it was decided to use a
scale factor of 10~8 on bulk modulus to assure valid frequencies and modal
displacements for the slosh modes. With this scale factor, Table 3-6 shows
the variation in the first three slosh modes with the various grids used.
The plotted mode shapes for the first 3 slosh modes are given in Figures
3-11 through 3-13 for Grid 2, 3 sectors. The undeformed and deformed
surface joints are shown in a perspective view. Inclusion of the internal
and wall joints was tried but the large amount of plotted data made the
viewing too difficult and was thus abandoned in favor of just showing the
surface. Plots of only the joints in the XY plane was also tried but did
not give as satisfactory a plot as the surface perspective plots. Capa-
bility existsin the computer program for any of these plots at the user
option, however.

Table 3-6

SLOSH FREQUENCY (HZ)
NOM BRM#:10-8

) Grid 2
Grid 1
Slosh Mode 2 Sectors 2?2 Sectors 3 Sectors 4 Sectors
1 .0001807 .0002291 0001841 .0001600
2 .0002460 0003497 .0002404 .0001605
3. .0004080 .0006205 .0003224 .00022499
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LEFT EYE VIEW
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Figure 3-12. SECOND SLOSH MODE, SURFACE PERSPECTIVE VIEW
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4. CONCLUSIONS

It is felt that a significant contribution was made by this study
to the state of the art in finite element fluid analysis at low Bond
number. In this study methods and computer programs for definition of
the free surface static equilibrium shape at low Bond number, calcula-
tion of the stiffness matrix due to surface tension, generation of
joint coordinate locations, degree of freedom values, Euler angles,
and element joint numbers, and calculation of the vibration mode shapes/
frequencies and plotting of these mode shapes were derived and coded. -
As with probably all new investigative analytical studies, review of
the work perfbormed reveals that a "blind-alley' was investigated and
that there are several items that should be studied further.

To determine the free surface static equilibrium shape, an energy
minimization technique was originally attempted. In this method, the
displacement state was sought for static equilibrium corresponding to
the minimum potential caused by gravitational potential energy, surface
tension potential enmergy and the virtual work done by ullage pressure
acting through virtual displacements, all subject to the comstraints of
constant volume and contact angle at the container boundaries. This is
the method that was outlined in the proposal for this study, Reference
(7). Unfortunately, no results were obtained by this original method
because the attempts at solution continually diverged., Thus, this ap-
proach had to be abandoned in favor of the force balance method des-

"cribed in Section 2.1.

One item that should be investigated further is the separation of
the slosh modes from the circulation modes and "crunch'" modes. One
possible approach, as described in Reference (8}, is to describe all
the joint coordinates in terms of the surface and ignorable coordinates
by means of constraint equations. With this relationship, the original
mass matrix is reduced to only the surface and ignorable coordinates.
This reduced system is further reduced to only the surface coordinates
by expressing the surface and ignorable coordinates in terms of only
the surface coordinates. By this technique, only the modal properties
of the surface slosh coordinates are calculated.

The data generator subroutine, used to calculate joint X, ¥, 2
locations, degree of freedom values, Euler angles, and finite element
joint numbers was coded for the lateral slosh boundary conditions,
that is, symmetric/anti-symmetric boundaries as defined in Figure 2-10.
Expansion of the data generator to include the gymmetric/symmetric and
anti-symmetric/anti-symmetric boundary conditions should be done.

Investigation into the non axi-symmetric acceleration field should

be performed in the definition of the free surface static equilibrium
ﬁ%%&shape.' This will allow complete generality for the low Bond numberx

PRECEDING PAGE BLANK NOT FILMFD}
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problem. A non axi-symmetric acceleration field will require a new data
generator because a 360° model definition would be required. The gravity

stiffness matrix currently allows a non axi-symmetric acceleration.
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6. CCOMPUTER PROGRAMS

The finite element solution for liquid sloshing at low Bond number
is accomplished in two main steps. The first step is the free surface
static equilibrium shape definition and the second step is the vibration
analysis, Computer programs have been coded for these steps and are listed
in Section 6.1. Input data to the programs are explained in Section 6.2
using a sample problem listing.

A schematic flow chart of the analysis steps is given in Figure 6-1,
and a brief summary of the important subroutine functions are presented
in the following pages. '

PRECEDING PAGE BLANK NOT FILMED



Program

STATIC FREE SURFACE

Free Surface Geometry

.:;}

Survey
Mode

Program

VIBRATION ANALYSIS

9

Search
Mode

Subroutine
LBDGEN

Subroutine
FINELE

Subroutine
MODED

Subroutine
MODES

Subroutine
PLOT

Subroutine
FLULD

Subroutine
GRAVTY

Subroutine
SURFTN

Figure 6-1. FLOW CHART, LOW BOND SLOSH PROGRAMS3
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Summary of Programs:

STATIC FREE SURFACE obtains the free surface static equilibrium
shape
VIBRATION ANALYSIS obtains the vibration characteristics of

the system (frequencies and mede shapes)

Summary_of Subroutines (used in the VIBRATION ANALYSIS Program) :

LBDGEN automatic generation of joint X, Y, 2
values, DOF numbers, Euler angles, and
element joint numbers for FINELB

FLNELB ~ generates mass and stiffness matrices

FLUID generates mass and stiffness for fluid
only

GRAVTY generates gravity contribution to stiff-

ness matrix

SURFIN generates surface tension contribution to
stiffness matrix

MODED : obtains frequencies and mode shapes (small

size)
MODES obtains freguencies and mode shapes (large
size)

PLOT plots the mode shapes
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6.1 Computer Program Listings

Listings of the free surface static equilibrium shape computer
program and associated computer subroutines is given in Section 6.1.1.
Listing of the Vibration Analysis Computer program and associated com-
puter subroutines is given in Section 6.1.2.
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Program and Associated Subroutines 65

FHMBUGGRINZOT«TPFE. LOROND

3 IMPLICTT DOUILE PRECISION $4-He0~7}
? C
3 Pl o L R A oh o8 o 0 o8 o8 o8 oF FLok o4 o8 o8 o8 o8 o o3 o oL o L o W o o o S O L8 o oF o of of o of o o of o ol o of of 3 of S48 of o o o of o oL i 2 0
Y ¢
& I PROGRAK 30 DETERMINT THE STATTC EQUILTRRIUM SHAPE OF 148
5 c FREE SURFACF OF & FLJIID WYTH & LOW HOND NUMAED IN A
? C STUWFN AXISYUMETRIL CONTAINER
] C
3 CCCECCECCCCLECECCLEECECECCLECCCECCCCCECCOrcCOCCECCCOECCOCUCErLECCreLreece
tn c
1§ LOGIC AL BO JACKoDUMMY o CCEPTAPRINT«SZ A0 H
12 RFE AL SURVPL +PHIT e P HICDs PHIFDsVUP LTS + BAS H
r? EQUIVALENCF ESOLNESODY T« SURVELED DY)
ia DT M¢ NS 10N SURVPL {51451+ 2)
1K COMMON SOLNT T eEud)
18 COMMON f CONSTS ¢ F Lo BNUWM
V7 LOMMDN JPAGAMSY ALOT wACOF o ZM& X e RMA X
19 COMMON JQPRKT &/ GRX(SIsPRKIM)
13 COMMON FTIMESSZ DELIA TN
2n COMMON JVECTORZ YU{S)s¥ DY IT)
2r NAMFLIST JINDATRZ ACOFDc2DONINORDAEOF sDEDL 18T oE FSC oA &
22 i : IPRNTeNXs PHIRePRINT s M B »S E AR LHe TV OL o ULP LTe
23 Z XLOwXMa XeXLIP
24 C
25 pava NTT#5 ZeNOT /5 7eNEBZEZ+IPRNT2Y0 S _
25 OAT & NELTAY #0,00000/¢ EPSC #4 U-0uroPs T 71 (iG+NBY/
27 DatTa DASH/VH -4
23 OaT » PRINYZ JYRUE ./
29 pate AC0DFD /0 ND00/oDREOF 2L IRD0Y «3 ONINC/ Y LUBDD seNX A1/
n DAT & PHIOAID OO/ UtPCT/SUOCDs et n-1 DO,
31 DATS RMA X/ -bali3010 ¢
32 NaT 2 XHAX /- § DDA XUP/=1 D QI0/
33 ‘ DaTs SEARC M7 TRUE o 2 ¢ NA #1004
TN c : ”
35 c
L4 c TNITTALIZAT TON ANO INPUT
37 c
39 C
33 £ INITYELIZE CONSTANTS ,
4Q ANUM = DHLECALANZ €181 ,00 7 a5,
71 PT - 90, UDDU + &NUM
4?2 PRE(LIY = 75000
32 PRK{Z2Y = 1.0300 ~ 3ISGRTItD.5200) ;
an PRKITE = 1,00000 « OSQGRT (0.5 00N DRIG]NAL’PAGE
s PRACH) = 0.5200 ' OF POOR g I3
1 c READ INPUT 0T 8 ' RUALITY;
37 Y000 EONYINUE
uj CALL ST ART
&F REGDINTI T INDR TH)
£10 M2 = NX
st ZUP = XUF
£32 ZL0O = xL@
53 ZHA X = XMe X b
59 c INITTALITIZE TYIER AT ION P AR AMFT ERS

£S5 TF{INAGBT .S +ORe NZoGT.30) AN, o hOTs SEARCH) GO 10 ap 20
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Sh MUMa = 2

57 TEL N0, SEBERCHY NUMa = NA

54 TFIRMAX LT NLI000 0R. ZMAX LT D00 GO T FILD
£g TFULZUP oL Te 003000 ZUP = ZMaA X

(4] IF{7L0 L1, DRI ZLO = D000

5t DACAFA = DACOF

52 ACOF = HONDNO /7 §7MaX #2M AX)

53 TYOL = VULLtDLADUB»D 0000 +ZMA %D

£ TFIMONINZs?2Y NF, D) NZ = NZ o @

5 BZ1 T CZUP-ZLOVY/IALEEFLOL TENZY)

R Z = {ZUP+ZL DY /2000

57 FsTY = psi

6% BLCEPYT = JFaLS¥.

53 g5n T 1,000D

H) c WRITE NAT &

7t CALL ©AGEHND

7?2 HRITFINOTs INOAT &)

77 T

4 o

[ L Malh LDOP - TTERATE WITH NEw BCOFD AND DaCOF

146 ¢

77 C

7a 2301 CONT TNUF

79 CALL PAREH)

80 NLOOP = N7 -

LR Y

82 c

87 £ & LODF - GET NEW TRAJECTORY

8 C

15 £

36 00 3017 K& = 1eNUMS

87 T = K34

8% TF{,N0T . SFARUHY 18 =%

83 IFe I8 Fd. 2) SGN - =SBN

ag ACCF. = ACOFD « SGNsOACOF

9 TFEM0Te SEGREKMY SURVPLEBeM¥+beb) = &2 OF

92 IFIPRINTI WRITEINOY 2G0T (78S He 121 e %0 0e ACOFs (NASH I=1:250%
33 ¥ivy T 0N.0300

e - Y12y = D.0000

35 K Ye31 - bL.U200

35 : Yiuwy = D 0D

37 YES P = 0.0300

99 } NY = D

33 T = 007300 :
1an 00 %iN0 Y = teNEQ DRIGDI
104 . GRKEIL} = 0,000 AE %
0% - 3iEo . CONVINYF _ ,
103 L OEALL SAVEUNT<l+NEGoIR)

104 ‘ CaLt Ypou
}0s JF{PRINTY CALL PRINTISINTsl oNE GeIh )

06 C
g c INTEGRETTON LOOPy INTEGRATE D.EeQGe FROM (1
tas ¢ UNTIL GORACK = oFALSE.
0y e AL ! _ N — ——
it 3200 TALL RUNKT AUNEQeNT)

bt THLL SAVE(NT+IeNEQ oIK)



142
3
114
b¥s
il6
117
1113
i3
128
20
122
23
129
2%
125k
b27
122
123
t30
b3y
132
13z
134
b3S
136
137
138
1313
LR
{ud
1z
£q93
by
14
1495
147

148

ia3
{31
15
E5?2
153
s
19%
153
157
158
549
150
Rl
[ 3:%
163
b5 h
i6¢
165
167

-y T

o

A AfTs T O

5200

67 -

IFIPRINY oAND, MODENTe IPRNTD . E4.0)
CALL PRINMISUINT+IoNEQ:TA}
IF(R0 RACK(DUMMY3Z) GO TO 3200

FING OF INTEGRATION LOOP : o

IFIPR INTY CALL PRINISINT+1aNEQe KA

LOOP ON 71 AT FIXED ACOE TO FIND SMALEER E RROR
‘IF ONE FXISTS
LOOP ON 21 AT FIXED ACOF 10 FIND SMALLER E RROR
IF ONE FRISTS

ZY T 7 % IBLEGTLOATINZ/ZIDDZ]
IF(PRINT) WRITEINOT 20112}
ge w000 17 = LeNLODP
21 =21 - 021
TF(NDTa SEARCH AND, KB EGQat) SURWPLIDZelwtol ) T ZT
TFIZ21aGY oZUP oOR, Z1.LTL2L0) G2 TO %303
J =D
CONT TNUE
JoooJ s}
1F(d GT. NT&1} GO TQ w2On
JEIRCANESDLNEJoZ oA+ 71 GTe SOLNiJelela )y 350 FO 9200
HAVE RRACKETED CANe DETERMINE PRIELIMINARY V ALUES OF
ULLAGF VOLUMEs CONTACY ANGL Ea AND ERROR '
VUPC T=VULL tSOLNtJeS+T8 ) aSOL NI eZ oIt Mo ZT wZMh-X ) 1Db, 2Ty0OL
PHIFZDALEAAT AN2ISNGL ISOUNE Je 3w TR 105 NGL tSOEN{Je Ny TH )Y
PHIC = JATANGRCANPISOLNEJ2 I8 )47 )
PHIT = PKIF - PHIC
IFIEHTE oL le DL,{000 J&ND. PHIL 46T, H.0000)
PHIT = FHIT + 2.NM»PIL
PHITI : PHIT/ANUM
PHICA = PHIC/ ANUM
PYIFY = PHET 7aNUM
PSIN = C(VUPCT-ULPCIYZIUD U0I0Y 022 e
E(PAT TR -PHID I /B8 ,GO00 ) #%?2
VUPCTS = SNGL{VUP LTI
IFICRINTY WRITE(NOT2007) ZI vPSINeWYUPE TS+PHRTI o
PHIFDoPRICE S
IF4SEARCHY 50 0 25l
SURVPL(TZ+l sKAetoll = vup(y
SURVPLIIZ+teKhel s2) = PHTTD
0 10 42000
CONTINUE
TEIPS IN oGl o PSITH GO Top w0DD .
SAVE VALUES INDICATING CURRENT MINIMUM £ RROR

INEW = 21

PSIY - PSIHN

JSAYF = U o

ISAVE = IA ' ,_7_.{HiRInv . S
ASAYE = ACOF OEPOOAL PAGEES
TEEN T SEN 'R.QU .,

GO 1O whon : Allﬂig



1568
62
370
179
tr2
173
Yig
15
125
177
79
i3
e
i83
182
183
ish

68

a8 300

{400

s il s ks

3300

3oon

N7 n

L2 2l

zyoo

2200

CONYINUE
NO SOLUTTON FOR ¥ KIS CACOF.Z I}
IFIPRINTY WRITE¢NOTH20B1) 21
TF{SEARCHY GO 1O sQ0D

SURVPLITIZe boKAo tok)y - -1ODD,0
SURVPLI{TZ#I e Al e2) = -1000O N
CONTINUE

FND OF 7 LOOP

IFESEARCHY G0 TO 3300
ACOET? = ACOF
JFRPRINTY CALL Pa3isD
GO TQ inan
CONTINUE
1FEPS IT LT ,PST LAND, ACCEPTY GO TQ 2207
IF¢TA EQa 27 WRITZUINOTL2010) SCOF HedACDHF
IFULIB.EQ.] AND. ACCEPTY GO To 2103
ACCEPT - oTRUE .

CONY INU E

IFt -NDTs SEARCH) 50 10 50U

FNT OF @& LOOF

CONTINUE

TFCMARSINACOF S LLT. NACOFDed 00B-B5) 60 TO 300
JACOF = DACLOF/2,0300

D21 = 021s2.0000

Z = ZNEW

RN =T =S AN

QCEEPT = FALSE,

GO YO 2000
GET MORE AZCURATE: VALUES OF ERROROULLRGE
WOLUMFa AN CONT ACT ANGLE BND TEST FoRm
CONVERGE NCE

CONT TNUE

CALL STATECTSAVE s JSAVE ¢ ZNEMORSoZS eRPS e ZPS e ¥S)
WU = VOLL 1vSe2SeZMax)s P00 . DO0R/TVOL

PHIF = DALECATANZ I SNGLIRPS)«SNGLIZPS)) )

PHIC = DATAN(RCANP(ZS))

PHIT = PHIF - PHIC

PHITH = PHIT ¢ ENUM

IFEPHIF oL T.0,0000 oANDe PHICLGT,.0.0D00) PHIR = PHIT ¢ 2,0000eP]
CPRY T (qvU-ULPCTIZIO0LUODEY w02 o S T o

CePHITYD-PHIDIZ 30,0000 042
PSEIY = PST
SCOFD = asayE
SHN = SSGN

_ WRITEUNOV.2005) ASAVEPSIeZNEWeVUePHITE

CIF(PST .GT. €PSCY GO TO 2008



69

221 c END OF MM IN LCOP

22% C

223 c

221 ¢

228 C CONVERGENCF ESTARLISHEDe VAIULATE CReZ} COORITMIES
229 c OF THE §REF SURFACF SHAPE ANC GO READ OAT & FOR

230 t NEXT CASE

231 ¢

212 c

233 CALL P AGFHWI}

234 WRITE(NDOT+2006) (0ASHeT=) «50U ) vRONDNOs PHID sULPE T o tDASH eIz #e5l)
235 T 20N 00

235 DO BIDOD I = §eJdS&VE :

237 SOLN(Te 2o [SAVF) = ZNEW ¢ SOLNETe24'1S 4V F)

2389 CALL PRINTSIIoNEQeISAVE) -

2339 T = OFLTAT«DWLE(FLO AT (1))

707 LIDD CONTINUE

241 G0 TG 1000

252 c SURVEY COMPLETEDs TAHULATE RESULTS

2493 1500 CONTINUE '

244 Iy - 2

245 15910 CONTINUE

245 12 = Ttes

247 IF(I2 oGf, NAY 12 = NA

?a9 LaLt PRASERD

249 WRITECNOY2N04%) (DASHe 1Zle 1001 e (SURVPLIls Te 1) T =T0e 12}
257 WRITEENOT »2003)

251 NG 620 I = 2eN2

5?7 WETTECNOT «20UR ISURYPLEYF ok v Y ol SURVPLIT oot 2o SURVPE $Y sl o Bod>T Bel12 Y
253 1IE23 CONTINUE

2549 IV - 12+1

256 IFLI1 .Gi. NAY GO TO 1541l

253 GO TO IS)I{I

57 1590 CONT TNUE

258 C FLCT RESULTS

2519 CALL LOHOPL ISURVPLN A~ 1eNZ~3 g SNGE (2 MAX )y S §

250 30 10 1DGO

261 C

752 c ERRCR EXITS

26% . c

2614 apnn CONTINUE

265 WRITFINOT.2MIM

255 106"

267 A D CONTTNUE

258 WRITEINDT «20200) : wﬁﬁ
269 STOP m?mw
210 3020 CONTINUE B-Q“

274 WRITF(NOT. 201300 05\‘900

272 STOP

273 c

274 c FORMAT STa IEMENTS

275

275 >uu: FORM&IE%%{EUX-?U4PE¢ULTS FOR X SWEEP Y
217 t 1 HY- INTERCEPT v12%e SHERROR v
378 7% 2 10HULLABE PCT v AXeEIHCONTACT BNGLE o

3719 3 6Xe | IHFLIU D ANGLE ¢ 3%+ IHCAN ANCLE vy
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280 | 5 "

?91 2004 FARMAT LSXe N12:6031Ho23Heosase NO SOLUT IDN sss0e L]
252 200% FORUMATL /720X o500 : o/
283 | S8YXo IS HSURVEY SUMMAERY ./
284 Z YO X <S0O8) A el 22
28% 5 i FRe tHX o )OXoS1UHA = s Fhode Y ]
285 2003 FORMATL IS X oSHCOORD+E 5N ea H VUPC T2 XebH PHITD)Y v/}
. 287 200ns EQRMAT (/77 /2% I3umMINIMUM FRROR SOLUTION FOR SCOF S H2.6e3H 157
289 t 22ZH TRUE < RROR z el 2.6 s
2893 t Z22H TRUF k- INTERCEPT = e 12 Whot
230 2 2ZH TRUF ULLABE FCT = e 266 0s
294 ¥ Z2ZH TRUF CONT ACT ANG = » 02 o6
792 L Y
233 2006 FORMAT 4H) e Fr o 11X o501 &I 'Y,
23% [} F{Xe35HERFE SURFACE EGUILIARIUM CTHAPE FOR ¥
23% ? 25 o | SHHEOND NUMHER = e Q12 45 v s
235 3 75 %o IEHEONTALT BNGLE = D12,6 o/
297 4 IS+ IS HULL AGE vOLUME = v 012 .6 L
798 £ FirXeSNIN Y s F P/
239 6 TXo3HARLC o
L3131 7 “!OGHLfNEIHnBXrlHRti?Xv!Hlo?kv?HP PRIME »E X o
30¢ ] THX PRIMreBX+EHUSY AR Yy,
302 2 } )
303 2007 FORMATE2¢SX s DI 2.6+ 2 4SRe Fi 2 ,.34)
TR 20us ‘ORMBTlIDED:lﬂ.!v5|5loFB.l‘-2!-FE.l)l
Ins 20003 EORMATI/7721X 50 AYe/ -
LR E § 20X+ 344 SOLUTION TRAJSELCTORY FOR ACOF = J12.6/
ine 2 ZOX SN A er 2/
305 3 ]
3093 20¢0 FORMATL38H HALVING LOOPe FXECUTION T ERMINATED )
D 2031 FORWMBTILZZ7/7ZX o33HND HINIMUM ERROR SOLUTION FOR BLOF TeD12ab0
31 { 1% BLUS OR MINUS s#D}2.510
32 2{120 FORMBRYiS2H RMA X AND/OR XMAR NOT DEFINEDs EXECUTEON TE PHINATED ¥
313 3030 FORMAT{(S%H NA OR NX GI S0 FOR SEARCH-FRALS Eeo FRECIT ION TEIMINATFD)
Ite C
£ ' END

APRY T an

)
gy
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FMIUGGRINZNTsTPFE, CAN

-
OWe~MNaN e W

1}
$2
i?
ia
| 1]
16
37
s
12
2n
2
22
23
24
7%
26
217
29
29
in
3
32
33
3%
15
36
37
IR
33
L1y
L8
9?2
43
e
45
46
37
LE:
83
1]
5t
T
53
G9
5%

c

ceCecceceaLcecceccreeccereeacecrecceeeccecccecc

I
C
c
C

gteoLCCgeCcecEeeeccLcreeccececcoececceeoceeelclc

c

ccececcccececccercoeececcecececccLLecececeect

c

c

c

L
130

| Y1

120

b0

Vel

i9g

C

L
c
200

Zh0

220

EDDE FOR R{ 2}

DOU#LE PRECYISICN FUNECFION CANEZ)
IHMEPLIGIT BOURBLE PRECISION (& He0-2)

EVALUATE: FDR & GIVEN Ze R OF YHF CONTAINER DR THE DFRI1VATIVE

OF F WITH RESPECT 10 Z OF T¥+4F LONTATNER

COMMEON JCONSTSs PI s NUM
COMMON FPARAMSZ ACOFe ECOFe2MAX s RMAX

FNTRY RCANL2)
12 = 1

G0 TO 10U
ENTRY RCENPEZ)
12= 2

COOE COMMON TO THE FVALUAT ION OF AOTH R{Z)

CONT INUE

I='2 oGtﬂ ‘?13900) 30 TD “0
JzZ =t

¥ oz 27.3300/47.32000

G0 Y06 193

TE(7 .GT, 53,3000y 30 70 20
42 = 2

X - 3.8000-3,5300

G0 10 t33

IF{Z oGFa A3 ,5200} 3¢ TO 130
Jz = 3

% o= ¢, h00UALEI00

G0 10 139

TFL7 +G1. 323.20003 GO YO 180
JZ = ¥

X - %2.200f0

GG 10 199

fF{7. GT., t4B,.SD00Y 50 10 uOD

Jz = S

¥ : 132.2D00%e2) ~ $32,.20010722.3000)+e2e42-823,20001 42
TFIX JFEa DLODONY) X = DSGRT X))

TELY LT, O.UD0Y x = 0,000

CONT INUE - o

GO YD t200.300) « 12

o Ty T r'ﬁ" e
CONTINUE . @mgmALPAGEE |
GOEBO( 2100 2200 2309 2474 2501 v 7 . OF POOR Qﬂm
EONZh %2 , -
RETURN

CAN = 27,3000 + Xetz-47,.3000)

CLCCCOCCELCCCL e eecereeds

CCOLCOCECELLCRLECELCOOLELS

geeoecoeorcescegecceccecageer



-1
51
5%
53
60
Bt
62
53
69
55
6
B?
5%
53
70
FA
LE4

73

IPRY

FL
18
16
¥1?

78
Fa
s
81

g2
33
8%

85

85

504aCK

c
€
C

.y

72

230

2u80

3
i2n
330
3ai

3s0

u D0

RFTURN
can - 31,0000 ¢ Xet2-55,3000)
RETURNM
CAN - X
REVURN
CAN = ¥
"RETURN

COOE FOR R FRTME 2)

CONTINUF )

50 TO1300e320e330o380e350) » o2
CaN = ¥

RE TURN

CaN =~ X

RETURN

Can = X

RETURN

CaN = Q.001D

RE TURN

CAN = {973.8%8727'n000 - 3.812706000«7 7 (2,00N0N etk +8 D D173
RE TURN

ERROR EXJTS
CONTINUE

CAN = 1.0pD+10
RE T URWN

EnND
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FMIUGGHINZD7eTPFE.G0HACK

¢ Lo5Ical FUNCTYON GO RACKESDDD)

2 ITMPLICIT DOUALE PRECISICN ¢ b-ke D=7}

3 T

1l CLCOCCCCCCCOCCECCECCCCLCCCCCCCLLLCCCCCCCCECCTCCCLECCiereiececereceeeecee’
5 c

3 c ROUY INF TO DETERMINE WHEN T0 FXIT INTEGRAT TON LGOP

¥ "

g ¢ ROUTENE TO DETFRMIENE WHEN TO EXET INIEGRAT ION 1O0P

3 t . :
1o CCCOCCLECeEnCECCCCeCCCOCCeoCCLLercecceceLeceeecceceaiccacecececceecece
b g

12 LtOGICAL Goon
17 COMMON AYETTORS YES)e YD TH1S)

iy COMMON FYTIMESS/ OEEY AT T
b5 COMMON /PERAM S/ ACOF o3LOF o 7ZMA X+ RMA X

15 C , :
17 GO ABMCK = LTRUE,

19 GOON = JTRSE,
2 IFLYI)) .GF. FMAX Yy 60 AACK = LFALSE.

20 TFOYLT1) LLT, D.0N00Y GO 8ACK = JFMSES
21 IFLYEI Y LT, NODON0Y ECOD = LFALSE

r TELY (Y 6T . DLUTOD , ANDo Y91 0T, DL 030GY 60 RACK = JFALSK.
27 IFUY(2) «GTe QL0200 08D, YOA) (LT, (L0008 GANM & F&§SE,

2y TFIYL?Y LY. Q.UBUD LANG. YIO) .Gl . D0RBUY 60 BALK = LFALSE,
2t IFEYIZY ol Te 00000 JaND. YI9) 5T, D.,00003 GN0D = FEESE,

26 C
27 RETURN

23 ' END

APAT L OHOPL
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FMIUGHRINZNDTeTPFI.LQROPL

i SUIRCUTIKE L O30OFL (08 TR eNAeNZoaZHA X e KDA TR )
2 C
k1 T pat¥a - INPUT 28 YR ARRAY
g C N& = NO OF 2COF VALUES EN NATF &
3 C NZ = NO OF 7 SWFCP vALUES IN DY TR
5 C ZMAY = Max AXTAL T ANK CCORDINATE
T [ KDL t1a = ROW DIMENSION OF DATSE ARRYY TN CALLEINS PROG PA M
9 c NOT E-~-MAIN PROGR AM MUST ALY TOENTE1) 1O INILIAM TZ+ SCaD2U
3 c AN “aLL ENDJO3I TN TERMINATE SCa02b
in C
| ] DIMENSION D&EnGﬁDbTAoKaaiﬁobﬁnIY!b21uIX$I2#el@?!ﬁﬂ)o?!ﬁﬁlok!iﬂt
§2 [
t3 ORTe NCTY /4 R /
i nat A ISy 7/
s 6ZH Be?4 2+2H J024 YeZH S5¢24 6e2H 7a2H Bu2H 3 o240 e2HI T ZHIZ «?H T30
ik ¢2H1ﬁu2HlE-2Hle2HtTa?ﬂi&-?kiQ(?HZG.ZH21-2H?Z-ZHZS.ZH?M.ZH?Ee?HZGo
87 u2H27-2H23u?H29w2430v2431a?45?-2ﬂ33»2ﬂ3ao2H3592H3Ge2H3?.2H3Bo?H339
i3 $PHUT o 2 MU o 2 HUZ o 2 HE 32 HAU 2 HIS o P HYGo 2 HU To 2 WY Fo 2 MU T 2 HEIT 7
19 c
n Do ? §IT1el!
2t 41y - 5H
4 2 Tv4{Y}y = BH
23 t
28 TX(Ss = ARHT ANX A
28 THIEY = BHXIS IN
26 IR{7Y = GHI FRCFP
27 Txéay = BHT
2R c
23 MR = N7 §
in M = N 1
30 C .
3¥ € ULLAGF vnoLuUME PLOT L =
23 C CONTACY ANGLE PLOT L = 2
34 C
35 oo Y00 Lz b e?
36 GO VO (it 13200 L
3t 10F yH& ¥ - kDU,
38 TY(SF = GHULL AGE
33 TYERY = &H VOLUY
%0 T¥{7Y = BHEY FFR
H e TYIRY - BHCENT
g2 GO vQ 103
&3 802 YRe X = 190,
ny TRIRY) = BHEONT AC
45 TYE6r = BHT &N3L
96 Tye?d = BWF DEB
LN Y83 = BHMREES
LR ] 103 CTONTTINUE
B3 £
50 IfFR = O
5% HRITECNOT EOGOY GT1YITdelzSeB b (TX§1)2T2508)
_52 !BUD FORMATIEI H o 1IN o 4G HWPLOT SYMBOLS FORerr SXoH ABeH W ¥S AN TWEL
53 a {0Xke GHSYMBOLs I5Xo QHBCOF e/2) '
Sg (o '
€5 DO 320 KY = 2oN{



75

56 BC = NAT ACI oK ae 1)
57 IS = ISY(KA-}b)
X WRITFUNOT. (00 1Se 8C
53 FOUT EORMATEEZ2N A2 00X 178
60 C
51 KNY = D
62 DO A0 KZ = 2¢NF
5% XX - O8TMEKZoiwl)
3] TF(L .E0, 1) YY = D81 A(KZa KAed)
55 TFUL oEQa 23 YY = JATAUIKZ KA #?)
1:3:] . TFIYY oGFe a0 8NP, ¥Y L E, YM2X) GO TO S
57 IEQHNT LEG. 0) GO T0 31
658 C
33 7€ TFUTFR oEQo U) COLL OQUIK3IL G-t olewZMAXalonYMA X o35 o TXwTYr-KNFoXo¥)
70 IFCIFR o FG. 19 CALL QUIKIL ( [eN g2 MaXs0 ae YM By 3So TXaTY o~ KNTe XY )
TY c
12 CALL XSCLYI (XM 194 IXRASe IXERR)
13 Catt VYSCLWIEYE 1X¥eY YRASsTYERRD
74 CALL PRINTV (2+1Se IXR ASs IYR AS)
T CALL XSCLVVEXEKNTD.I XR4S+IXERR)
16 CobLL YSCLYE (YUKNT Yo IYR ASe 1Y ERR)
77 : CALL PRINTVEZsIS,IXRRSsIYRASY
78 C
73 IFR = 1}
TN KNT = O
89 50 10 30
82 - At KNT = KNY +
33 X{4ANTY = XX
gy YIKNT) = YY
85 ’ IF{KZ «i0b NRY BC 10 75
86 80 CONTINUE
a7 820 CONTINUE
83 100 CONTINUE
33 c
~9n € CROSS PLOTS ULLAGF YOLUME VS CONT 8CT ANGLF -~ DNEF FR AMF
31 C
g7 TY(Sy = GHULLAGRF
33 TY(69 = BH VOLUM K
95 TY{?) = BHF PER ©
35 TYER ) = BHCENT
96 1X(5) = GHCONT aC
‘37 TXE6) = BHT AN5L
33 TX(7Y) = 6HE DEG
33 T%i%3 = BHREES
100 C
10t HRITEINOToYOMO2) (TY41)+I-5e830 dTXIT)eI=5,47)
102 102 FORMAT({Hlo 1DXo IGHPLOT SYMBOLS FOR+/e SXefARe AH VS + % AGe /70
103 v BOXe BHSYMAQ)L e FSXe IWNINIERCEPTe 22) S Ty
104 c
10% DO ¥30 KZ2=2«NR
106 IS = FISYUKZ-§)
1ot ZI - DETAULKZ sl el )}
ing oL 130 MRIVEINOT«IUDYY 1Se21 o
t0% c
1n "m0 100 KAZ2eNC [DRIGINAL PAGE 15

o e  {DRROOR QUALITY
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1§42 UNT = O

1B R} D0 50 KZ:2eNR

149 XE = NaT A{H2cH Ae 2}

135 YY = DOTAUKZaXBeld]

196 IFIVY <EE. 050 o BNs ¥YY oLF. 1000.3) GO YO isi
[RE JEEKNT -E@. 0O} GO TO L)

tig C

pEg 875 FFLIFR EQe DO} CTALL QUIKILE-d oeNoetBl ella eklill, o35 e T He TYo-HNTe X2V
§20 [FLIFR oFBa 13 CALL QU IK3L ! Defllioel 80 4oDao 1M e 3SaTXeT Yo -KNTeXo V)
1R C

122 po 160 KL Z1 o ¥NT
k23 S - TSYLISL @ KL = §)

1é9 ’ CaLt ASCLYI qxi¥L)e INR ASe IX ERRY

128 EARLL YSCLVNEYIKL)elYRASel ¥ERRY)

§26 167 CALL PRIMTY {20 1Sa TXR ASe I¥YR AS)

V27 C

129 IfFR = &

E23 KNT - 0

$ 30 60 70 SO

133 15 KNY - HNY + 0

132 TE(HNT .60, 33 TSL = KZ - 1}

“F33 HIEXNTY = UX

13¢ YAHMTY = VY

}33 IFLK7 ofEQe MRY 50 TO 175

i36 150 CONT INUE

P37 B0 CONMTIWNUE

138 C

§33 RETURN

140 END

RAPRY P ASEHN
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FMIUGGRINZD?+TPF%,P AGFHD

t SUIROUTVING PREEHD

2 COMMON/LSY ARTZ IRUNNDs IOATFo NP AGFeUNAMEC3) oV ITL F) (12090 171 E214 2y
3 DATE  NEIJWNOT/#S5eb7/

L C

5 € BRINGS UP Niw P&GE ANDY PUIS A£ADING AT TDP,

3 C

7 [ IMTERNAL VWARIAALES, t IRANSFERRED THRU E OMMONTD,
3 £ TIRUNNO = RUN NUMAFR, (A6 FORMAT)

3 C IDAYE <= OATE,. (85 FORMRATY}

i0 C NPAGE = PaGE NUMFAER,
Bl € UNBME - USE!RS NAME, (3A6 FORMATY)

12 C TITLES = FIRST TITLF, €12A6 FORMAIY

b3 C TIYLEZ = SECOND TITLE, (F285 FCRMAT)

14 C
15 7001 FORMET (IHERUN NOo oBBort2XeSX +EXwdZXNeSHPAGE NOo o] T/
16 ¢SSEXeAHRUN RYo 1X o3 A6710Xe12 86711UX st 2 A6)
17 £

13 NP AGF = NPAGE ¢ 1
[ ] WRITEINOT «200t ) TPUNNDO oNPASE o UUNAMF » TTTLE FoTT FLEZ
20 RFETURN
2t EN]

#PRT FPRINTS
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FHBUGGRINZD?» TPFS. PREMTS

PRT

e
Do gm g g F g™ e

9
P2
i3
B

15
LA

LI
18

i3
2D
2t
2?2

RCANZ

SUBROUT INF PRINTS (NoNEQo I) _ ' ;

IMPLICIT DOUILE PRECISION 8 -He0-21} l
:ECECECCCCCCECCCCﬁCCCCECCCECCCECCCCFCCCCC[ECECCﬂEEC(EC[PCCCCEECCCECCtCCﬂ
ngCECCCCCCCCCCECEEEECCCEECCCCCCCECCCCCCECCCCCCCCC&CCCLCCCCCECECCCCCCCCH
§ QUTFUY ROUTINF - PRINY STAT1E F0R EACH NELTAY !
c .

CCECECCCECEELCCOCCLCENCCCCCCCEECCLCCLCCCECLLECLLCCCELCcEeLCcereececreccecai
c

COMMDN FIIMESSY DEL TG Tol |
COMMGN SOLNtIDUD o Se 2)
¢
NAaT 4 MO /b/
C
¥S T SNGLET)
HRYTEINDOTIUUD) TSt SOLNENoJeT 1) T 1oNEG)
PIMD FORMATU(FIN 3500 Y,5)
C
RETURN
EWd
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FMBUGGRINZOT»FPFS.RCANZ

] DOURLE PRECISION FUNCT ION RTAN2(2} !
pd IHPLICIT DOUALE PRECISION (4 -Hsl-2) {
3 C {
5 CCECECLLECECLCCECLCLCECCEEECELLrcCCrccetcececcecceccrececrectecceccececcrel
& C }

3 c ROUTINF TO EVALUATE THE SGUARF OF R OF THE CONTAINER TO AE [
Y C USEN IN COMPUT ING THE ULLAGE YOLUME.

3 € _ A
3 CCCCCLCCCerCCCeLcoLecceaceceececcecceeceeeccececceceuceeceeccecececccecccec
10 C _ f
i1 RCEN? = {(RCAN{IZ))we? .
12 C i
13 . RFTURN
15} END i

2PRT  RUNKTA
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FHEBUGBARINZ2OTa TP RS, RUNKYT &

i SUIROUTINE RUNKIZINEGTNLNT) o
? [HPLECTT NOUHALE PRECISION (& Ha -7}
3 ¢ I
i cccﬁcccccrccccccccccccccccccccccccccccccccccccccccceccccccfrcccccccccccr
H c i
5 ¢ RUNGE-KUTT a=- GILL NUMERICA INTFGR AT fON AL GORIT HM
7 C i
9 CCCGCCCCCCCCCCCECCCCCCCCCCCCCCCCCCECCCCCCCCCCCCCCCCCMCﬁCtCC(tccCCCCFCCCC
3 T I
10 COMMON FOPRET A/ BRKIR)«PRK (4}
| B} COMMON FTIMESSY DELTA T ST i
i? COMMON FVECTORY Y {SYeX NV LS
13 C
19 no 120 J = EgY
1% JIL T J
16 0o 40 7 = 1o MNEOQIN
7 Z 2 ¥YDTIEk=DELTAT
i8 GO TO 4031010104822 0%) » JIL
13 (313 R = PRASJILI®*EZ ~ QRKEE b}
20 GO 1D tO7
28 103 R = PRKIJILI®Z ~ QRuL}
2z 60 TO 1117
23 108 R = §7 - 2.0000*GRAETYY / B.ONDOD
£y 197 ¥Y{YI® = ¥41Y) ¢ R
r 43 $ D ORKETY = ORAITY ¢ 3.00D0sR - PRKIJIL ¥eZ
25 IFLJUILoER ol o0Re JILLER,3) T = T & OQFLT AT/2.00MD
27 120 CaLt YOOV
23 Cc
Fs ] NT = NT & 1}
iD T = PeLECFLOAT I{NT Y eDELT &
3t C
32 RFETURN
3z £N)
FPRT TAVE

PR

RN
1.?‘9040@@
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FMBUGGBIN2O7 ¢ TPFS.SAVE

! SURROQUY INF S AVFENROuMe NFGe T H)

? IMPLICIY DOUILE PRECISION {8 -Hes0-7)

3 c )
1y CCCECECCCECEELECECCECRECDECEECLECLCCECECCEECTELCCOECDECrCCcLpreLcerccecece
g C

5 £ ROUTINE TO Savwf INTEGRATEN STATE SPACF SOLUTION

T C

] L0008 0 oL o o o 5 1 0 0 o 00 3 o0 o 0 9 o 44 ol o L o o ol o o 38 S0 o o o o0 o o o 0 o o 5 O o 8 o o 0 00 04 o Y o
3 c C
D COMMON SOLNIYOOUS «2?
it COMMON FYECTORYZ YA(S).VET IS
y? £

13 00 §0 1:z1aNFGQ _
K] I SOLMENROWeI«lB )} - YUl
15 c
1% RETURN
17 ENE

APRYT ST 4RTY
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FMABUGGRINZDT « TPFE.STARY
SURPOUT INF ST aRT
DIMENSION MONTHANII2 ¥ oMONTHLEEP T ADERAYE22)

COMMON fLS‘lRTIIQUNNOIlGl’EoNPdGEoUNlHtI3’-'l‘lE|(l?lc!lflf?(|2’
DATE NYETeNDTV /5 eb 7/

ODATA MONTENZZW a2 N2 o 203w 24N 9 2HIE e 2 il D

-
= JPURT TN U VI

. 2HUT7 »2408+2403 v2HED g2HL Fo2HL 27«
* MONTHL /2 HJ AW Z HFEa 2 HMR ¢ 2H AP 2 HMY « 2 HUNa
» ZHUL +Z24A Up ZHSF o 24 DC o2 HNO s ZHDE #
naTA YIST 7 00 7
o
i1 101 FORMAT (A6e 89X TR}
12 1002 FORMAT (1245}
t3 3003 FORMAT (35 HIENL OF INPUT DATA WAS BEEN REACHED.)
T r
15 IF (TISY.F0,.0% CAL TDENT (3« afjaR &)
15 IEST =
o7 READ (NIT410041 IRUNNO+UNBME
LR IF ¢ IPUNNO  ME« WHSTCF) 50 10 10
13 CALL #NNDUO=
2n WRITF (NOTe2ti23)
21 sSTOP
22 £
23 1T READ INTTITID2) YITLED
24 : READ tHWITIDDZ)Y TETLER
2% NP AGF = 0
25 _ RETURN
27 Y ENE .

APRY ST ATE
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FMIUGGRAINZOT«TRPFS.STATF

¢ SUIRAQUTINE STATF§Te o? I sRS+2ZSeRPS+ZPS s ¥S )

? IMPLICLIT DOURLF PRECIS ION { £~ HeD~7)

3 c

4 CCCCCCCCCLOECCTCCCCCCLLCLCOCECLlLCCCeCCeCerceeeceeCerReraceceaceeceeceeced
3 L : :
13 C HAVING RRACKETERN CANe FIND A G000 ST ATE

7 £

8 CCCOCCCCCECCLCELCCCCCLELECCCLCECECCeecceccececeeceecaececcecccececcrecdt
3 L

1n COMMON SOLN{INDUYSe 2D
il C

12 CALCCKs7) = SOLNtJ-leKo 1)+ FACTORS (SOIN(Jw Ke [-SOLNLI-1oKe TPV &2
13 t

1% RCIN = RCAN{(SOLN(J-102¢ E)¢Z 1)
35 REOUY - RCANISOLNUJe 2213471

iR Ft = RCIN - SOLN{J-lels 1)
17 E2 - SOLNGJelsl} - RCOUT

19 FACICR = FE 7 (Fl +F2)
B3 RS = CSLCQt20.330)

20 25 = CALGLZ.21)
2) RS = CALC Gt} ik, 00UHN)

27 2S = CALGL2.2 1)
23 RPS = CALEC (3 .0.0000)

29 ZPS = CALCH B0 0°CNN)
23 ¥S = CALCEE.0.0000% : .

26 RSS = NSGRTIRPS+=+2 + ZPSex2)
27 RPS = RPS / RSS -

29 2PS = ZPS / RSS "
23 RETURN

in ENO

ApRT  SIMPS
G@%
g&@e&‘ﬁ
%@9’
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FMIUGGRINZD7+IPFE,SINPS

Wy N g Wy

1n

RAPRY wULL

DOUSLE PRECISION FUNCTICN SIMPSEA o3 oF )
THPLTCET ODOUWLE PRECISION ( & HeO-23)

€
CCf.CCCCCCCCCCCCGCCCCCCCCCCCCCCCCCCCCCCCCCCCC‘CCCCCCCC[CCECCCCCCCCCCCCCCC!
€

T FUNCTION 1O NUMERRCALLY INTEGR &TE YHE FUNCYTON F

c FROM A TO & USING SIMPSONS RUKE

C

crecececcececcee cecCecLerceocecccecEcceegececeecceecceccececcececceCeceecte
C

Daje INT/UDY
C
c A-LOWFR LIMIT NF INTESRATICN
C A- UPPER LIMIT OF TINTEGRATION
[» F-INTFGRAND FUNCTION (DECLAREOD EXTERNAL IN CA0LINE PGM)
C IPAR-P AR AMFTER PASSEN TO TNTEGR AND FUNCT ION
c
C INITYALEZF PARAMET ERS
£

TWOHS{R- A7 ORLELFLO AT LINTH)

H = TwOH/2.0200

SUMENAZ=0 0 LD

SyMMilo = 0,.32306G0
C
L THOH-TRTER VAL
¢ H~HALF TNTERY AL
(N SUMMEND-SUM OF FIX SUR J)s FOR EVEN T
c SUMMI-SUM OF FI(X SUR T)le FOR OCD I.
[
c EVALLUATE SUMEND AND SUMMIO,.
c .

no 1 K = te INT

NZA+DBLEFFLOATHK =1 31+ TWO4
SUMEND = SUMEND J Fix)
} SUMMYID = SUMMID ¢+ T X+H)

C
c RETURN ESTIMATED VAL UE OF THE INTFERAND
T

SIMPS = ¢2.,N000sSUMEND o4, [ID00» SUMMID-F (A }+F$4 V¥ e 3 JlBOD
€ ‘

RETURN

END



FMBUBGBINZO? «1PFS.VULL S

" DOURLE PRECTS TON PUNCT ION VULL (VST AR eZheZM 8XY
_ . ImPLICITE DOUILE PRECISION tA-H.0-7]
SN 2% 1% 20 o o o o o of o o of o of of of o o o o o oo o o of o o] A s Mo o A oo sf o of L oo o oo o A S5 L A LR SN
¢ ;
L COMPUTE ULLAGE VOLUME FOR A BIVEN SOLUVION
c .
L1 oo oL oL oo o of o of o of ol o o o o of oo of o o of o o o of o o o o o1 o of o o o of o o o of 31 o WY o o o o el oo oo o o oo o o oL
c . ‘ o
e M. EXVERNAL _RCANZ R
0 COMMON 7 CONSTS /7 P lv 8NUM
13 VULL = PI¢{VSTAR + SIMPS{Z AeZMAX R CAN2) )
R L N . . o el _ e .
15 RETURN
15 .. [ X . 1 ]

bR - anf‘ w ™V o

aPRT _ YDOT
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86 . . .

T

CUAROUTINE YDODT o T ' T ot T m ey
IHPL‘IUIF BOUEI_E PRECISION { A Hs0-2)

cce CCCCCCCCCCCCECCCCCCCCCCCCCCCCCCCCCCCCCC CCCCCCCCC(‘HCCCCCCCCIZCCCCCCCCCCC

v
c

g
LcgcocecLoLecccecceocc CCCCCCCCCCCCC CCCCCCCCCCCC CCCCCCCCCC’CCCCCCCCCCCCCCCCCCCC

13

in
Bs
46

19

‘yg

21
22

2

25

aF IN

2%
27

C

c

}

ROUYINE 70 COHPUTE YDOT M i FUNCI ION OF Y .

COMMON FVECTCRY Y (%)Y DT {S)

S --t D—H Ha—ﬂ- e L —flp l Rl‘“ S ,u---‘ too r—.— “-toF . Z“rxﬂ;ﬂﬂrlxm T ..., e i e s g A AR e ..rn.,.}

TRSS Z DSARTEYEITIRAYE3) 4 YLWIRYER)YY T T A

YDTUeZY

TYDYiey

YE3) = ¥{3) ¢ RSS
YINT = YL8) /4 RES . - e e
CCoF = D.HBBU

FECYTV Y LRE, 0.0000% CECOF "2 7YW49Y 7 YOFY"™ T T T

TRM = ACOF ?C°E‘f!?'”‘mF§°F,,W

'I'll! 7 ) -

YoV =
YOT(3r = -¥(R}s1IRM

Yi31eTRM

\"DHS! R EAERARIREANL D I

- S - . ——
~RETURN o
Bl T e . _ i e i



e o 6.1.2 Listing - Vibration Analysis Computer Program 87
and Associated Subroutines

THILIPBIMZET#F 2.MA1N .
CUMPITER (RRT LT, TE U YEcH) e ——

e —
2 C .
3T T T ARIN T FRUGRAR TG UALTULATE LU TRONY RUFHES TANK SLOSH TUDES. —

4 € GEVELOPEDR BY HL WOHLEN. FERHOARY 197%5.
5 CORMUN 7 DUUBLE 7 IWORDG{16000) :
& COMMUN / RAP2 /7 14RD2
7 TCONMWUN s RAFS 7 1R T T T T
A C
7 T U T TAPUT DATA READ TR THTS BROGHAN. o
e C 13 CALL SYART
iT C FFINTT.TAPETY | FORMAT (2A5)
12 ¢ Call GGEM!  {SEE SUBROUTINE FOR INPUTH
I 5 D o ¢117 -0 O . FORMAT (A&
14 C IF (HGPT JEGe &HMODED ) Cal.L MUOLED (N0 [HPUT REQUiRED)
TS T T T F UMTPT JEN. SHADPES 1 CaLL MODES (SFE SUBRT FUR ITHPET)
16 C larT FOR¥aT (an)
7 C YEOTTORT wEWe 6HFLOT 1 Catt GPLTZY TSEr SUBKT FOR INPUT)
I8 o Gog TG 17
- e
20 BATA WIT+n0T/ 5,4/
—— PO
22 € DEFINE READW#RITE TAPES FD@ rlNELa.
73 y JaTh NUTEL ZNUTXYZL /
24 * 29, 18 7/ .
B4 UATA RUTE T NUTS T HUTHR  NUTE Xy NUTRY 7 7 =~
24 * B Ta 24 26, o/
r C DEFINE BUFFER INL,O0UT TAIES FoR MASS, GTiFs.HMODES, FREQ MATRICES. — -
28 DATA HNUTH NUTK yiUTP quuTe /s
zZ3 ¥ ' Zir 22y 23, 267
e C DEFINE READ,WRITE UTILITY TAPES. .
1 DATATRUTRT y wUTHZ,d0TRY 7 o
3z * Hy 9y i+ ‘ N
33 C OEFINE BUFFER IN,OUT UTILITY TAPESa ‘
34 DATA SUTBUNUTBZyHUTHI,NUTRS,WHUTRS  NIETRE,HUTET /
35 * 11, 124 13, 14, 15, 146, 17 7/
15 C REFINE FORWA LIBRARY TAPCS.
37 DATA RRSVTT /28 7 ) T
38 C .
39 o1 FORMAT (12A6) ' : )
40 C
97 REFIND GRGyT1
42 13 CaLL START :
R READ (NIT,I0GT) TFINIT,TAPEILD T T
4y IF CLFINIT oEQs 6HINITIL)Y CALL INTAPE {HRSYTY,TAPELD) :
45 C T T T
44 ‘ REWIND WUTEL
q7 REWIND MUTAYZ
45 Calbk LBDGEN {NMUTEL ,NUTXYZ,
5 REWIND NUTEL T
50 CALL LBFINE [HUTEL  NUTXYZ NUTH NUTK (NETLT ,NUTST (NUTHX ,qUTKX ,NUTHX,
51 " NUTB L NUTEZ,4UTH3) T T
52 READ (NIT, 1001} MOPT
%) yéﬁ (MOPT oEGe &HMODED ) 6p TD 50
5y FTF-AMOPT oEGQe 6HMODES ) G0 TO 72

55 _, ‘ NERRORS | T
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&0 TO w99

56
57 ST CALL MUOUED (NUTH ,NUTE yHUTF sHUTF gWRSVTL4NUTBT,HUTRY)
an Go TO 117
7] FE CALL MUDES  (RUTH G HUTHK sHUTP g NUTF HRSYT 3
&0 . NUTE 1 g WUTBE2,5UTBI  NUTBH , nUTES NUTBA&,HUTET)
&1 TTT ReAD INIT41calY JOPT
62 IF (IUFT LNEs 6HPLOT 1 Gy TO 12
&3 CALL OF[LTZY (NUTEL yNUTEYZ MUTP NUTF JHUTRI G NUTRZ,NUTRA,
&4 . KUTBE s NUTREZ2 2 nUTBIsNUTEY  uUTHE NUTB &, MUTE? ,MREVT L)
23 GG Ju 1§22
b C :
&7 TTF CALL ZZBUME (AALUNBND ,NERAKCK)
¥} EnD
JPRT Fl.FINELE
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THILIPBINZA7sF ¥ INELS

i TOMFILER [XFE1T, (EdUTT=Cry]
2 SUBROUTINE FINELE (XYZ,J00F ,EUL ,NUTEL Nd, i

B T L — NOTH, Wi TR, ' VLV, KV, R

4 * KHY g KRy KRE gL THX ,MUTKX yBUT L, WUT2,8MuT3)

g UTHERDSTOW XYZIKARA ¥y JDOF[KRJelty FULIRRE 1V, VI1T, Evi]]

) DEMENSTON @1 024,29, w2(Z2as29)y %3424,24)

7 DATA Ka/24/7, 7 TULAHK76R R EYAY;

B DATA BIT HOTAS, 6/

] (4 T
14 C  SUBROUTINE TO CALCULATE (Of AaPTION} FINITE ELEMENT s

TT [ ASHEFEBLELDT MASTY MATRETA (0N FUTHMY § :

12 C ASSEMBLED STIFFNESS MaTunls (0N HNUTKD,

B 13 € TVEC STVES ELEFENT DOF [NTO GLUBAL 00F. EXAMPLES, e o T T
1] r IVEC(S6)=d34 PLACES ELEMENT DOF & IHTD GLOBRAL DIF 8234, L
Ig ¢ T IVECT{AY=L UMITS ELEHENT DOF 3 FROM GLQBAL DOF. THIS CONSTRAINS
14 C ELEMERT LOF 3 10 ZERD HOT{ON,

17 [ DATA ARRKANGEMENT ON HUTM, MNUTK FOR THE AGSEMBLED MATRICES 1S IN
1 a C  SPARSE (Y} FOR:A SUBRUUTINE rORMAT. ]
Is C  DATA ARRANGEGENT U HUTLT, mNyiKX, NUTST, HUTA FOR EhAcH FIMITE
20 € ELEMENT {WRiTTEN [ SUBROUTINE FLUIDy ETe) IS (#=x)
T2l € FRITE INUTEY TANER gHEl gnH ,MC  NAMEL 3 (IRLANK,1=1 4,50,
22 C (Cw il g d) st  wRY 4d=],0 0, LIVECTEY y =) NC)
23 C NAMEL = FLUTD,ETC,
24 £ LASY RECORD (T DENOTE TERMINATION) 15,
75 ¢ FRTTE (RUTH] ISLANKE, ([F1,1=m1,33) T T
24 € THE FAOLLOWIWG UTILETY TAPES wSE BASIC FuxTRAN READ, wrRITE, 00 NOT

T C USE THESE TaPES v SPARSE () FORAMA SUBROUTINES AHICH USE FORHA

24 € SUSRQUYINES YIN, YOUT (BECAUSE THEY USE QUFFER @M, BUFFER OUT).

29 T WOV, NUTEX.

3n € THE FOLLOwIdNG UTILITY TAPES UUSE FORMA Yin, YOUT.

kR T NUTH, NUTK, NUT1y nuT2, HulT3as o ,

32 € CALLS FORMA SUBROUTINES FLUTD 2GRAVTY ,PAREHD ,SURFTN,YRVAD?,,YZERD

a3 ¢ . B LEEY ' ’

3y C DQEVELUPED BY wa BENFIELD, CS 80DLEY, RL “OMLEN. JANUARY 1973

R 1 C LAST REVISTICOn RBY RL HOHLC N, FEGBRUART 197%e

34 C

a7 T INPUT DATA REAT IH THIS SUBROUTINE FROM ~NUTELs TE AUTEL 2 5, DATA- IS
ia C READ FRUM CARDS.

39 T S NAWFEL - i FORMAT (A&} -
o c IF (NAMEL +E@e 6MRETUSM) RETURN

LN [d TF INAMEL «Ed. sHFLUTID 3y CALL FLUTD {SEE SUBRT FOR THPUTY)

42 Lo IF [NAMEL +EQs &HGRAVTY) CALL GRAVTY (SEE SUBRT FOR INPUT)

T3 T TF THAMEL +Eds &HSURFTN] ¢all SURFTN (SEE SUBRT FoON INPUT) T
Uy C Gy TO 52

49 S T

44 C DEFINITION GF [WNPUT VARLIABLES,

F7 T WAWEL = FLUTN, ETC AS SHOGN AROVE. GIVES SUBROUTINE CALLEDs

495 C .

iy T T EXPLANATION OF THPUT FOWmATS, WUMBER TNDICATES CARY COLUMGS USED.
50 c A = ANY KEYPUMCH STMB0L, :

51 C X = CARG CQILUMNS SKIPFED. - ‘ o T
52 C ’ .

53 (&2 SURROUT [ NE ARGUMENTS (ALL [MHFUT)

5y ¢ XYZ = MATRIX OF JOINF GLOsAL XoY,Z LOCATIONS. ROWS CORKESPOND

5% (S TO JOIWT NUMBERSY COLUMNS 1,2Z,3 CORRESPOND 1O THE JOTNT



a0

S C Xy¥,Z LOCATIONS RESPECTIVELYs STZE(NJ43) W
57 T MAY BE EUUIVALENCED TO ViIY IN CALLING PRUOGRAM. -
55 £ JDOUF = HATRIX OF JQINT GLOBAL DEGREES nF FREEDOM, ROWS CORRESPOND
T 8§ [« TG JOTHT NUABERY. COLUMNS 1,2,3 CORRESPOND TO THE JOINT
60 4 TRANSLATION DOFS Anp COLUMNS 4,8,6 CORRESPOND TO THE JOINT
&1 C FOTATION DOFSe SIZE(NJsdle
&2 ¢ MAY BE EGUIVALENCED TO LV(R) In CALLING PROGRAM,.
X  EUL S FRTRIZ OF JOINT EULER ANGLES (UEGREES)e ROWS5 CORRESPOND
54 o T O JOINT NUMBERSe COLUMNS 142,3 CUORRESPOND TO THE
&5 C GLODAL AgY1l PERMUTATIONS STZE(nJ,y3)e MaY BE T
S C ELUTVALENCED TO V(KiX#(XY2 COL nlm)+3) IN CaLLING PROGRAN,
&7 ¥ WUTEL = LUGICAL WUMBER OF TAPE CONTAINING ELEMENT INFUT DATA FOR
&8 C THIS SUBROUTIME AND SUBROUTINMNES aXIAL, ETC GIVEN BY NAMEL.
&89 C IF NUTEL = 5, DATA ..ILL BL READ FROM CARDS,
70 c nNJ = NUMSER OF JOINTS DR ROWS IN ®ATRICES [XYZ1, (JDOF), (EUL),
7T r wOTH ® LUGICEL WUMBEER GOF LTILITY JTAPe oN WHICH ASSEMBLED ‘
72 C MESS MATRIX 1% oUTPUT IN SPARSE NOTATION.
73 C KRG TP MAT BE ZERD IF FMASS MATRIX IS NOT FURMEODS
74 C USES FURMA YIN, YOUT.
T T RUTK = LUGICAL NUWMRBER OF UTILITY TAFE of AHICTH ASSEMGLED
7b C STIFFMESS MAaTRIX 1S ODUTPUT IN SPARSE NOTATION.
77 T RUTE FAY OE ZERU IF GTIFFNESS maThnlX IS NOT FORMED.
78 C USES FURMA YIN, YOUT.
79 [ T VECTNR WURK SPACE .
B C Ly = VECTOR wOHK SPACE.
g1 T KV T DTFENSION STZE OF V,LV IN CALLING PROGRAW,
82 C  KRX = ROow DIMENSION OF XYz IN CALLING PHRUGRAM,
83 ¢ KRJ = Ris DIMENSION OF JDoOF IN CALLINg PRUGRAM?
a4y C KRE = Row GIMEWSION OF EUL IN CALLIMG PROGRAM,
5 € WNUITHMX = LOGICAL MUWMBER CF UTILITY TAFE oN wHICH ELEMENT
Bé& C MASS MATRICES AMD JVECS AKRE STOREQD
) 87 < NUTrMX AT BE 2ERO [F MaSS MaTRIx 15 NOT FORMED.
5B e USES FORTRAN READ, ~RITE.
59 ¢ NUTKX = LGGICAL NUMBER OF UTILITY TAPE aN WHICH ELEMENT
g4 € STIFFNESS MATRICES (SAME AS GLORAL LCADS TRANSFORMATION
71 [ MATRICES) AND TVECS ARE STORED,
92 C NUTKX MAY BE Z2ERD Ir STIFFNESS #ATRIX IS NOT FORMED
73 T USES FURTHAN READ, wRITEs
¥4 ¢ NUTE = LUGICAL MUMBEEK OF UTILETY TaFE,. USES FORMA YIN, YOuT,
7h € RNUTZ T LUGICAL HUMBER CF UTILITY TAPE, USES FORMA Ying YOUT.
Ze6. C MUT2 = {DGICAL NUMBER OF UTILITY TAPE,. USES FORMA YIN, YOUT,
?7 C
?8 1751 FORMAT (ié)
A 2T FIINFART 1 779YK 3GHJI0UTIAT DATA USED 1K SUBROUTINE FINELY
190 . 2052 FORMAT (/735K HTHJOINT DATA USED In SUBROUTINE FILINEL (CONTINUED})
2003

101 frn, ¥3 FORFAY ( /18K IBHDEGREES NF FREEDON

102 # 18X 28HGLOBAL CaRTESTAN (OQrDINATES
k] ¥ TZ2Rh C#NEULER AHGLES (DEGREES)
AL - FleA TIXRTHRANSLATTON 8X 8HROTATION
o ¥ 7 ZASHJOINT LXjHL BXIAV SXiww GALHP RXKIHE SATHR
105 ' k4 P1AIHAR PIXIHY j1X1HZ JEHXIHX I2XIHY 12ALHZ /)
107 ZU38 FURNAT (1x 1%y 3X 418, 3X 3F1 2«4y HX aFlled4}
108 C
[IRE] ITF (RUTHMX o«GTse £} REwIND ~UTMX .
110 IF (NUTKA 26T T} REWIMD HNUTKX
111 NUTLY = %
- ORIGINAL PAGE IS

OF POOR QUALITY]



a1

()A

0@%00

ea:\'-ﬂ

P12 huf‘ﬂ = 7

SR 1 1= B SO -
114 ¢ DETERAMINE S1yF OF FINAL wns;-sTtFFnesb HaTRIX FRGY THE MAXKIMUK DoF
- CTAUABER W OSUOF, - T T
114 NODF = JLOFLi,1)
117 DG 3% T=1,iJ
118 Do A% gz}, é

Tie T TF WJRGF (1 4d1 «aTe HeBF ) (DOF=JUOF {1 ,.0) T o
t2q 35 CONTIMUE

12 C o
122 € PRINT JULHT DOGFy A7 COURBINATES,y CULER ARGLES.
123 T Cal L FAGEHMD )
124 WRITE [WOT, 20010
1726 TOWRITE (NOT.20n3y LY T
126 NILINE = &
127 DO HG [J=1401d T o T
124 NLINE = MNLIME#+]
129 IF GHLINE JtEe 42) GO To 47
Lan CALL PAGEHD ‘
TtA] T T T T WRITE UTHNOT, 240 T T
!32 WRITE" (i\ur;ﬂliu3)
133 NLINE = 1 - T
134 43 WRITE (ROT28049) IJ, (JdROF L1 Jed)y JE1 60y (XYZ2{1J,dY, J=1s3),
135 * TEULCTJaudy J51,43)
134 C ‘ 4
137 ¢ REAU FIRITE ELEMENT TYFPE, -
138 S8 READ (MUTEL 1001 NAMEL

TUTI3e T T 7T TUTFE OTWAMEL LENe BHRETURNY 50 TO 5103
140 IF (NAMEL ERa &HFLUID 1 60 TG 151
T91 I'F TNAFWEL +Euds odGRAVIY] ¢C TO0 171
142 IF (NAMEL «FEYe &FHBURFTM) &0 To 19“

153 T T NERRORS [
144 GO TO 999
145 TC FLUTE ELEFENT . T
146 151 Cal FLULD  (XY24JDUF UL NUTEL NJ,
147 ¥ NUTHEyNUTKX, NUTLT ,rUTST,
148 B dZy W3 KRX VKRJJKRESKH)
159 Go TQ &E
150 o GRAVITY ELEMENT.

TTAST T T UTT TRt GRAVTY (XY 74 JDO0F EUL MNUTEL,,NJ,
152 " HUTK X,
153 - WL HZy WAL KR yKRJZKRE W)
154 Go VO 5p

155 € SURFACE TENSIQN ELEMEMT, I B
156 190 CALL SURFTM (XYZ,JOOF FUL.NUTEL,NJ.
157 - T NUTK X, -
158 » WL A2V WA KR KR ,KRE KW)
159 GO 10 55
16D C . )
3 T TERPINARTE FINITE ELTHMINT NATs O STORAGE O0ISKS. T -
162 503 IF (NUTMX oGToe f) HRITE (NUTMX) IBLANks(1141=1,30)

43 TF THUTEKX +GTe 1 WRITE (HUTKX] IBLANKs(TT14I=1,3C) -
1464 < ' ' '
168 C SUM FIRTTE LLEMENT MATRICES.,
1hh IF (NUTHeuTaD) CALL YZERO (NUTM,NOQF ,NDUOF)
167 TF (WUTK.GT, IV CALL YZERO (NUTK,HDOF ,uDOF)



92

168 IF INUTHA «GTs 20 CALL YRvADZ (NUTMX RUTHM NDOF W1 4kKW,V,LLVeKY,
169 * NUTI NUTZ ,HUT2) -
170 IF (NUTKA oGTe T} CALL YRYADZ2 (NUTKX NUTK NDOF ¢® 1 KWV, LYKV,
177 * HUTTI  NUTZ,NUT3T

172 RETURN

173 o

174 999 CalLl ZZBOMB (&WMFINELH ,NERROR)

7S ERND '

PR FlaeR a1l



PHILIPBINZI7F 1K 25T
CTUCOMFILER (XAFEI TS ERUTV=CHE)
SUBROUTINE KZST1  (X29X3,Y345T42Z,K2)
UIRENSTON Zi{EZ ;17

[ Ea]

SUBROUTINE T0 CACCULATE FINITE ELEMENT a4,
STIFFNESS MATRIX,

Q’*U‘I.::{JNA

'R

T 7T U FUR A SURFACE TENSION TRIANGLE ELEREMT {TH URNRESTWAINED BoUNDARTES.

B T LINEAR UISPLACEMENT FIELD IS USEDs
T U B3TIFFNESS @ATRIX IS I LIOCAL COORDINATE <YSTEM.
19 € THE LOCAL COURDINATE SYSTEit 4SSUMES THE PLATE TO LIE ‘1N AN X=Y PLANE
T C TITH JUINT T AT THE X=Y ORIGIMN, JOINT Z LIES ALONG JHE POSITIVE
12 C A AXISy AND JGIWT 3 135 I8 THe PASITIVE Y DIRECTION,
- TA T T LOCAL TUORDINATE ORDER [3
! C Dry,022,023.
I ) C #AHERE D2 T35 THRAMSLATION (QOUT OF PAPER] «
b6 ¢ DEVELOPED gY RL @WOWLEN. FEaRUARY 1975,
17 C "
ta C SURROUT [ NE ARGUHENTS ,
19 ¢ X2 = IWPUT  LOCAL™ X COQRODINATE LACATION OF JolwT 2.
2n C X3 = lHPdT  LOCAL X COQROINATE LOCATION QF JOINT 3. -
21 C Y3 = TNPOT  LOCAL ¥ CODRDINATE LOCATION OF JalWNT 3. o
22 - 2 [HPUT  SURFACE TEMSTION (FORCE/LEMGTHY
23 ¢ £ = QUITFUT STIFFMESS “ATRIX. SIZ2E(3,30.,
24 c KZ #= [HNPUT RUW OIMENSIOQW OF Z  [H CalLING PROGRAM. MIN=3,
25 c - R
) 25 - A a - X2eYi/2, o e
27 . CONST = ST/(4.%a)
28 ‘ XAMK2 & A3=-%2
29 Z{131} = COWNST & [(YT3%e2 + XAMXZe#32)
3o O Zi{142) ==CONST & [(Y3e%2 & X3#X3MXZ)
31 I{1,3) = CONST # X2Z% x3uKz -
3z ZU202) = COMHST # (Y3%22 + X3e#2)
33 {243} ==CONST » X2 » X3 T
34 . Z{3y3) = CONST # X2us2
35 —C
is C SYMMETRIZE LUWER HALF .
37 Do 1D J=si,3
3a DO 1t F=d,3
39 1T 217,00 = Z1tJ. 1)
40 c )
gy RETURN
42 - - END

IPRT F|+LBDGEN
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PHILIPBLNZ274FlalLBUGEN
ﬁﬁﬁﬁﬁ ! COMPILER TXFETF  (EWUTIVETH]

2 SUBRDUTINE LBDGEN (NUTEL ,NUTXYZ)
3 CONHUR /7 DOURLE / AYVZIi8G,3), 1Cw(5H), TFS{ST1,y JRNIBTT,
5 @ AYZ19073,3), JDOF (925,60, EULIZT2,3),
5 ] IRORDS {28903}
& DATA KG_P;K?.I, KJ,KHf
7 & BT AZITT, 4/
a DATA EPS/1+E=§0/y DTRZeQ174%32%257y 1275/ 1373/, 16756/
) DATA NAWEF 4, TAMEG , WNAMEST, NAMEK , IBLANK, [IRTN /
12 ® EMFLUID o 6HGRAVTY s oHSURFTN,&HK] s 6H y GHRETURN/
T1 URTA NIT,HOT/Ss4/
12 C
T3 {701 FORMAT (15K,1%9)
14 1002 FORMAT (12X,2E17.1)
15 TI95 FORMAT (4d)
I & 213 FORMAT (5xX,415)
I7 T2V FORWAT {STRG1 K1)
18 22 FORMAT (3(SX4EL1T.3))
; ] VS FORPAT (5157
b da) 2222 FORMAT (3(5XsIPELID:4))
- 21 C
2z C DATA GENERATOR FOR LOW 80nND cONTRACLT.
73 T BXI=STMWETRIC FLUID CUNTAINERs RIGIC WALL e
24 € 9% DEGREE MODELe USER SUPPLIEDR GRID,
25 T GLERERATES (17 SIZES END JUOUF,XY7,EUL HATRICES ON MUTXYZ FOR ARGUMERT
24 C INPUT TO SUBROUTINE FINEL,
77 T {27 ®ASS TYFE, STif TYPE, DENSITY, BULK mODULUS, GRAVITY,
28 C FLUID ELEMENT JOINMT NUMBERS ON NUTEL Y0 BE READ 1IN
Z7 T SUBKROUTINES FLUID, GRAVITY,
i € SYMMETRIC, AnTI=SYMMETRIC CA%E, THAT IS,
37 T USDX=SUMETHING, V=DT1=30METHING, #=0DZ=2 0y KY PLANE,
32 € UsbX=fR, V=0Z=D, W=-DY=SOMETHING DN XZ PLANE.
33 ¢ RX=CUNTATNER AXIS OF SYMMETRY (+UP)l, Y=+4R31GHT, Z=+IuTQ FPAFER,
3y € EUYLER ANGLES CNLY USED ON gOUNDARIES WHERE CONSTRAINTS ARE APPLIED,
35 T THRT 155 AT XY PLANEs XZ PLANE, CONTAIMNER %alloe
36 ¢ EULER ANGLE THETA X = 2 DEg ON XY PLANE, 93 DEG ON X7 PLANE,
37 C 9o/SFECTIUN BETWEEN XY ARD X7 PLAWES AT CANTAINER WalLl,
38 € EVLER ANGLE THETA Y = 7 EVERYWHERE. :
39 T EULER ARGLE THETA Z SUCH THAT ¥V 1% NORMAL OUT AND U IS5 TAHNGENT AT
40 € CONTAINER HALL,
1 T FIRSYT GRIU POINTS ARE UM A=AfXl5s § AT CONTAINER BOTTOM.
42 ¢ DEFINITION. GRID POINTS = JOINTS ON XY PLANE. _
TTTTTHE T ¢ DEYELDPED 3Y RL WUALEN, JANUARY 1975.
4y € LAST REVIS[OnN 8Y RL WORLEN. FERRUARY 197%
5% T - -
44 READ (NIT,1201) NSECT
77 CALL REARD TRYTZy NGFPs13, KGFoKk3)
48 READ (NIT,1222) ZAXIS
. #9 T TP CONTAIRER 15 A CYLINUER, READ GRID FQTNT OF CORNER.
50 ¢ IF CONTAIMER IS NOT A CYLINDER, INPUT IGPCYL®G.
R READ (WIT 12017 T6FCYL
52 - C READ CONTAINER WALL GRID POINT NUMBERS.
53 TALL READIM [TCw,; 1i,MCH, 1,KGP)
54 € READ FLUID SURFACE GRID POINT NUMBERS FrRoM AXIS QUT.

55 TALL READIM (IF5, T1,9FS, 1,KGP)



54 READ CNIT, 15550 NAMEN
%7 T REARD (T T, 1221 RULIRE,ST
53 READ  (wlT,1222) aX
[ TGy TE TG
60 GL = T3
a1 T REAU ELEMENT GrlD PaIMT UUMBERS AT STATE@EST 213, :
&2 C ‘ B o
K] T CACCULATE XvZ, JOUF, EiUL HATSRICES.
b4 YAXIS = XYT2{i,z2) ~ B
&5 SECT = wszey '
65 TXINC = 95/5ECT
&7 T € ZERU GUT HATRICES
63 DO 27 J=21,2

TTe% T DD 2T 1E1,KJ ) i
7'3 XYZ(I|J,'= 3-‘: _ _
7Y T 23 EQgUULLJY = Ten
72 Lo 25 J=],4
73 00 25 1=1,KkdJ
T4 25 JpOFLled) = 2.0
7% C CALCULATE WUSMACER OF JOTATS O A«AK[S.
74 HPAad = o
77 TOOTRT 1aP=],NGP
78 IF {ABSUEAYTZLIGPs2)=YAX15) «LTe EPS) wmPAX=NPAXK+]
79 L CONTINUL ,
ac C .
Br T X~AA15 JUITT5. TZe9h AT JOTHT Ty TE4=2 AT OTHER JOInTS.
82 DO 152 [GP=1yNPAK
a3 T AYZ({IGP,1) = X¥TZ(1G .,|) ) o
&4 X¥Zilap,2) = (¥Y72(16P,2)
21 T07 AYZTIGP 31 = JAXIS
a4 EUL{ls3) = ZYTZ(1,3)

- a7 JUOOF T, 1Y = 1§
88 0o 135 [GP=2,0HPaX
a9 rys JDGFJIGP.Z! = [GF -
90 C
1 T JUINTS UTHER THAN X=AX13a
92 NEAXPL = WPAX+]

— 973 NPLANE = 71SECT+] o
Fy Jo= WP aAR

—TTT9g TDOF = WPax
94 UG 129 [GP=WPAXP1,NGP
7 T SEE IF PUINT 15 UN CUATATNER WALLe
78 1FCH =
X Oy 122 JC=1,00%
193 IF (TGP +EQ. ICH{ICY) Go 70 1223

IO 122 COoITTIHNUE T
102 GO TU 124
THa TZ2Y IfCw = 1
B LZ24 o 129 [PLANEST NPLANE
s T = FLUAT(IPLANE=T Y sTA [ T
1026 CTX = CuUS(TX*DTR)
1H7 STX = SIn(TA®DTR] B T
108 YLOCAL = XYTZI(IGP,2)-YAXIS
BERD J = J+1
119 X¥ZLlJdyty = X¥TZ(1GP, 1)
71 T XYZ(Je2)Y = YAXIS + YLOCAL«CTX

<: 4;253“\ {ﬁxﬁgﬁg-g,C§SB;jﬂﬁg



112 ‘ XYz

(Jyd) = ZAXIS + YLOCAL=STX

113 LF

TIFCW oEfs ¥ «OR. TPLANE oEde NPLANE)Y EULTJ,1)=TX

114 EUl(uJ3) = XYTZ(IGP,3)

115 IF (IPLANE sE@e APLANE +0QRe 1GP «EGe 1GPCYLY GO To 127 -

114 IBOF = [DOF+i

117 JOOFTJd,1) = 1DUF *

11A IF (IFCA «EGe 1) GO 7o 127

119 TOOF = TOO0F+1

128 : JUOFtJ,2) = 1DOF

21 IZ7 TF TIPLANE <EQs 17 GO TO0 129 T

122 To0F s ID0F+1

175 JOOF(J+3) = LODUF

124 129 CONTINUE

125 NI TETY

124 WRITE (WUTXYZ) NusI3sNJslbsNJ,13

177 WRITE (WUTXYZ) ({JUOF T T4V ,l2lsNd) 1,61

123 WRITE (NUTKYZ) ({XYZ tlyJrgl=fand)dxil)

125 WRTTE INUTXYZ) TIEUL (T edosI=1sNJ)sJ=143)

138 c ]

131 C TEET REAL JOINT NUMBERS OF GRID POINTS,

132 IgP = 3

33 00 235 J=71 ., Md

139 IF (ABS{XYZ{J,3)1=ZAXIS) ,4T, EPSt GO TO 285

135 IGF = TGFP+1

138 JRNUIGP) =

137 L0 LONTINUE

138 Cabb WHRITIM (JRNy, NGP 1, 3HJRN, KGP}

139 C

140 C CALCULATE ELEMENT JOINTF NUMBERS FOR SUBRQUTINE FLYID,.

141 AR ITEL TRUYEL » T000F NAMER

142 WRITE (NUTELIZ21) NAMEM,MAMEK s I3LANK, [BLANK

T3 WRITE (RGTEL 2°227 RU,BRM

144 C  NUMBER OF GIVEWN JOINTS ON XY FLAME DETERMINES TYPE OF ELEMENT

3] T FOR ELEMENTS UN A=AKTSy 3 JUOINTS=TETHAHEQRON, 9 JUTNTS&PENTAAEDRONG

148 ¢ FOR OTHER ELEMENTS, 3 JOINTSzPENTAHEDRON, 4 JOINTS=HEXAHEDRON.

147 WEL = %

148 ¢ GRID POINT WUMBERING FOR ELE“ENTS MUST BE CLOCKWISE,

199 C T IF ELEMENT 1% OW X<RXIS, FIRST THU GRIND POINTS MUST BE OH X=AXT5,.

150 £ ELEMENTS CANNOT HAVE JUST ONE GRIPD POINT ON X=AXISs
TT1%1 RTUTREAD THITLININY (GPI,IGP2,IGP3+16GPY

152 IF LIGP] +Ede D7) GO T0O 269

153 KEL = 3

154 IF (1GP4 4GTs 2} KEL=d

1556 TFTIGF] 2GTe WNPAKT uG TO 258

156 C ELEMENT IS ON X=~AX[S.

157 J1 = TGP

1658 Sy = jgP2

159 TF(KEL <ER. &7 GO TO 230

160 DO 225 [SECT=1,NSECT

16] JZ2 = JRNTIGP3Y+[SECT =1

162 J3 = J2ed

153 NEL = REL=]

164 225 WRITE (RUTEL 222100 NELWJL.J2,J3004,12,12,12,12

165 GO 10 210 . -

166 230G DU 235 [SECT=1,NSECT

167 J7Z = JRNUTGPYT+]GECT =1




148 J% = JRHLIGP3)+]1SECT =y
15T T3 = U+ - T T T T T e T T
170 J& = UG
171y NEL ® NEL+ ] T T T T T T T
172 235 WRITE GIUTEL 2315 NEL,JY ,J2,J3,J4,J58,J6,17,17
73 GO TU 717
174 € ELEMENT iS5 HOT ON X=AXI1S5. :
175 FH5ITIF TREL WET. 91 5070 a0 - T -
E74 DO 255 [SECT=14nuSFECT
TN T JT = JRITIGPTI+ISECT=1 ‘* - -
178 JZ = JRN(IGPZI+ISECT-
179 T3 = JANIIGPII+[SECT =1
180 JY4 = g+
181 I = I+ T T T
102 Ja = J3et
83 HEL. = NEL+1] -
184 255 WRITE (WUTEL»29170) NELJ1,d2,d3,04,05,46,1Z,12
15 GO 10 2140 i
184 260 DO 265 IJrLT”]anECT
ST A7 J1TE O JRNTIGP I +ISECT=-1 " 77 T
124 Jdz = JRM(IGPZ)*ISECT-l
BEE T J3 = JRNVIGPAI+IGECTe] S
1953 JH = JRNEIGPA)I+ISECT~1
171 Jg = Jre]
192 Sh o= J2ed
193 J7 = J3+} - -
194 JA = U4+
195 NEL = NEL+1 o
195% 265 NRITE ANUTELSZ2WI0) NELs T, d24d 304,05, 08,47448
197 g TO 212
1?3 2479 NHITE (NUTEL 23150 T2, 08124120l Zy12,12512,412Z
199 C
207 € CALCULATE ELEMENT JOINT NUMICRS FOR SUBRAUTINE GRAVTY,.
201 ARTITE (NUTEL,12%5) WJAMES o
232 FRITE (WUTEL1221) IBLANK NAMEK
773 FRTTE (NUTELs2322) RO
234 ARITE (NUTEL24%22) GX,0Y,57
2U5 NEL = 73
204 Jl = NPAX
277 IGPZ2 = [Fs(21
2028 D0 275 [SECT=1.NSECT
Z209 J2 = JRUC]GPZT+ISECT -1
21 J3 o= J2+]
211 NET =" NEL +1
212 275 WRITE (WUTEL,221%) NEL W J1,J2,43,12
213 DO 285 [5=3,AF35
214 1GPY = IFS{15=1)
215 IgFZd = [F5(13)
2ié Do 285 ISECT=1.nSECT
317 “JT = JRNTIGPII¥ISECT =) -
218 JZ = JRN(IGPRZ)+[SECT~1
219 J3 = JZvy - _ -
221 Jdg = J1+]
721 NEL = NEt+1
222 285 WRITE (NUTEL¥27103) NEL  J1,J2,J3,44

273 BRITE (WOTEL 20TV T2, TZ,17412,12

0‘3«‘-‘3‘&

v
h;;efﬁg& \



HY

224 c
7S AL CUTATE ELENENT JUTNT NUMGERS FUR SUERAUTINE SURFTN,.
224 WRITE (WUTEL#1225) NAMEST
T Z27 VRTTE TWoTELICZTT WmAMEK
224 WRITE (NuTEL2%2221 ST
779 NEL = =
232 J1 = NPAKXK
7 1652 = [FS(2Z1}
232 D0 292 ISECT=I.nSECT
233 J2 = JRANTIGPEZI+[SECT=1
234 J3 = J2+}
Z35 NEL = NEL*+1
234 292 ¥RITE (WUTELe238%3) NELsJ1 ,J2443,412
737 TO0 Z95 [SE3,NFS
238 _ 1621 = IFS(15=1)
T 739 IGPFZ = IF3T1TS]
240 Do 295 ISECT=1,aA5CCT
LR JT = JRN{IGPITFISECT=]
242 J2 = JRAN(IGP2I+ISECT=)
293 JI3TE JIEI ’
244 Jyg = Jilej
U5 WEL = NEL+!
244 295 WRITE (NUTEL.2512) NELJI1,J2,J3,J48
797 WRITE (NUTECsenlellZalZ,12:12472
248 C
7YY —C  RETURY TARD FUR SUBKUUTINE FINELE.
250 MRITE (WNOUTELLL1TD3) IRTN
251 RETURN
252 C
753 TRY

WPRT Fl.LB8FINE



PHILIPBINZO7 %F ] JLEBF I NE

1 COMPITER (XM=11, {LQUTV=CH
2 SURRJIUT [NE LBFINE (NUTEL.uUTXYZ NUTM, nUTK,NUTLT, NUTST, NUTMX,NUTKX,
I T ¥ TR UTYSY  RUT 1 NUTZ,NT AT
4 C , '
) T WMATW PRUGRAN TO READ (XY¥Z). (JDOFT, (EUL] AND CALCULATE (ON UPTIORT
& C ASSEMBLED FINITE ELEMENT #MASS, STIFFNESS MATRICES.
Y € CALLS FURWMA SURROUTIRES FINELB,TIN WYHKETTE s T
A ¢ DEVELOPED mY & BENFIELD, € BODLEY, R PHILIPPUS, R WOHLEN. JULY 1973
9 € LAST REVISIUM BY RL GOHLEN, FEBRUARY 197%. T -
1o C .
11 DOUMBLE PRECISIUN V .
12 COMMON o/ COUBLE 7 vitzgeny, Lvi12000) o
13 DIMENSIGON XYZI2T2043), JLOF12082,:460 £ULI2C003,3)
b4 EQUIVALENCE (XYZ (1), VU1)), (EUL(L),V (422110, (JDOF(I),LV(L1)]}
15 DATA KR%x, <CX, KRJ, KCJ, KRE, KCE, Ky /
16 .o 2300 3, 2@;:. 4y 2000, 3,y2000 /
T7 T READ XVZ,J00f EUL FRUM WNUTAYZ CREATEL IN DATA GENERATOR LBUGENe
i8 REWIND NUTXYZ :
- ] READ (NUTAYZT NJ,NCX,NRJ,NCJ,NRE,NCE
2 -NERROR=1
Z1 T IF (NCX +HE. 31 GO T2 289
22 NERROR=2
23 TF (NRJ +NEes MJd +0Rs HCJ «NEws &) GO Tn 999
24 - NERROR® 3
5 TF THRE +REs NJ +0Rs WLE LNEs 31 GO 0 999 '
26 ' ' NERROR=4
27 TF T NJeBGTaRRE o0Re NCKXeGTAKCK o0
za » NRJaGToKRU o0FRe NEJeGTAKCJ «0Fe
Z9 ¥ NRE<GTeKRE «0Fe NCLaGTeKCET GD 10O 997
Y} READ (NUTXYZ) ((JDQF(Tadd,1=1,NRJIyJd=1,4NC )
31 READ (NUTXYZ) T{ EYZU[+Jd1,0=1, NJYyJd=) NCX)
32 READ (NUTXYZ) ({ EUL(TsJ),I514NRE) »J=1,NCE)
T 33 T T TALLU FINELE (XYZ,JDOF ,EUL KNUTEL ,NJ,
34 . NUTM y HUTK
T v ViLVsKVKRZ,KRJHKRE,
14 . NUTMY gNUTKX gNLTE NUT2,,NUTI)
37 CALL YARITE (NUTH,TAMASS G V4LV,KV)
g CALL YWRITE (NUTKSHHSTIF VL VsKV)
R - I RETURN —
47 C -
| ¥99 CALL ZZGUME [&H{BFINE ,NCRRGR]
42 END
MPRT FJaMOTITL
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pHILIpBlN2Q7#FIqMDTITL

= COMPILER (XR=[T,{EQUIY=CHN]

2 SUBROUTINE MOTITL (PTITLE ,MODESFRER,NRWT,KPTITL)
3 4 '

4 C SUBROUTINE TO FORM MODE NUMBER AND FREQUENCY TITLES FOR PLOT3,.
5 T BDEVELOFED 37V WA SBENFIELD. FEBRUARY 1978,

& ¢ LAST REVISION BY R A PHILIPPUS. MARCH 1975,

7 C '

8 DIMENSION PTITLE(KRTITL)

] C

] 1291 FORMAT (3A1%)

11 1702 FORMAT (546}

172 2221 FORMAT (4HMQOODE,14,6H, F =2F1Os&,6H HZs )

13 C

14 RENIND NRWT

i5 WRITE (NRAT,20301) MODESFREQ

14 REWIND NRWT '

17 TF (RPTITLEWs B) READ (NRWT,10013 (PTITLE(I),151,3)
18 IFr (KPTITL.EQe13) READ (NRWT,1922) {(PTITLECI) I=],5])
[ RETURN

20 . EnD

RAPRT F1.MODED




[
[=]
[

PHILIPBINZO7*F1.M0DED

e CUMPILER (XR=11 ,(EJUIVEIAN)

2 SUSROUTINE MODED (NUTM,NMUTK NUTP NUTE JNRSVTE,NUTR1,NUTRILL

5 — R

4 € SUBRQUTINE T0 COMPUTE MODES USING SPARSE MASS aND STIF #ATRIGES

B [« wWiTA JENSE MODE SURROUTINE,

& ¢ OEVELOPED gY wWa BENFIECLD. MaY 1974, i
7 T LAST REVISIUN 8Y RL WOALEN. FEBRUARY 1775

8 c _
4 UOUBTE PRECISIUN V T
12 COMMON s DOUBLE / A(!115,115), S{115,115), #2115y, @iE15),

Iy ¥ FREAL 1157,y VIda7aT, LVY(3&Tals 1AORDS(ZAS]

12 ¢ ‘ : B
13 JATA KA,Kv /7 115, 35371 /7

14 c : L
15 TALL TSTOD (NUTMa B4 RAZNCASKA 4KA LV, LV,KV,NUTE])

14 CALL YSTOD {NUTK,S,9RAS,NCS, KA KA v LY KV, NUTHI)

17 TALL MODE (A S aNZ 3 W, FREF )NAMS ;D42 9Ka HNUTR1T)

18 CALL WRITE  (H2,NRMS5,1,2H424KA) :

19 CALL WRTITE (FREQ,NRMS,1,4HFREG KA}
20 CALL WRITE {AWNRMS,NRM3,5HMODES,KA)
21 C CONVERT DENSE TL SPARSE FOR PLOTS.
22 CALL YOTUS (FREQyNUTF yNRMS 31 ,KAL 1,V , LV KV,NUTB])
23 CALL YDTOS (A NUTP NRMS ARMS KA KA,V LV ,KV,NUTB1)
24 IF (NRSYT] JLEe ) RETYRN

25 RENIND WRSVT!

25 CALL WTAPE (W2 ,NRMS, | ,2HW2,KA (NRSVTI)

27 CALL ATAPE. (FREW,NBMS, |l ,44FREQ,KA (NRSVTI)
28 CALL YNTAPE (NUTP,5HHMODES 4V ,LV,KV,HRSYTI)
29 CACL LTAFE (NRSVTI)
3ia RETURN
31 END

BPRT Fl+MOUES
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PHILIPBINZD7sr i .MODES

| COMPTLER (KMETY, TEQUITV=CHY])
2 SUIROUTINE MODES (NUTM NUTK NUTZ,NUTFNRSVTY,
k] # NUTL N TZ4NUT I NUTH  NUTS  NUT &, NUT 7]
i C
5 o TTERETIVE RATVLETGH=RIT1Z METHGD OF DRe JOHN ADWIRE.
& C TECHNIQUE = COMPOSITE STRUCTURE .
7 Lo VERSTIN = wON=-SAEEFING,.
A C PROGRAMMING LOGIC = SPARSE,
g T MAXIMUN STZE OF HMASSST1F = 1927,
13 ¢ MAXEMUM Ny = 77 .
T I TEVELJDFED 87 R L WORLEN AND < A& PHILIPPUS. MARCH 1772s
12 C LAST REVISION AY R AOHLEN, FEBRUARY 1775«
- 43 -
:q. C I Y A T s s T R R T R A R R P R A R AR RN
) C INFUY OATA READ TN THIS PROURAM,
16 C N FORMAT (18X,15)
17 [ N FORMAT (10X,15)
Y] ¢ SHLFT FORMAT (IDX,E1D)
19 [ MAXTT FORMAT (13X,I5}
27 C
g | T OEFINITION UF INPUT VARIAGLES.
22 [T = NUMBER OF MGDES HANTED.
73 TR ¥ RUMBER OF RAVLE[GH=RI{TZ MODES Tg USE,
24 o SHIFT = SHIFT VALUE TO USE,
Z5 T FAKIT = MAXIMUM WUM3ER OF JTERATIONG 1 BE FERFORMED.
26 C
zZ7 OOUBLE PRECISION V
28 COMMON / QOUBLE # v(1s927), LvVI13922), %2( 72Y. & 77), FREQL 731},
P ¥ TROGRD S (37237)
an DIMENSION A{ 72, 723}, SU 72, 7C)
31 C
32 EQUIVALENCE (V{13641 ) .50ty {LVI384]1),Aa01)}
33 [«
34 DATA NIT,NOT / S4.4 /
35 TATA XV, EA 7
b * 15922, 7% /
37 UATA NITERI, NITERZ, ToLZ, TOLW¥Z7
38 @ T 1o 1eE=D6y 12EalH/
39 DATA IFPRNT/Z1IQ0D/
49 12921 FORMAT {10X, %4I5)
L§] T919 FORPMAY (18R, EICeq])
42 o
91 WEAD (NIT,I001) NE
Y4y READ (WIT.108081) WU
95 READ (NIT.12121 SHIFT .
46 READ (NIT,1201) MAXIT
47 [«
48 CalLL YZERD (NUTZ,1,1)
T 497 T TALL YNUUDEZ TRUTH  NUTK yNUTZ W2 W FRER N, ViLVsA,5, KV,KA,
=%+] 4 NUTT gNUT2,NUTA,,NUTY,, NUTE NUT&NUTT7,
51 L TFPRNT MAKIT,
52 # NU,NITER[,N]TERz,SHIFT.TﬂLZ.TOLWZ)
53 C
5S4 CALL ARITE L2 Nijgl ,2HW2 (KA}
55 Call WRITE (FREQ@.NU,1,4HFREQ,KA)
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56

CALL YARITE (NMTZ,SHMODES,V.LYsKV)

57 U CONVERT DENSE TU SPARSE FOUOXR PLGCTSe

58 CALL YDTOS (FRER,NUTF,NU, 1 3KAsl VL KV NUTT B
59 TF (WRSVT1 «LEs 7)1 RETURN : o
an RENIND NRSVT) '
5] CALL WTAPE (W2, NU,T,2AWZ,KA,NRSVTL)
62 CaAlLL WTAPE ‘FREQpNUgl1HHFREQ1KA.NRSVTIJ .
43 CALL YHATAPE (NUTZ oHMDOES,VsLVyKVNRSYT})
&4 Catl LTAPE (WRSVTH)
65 C ’ T
bé RETURN
67 EnD
WPRT FleSTFZST -
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PHILIPBIN2O7F13TF2ST

I COMPILER (M=), (EQUIVECHMN]
2 SUBROUTIHE STF2ST (CJ EJe STy NAMEK 353w 4KCU KEJ KS KWL}
3 DIAENST{ON CJUIKCJylVy FEJIREJgl sy S(KIT, 11y WITKWL,1}
] C
T T SUBRUUTINE 10 CALCULATE FINITE ELEMENT os, .
& C STIFFNESS MATRILX
T T FUR A SURFATE TENSTOW TRIANGLE ELEMEMT A1TH UNRESTRAINED SUUNDARTES,
8 o STIFFNESS MATRIX IS IN GLO3AL COORDINATE DIRECTIONS,.
] T GLUBAL COORDINATE ORDER IS
19 C (UsVaW JOINT 1| THEN JOINT 2, 3.
T1 T WHeRE UsVyd ARLC TRANSLATIONS,
¥ C EULER ANGLE COMVENTION 19 GLOBAL X,Y,Z PERNMUTATION,
3 T CALLS FURMA SUBROUTINES ARTABA.DCOS2,K25T1,2230MB,
14 C DEVELOPED 3Y RL #WQOMLEN, FESRUARY 197%.
I5 C
16 C SUBROUTINE ARGUMENTS
17 c CJ = 1dFPUT  MATRIX UF GLOBAL X%X,V,Z COORDINATES AT TRIANGLE JOINTS
18 < ROWS 1,2,3 CORRESPOND Tn X,Y,Z COORODINATES.
9 o COLS 142+3 CORRESPOND TO JOINTS 1s2:3e S1ZE(3:3)
29 € Ed = [NPUT MATRIX UF FULER ANGLES (pEGREES) AT TRIAWNGLE JOINTS,
21 [ . ROKAS 1.2,3 CORRESPOND TO GLOUBAL Xs:YsZ PERMUTATION.
22 C COLS 1432,3 CORRESPOND TO JOINTS 132+3 SIZE(3,33).
23 [w £ — = [nPJUT SURFACE TENSIONe (FORCE/LENGTH)
2y C  NAMEK = INPUT TYPE OF STIF MATRIX WANTED. ‘
75 o T K¥, USES K25T1, LINEAR DISPLACEWMENT FIELU.
25 C s 2 QUTPUT STIFFNESS MATRIX o SI1ZE(942%)e
27 C [ S [NPUT WORKSPACE MATRIX. SITZE{18,18).
ry:) c KCJ s INFUT ROW OLIMENSION OF €J IN CaALLING PROGRAM.
r4 T KEJ ETINFYT ROW DIAENSION OF EJ IV CALLCING PROGRAM.
33 £ KS = INPUT RO4 DIMENSIOW OF S IN CALLING PROGRAM, MIi=Fe
31 C KWT = [NFUT ROW DIMENSIGN OF Wi IN CALLIRG PROGQRAMs MIN=18a
A2 C
33 . ‘ _ TNERRUOR=1
34 FF IKS 4LTe 9 #GRe KWL o1L.Te 18) GO TQ 999
35 SLTZ = SQRTIICIIL421=CUll,01)%»%2 4+ ch(2,2%7CJt2,t1}vt2
38 * + (CUl342¥=CU(3,1))es2)
37 STZ23 = SERTTICIIL 3T =Ci(1.,20)0%2 + (C (2,3)=CJl2;2)1982
33 * + (CUl3:13)-CUl3,21)e82)
37 SLI3 = SaRTIICI (1 3T=CJdlg, 10787 & (C{2,3)=Cll{Zs1)})00?
47 ® + (CU{343)=Cal(341))ea2)
1 A3 B [(SLT13942+50 124025 23¢82)/(2.0+5L12)
42 Y3 T SWRT(SLi3ne2=K3%e2)
q3 IF (HAMEK +Ewas 6HXI1 y 20 TO 112
94 ’ NERROR=Z
45 G0 TO 959 '
46 o ‘ ‘
q7 [« KZ5T) = LINEAR DISPLACEMENT FIELDS
48 118 CALL K25T4 (SL123X39Y3,5T+5:KS)
49 T CALCL OCA% 2 " {CJL,EJ NI ,RCJ  KEJT  Ka1
52 c SELECT DZ RO4S.
1 00 21T J=1,9
52 D0 213 1=1,3
53 10 Wty = T,0
54 DO 215 J=1,3
55 THITTZJT = HI 1T, J1




56 NP 02yd*3) = w1 (13,U4+8) -

57 IS W3, J%567 = wi{16,J+17] T

53 Cati BTABA (S.wly 349y K3,.%51) ——

59 RETURN

43 c

51 T¥Y CALL Z730FF (GASTFZS5T,NERRURD

62 END _ B
BPRT Fe3TF3s5T
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PHILIPBINZIZ7sF1.5TF ST

TOMPTIOUER (XAST ) ,{EqUITV=TCHANT

2 SUBROUTINEG STFAST (CJ EJ ST NAMEK §S 331 3%23KCJ KEJKSaRKK] KW2)
— ki DIMENSION CIIRCI 1) yEJIRE Yy 1Y (SUKG, 11 ST (RAT IV, R20{K42,717) —
4 DIMENSTION Caldydty Eald,3),. IVILIFYy 1u209), 1VILTE, TV4LH)
[ DATA TVI/ 1y 25 3s 49 52 se 7 84 9/,
A * Iva/s 1y 24 34 7% 8, '?;11_"?|II|}2/|
— 7 ¥ TVI7 T4 27y 3y 93 5 s41T, 000127, T
g ¢ CINYS My Sy by Ty By 941 li w12/
g T
10 € SUBRGUTINE T3 CALCULATE FIMNITE ELEMENT s
TT T STIFFNLSS MATRIX
| 4 G FOR A SURFACE TENSIOW QUADRILATERAL ESLEMAEMNT 41TH
I3 o URRESTRAITNED RBROUNUARILSe
14 ¢ STIFFNESS MATRIA IS IN GLOBAL COOQROINATE DIRECTIONS,
| =1 T GLUBAL CUURUTINATE QROER 5
14 C {UsVe®) JOINT 1, THEN JOINT 24 3, Ha
7 T WHEREL Us7i1nw ARE TRANSLCATIONS,
13 € EULER ANMGLE CONVENTION JS GLOBAL X,Y,Z PERMUTATIAON,
Ty T CALLCS  FORMA SUBRUUTINES WEVAND ,81F 251 ,27R0UMB e
22 ¢ DEVELOPED aY RiL WOHLEN. FEJRUARY 197S,
Z1 T
22 C SUBRVUTINE ARGUMENTS :
23 [ TJ TN ] MATRI X OF GQLOBALC X37,Z COURDINATES AT WUAD JOTHT S
24 C RO4S 1,2,3 CAORRESPOND To X,Y,2 CQORDINATESS
7S T TULS 142:3,9 CORRESPOND TO JOINTS 1,2,3,9, SIZE(I 4T,
26 C EJd = INPUT MATRTIX OF EULER ANGLES (DEGREES) AT QUAD JOINTS,.
TR T ' ROWS T.2.3 CORRESPOND TQ GLOBAL X;V,Z PERMUTATION.
28 C COLS 1,2,3,4 CORRESPOND TO JOINTS 1,2.3,4. STZE{3:4).
ria [« a1 = TNedT SURFACE TeNSIOH (FORCE/ZLENGTHY
in € NAMEK = INPUT  TYPE OF STIF MATRIA GANTED.
31 C = Kl, UScS 4 TRIANGLES, OVERLAF AVERAGE.
32 ¢ 5 = QUTPUT STIFFWNESS MATRIX SIZE(12,12),
33 T W1 ST TAPUT  WURKSPACE MATRIKe SIZE(S,90 -
34 c W = IWNPUT LORKSPACE MATRI®. SIZE(ia,18).
I5 T KCJ % INPUT RUW OIMENSION OF CJ IN CALLING PRUGRAMe MIN=3a
34 c xEu = [NPUT ROw DIMEHNSIOy OF £ Id CALLING PROGRAMs MIN=de
T7 TTKS = [NPUT "ROW DIMEASIUN @F 5 [N LALLING PROGRAM, MInN=12Z.
38 C K#1 = INPUT  ®OW DIMENSION OF Wi IH CaLiING PROGRAMe MIN=%.
kS C kw2 = ITNPFUT ROw DIMENSION OF WZ N CabllWGg PROGRAMe MInN=18e
4 €
%] ‘ REARGR=1
42 IF (KS o1.Te 12 40Rs K&1 41 Te 9 »0Rse Ku2 «LTs 1B) GO TO 999
43 GO 5 J=1412
44 Lo % I=t,12
g 5 STy dT 5 .0 o
Yk IF (HAMEK «Els HHKY y 60 TQ 113
47 NERROUR=2
48 GO TO 999
49 ¢ |
e P19 DO 203 I1=1,43
a1 CalIlyly = CJ(TI,1])
52 Ewllsl) = EJ(l,1)
53 CTHR{T32) = CJ(l,2!)
54 Edtle2) = EJd{l,2!
55 CAll 37 = CJil,3)
15
ORIGINAL PAGE 5

o, POOR QU
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T4 220 ENl1,3) = FJUl(l,3)
- 57 TALL STFZST 1CH, TP, ST HANER 51,42, 3 3, Kal K82} - T
R CALL REVADUG (OS’E’U’;IIVE‘IVI,S, 9,?,;2’;2, K#19%KS)
59 D6 ZDI 1&f,1 — o - T
AT Collel)y = Cdlisll
61 Twllel) = EJl1s17
&2 Chlls2) = Coilyad -
43 Eatly2) = EJITI .3}
&4 Culls3) = CJI(Ea4)
ey T 201 EadTy3) = €0iT,41 ) )
&6 CALL STF25T (CW.EN,ST NAAFK yW1pW2,43,3,K51,KW2)
&7 CALL REVAUD (45,51 +s1v24T1V245y T9P512,12; KWL4KS)
b8 Do 283 1=1,3" ’ o o
&9 CWilTy1) = CIUl.8 14 T
70 EWilsl) = EJilgel) N
I X CEils2) = CIliqa2)
72 ERtle2) = EJif,2)
73 Tallsd) = CJL1aM)
> 74 273 EWlla3) = FEJ(Iaq4) :
7% TALL STFZST [CRGEWN 5T sNAAECK G Lah24 334Kl ,KH2]
76 Cali REVADD (oS54W19TV3,IV3,5, F,9412,12, KW1,K5)
- T DO 235 1=1,.3
79 CHlfsl) = CJlT,2)
N 79 FRily1) = EJi1,2)
an CWil,2) = CJll,3)
Al EAlT,27 = EJ(1,37
82 CR{Lla3) = CJil,4)
T 83 235 Ew{153) = EJ(14,4] -
By i, CALL STF28T (CW E# ST NAMEK ;W1 w2,353,Kil,K¥2)
BS i TALL REVADD {25013 1v3:1Vav3s T29112412, RALLK3)
B4 . RETURN
87 C -
X 999 Cpal.L ZZAOME [&HSTF3IST,NERROR)
B9 END
BPRT “FI+SURFTIT
0t g
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PHILIPRIANZUT*T i aSURFTHN

T TCOAPTLER (RU=1T , (EA0TV=THN]
2 SUBROUTI®ME. SURFTH (XYZ . JOOF ,EUL 4NITEL (N,
- 3 ¥ HUTE Ky vaT 43 aRKaKJdyKEK&)
4 DTHENS ]ORN XYZ(K:,!l.JDDF(KJ.li.EUL(KE.l},w(KW,ll.T(Kngl.S(KW|I)
= TITAE RS TOw CJiadsdlsrJdi3.47, 1V (12}
o DATA HITynATZ 846 7
b DAaTA NAMLL/&GASURFTH/, IQLK/&H /., RCJIF3/
a C
9 [o SUSROJTINE TO CALCULATE (ON QPTION) FINITE ELEMENT 44,4
1o c STIFFNESS MATRICES AND IVECS (UN NUTKX),
il 7 FOR SIRFACE TENSION ELEMENTS,. TRIANGULAR (JOINT 4 = o} OR
12 ¢ QUADRILATERAL (JOINT 4 ¢GTe )
13 [4 STIFENESS MATRICES ARE [N GLaBAlL CODORDINATE DIRECTIONS.
14 C  GLOBAL COORDINATE QRDER 1S5
15 C TUsV ) JOTNT 1, THEWN JOIHT 243,140,
14 ¢ WHERE U,aV,4 ARE TRANSLATIONS,
17 [4 TVEC GIVES ELEMENT DOF IMNT® GLOBAL DOFs EXAMPLES a4
i3 c IVEC(4)=na4 PLACES ELEMENT DOF & INTO GLUBAL DOF 834
1% c IVEC(31=1 OMITS ELEMENT DODF 3 FROW GLUBAL DOF. THIS COWSTRAINS
27 C | ELEMENT D0F 3 T ZERO MOTION.
Z1 f DATA ARRANGEWMENT UN NJTKX FOR EACH FINTTE ELEMENT I35 (W=K)
22 o WRITE (NUTHX) MAMEN yNEL NI ZyNC,NAMEL y {1BLNK»I®1451,
23 c (a4 J) 312l yNRI2JSI,NCY, CIVECIT) yi=14NC)
24 C CALLS FORMa SURRDUTINES PAGEHD.STFZST.STFBST.ZZBOMBe
25 [ DEVELOFED ®Y RL JYOHLEAD . FEBRUARY 1975,
24 C
27 C A AR AR A AR BT B RN R AP T PR AR AT A NSRBI R B IR R D R RGP IS EDI PRI LOR BRI IRGS
23 £ INPUT DATA READ IN THIS SUBROUTINE FROM NUTEL. LF NUTEL = NIT, DATA 1
rd:] C Read FRUFM TARUD
an c NAMEK FORMAT (A&)
31 [of 3T ‘ FORMAT (S9X,.E19}
32 € 2T NELyJ13J2,03,,04 - FORMAT (515}
33 T TF TIT WEGe Q) RETURN
3y C Go T9 20 :
35 [
s C DEFINITION OF INPUT VARIAHBLES.
7 T WAMEK = IYFPE OF STIFFNESS MATRIX WANTED,
3n C = K1, LINEAR DISPLACEMENT ASSUMED,
37 C T 61 D% &HM0STIF, NO STIFFNESS MATRIX CALCULATED.
49 € ST = SJURFACE TENSION (FORCE/LENGTH),. '
T T WEL T FINITE BELEAENT NUMBER, FUR REFERENCE ONLY, NOT USED IN
42 C CALCUILATIONS s JHRITTEN ON NUTKX,.
43 T Ji F JOINT NUNBER AT ELEMENT VERTEX te
4q [ 4 = JUINT NUMBER AT ELEMENT VERTEX 7.
A% [ § = JUINT NUWHLER AT ELEMEMNT VERTEX 3
LTS C J4 = JOINT NUMBER AT ELEWENT VERTEX 5, (USED FOR QUADRILATERAL).
q7 .. - THE ELEMENT HAY BE SUJTBERCTO CLUCKWISE UR CUUNTER-CLOCKAISE.
ag e '
4y e AP TENATTON UF " INPUT FORNATS, WURBER TNDICATES CARD COLUMNS USED.
53 C I = INTEGER DATA, RIGHT ADJUSTED.
51 o T= DECIWAL POINT DATA, AWNYWHERE IN FIELD. EXPONENY RIGHT ADJUSTED
52 C £ = CARD COLUMNS SKIPPED,
=% T uuﬁa;m&ctan0aiu-4n&m~¢aa*auﬁupaaa*a-ameunnﬂ#*tstnﬂwamwﬂ&Qnﬂﬁﬂﬂﬁﬂﬁﬁﬁ‘“
S4 C
)3 C SURROUUTINE ARGUMERTS (ALL IHPUT])
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56 C XYe = WATRIX OF JOINT GLORAL X,¥,Z LOCATIONS. RO@S CORRESPOND
TTR7 T TO JOTRT "HURRERS, ENLUMNS 1,%2,3 CURRESPOND TU THE JUINT

L] e XyYsZ LOCATIONS RESPECTIVELYs STZE{NJ»3)e

%9 B SR I3 ) S MATRIY GF J0INT GLOBAL DEGREES OF FREEDGW, RUWS CORRESPONU

&7 C T JOINT NUMBERS. COLUMNS 1,2,3 CORRESPaND YO THE JOINT

&1 o TIANSCATION DOF% AND COLONNS 4,5.6 CORRESPOND 10 THE JUINT

&2 C ROTATION POFSae SIZE(NJ+6)e '
TTTTEY T T EUTTTT E WATREIY OF CJOTAT EULFK ANGLES (DEGREES). RUWS CORRESFOND

54 c TO JOINT NUMBERSe COLUMNS 1,243 CIRRESPOND TO THE
RS GLUBAL XyYsZ PEBMUTATIONS STZE(aJs 30 - T

&b € HUTEL = LOGICAL NUMBER OF TAPE CONTAINING ELEMENT INPUT DATA FOR

&7 [ THAIS SUBRQUTIHNE. IF NUTEC = MIT, DATA [5 READ FROM CARDS.

455 c NJ = NUMBER OF JOINTS OR ROWS INM MATRICES (XYZ), (JDOF), (EULD,

59 T WUIRKX = LOGICAL NUWMBER OF UTILITY TAPE pN wAICH CLEMENT

73 C STIFFHESS MAaTRICES 4N PVECS ARE QUTPUT,

71 T RUTEY HMeY GF ZERN I1f STIFFNESS #ATRIX 15 NOT FORMED. -

T2 . C USES FORTRAN QEAD] HSRITE »

73 T = MATRIX WURK SPACE, MIN SIZE{12,12).

74 c 1 = MATRIX WORK SPACE, mipg SIZE{ 9, Fis

78 € S = MATHIA WORK SPACE,. MIN SIZEL18,18).

74 ¢ KX = RGw DIMENSINN OF xyz IN CALLIMNG PROGRAM, 7
R &/ € KJ = ROw CIWMENSION OF JDOF IN CALLING PROGRAM.

78 c KE = ROy DIMENSION DF EUL IN CALLING PROGRAM,

79 [ = RuW DINENSION OF 9, T, AND 5 IN CALLING PROGRAMa. #IN=18.

B4 C '

a 1ZE1 FORMATY (A&)

52 1202 FORMAY (SXsEife7)

83 %03 FORMAT (S15) _ ,

84 2D FORNAT (/725X 4FHINPUT DATA FOR SURFACE TENSIQN STIFFMESS

1119 ¥ ] TER{TEIANGLE OR QUADRILATERALY ELEMENTS)

-7 2002 FQRHAT (/720X H1BINPUT DATA FOR SURFACE TENSIOM STIFFNESS

&7 * GaH{TRIANGLE OF RUADRILATERAL) ELEMEMTS (CONTINUED))

88 2003 FORMAT (/1Z2X7HSTIF = Aéb, /IBX4HST = (1nE1G.49,

X ¥ F/IGATHELENENT J3X7HJOLINT 1 1aX7HRJOINT 2 $3X7HJOINT 3

0 » IAX7HUOINT 4 '

71 * JTTEXERNUNBER ]

92 2004 FORMAT (1BX,8(015,15X11

33 C

94 MLINE = 2

95 CALL FAGEHD

94 WRITE (NOF,2971)

57 READ THUTEL 0911 MAMEK

98 - READ (NUTEL, 1292} 87T

59 ARTTE (NOF 4203031 MNAMEK ST

109 ¢

191 27 FEAD (NUTEL ,ITC03) NEL ,J1402,J3s4dH4

102 IF (Jd1 WbE. ) RETURN

1713 NLTNE = HNLINE + 1}

194 IF (NLINE +LE« 427 GO Tg as

R ) CALL PAGEWD B ‘

1046 WRITE (NOT,20021

137 WRITE {HNOT+2C73) NAMEESST

108 NLINE = o

109 T WRITE (NGT»20049) HELsJlsJ2sJIg 08

110 . NERROR=]

111 TF TJTeGT NI TRy JZeGTeNd 40Re JILGTNJ ORe JR,GT+NJ) 6D TO 759
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12 C
‘““'%Tﬁ—‘*“”“t*‘?ﬂﬁﬁ“FTNTTE“EtEﬂENT‘tﬁﬂWUTﬁWTE_tUtITTTWEﬁTﬁHﬁﬂT*KWFtFST"R?Vﬁvv—TVEt1
114 Do 42 I1=1,3 .
TR T COTI Iy = ¥YZ{J1. 1) D
14 CUtl+2) = XYZ(J2s1)
717 CJUT» I = XY TITJ3, 11
118 EJIOl,1) = EULtJdl,,1)
19 EJUT 2 = UL iJdz,y 1]
jan EJiTed) = Fuifd3.l)
—1z1 T TVI(T ) "= JUGF(JI,1)
122 IvItie3d) = JLOF(J2,110
173 “HZ Ty TiI¥e) = JUUF(J3yv1?
124 IFp {J4 waTa ) G0 TO 44
2% oL = 5 N
124 CALL STFZ2ST (CUEJd ST, BAMrE N Sy KOS Cd, K KW
27 GO 11T T D
123 o
127 FE T 9% =149 =
130 CJIy4) = XyYZiJy,.1}
T tIT EFtT»9F = EOLTJIT, 1!
132 45 1vIE+9) = JUOF(J4,1)
T Yy T HTOT = T2 N
13y CALL STFIST (CUEJ ST HAMEK W, T, 5 KCJ,KCJ KW, XY, KY)
T35 r
136 YIS IF (NAMEK wEQs &H R HAMEK oEDe B6HNDSTIF) G0 TUO 203
37 — NERROR¥Z
tag IF {WUTKA «LEe ©) GQ TQ 999
B O TRITE {NUTKX] HAMEK JAEL ,HCOL yNCUL sMAMFL s LIBLNK 151,57
140 . T0WIT,J) 4151, MCOLYJ=1,NCOLY, [1y10l),1=1,0C0L)
TaY C
142 Gg T3 20
T4y T -
144 299 Call ZZ30ME {AHSURFTN,HERROR)
145 END R
TWPRT F I MAPLIS
&?IGHV%LPAGEIS

{
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6.2 Computer Program Input Requirements

Input requirements for the Free Surface Static Equilibrium Shape
Computer Program are given in Section 6.2.1. Input requirements for
the Vibration Analysis Computer Program are given in Section 6.2.2.

6.2.1 Input Requirements - Free Surface Static Equilibrium Shape
Program - A description of the input requirements to the free surface
static equilibrium shape program along with listings of sample input
are presented in this section. The first three cards required are to
satisfy subroutine START (as explained in Reference (3)). Data input
to either the search mode or the survey mode is accomplished by means
of the NAMELIST facility available in Univac 1108 Fortran V. Section
6.4 of Reference (6) contains a detailed explanation of this facility.
Input values which must be specified for the survey mode are:

ACOFO "~ the base wvalue for the A sweep, i.e., the first A value
used will be ACOFO+DACOF

BONDNO the nondimensional ratio of inertial forces to surface
tension forces, based on container length

DACOF the increment applied to ACOFO to generate successive values
of A
DELTAT the are length increment used in the numerical. integration

algorithm to generate a sclution trajectory

NA ‘ the number of A values to be computed, i.e., NA trajectories
will be generated ranging from ACOFOHDACOF to ACOFO+NA*DACOF

IFRNT trajectory results from the numerical integration will be
printed every IPRNT integration intervals, ignored if PRINT=
.FALSE,

NX the number of tank axis intercepts used to generate solutiomns

from a given trajectory (A value), i.e., for a given value of
A NX solutions will be generated ranging from XUP-DX to XLOHDX
where DX=(XUP-XL0)/NX

PRINT controls the printing of intermediate results, PRINT=.TRUE.
prints all intermediate results, PRINI=.FALSE. prints only
the solution summary (Figure 3-1)

RMAX the maximum radius of the container

SEARCH " controls the selection of program mode, SEARCH=,FALSE, for
the survey mode
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XLOo specifies the lower limit of the tank axis intercept for which
solutions are generated from a given trajectory

XMAX length of the container measured along the axis of symmetry

XUP specifies the upper limit of the tank axis intercept for
which solutions are generated from a given trajectory

Figure 6-2 shows a listing of a sample problem input data for the survey
mode . Note that BONDNO is not given in the input data, thus the default
value specified in the computer program (Section 6.1.1) is used.

Input values which must be specified for the search mode are:

~ACOFO initial value of A
BONDNO same description as survey mode
DACOF _ initial increment to be applied to ACOFQ, the program tries

both ACOFO+DACOF and ACOF0-DACOF in searching for an improved
solution; if none is found, DACOF is halved and the search
repeated. The value of A corresponding to the desired solu-
tion must lie in the range ACOFCHDACOF for this procedure to

work

DELTAT same description as survey mode

EPSC value of the error function at which convergence is esta-
blished

IPRNT same description as survey mode

NX same description as survey mode

PHID the desired value of contact angle in degrees

PRINT same description as survey mode

BMAX same description as survey mode

SEARCH same description as survey mode, however, SEARCH=.TRUE.
for the search mode

ULPCT %%ﬁi desired value of ullage volume percentage

XLO same description as survey mode

MAX same description as survey mode

XUP same description as survey mode
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Figure 6-3 shows a listing of a sample problem input data for the search
mode. Note that SEARCH is not given in the input data, thus the default
value specified in the computer program (Section 6.1.1) is used.’

Multiple rums may'be made in either mode by repeating the cards
required by subroutine START and the NAMELIST data as many times as de-

sired. The run is terminated when START reads the word STOP in the run
number field of the firat card. '
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SVYTUG

SAMPLE SURVEY MODE RUN
TUG~LIKE TANK

STIHNDATA

SEMD
S5ToP

CACOF0=0,110000.

DACOF==0,010D00
DELTAT=0.20000.
MA=15

MX=40. _ "
PRINT=.,FALSE.
RMAX=32.2D00 ¢
SEARCH=FALSE.
XLo=0,0D00,
XUP=146,5%000+

Figure 6-2

FOR

4 p
‘erjfglfe

SAMPLE PROBLEM INPUT DATA - FREE SURFACE STATIC

EQUILIBRITM SHAPE PROGRAM, SURVEY MODE



- BONDTUG WARMER

TUG-LTKE CONTAINERs BOND NUMBER = 1.0+ CONTACT ANGLE = 0,3 115
ULLLAGE VDLUME = g80.0 PCT :
SIMODATA.

ACOF0=0.0615625000
panpuo=1.0000.
DACOF=0,00003125D00,
DELTAT=0.20D00
EPSC=0,.8D-05»
NX=50%
PHID=0.3000.
PRIMT=.TRUE . »
RMAX=32.200(0,
ULPCT=80.00000
XLO=46. NDOG «
XMAXET46.5D00 -
XUp=4g8,04
SEND
STOP

Figure 6-3 SAMPLE PROBLEM INPUT DATA - FREE SURFACE STATIC
EQUILIBRIUM SHAPE PROGRAM, SEARCH MODE
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6.2.2 Input Requirements - Vibration Analysis Program - An explana-
tion of the input to the vibration analysis program, along with a listing

of input data to a sample problem (see Figure 6-4) are given here. Input
formats to subroutines START, READ and READIM are explained in Reference

(3). :

Card No.

(Ref.
Figure 6-4) Ipput

o A

Ln

7-30

31
32
33

34

35
36

37

38
39

40

41

42
43-57

58
59

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

"INITIL' or "NOINIT', cols. 1-6

Number of sectors in 90° model

Matrix name {(XYTZ), no. of grid
points, no. of cols. (3).

Grid point X, Y coordinates and
8, values

Ten zeros

Z coordinate of longitudinal axis

Grid point of corner if container
is a cylinder

Matrix name (GP-CW), no. of rows
{1), no. of grid points on con~
tainer wall

Container wall grid point numbers
Ten zeros

Matrix name {(GP-FS), no. of rows
(1), no. of grid points on fluid
surface

Fluid surface grid point numbers {

Jfen zeros

" Mass option; M1 for lumped, M2
for consistent

Fluid mass density, scale factor x
bulk modulus, surface tension

Acceleration

Element number, grid point numbers
for elements (CW numbering)
Ten zeros

Mode calculation option; MODES for
large sparse, MODED for small dense

Three cards to satisfy subrou-
tine" START"

To initialize or not to initialize
the reserve tape

Format (10X,15)

Subroutine READ

Format (10X,E10)

Format (10X,15)

Subroutine READIM

Subroutine READIM

Format (A2)

Format (3(5X,E10))
Format (5X,E10)

Format {415)

Format (A5)



60
61
62

63

64

65
66

67
68

69
70
71
72

73
74
75

76

77
78

79
80
81
82
83

84

85

R ‘(:_.73\1:

No. of modes wanted
Mo. of modes used

Shift value for ¢2 (convergénce
will be about this value)

No. of maximum iteration allowed
(cards 60~63 are omitted if MODED
option used)

Plot option; PLOT or NOPLOT (if
NOPLOT, omit cards 65-87)

First mode plotted (usually 1)

Last mode plotted {(<no. of modes
used)

No. of plot wviews

Stereo plot option (1 for stereo,
0 if not)

No. of tracings of line

Print option (1 = yes, O = no)
Plot title

Elements plotted; GRAVIY plots
surface joints, FLUID plots all
joints

No. of view positions

Roll angle

Matrix name (COELOC), no. of rows
(1), no. of cols. (3)

X, Y, Z coordinates of center of
eyes

Ten zeros

Matrix name (VPLOC), no. of rows
(1), no, of columns (3)

X, Y, Z coordinates of viewpoint
Ten zeros

Read plot data option (1 = yes,
0 = no)

Cross-section option (1 = yes,
0 = no)

Read modal data option (1 = yes,
0 = no)

%%§§tual node number of first mode

.

ZEdlculated

Scale factor on modal displaceﬁents

Format

Format

Format
Format

Format
Format
Format
Format
Format

Format
Format

Format
Format

Format

Format

(10X,15)
(10X%,15)

(10X,E17.0)

(10%,15)

(46)

(10%,15)
(10%,I5)
(10%,15)
(10X,15)

(10X,1I5)
(10%X,15)
(13A6)

(A8)

(10X,15)
(10X, E10)

Subroutine READ

Subroutine READ

Format
Format
Format

Format

Format

(10X%,15)
(10%,15)
(10X,15)

(10X,15)

(10X,E10)
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86

87

88

89

118

Option on superposition of undeformed

and deformed joints (l=yes, 0=no) Format (10X,15)

Symmetry option. Use XSA in cols.
15-17

Plot option; PLOT or NOPLOT (if
PLOT repeat cards 65-87) Format (46)

End of data. SIOP in cols., 1-4
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et ~r ¥ W2k}

58
89
1)

G2/4~5 RL WOHLEN ' 119

LATERAL SLOSH. GRID 2+ 4 SECTORS. SPARSE. BKM*E-8, ‘

TUS STRETCHED TRAMSTAGE OXTDTZ2ER (NTTROGEN TETROXIDE) TANK, BN=1. ULL
INITTL 4 , -

NSECT T 4
XYTZ 24 3
1 } 0, 0. g0.
2 1 18, 0.
3 1 30, 0.
4 1 40, 0
5 ] 47,4 0. .
6 1 27.5 15.8 30,
7 1 36.5 ‘ 13.0
-8 | 43,3 11.2
9 ] 49,1 10.0
10 1 40,7 23.5 39.
1} ) 44,5 21.5
12 1 48.0 19.7
13 1 2.4 17.0
14 1 47,0 27.0 25,
15 1 51,7 28.9 ‘ i
16 1 54,5 25.0 -
17 1 57.3 23.0
18 1 62.0 31.5% 6.
19 1 62.9 29.9
20 1 64,0 27 .9 :
21 1 66.5 32.0 3.
22 1 Tl.a 32.0 0.0
23 1= 7l.6 31.0
24 1 79.4 32.0 0.0
0000000000
Z-8XIS 0,0
NOT CYL i
GP-CW 1 9
1 1 1 6 10 14 15 I8 21 g2 24
0000000000 :
GP-FS ) 1 .
1 1 5 9 13 17 20 23 24
0000000000 ' -
M2 :
RO= 1.36 E~04 gKM= 1.31 E-03 ST= 1.56 £-04
GX=-1.12 E~03
L 1 2 6
2 2 3 7 6
3 3 4 8 7
4 4 5 9 8
5 6 7 11 10
6 7 8 12 11
T 8 9 13 12
a8 10 11 15 14
9 n 17 16 15
10 12 13 L7 16
11 15 1678519 18
12 16 17 20 19
13 18 19 22 21
1a 19 20 23 22
15 22 23 24
6000000000
MODES
NW 3

Figure 6-4 SAMPLE PROBLEM INPUT DATA - VIBRATION ANALYSIS PROGRAM

VoL =80
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&l nu 6
T SHIFT 3.0E~6
3 MAXIT 20 |
&4 rPLoOT
£S5 MN START 1
th MN FND 6
&1 nvIFus !
l,& IF STER 0
tq NTRACE 1
IO 1F PRIMT { .
71 IUS OX TANK, BM=1. ULL ¥OL = 80. CRID 2, & SECTORS.
12 GRAVTY
73 5 vIEW PT 1
74 ROLL AnGLE 187,
15 coFLoc 3 3 ,
76 1 1 70, 0 ~200.
Tl 0000000000
18 veLoC 1 3
) ] 50, 0 0.
p000000NND
| IF READ PD
1 CROSS SECT
gg IF READ MD
&4 REAL ™M)
@8 SCALF FACT
l 1F SUPRPOS
SYM
NOPLOT
SToP

e

Figure 6-4  SAMPLE PROBLEM INPUT DATA VIBRATION ANALYSIS PROGRAM (cont'd)
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