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PREFACE

The work described in this report was performed by the Appli‘ed

Mechanics Division of the Jet Propulsion Laboratory.
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ABSTRACT

RUSAP is a FORTRAN IV computer program designed to determine the
performance characteristics (power-to-weight ratio, blanket tension, struc-
tural member section dime\nsions, and resonant frequencies) of large-area,
roll-up solar arrays of the single-boom, tensioned-substrate design. The
program includes the determination of the size and weight of the base struc-
ture supporting the boom and blanket and the determination of the blanket
tension and deployable boom stiffness needed to achieve the minimum-weight
design for a specified frequency for the first mode of vibration. This report
provides a complete listing of the program, a description of the theoretical

background, and all information necessary to use the program.,
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I. INTRODUCTION

In recent years, considerable emphasis has been placed on the devel-
opment of large-area solar arrays with high power-to-weight ratios and
small packaging volumes. One of the concepts currently being developed is

the single-boom roll-up array shown in Fig. 1 and described in Ref. 1.

The design consists of two flexible cell blankets tensioned between
spacecraft-mounted storage drums and a leading-edge beam., The array is
erected by a deployable boom that is connected between the leading-edge

beam and its supporting structure on the spacecraft,

In studying potential applications for this design, one must predict the
performance characteristics of arrays of widely varying sizes and natural
frequencies. Because of the complex nature of the relationship between the
size of the array, its first-mode natural frequency, and its structural
parameters, it is difficult to predict the performance characteristics of
arrays significantly different from the engineering prototype. To help solve
this problem, a computer routine RUSAP was programmed to calculate the
optimum size for structural members and the optimum blanket tension for an
array that is to have a given area and width and a specified lowest deployed
natural frequency. The program is composed of two basic parts: (1) an
analysis of the deployable boom and array blanket, and (2) an analysis and

sizing of the base structure supporting the boom and array blankets,
II. THEORETICAL BACKGROUND

A, Optimum Boom and Blanket Tension Analysis

If the power, area, and width of the array are specified, the length
(and thus the size) of the array is fixed. Because the weight of the cell
blanket and support structure is essentially fixed for an array of a given

size, the relationship between total weight and deployed natural frequency is
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almost entirely controlled by the weight of the deployable boom. This
implies that, when the size of the array is specified, the optimum array for
a specific lowest deployed natural frequency can be defined as that with the

lightest boom,

Because there are two possible first-vibration modes for a deployed
array (Fig. 2), the cross-sectional size (and thus the weight) of the boom is
determined by the following requirement: the boom must have sufficient
stiffness to maintain the first-bending frequency equal to or greater than the
required minimum frequency while loaded by sufficient blanket tension to
maintain the first-torsion frequency at or above the minimum. Figure 3
shows the variation in first-bending and first-torsion frequencies as a func-
tion of the blanket tension for a single-boom array. As is shown in this fig-
ure, the optimum tension for a particular boom stiffness has been found to
occur when the first symmetric and antisymmetric frequencies are equal.
This tension yields the lightest boom for a particular lowest deployed natural

frequency.

It can be seen in Fig. 3 that the first-mode frequency falls off rela-
tively sharply below the maximum frequency point, but remains relatively
flat for total blanket tensions up to approximately 50% of the boom-buckling
load. Because of this phenomena, the blanket tension may be increased
above the maximum frequency point, thus allowing the user to increase the
antisymmetric first-mode frequency while only slightly decreasing the sym-
metric first mode. This tension increase has a minimal affect on the over-
all weight of the roll-up array and allows the user to operate on the flat part
of the symmetric frequency curve, where variations in the blanket tension

have little effect on the array frequency.

The program RUSAP has provisions for calculating the performance
parameters for any selected boom and blanket tension, and, in addition, has
provisions for calculating the optimum blanket tension. The optimum blanket
tension is defined by the condition that symmetric and antisymmetric fre-
quencies are equal. FEach deployed array analysis requires the calculation of
the natural frequencies of the combined tensioned-blanket/axial-loaded boom

system that makes up the deployed array. In addition to the optimum tension
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analysis, the program can also be used to determine the boomn stiffness that
results in the lowest deployed frequency being equal to a desired minimum

deployed natural frequency.

The modal analysis of the deployed solar array is based on a multiple-
degree-of-freedom, finite-element representation of the boom, beam, and
blanket components, as shown in Fig, 4, Each blanket is modeled by 10
rectangular finite elements, which describe the out-of-plane stiffness caused
by the imposed blanket tension., The boom and beam components are simi-
larly modeled by standard beam-column elements, which describe both the
bending stiffness and the geometric stiffness caused by the axial preload.
Although the blanket bending stiffness is neglected in the above analysis,
more sophisticated 250-degree-of-freedom analyses, which include the bend-
ing stiffness, have shown that the simpie model leads to less than 1% errors

in the first-mode frequencies.

The stiffness and mass matrices for the overall array are developed
by combining the element stiffness and consistent mass matrices for the ele-
ments described above. The generation procedure allows for the following

arbitrary parameters:

(1) Array length.

(2) Array width,

(3) Blanket weight/unit area.
(4) Boom weight/unit length,
(5) Beam weight/unit length.
(6) Boom stiffness.

(7) Beam stiffness,

(8) Blanket tension,

After initialization of the above parameters by the root-finding routines,
the natural frequencies of the array are determined by solution of the usual

eigenvalue problem with a very fast eigenvalue algorithm.
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B. Support Structure Analysis

The support structure analysis uses scaling equations to extrapolé.te
the size and weight of the support-structure components of a proposed array
from those of a prototype array. The configuration used as the baseline for
this analysis is the 23 rn2 (250 ftz) engineering prototype described in Ref. 1.
Essentially, a dimensional-analysis approach was taken to determine the
scale factors that are applied to the structural elements when design condi-

tions change. The total weight W, of the reference array is broken down into

1
12 components:

1% Poo1 Va1t W Mot Wes1 t Wes 1t Wes1* Whe1 T Va1 Wos1* Wokt1 * Vnegt
| T
where
Wbol = weight of boom (determined by modal analysis program)
Ws1 = weight of sto'rage drum shell
Wcl = weight of end caps on storage drum shell
Wbl = weight of bearings
Wssl = weight of support shaft
We‘sl = weight of end supports
Wcsl = weight of center support
Wbel = weight of beam (leading-edge member)
Wal = weight of boom actuator
Wnsl = weight of slip rings and harness

katl = weight of solar-array blanket

= weight of NEG'ATOR spring-mechanism hardware

W'n 1
cg (constant-force spring)

(Subscript 1 refers to the prototype reference array; the alphabetic
subscripts refer to the structural components, )
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The weight of a second array - differing from the reference array in
geometry, material properties, and applied inertial loads = can be broken

down in a similar manner:

Wokt2t Wheg2

(2)

Yo = ooz T We2 P Wt Wiz 2 VW2t Wes2t Whea T Wa2 ¥ Wosot

+W +W _+W
c ss 2

The ratio Wt = WZ/WI can be Writfen as

W 322“ - Wbo.ZWbol n WsZ Wsl + WcZ Wcl + Vb2 Wbl + WssZ Wssl
W Y™ Ya M YVa W W WM W W
+ WesZ Wesl + WcsZ Wcsl + Wbe2 Wbel + WaZ Wai " WnsZ Wnsl
Wesl Wl Wcsl W1 Wbel W1 Wal Wl Wnsl W1
Wokt2 Voktl , Vnegz “negl '
tw w ot W W (3)
bktl 1 negl 1

where Wbol/Wl’ Wsl/wl’ Wcl/Wl’ etc., are the fractions of the total weight
of the reference array contributed by the individual components. A simplified
notation is used to refer to the ratios of the weights of the components,

WboZ/Wbol = Wbo’ WsZ./Wsl = Ws" WCZ/WCI = Wc’ etc.

Geometric scale factors are introduced to define the change in size of
the components, and relationships are then established between these geo-
metric scale factors and the ratio of stresses in the components. The scale

factors used are as follows:

)\so = structural section overall dimension scale factor
,)\sAt' = structural section material thickness scale factor
X, = blanket width scale factor

)\{_1 = array width scale factor

A, = array length scale factor
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N\, = ratio of blanket tension of array 2 to that of array 1

t
)\acc = ratio of launch-acceleration loading of array 2 to that of
array 1 .
)\dia = ratio of boom diameter of array 2 to that of array 1
xves = ratio of total diameter of combined storage drum shell and

rolled blanket of array 2 to that of array 1

Because only one acceleration load factor Nace relates the acceleration
loadings in the three orthogonal directions (parallel to the storage drum,
perpendicular to the storage drum and in the plane of the blanket, and per-
pendicular to the storage drum and normal to the plane of the blanket), this

factor is an average of these three orthogonal acceleration factors.

By expressing the weight ratios in terms of material densities and
volumes, and by expressing the volumes in terms of the scale factors,

Eq. (3) becomes

W w w p 2
bol sl |Ps2 (iso ,st cl c2 [.s0\/,5t
W = W =2 =& (A A —_— == A
t "W [ bo]+Wl [psl (s s)‘h)]J“Wl [pcl (As)(c)]

+ Wbl [sz (‘Aso)z} +Wssl [pSSZ (Aso ast )
W1 pbl ss Wl Pig) ' 55 S8 h

w [ p : w p
+ VSSI‘ es2 (Xso ASt A ) + \;/_:s_l [ cs2 ()‘d‘ >\st A - s)
1 Lpesl es es ves 1 LPesi ia cs ve
w [p w 3 .
+ Vl\?el be?2 (AEO th)t )\}‘1)] + Wa.l [ a2 ()\dia xzt )\1/2)]
1 1Pper P& Pe 1 LPal v
) Wasi [anZ hin >] . Yokt [pbktz " ]
W1 [Pns1 'RV Wi tPoke1 BV
W p ’
+ Vr\lfegl [ neg2 () )1/2] (4)
1 pnegl
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where p is the material density of the components, the subscripts on the
geometric scale factors and densities indicate the structural components to
which they refer, and the superscripts st and so indicate whether the scale

factor refers to thickness or to overall size, respectively.

Relationships are then established between the geometric scale factors
in Eq. (4) and the ratios of stresses of the components of the structure.
This was done individually for each of the components sized by stress and.
load levels, and the results substituted into Eq. (4). Some components,

however, are not sized by stress and load levels.

The ratio of the boom weights Wbo is determined by the modal analysis
. program. The NEG'ATOR spring-mechanism weight is a function of blanket

tension. Blanket weight is a function of A\, and )\V. Slip ring and harness

h
hardware is also assumed to be a function of )\}'1 and )\V, and bearing size is

a function of support-shaft size.

The derivation of the relationships for the storage drum shell will be
considered as a typical example. For inertial loading, beam-bending

moments are related by

M,

—& =) (5)
M,

acc)\hwbs
where Wbs = (katZ + WsZ)/(katl + Wsl)' The corresponding ratio of
shell maximum bending stresses is

T2 M,CoL

= . (6)
51 MG

where the shell-section moments of inertia are related by
2 3 t
2 - (xSO) N (7)

The ratio of the maximum bending stresses becomes

752 _ )\acckhWbs

el
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Critical buckling stresses for the shell are related by

E
== (9)

Two additional relationships are assumed by the requirement that
buckling and bending stress ratios be equally critical and that the bending-

stress ratio be a function of the yield-strength ratio,

iy o
chbZ _ _s2 (10)
o
sbl sl
and
o o
s2 _ K ys2 (11)
o s
sl ysl

where UysZ is the yield strength of the shell for array 2, (rysl is that for

array 1, and Ks is the ratio of the factors of safety of the two arrays. These
equations (5 through 11) are then solved for the unknowns )\:t, )\Zo, and W

and substituted into Eq. (4).

bs’

Table 1 lists the relationships established between the geometric scale

factors in Eq. (4) and the ratios of the stresses for all of the components,

where
_ Wpktz T W2t W t W2
bscss katl + WSl + WCl + Ws-sl
W _ WboZ + WaZ
ba Wbol +Wa1
Wbk T W W W T W F W2 T Wi t Whege T Was2
bscssa katl +Wsl + Wcl + Wssl +Wal + Wbol +Wbl +Wneg1 + Wnsl
o172
so 2 T
N = - —_
ves )\v * [()\s ) )\v] 2
To
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and

radius of shell of reference array

H
Il

radius of combined shell and rolled blanket for reference array

T
(o]

)\st )\st )\so )\st -Yo)
' "¢’ "ss’ 'ss’ "es’
The ratios of the weights

The equations are then solved for the unknowns )\zo,
zSt )\st 250 st )\st .
es’ ¢cs’ be’ be’ a’ Wbs’ Wbscss’ and Wba
of the individual components are then determined by direct substitution of
these values into Eq. (4). Table 2 lists the solutions for the above scale

factors.

To determine W three additional equations (12

, W and W, -,
bs bscss ba
through 14) were written and solved for these three unknowns. To solve
these equations, the scale-factor solutions must first be substituted for the
scale factors so that the only unknown in each equation is either W

, or W

bs’
ba.:

W p w p
_ bktl bkt2 sl s2 [,s0 , st
Wbs =W, ()\ A ) + [ ()\S )\s )\h)] (12)

bscss

bsl V2 VPhre1/  Wpsi |Psi

where Wbsl is the weight of the blanket and storage drum shell of the refer-

ence array;

_ Wbs1 W. )+ Wcl [pcz ()\so)<)\st)2]

W
bscss Wbscssl bs Wbscssl b, U -
W 0 | |
58l ss2 { so\/,st
¥ SO (EE) ] 13
Wbscssl [pSsl ( ss)( ss) h
where WbScssl is the weight of the blanket, storage drum shell, end caps,

and support shaft of the reference array; and

w w P
Wia = oo Wyo) + ( 22 )\diaxas‘t)\\lr/z) (14)
bal bal \Pal
where Wbal is the weight of the boom and the actuator of the reference array.

Once these equations have been solved for the W's, and all scale factors
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have been determined, the final weight is calculated and the power~-to-weight

ratio is obtained,

This technique for analyzing the size and weight of a structure has
inherent limitations. As in all parametric studies, arbitrary decisions have
to be made as to how to describe the relationships between load, stress, and
member size. Because of these limitations, the results obtained from the
support-~structure analysis are not intended as a substitute for a cofnplete and
detailed structural analysis, but as a good initial estimate of the sizing and

weight of an array (given a required array area).
IIl. PROGRAM USAGE

A, Selection of Program Levels

RUSAP is designed to calculate the design parameters of roll-up solar
arrays of the single-boom, two-drum, tensioned blanket configuration, The
calculated parameters are power-to-weight ra.tio., blanket tension, boom
stiffness, structural member weights, first-mode resonant frequencies,

actuator width, and required array length and width.

The computer program has three levels of operation, which are listed

below. Block diagrams for the three levels are shown in Figs. 5, 6, and 7,

Level 1: After the user inputs the desired first~mode frequency and
all other required input parameters, the program calculates
the optimum boom stiffness and optimum blanket tension that
gives the required first-mode frequency. It then calculates

weights and sizes of all base structural members.

Level 2: After the user inputs the desired boom /stiffness and all other
required input parameters, the program calculates the opti-
mum blanket tension that maximizes the first-mode frequency
of the deployed array. It then calculates weights and sizes

of all base structural members,

Level 3: After the user inputs the desired boom stiffness, blanket
tension, and all other required input parameters, the pro-

gram calculates the deployed symmetric and antisymmetric
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first-mode frequencies. It then calculates weights and sizes

of all base structural members.

There is a major difference between Level 1 and Levels 2 and 3. When
operating Level 1, the user specifies the required frequency, and the program
picks many boom stiffnesses in the process of establishing the optimum stiff-
ness for the required natural frequency. Each time the program tries a new
boom, it must also determine the optimum tension for that boom. Therefore,
each boom stiffness iteration during Level 1 is equivalent to running one com-
plete case at Level 2. If the user does not need an exact frequency, he can
save computer time by running Level 2 after estimating boom stiffnesses that
will bound his desired frequency. The user can determine these boom stiff-
ness estimates by referring to Figs. A-9 through A-12 of Ref. 2. However,
if the user does desire an exact natural frequency, he can save computer
time when using Level 1 if he makes as accurate an estimate of the optimum

boom stiffness as possible using the data in Ref. 2.

Using the UNIVAC 1108 Exec 8 computer system, RUSAP requires
approximately 20 seconds to execute Level 1, 5 seconds to execute Level 2,

and 1 second to execute Level 3,

B. Minimum Tension and Boom Buckling Considerations

When operating Level 1, the program establishes the smallest boom
compatible with the natural frequency requirement when the first-mode fre-
quency is maximized by using the optimum blanket tension. When the
required natural frequency is very low, the optimum blanket tension may be
lower than the minimum tension required to roll the blanket on the drum dur-
ing retraction, The minimum tension for conventional substrates with bonded-

on solar cells is defined approximately by the following empirical relationship:

tension per blanket
blanket width 7.2 N/m (0.5 1b/ft)

A warning message is printed in the program output whenever the above

criterion is not met.

If a minimum-weight array is desired and the optimum tension is below
the minimum tension, the user has a number of options. One is to develop a

more flexible solar-cell blanket or to add a positive motor drive for array

11



retraction. Another option is to set the blanket tension equal to the minimum
and then to increase the size of the boom until the boom is not in danger of
buckling. The critical buckling load for the boom is derived in Appendix C
of Ref, 3 and is given by:

Pcritical | LZ

where the symbols and units are the usual ones for column buckling, Recall
that a plot of first~mode frequency vs percent of buckling load is given
earlier in Fig, 3. When a particular tension is selected, the user can obtain
the array that operates at the desired percent of buckling by using the
LEVEL = -3 option of the program with the PCTBKL parameter negative,

In this case the program uses the following expression to define the boom EI:

200 X (blanket tension) X (array length)2

w? X (percent buckling)

boom EI =

The LEVEL = -3 option is also useful when the user wishes to operate
at a tension somewhat higher than the optimum tension to reduce the sensi-
tivity of the first-mode frequency to small changes in blanket tension. This
philosophy is discussed earlier in Subsection II-A, After running Level 1 to
determine the optimum boom, the user can use LEVEL = -3 with the

PCTBKL parameter positive to obtain the array with the tension given by:

TTZ X (boom EI) X (percent buckling)
200 X (array length)7

blanket tension =

Note that the program always prints the boom buckling load and the percent

of buckling operating point in the output listing of deployed array parameters,

C. Array Geometry Input Options

In all levels of the program there are two ways of inputing the geometric
requirements of the solar array. The first allows the user to specify the

total blanket area and array width, whereas the second allows the user to
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specify the width and length of the individual blankets. The two requirement
formats are primarily associated with the stage at which the program is

being applied in the design process.

The total blanket area and array width are suited for use early in the
design process when the primary requirements are configuration constraints
on the array width and desired power output, which implies a total blanket
area. Later in the design process specific solar-cell module and bus-bar
layouts lead to detailed specifications on the dimensions of the individual

blankets. At this point the second format is more suitable.

With both of the geometric requirement input formats it is necessary
for the program to determine some of the array dimensions. This is beca.vuse
the size of the boom affects the allowable spacing between the blankets, When
the blanket area and array width are specified, the boom size determines the
blanket width and the array length, whereas when the blanket length and

blanket width are specified, the boom size determines the array width,

Since the actuator width, and therefore the width between blankets, is
a function of the boom diameter, the program calculates an appropriate

actuator width for each boom stiffness, The equation used is:

actuator width = <proposed boom diameter ) ( prototype )

prototype boom diameter actuator width

When the user inputs the total blanket area and the array width, the

program calculates the blanket width and array length using

(array width - actuator width)
2

blanket width

array length [ blanket area

-+ :
array width - actuator width] blanket leader

In the above expression the blanket leader is the total additional length
of the substrate material extending beyond the celled blanket, and used to

connect the blanket to the drum and leading edge member (Fig. 1).
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When the user inputs the blanket width and blanket length, the equations

used for calculating array width and array length are:

array width 2 X (blanket width) + actuator width

array length blanket length + blanket leader

When choosing the length and width for a proposed array it should be
noted that the ratio of length to width, or aspect ratio of the array, influences
the array weight. In an earlier study (Ref. 2), the optimum aspect ratio was
found to be primarily determined by the required lowest natural frequency of

the array, and essentially indepen'dent of the array size.

In addition to the aspect ratio and first mode natural frequency there
are many other parameters that affect the weight and cost of a proposed
array., Many of these parameters may be varied by the user and are described

in the next section,
IV. DATA PREPARATION

RUSAP is a main program designed to be used in batch mode. The
input parameters that define the roll-up array's size, material properties,
and desired first~-mode natural frequency are read in from data cards using
namelist names DATAL and DATAZ2. Any number of array configurations
can be generated in a single computer run by including one or more data sets
in the run stream. A data set consists of a DATAI group and its associated
DATAZ2 group(s). A data group is the collection of cards that define the

i . . .
param?ters associated with namelist name.

The FORTRAN name rule, by which any symbolic name that begins

with I, J, K, L, M, or N is automatically an integer, is assumed.

A, NAMELIST/DATA1 General Parameters

NAMELIST/DATA1/ contains twenty pé}ramét‘édré that may be assigned
values in any DATA1 group: All of the parameters must be assigned a value
in the first DATA] group. Since the parameter assignments of previous data

groups are used if not réassigned, DATAI1 groups following the first need
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contain only those parameter assignments that are changes from the previous
parameter assignments. However, it should be noted that the program auto-
matically updates the parameters BKTL, BKTW, AREA, WIDTH, EIBOMI,
and TENS at the end of each case by setting them equal to the "Deployed
Array Parameters,' which are printed in the output. These updated
parameter values are used in the following case unless the user specifies

new values. |

The following parameters belong to NAMELIST/DATAl/ and may be
included in any order. Data may be in either SI or English units as selected

using the parameter NUNITS,

NSETS: an integer to be used in the first DATA] group to indicate the
number of cases to be run. RUSAP will read NSETS data

sets including the first.

NUNITS: an integer used to define the input units: 0 for English units

and 1 for SI units.

LEVEL: an integer used to set the level of operation of the program.
There are three levels available to the user (1, 2, 3). The
operation of the three levels is described in Subsection III-A,
For Level 3 the sign of LEVEL is used to select between
input parameter options. For LEVEL = 3 the parameters
EIBOM1 and TENS are used to define the array. For
LEVEL = -3 the array is defined by the parameters. PCTBKL
and either EIBOMI1 or TENS depending on the sign of PCTBKL,

POWER: the required power output of the roll-up array; used to calcu-
late the specific power in W/kg (W/lb), (Units are watts.)

FREQR: ' the required first-mode natural frequency., (Units are Hertz.)
(Level 1 only.)

NTYPE: an integer used to select the array fixed dimensions, If
NTYPE = 0, BKTL and BKTW are used, If NTYPE = 1,
AREA and WIDTH are used.

BKTL: the required blanket length. (Units are meters or feet.)
(Required when NTYPE = 0,)

BKTW: the required blanket width for each blanket. (Units are
meters or feet.) (Used when NTYPE = 0,)
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AREA:
WIDTH:
TLEADR:

PCTBKL:

TENS:

EIBOM1:

EBOOM:

RBOOM:

EIEFF:

the total blanket area of the array. (Units are meters2 or
feetz.) (Used when NTYPE = 1.)

the total width of the array. (Units are meters or feet. )

(Used when NTYPE = 1.)

the total inboard plus outboard blanket leader length, Typi-

cal value is 0.3 m (1.0 ft). (Units are meters or feet.)

a Level 3 parameter used to obtain an array that operates at
a given percent of buckling, The absolute value of PCTBKL
is the desired percent of bﬁckling. The sign of PCTBKL is
used to select between TENS and EIBOMI as the othef
deployed array stiffness parameter. 'When PCTBKL is
positive the array is defined by PCTBKL and EIBOM1; when
negative, PCTBKL and TENS are used, (LEVEL = —3 only.,)

the tension in each blanket. (Units are newtons or pounds.)
(LEVEL = 3 or -3 only.)

the stiffness (EI) of the deployable boom. For Level 1, this
input boom stiffness is used as a starting value for the boom
optimization. For Levels 2 and 3, the stiffness is used as

the required boom stiffness. (Units are Newtoh-meters2 or

pound-feetz. )

the deployable boom material modulus of elasticity (E). The
value for steel is 0.2 X 1012 N/m? (0.4175 x 1010 /8%,

(Units are Newtons/meterz or pounds/footz. )

the deployable boom material density. The value for steel

is 7930 kg/m3 (495 1b/£t>). (Units a.re_kilograms/meter3 or
3

pounds/foot”. )

the structural efficiency of the deployable boom. Since the
BI-STEM boom is split into two wrapped, open-tube sec-
tions, the effective sectioﬁ moment of inertia (I) is less than
that of a closed tube with the same cross-section dimensions.

Typical value is 0.80 efficiency. (Unitless quantity. )
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DPT: the diameter of the deployable boom divided by the boom
material thickness. The boom wall thickness is twice the
material thickness. Typical value is 200. (Unitless
quantity. )

ROARAY: the average weight per unit area of the array blankets.
Typical value is 0. 878 kg/m2 (0.18 lb/ftz). (Units are

kilograms/meter2 or pounds/footz. )

NDATA2: an iﬁteger that specifies how many DATA2 groups are
included in the data set. 0 causes no base structure to be
analyzed, 1 reads one DATA2 group, 2 reads two DATA2

groups, etc.

B. NAMELIST/DATA2 General Parameters

NAMELIST/DATAZ/ contains the following 19 parameters that may be
included in any DATA2 group in any order. They are all ratios of the array
component properties in the proposed array to those in the prototype array.
These parameters are all assigned nominal values of 1. 00 prior to reading
the first DATA2 group in the first data set. Since the parameter assignments
of previous DATA2 groups are used if not reassigned, DATAZ2 groups follow~
ing the first need contain only those parameter assignments that are changes
from those in the previous DATA2 group. This is true even when the pre-
vious DATAZ2 group is in a previous data set. Note, however, that the
number of DATA2 groups in each data set must equal NDATA2, even if the

DATA2 parameters are a repeat of those in the previous data set.

RHOS: the ratio of the material density of the storage drum in the
proposed array to that in the prototype array.

ES: the ratio of the modulus of elasticity of the storage drum in

the proposed array to that in the prototype array.

SIGMS: the ratio of the yield str.ength stress of the storage drum in
the proposed array to that in the prototype array.

RHOC: the ratio of the material density of the storage drum end

caps in the proposed array to that in the prototype array.

EC: the ratio of the modulus of elasticity of the storage drum

end caps in the proposed array to that in the prototype array.

JPL Technical Memorandum 33-634-
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SIGMC:

RHOSS:

ESS:.

SIGMSS::

RHOBE:

the ratio of the yield strength stress of the storage drum end

caps in the proposed array to that in the prototype array.

the ratio of the material density of the drum support shaft in

‘the proposed ar ray' to ‘that in- the prototype array.

_the ratlo of the modulus of e1ast1c1ty of the drum-support

shaft 1n the proposed array to that in the prototype array.

5

‘the ratio of the yield strength stress of the drum support‘

,shaft in the proposed array to that in the.prototype: array.

the ratio of the material dehsity of the leading edge beam in

" the proposed .array to that in the prototype array. .

- EBE:

SIGMBE:
RHOES:
EES:
SIGMES:
RHOCS:: |

ECS:

SIGMCS: |

VLAMAC:

"set within the program The factor A cc’ the ratio of the

the ratio of the' modulus of elasticity of the leading edge beam

in the proposed array to’that in the prototype‘array:

‘the’ rati'o. of the yreld strength Ist,ress' of the lead'iné edge beam

in the proposed array to that in the prototype array.

the rat1o of the mater1a1 density of the drum end supports in

the proposed array to that in the prototype array.

the ratio of the modulus of elasticity of the drum end sup-

ports in the proposed drray to that in the prototype array.’

the ratio of the yield strength stress of the drum end ':sup-"'"

ports in the proposed array to that in the prototype array.

the ratlo of the mater1a1 dens1ty of the center support in the

proposed array to that in the prototype array.

the ratio, of the modulus of elasticity of the center support

in the proposed array 'to that in the prototype array.

the ratio of the yield strength stress of the center support

in the proposed array to that 1n the prototype. array

a factor used to scale the launch vibration level from that

launch acceleratlon 10ad1ng of the proposed array to the load-

ing used in the prototype array, is used in calculating array
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- stresses and member sizes (Subsection II-B). The factor.

N "is defined by:
acc

Total weight of 1/2
= prototype array
)\acc VLAMAC X Total weight of

proposed array

The above square root factor implements a general rule of
thumb that the launch acceleration load1ng for a subsystem on
a g1ven la.unch vehicle varies with the square root of the sub-
system s mass. In other words, a small light subsystem '
sees a higher exc1tat1on level than a la.rge heavy one on the
same spacecraft, VLAMAC is used to change this relation-
ship to account for different acceleration levels associated
‘with d1fferent spacecraft/launch-vehmle comb1nat1ons. The
levels used on the reference array are described in Figs. 8

“and 9.

The material properties of the individual components in the prototype

array are listed in Table 3, They are to be used when calculating the param-

eter ratios previously described, »
V. EXAMPLES AND “SAMPLEVOUTPUT_

- To demonstrate the program's use, three example problems are con-
sidered in Table 4, Note that Case 1 has two $DATAZ cards associated with

two different base structure analyses,
The following data ca?ds ‘were used to input the above cases:

SDATAL NSETS=3,NUNITS=1, LEVEL=1,POWER=2500.,FREQR=.077,NTYPE=1,AREA=23.225,
WIDTH=2.516, TLEADR=. 305, EIBOM1= 2000. , EBOOM=0. 2E+12 RBOOM‘7930 EIEFF=.80,
DPT=200., ROARAY=. 878,NDATA2=25

SDATA2 VLAMAC .5%

SDATA2 VLAMAC=1.$ _

SDATAl LEVEL=2,EIBOM1=1500.,NDATA2=1%

SDATA2 VLAMAC=1.S

SDATAl NUNITS=0, LEVEL=-3,POWER=10000.,NTYPE=0, BKTL=81.46, BKTW 6 16 TLEADR=1
PCTBKL=-50., TENS=3.25,EBOOM=. 418E+10, RBOOM-L+95 ROARAY- 18$ '

SDATA2 VLAMAC 1.5 . :
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A, Description of Example Cases

Case 1 is an example of Level 1. The program determines the mini-
mum weight design for the given size and natural frequency. Case 2 is an
example of Level 2, The program uses the desired boom stiffness and deter-
mines the blanket tension that maximizes the frequency. Case 3 is an example
of Level 3, The user specifies the PCTBKL and blanket tension, and the
program calculated the boom stiffness and the first mode symmetric and
antisymmetric frequency. This run is typical of a design with a configuration
for which the optimum boom requires an unacceptably low blanket tension. In
other words, the optimum blanket tension is too low to roll up the blanket
during array retraction. A minimum weight design is obtained by setting the
tension equal to the minimum recommended tensipn of 7.2 N/m (0.5 lb/ft)
and increasing the boom stiffness until the boom is not in danger of buckling
(Subsection III-B), In this case the boom is selected to operate at 50% of its

buckling load.

B. Typical Level 1 Printout

ERAKEER AR KRR AR KRR KRR KRR R KA RE R KK KRR TR AR R R KB R R KK KR AR KR
Aok o 3 A o o R K o o g R K T K o o R o K o S OB R K o o R o g o ok ok Rk oKk K
Exkek POWER= 2500. WATTS AREAS  23.2 M%¥2 WIDTH= 2.516 M kkkE
akgk REQUIRED FREQUENCY= +077 HZ EREE
A o o o AR R o Kl g e T K R o kK o e 2 K o o o Kk o oo K R g kR Rk R K Rk R
3L Fe E 33t P T I TS S P R R e P I PR P PR S IR P T L 23 PP I P TS 2 RS2 32 12T Y

*xxxINPUT PARAMETERS FOR DEPLOYED ROLL=UP SOLAR ARRAY#¥¥¥

REQUIRED POWER = 2500. WATTS

BLANKET AREA = 250.0 FT*x2 ( 23.22 M*x%2) .
ARRAY WIDTH = 8425 FT ( 2.516 M)

LEADER LENGTH = 1.00 FT ¢ +305 M)

BLANKET UNIT wT. = 180 LB/FTx*x2 ( 88 KG/Mx#2}

REQUIRED FREQ = 077 HZ

INITIAL BOOM (EI)= 4837+ LB FT**2 ( 2000, NM«x2)

BOOM MODULUS (E) = +4175+10 LB/FTx%2 ( +200+12 N/Mx%2)

BOOM MATL DENSITY= 495,0 LB/FT**3 ( 7930, KG/M%%x3)

BOOM EFFICIENCY

1"

.80 EFFECTIVE (I}

DIA TO THICKNESS 200« IN/IN

*x*xxPRINTOUT OF PROGRAM OPTIMIZATION ITERATIONS#**x
(ENGLISH UNITS=LB/FT¢SEC/HZ)

TENSION OPTIMIZATION ITERATIONS

I TENSION BoOM (EI) FREQG DIF SYM FREQ ASYM FREQ
1 «41857+00 +48368+04 «29618-01 «62013-01 «32395-01
2 «30247+01 »48368+04 «20164-01 «10710+00 +86940-01
3 «30247+01 «48368+04 «20164-01 «10710+400 «86940-01
8 248027401 ~U48368+04 -+41058-03 «10862+00 +10903+00
5 «47672+01 »48368+04 =+30647-04 «10873+00 +«10876+00

- END TENSION OPTIMIZATION
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BOOM STIFFNESS OPTIMIZATION ITERATIONS

1 TENSION s00M (EI) FREQ DIF FREQ
0 47672401 «48368+04 «31743-01 »10874+00
TENSION OPTIMIZATION L1TERATIONS

1 TENSION BOOM (EI) FREG OIF SYM FREG
1 «44867+00 «51995+04 «30371~01 «64153-01
2 «32131+01 «51995+04 +21199-01 +11057+00
3 32131401 «51995+04 »21199-01 «11057+00
4 «51614+401 «51995+04 -.76944-03 +11215+00
S «50932+01 «51995+04 +13062-03 «11237+400

FREQ@ REQ

«77000=01%

ASYM FREQ
«33782-01
+89373-01
«89373-01
+11292+00
«11224+00

END TENSION OPTIMIZATION

TENSION OPTIMIZATION ITERATIONS

1 TENSION BOOM (EI) FREQ DIF
1 «10953+00 »12092+04 «15541-01
2 «79294+400 12092404 «11377-01
3 +79294+00 «12092+04 «11377-01
4 «13099+01 «12092+04 =.23155-03

SYM FREG
#32114-01
«56571-01
«56571-01
«57842<01

ASYM FREQ
«16573-~01
«45194=-01
«45194~01
«58073-01

END TENSION OPTIMIZATION

BOOM STIFFNESS OPTIMIZATION ITERATIONS

1 TENSION BOOM (EI) FREQ DIF FREQ
1 +13099+01 «12092404 =+19043-01 ¢57957=01
TENSION OPTIMIZATION 1TERATIONS

1 TENSION 8oO0OM (EI) FRE@ DIF SYM FREG
1 22751400 «25694+04 +21986-01 «46005-01
2 «16370+01 «25694+04 »15881-01 +80327-01
3 16370401 «25694+04 «15881-01 «80327~01
4 +26803+01 «25694+04 =.26172-03 «81979-01

FRFQ@ REG
«77000-01x

ASYM FREQ
«24019-01
«64446-01
«64446-01
«82241~01

END TENSION OPTIMIZATION

BOOM STIFFNESS OPTIMIZATION ITERATIONS

1 TENSION BOOM (EI) . FREQ UIF FREQ
2 «26803+01 «25694+04 +51103-02 «82110-01

TENSION OPTIMIZATION ITERATIONS

1 TENSION BOOM (EI) FREQ DIF
1 «20282+00 «22816+04 «20571-01
2 «14627+01 «22816+04 +15045-01
3 «14627+01 «22816+04 «15045-01
4 223931401 22816404 -+43306-06
END

BOOM STIFFNESS OPTIMIZATION ITERATIONS
1 TENSION BOOM (EI) REQ DIF FR

SYM FREQ
43u81-01
7610101
«76101-01
» 77622-01

FREQ REQ
«77n00~01%

ASYM FREQ
+22910-01
«61056-01
«61056-01
«77622-01

TENSION OPTIMIZATION

EO

FREQ REQ

3 223931401 .22816+04 . 2191-03@ .77622-01@ «77000-01%

There are many error messages that can appear in the above section,

However, they may not affect the final answer,

details of all the error messages, an easy check can be made to determine
whether the program has run successfully., If the frequency differences
marked @ and @ are less than approximately 5% of the calculated fre-

quency @ then both the sections have run successfully, If both of these

Without explaining the

sections have been completed successfully, the optimization has been success-

ful, even if there are error messages. If the run is not successful, check
your input data. If the data is correct, your configuration may have caused
the eigenvalue routine to fail; and the only thing that can be done is to try a

different boom stiffness or required frequency and see if that helps

optimization,
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_ sxexxxxkxxDEPLOYED
REQUIRED POWER =

BLANKET AREA

BLANKET WIDTH =
CBLANKET LENGTH =
ARRAY WIDTH =
ARRAY LENGTH =
ACTUATOR WIDTH = -
LEADEK LENGTH =
BLANKET UNIT WT. =

BLANKET TENSION

2500. WATTS
250.0 FTas2 (
T3.87FT. -
3z.32 FT .«
8.25 FT ¢
33.32 FT © (1
.51 FT Do

1.00 FT o
«180 LB/FT#%2 (

2.39 LB/BLANKET (

ARRAY PARAMETERS**:}&#t:*x'

23,22
1.180
9.858
24516
0.163

$157

+305

‘Max2)
Mo
M)

M)
M)
M)-

M)

<88 KG/M*#2)

10.6 N/BLANKET)

=

I

APPLIED BOOM LOAD= .23 OF BOOM BUCKLING LOAD
BUCKLING LOAD = 20.26 LB ( 20,2 N)
BOOM STIFFNESS EI= =~ 2262, LB FT#%2  ( 943, NMxx2)
BOOM DIAMETER . = 1.38 IN- (. ".0350 M)
BOOM THICKNESS = 2007 IN . . S 400018 M)
BOOM UNIT WEIGHT = .19 LB/FT « +29 KG/M)
BOOM MODULUS (E) = .4175+10 LB/FT#%2 ( ,200412 N/ixx2) ’
" BOOM MATL DENSITY=. 495.0 LB/FT*%3°. 7930, KG/M*%3)
BOOM EFFICIENCY = B0 EFFECTIVE (I)
FREQUENCY = 078 HZ, ;
“#4*+BASE STRUCTURE INPUT PARAMETERS##x# °
RHOS  ES = SIGMS RHOC  EC  SIGMC
1.000 1.000 1.000 1,000 1,000 1,000
RHOSS ~ ESS  SIGMSS RHObE 'EBE. SIGMBE -
1,006 1,000 1,000 1,000 -1.000 - 1,000.
RHOES ~ EES  SIGMES RHOCS ECS SIGMCS
1,000 1.000 1,000 1.000 1.000 1,000
 VLAMAC . }
.500 : -
#x2kx2xCALCULATED BASE STRUCTURE PARAMETERS®##k#¥x
(:)(LAUNCH ACCELERATIONS .50%BASELINE LEVEL)
TOTAL BLANKET WEIGHT T 46,37 LBS ( 21.05 K6)
DEPLOYED BOOM WEIGHT = 6,45 LBS (  2.93 K6}
LEADING EOGE BEAM WEIGHT =z «74 LBS ( <34 KG)
OUTBOARD END SUPPORT ASSY WT.= 1.89 Las ( .86 KG)
DRUM SHELL WT, ‘= 3.51 LBS ( "1.59 KG&)
END CAP+GUIDE WT, = ~1.68 LBS { .76 KG) -
TOTAL DRUM ASSY WEIGHT = 5.19 LBS (  2.36 KG)
CENTER SUPPORT WT. = .72 L8S (.33 KG)
BOOM ACTUATOR WT. =  3.47 LBS ( 1.58 KG)
BEARING ASSY WT.-. = . 1.47 LBS.( .67 KG) .
NEGATOR ASSY WT. = 1.68 LBS ( .76 KG)
SLIPRING+HARNESS WT=  2.35 LBS ( 1.07 KG)
SUPPORT-SHAFT WT. = .71 LBS (.32 K&) :
TOTAL CENTER SUPPORT ASSY WT = 10,40 L8S (  4.72 KG)

TOTAL SOLAR ARRAY WEIGHT T 71.06 LBS (32,26 KG)

POWER TO WEIGHT EFFICIENCY = 35.18 WATTS/LB ( 77.49 WATTS/KG)
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If there is an error message at the point marked (:) in the program,

it means one or more of the base structure equation solutions did not con-

verge. If this happens, check all input data for errors. If there are no

errors, the configuration may be too large or too small for the analysis to

converge,.
*%*3BASE STRUCTURE INPUT PARAMETERS*% &%
RHOS = ES ~ SIGMS RHOC EC  SIGMC
1,000 1.000 1.000 1.000 1.000 .1,000
RHOSS -ESS  SIGMSS RHOBE  EBE SIGMBE
£.000 1.000 1.000 1.000 1.000 " 1,000
" RHOES EES SIGMES RHOCS - ECS. SIGMCS
1,000 1.000 1,000 1.000 1.000 1,000
VLAMAC
1.000 .
*+#¥xkxCALCULATED BASE STRUCTURE PARAMETERS***#%%x (:).
(LAUNCH ACCELERATION= 1.00*BASELINE LEVEL)
TOTAL BLANKET WELGHT = 146,37 LBS. ( 21.05 KG)
DEPLOYED BOOM WEIGHT .. = 6.45LBS ( .2,93 KG). , -
LEADING EDGE BEAM WEIGHT = 93 LBS (<42 KG)
OUTBOARD END SUPPORT, ASSY WT.S  4.08 LBS (  1.85 K6)

DRUM SHELL WT. = 5,74 LBS ( 2.61 KG)

END CAP4+GUIDE WT, = 4.49 LBS ( 2.04 KG) T
TOTAL DRUM ASSY WEIGHT = 10.23 LBS (  4.65 K6)

CENTER SUPPORT WT. = . 1.35 LBS (  +61 KG)

BOOM ACTUATOR WT. = 5.35 LBS ( 2,43 KG)

BEARING' ASSY WT. =  2.49 LBS ( 1.13,K6)

NEGATOR ASSY WT. = 1.68 LBS ( .76 KG)

SLIPRING+HARNESS WT=  2.35 LBS ( . 1.07 KG)

SUPPORT SHAFT wT, = . 1.21 LBS ( +55 KG) o
TOTAL CENTER SUPPORT ASSY WT =  14.42 LBS ( 6455 KG)
TOTAL SOLAR ARRAY WEIGHT = 82.49 LBS ( ' 37.45 K6)
"POWER TO WEIGHT EFFICIENCY = 30,31 WATTS/LB ( 66,76 WATTS/KG)

5 o TIME FOR RUSAP © = 17,07 SEC.

This section (marked @ above) is the second base structure analysis.

The deployed array parameters remain the same and new base parameters

are read.
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C.

Typical Level 2 Printout

Ao o A o o o R K o 0K oK ok o o o o K Ao R A R e A SR o AR o K AR o ok ok ok K Rk Rk
A2 00 0 A S0 AR K o o 0 R Ak o o oK oK K R OK oo o o o o K o R R o o oK R K ok o ok K Rk ok
EhREE POWER= 2500. WATTS AREA= 23.2 M*x*x2 WIDTH= 2.516 M xE ARk
RxE BOOM STIFFNESS= 1500+ N*Mxx2 L2333
A A A R A o KK AR A o K R K K R R oA KoK A ok ok R K K o Ak R K o
0 2 0 2 0 o o oo o 3 o K o K o R o o 8 o K o o K KK o e 3 o K e o oK o oK o o K ook s B o o e 3 o o o o o o K e 3 o o o K o

*xxxINPUT PARAMETERS FOR DEPLOYED ROLL=-UP SOLAR ARRAY*x%#

REQUIRED POWER = 2500, WATTS

BLANKET AREA = 250.0 FT##2 (23,22 M#x2)
ARRAY WIDTH z 8.25 FT ( 2.516 M)
LEADER LENGTH = 1.00 FT ( «305 M)
BLANKET UNIT WT. = +180 LB/FT#%2 ( +B8 KG/M*%2)
BOOM STIFFNESS EI= 3628 LB FTx%2 {1500, NMx#2)
BOOM MODULUS (E) = +4175+10 LB/FT*%2 ( 4200412 N/Mx*2)
BOOM MATL DENSITY= 495.0 LB/FT**3 (7930, KG/M%x3)
BOOM EFFICIENCY = .80 EFFECTIVE (I) .

DIA TO THICKNESS = 200, IN/IN

**xxPRINTOUT OF PROGRAM OPTIMIZATION ITERATIONS*k**#
(ENGLISH UNITS=LB/FT¢SEC)HZ)

TENSION OPTIMIZATION 1TERATIONS

1 TENSION BOOM (EI) FREQ DIF SYM FREQ ASYM FREQ
1 «31737+00 » 36276404 +25745-01 «54161-01 «28416-01
2 «22758+01 «36276+04 «18272-01 «94009-01 +75737-01
3 22758401 + 36276404 «18272-01 «94009=-01 «75737-01
4 +36868+01 +36276+04 =¢17921-03 «95726-01 +95905-01

END TENSION OPTIMIZATION

®xkaxxxxxxDEPLOYED ARRAY PARAMETERS#*a*%kaixkx

REQUIRED POWER = 2500. WATTS

BLANKET AREA . = 250.0 FT**2 ( 23422 M%s2)
BLANKET WIDTH = 3.84 FT ( 1.170 M)
BLANKET LENGTH = 32.59 FT ( 9.939 M)

ARRAY WIDTH = 8.25 FT ( 2.516 M)

ARRAY LENGTH = 33.59 FT ( 10.244 M)
ACTUATOR WIDTH = «58 FT ( «176 M)
LEADER LENGTH = 1.00 FT ( «305 M)
BLANKET UNIT WT. = +180 LB/FT%%2 ( +«88 KG/M*%2)
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BLANKET TENSION = 3.69 LB/BLANKET 16.4 N/BLANKET)

APPLIED BOOM LOAD= «23 OF BOOM gUCKLING LOAD
BUCKLING LOAD = 31.71 LB ] ( 141.1 N)

BOOM STIFFNESS EI= 3628+ LB FTx%x2 ( 1500, NM%%2)
BOOM DIAMETER = 1.55 IN ( .0393 M)

‘BOOM THICKNESS = +008 IN ( +00020 M)

BOOM UNIT WEIGHT = 24 LB/FT ( «36 KG/M)
BOOM MODULUS (E) = .4175+10 LB/FT#%2 ( +200+12 N/M%*2)
BOOM MATL DENSITY= 495.0 LB/FT**3 ( 7930+ KG/M%*x3)
BOOM EFFICIENCY = «80 EFFECTIVE (1)

FREQUENCY = «096 HZ

*xx%BASE STRUCTURE INPUT PARAMETERS**#x

RHOS ES SIGMS RHOC EC SIGMC
1.000 1.000 1.000 1,000 1.000 1,000

RHOSS ESS SIGMSS RHOBE EBE SIGMBE
1,000 1,000 1,000 1.000 1,000 1,000

RHOES EES SIGMES RHOCS ECS SIGMCS
1.000 1.000 1.000 1.000 1.000 1.000

VLAMAC
1.000

*xx*xx4CALCULATED BASE STRUCTURE PARAMETERS#xkk&¥x
(LAUNCH ACCELERATION= 1.00*%BASELINE LEVEL)

TOTAL BLANKET WEIGHT = 46.36 LBS ( 21.05 KG)
DEPLOYED BOOM WEIGHT = 8.20 LBS ( 3+72 KG)
LEADING EDGE BEAM WEIGHT = 1.17 LBS | «53 KG)
OUTBOARD END SUPPORT ASSY WT.= 4.07 LBS ( 1.85 KG)

DRUM SHELL wT.
END CAP+GUIDE WT.

5.66 LBS ( 2.57 KG)
4.47 LBS ( 2.03 KG)

un

TOTAL DRUM ASSY WEIGHT = 10.13 LBS ( 4.60 KG)
CENTER SUPPORT WT. = 1.46 LBS ( «66 KG)
BOOM ACTUATOR WT. = 6.80 LBS ( 3.09 KG)
BEARING ASSY WT. = 2447 LBS ( 1.12 KG)
NEGATOR ASSY WT. = 2.09 LBS ( «95 KG)
SLIPRING+HARNESS WT= 2437 LBS ( 1.07 XG)
SUPPORT SHAFT WT., = 1.19 LBS ( «54 KG)
TOTAL CENTER SUPPORT ASSY WT = 16,37 LBS ( 743 KG)
TOTAL SOLAR ARRAY WEIGHT = 86.30 LBS ( 39.18 KG)

POWER TO WEIGHT EFFICIENCY = 28,97 WATTS/LB ( 63.81 WATTS/KG)

TIME FOR RUSAP = 3.33 SEC.
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Typical Level 3 Printout

*t*#*:**t*t*t*********iktt***&***#*************t*******t*******t****t***********
**#t*4****t**********************t******rt*****;****(**t***t*Q**f***t***t**tt***
RkEk POWER=10000. WATTS BLANKET .L= 8l.46 FT BLANKET W= 6.160 FT TEREER
xRk BOOM STIFFNESS= 8965. LB*F1**2 _ TENSION= . 3.25 LB ok kk
A AR AR KK KRR R OK KKK A K K Ko K A R A K A AR KKK K ok K Rk Ak ok o R ok KKk
Ao 7 o o O o K K R R K o R R KR K o K K oh ok K oK K o K Kok o R Ak Kk ok ok ok o R o o K Rk R Kk

*xx%INPUT PARAMETERS FOR UEPLOYED ROLL-UP SOLAR ARRAY*x*x%

REQUIRED POWER = 10000. WATTS . -
BLANKET AREA :  1003.6 FT?fz ' i ( 93.23 MEx2)
BLANKET WIDTH = 6,16 FT ( 1.879 M)
BLANKET LENGTH = 81,46 FT° © ° ' ( 24.845 M)
LEADER LENGTH = 1,00 FT 7 07 L3085 M)
BLANKET UNIT WT. = <180 LB/FTx*2 ( 288 KG/M¥%2)
BOOM STIFFNESS EI= 8965, LB FT#x2 (3707, NM*%x2)
BOOM MODULUS (E) = +4180+410 LB/FT4%2 { 4200412 N/Max2)
BOOM MATL DENSITY= 495.,0 LB/FTx*3 (7930, KG/M#x3)
BOOM EFFICIENCY = .80 FFFECTIVE (n ’ ‘
DIA TO THICKNESS = . 200. IN/IN

PERCENT BUCKLING;:H SO.dobff )

BLANKET TENSION = . 3.25.LB/BLANKET (  14.5 N/BLANKET)

ox ke kxk#DEPLOYED ARRAY PARAMETERS*kxkkikkksk .

REQUIRED POWER .=  10000. WATTS _

BLANKET AREA =  1003.6 FT##2 (93,23 Mxx2)
BLANKET WIDTH = 6.16 FT ¢ 1.879 M)
BLANKET LENGTH = = 81.46-FT ( 24.845 M) .
ARRAY WIDTH = 13,04 FT «

ARRAY LENGTH = s2.u6 FT 4i"g;

ACTUATOR WIOTH = .72 FT (

LEADER LENGTH = 1.00 FT ( .305 M)
BLANKET UNIT WT. = 180 LB/FT*¢2  ( .88 KG/Mx2)
BLANKET TENSION = 3.25 LB/BLANKET ( 14,5 N/BLANKET)
APPLIED BOOM LOAD= +50 OF BOOM BUCKLING LOAD
BUCKLING LOAD = 13.00 LB ( 57.8 N)

BOOM STIFFNESS EI= 8965. LB FTx#2 (3707, NM&x2)
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BOOM DIAMETER = 1ot IN 7 (7 L04937M)

BOOM THICKNESS = <010 IN" - 7 . (500025 M)

BOOM UNIT WEIGHT = V3B LB/ET e - .57 K6/M)

BOOM MODULUS (E) = 4180+10 LB/FT#*2 - ( .200+12 N/M#*2)

BOOM MATL DENSITY= . 4950 LB(FT*?3~; ‘(i;.79€p.'KG/Mf*3)

BOOM EFFICIENCY .= . .80 EFFECTIVE (1) - '

CALCULATED SYM, FREQ.= ~ .018 HZ. ' CALCULATED ASYM. FREG.Z 029 HZ.

*##%*BASE STRUCTURE INPUT PARAMETERS#*#s%. ~ . "7~

RHOS £S SIGMS  RHOC EC - SIGMC
1,000 1.000 1.000 1.000 1.000 1,000

RHOSS  E£SS  SIGMSS RHOBE™ EBE "SIGMBE ~.
i.000 1.000 1.000 1.000. 1.000. 1.000. .

RHOES ~EES  SIGMES RHOCS . ‘ECS .SIGMCS ..
1,000 1.000 1,000 1.000 ..1.000. 1,000

VLAMAC SR SRR
10000 to P

xx#xxxxCALCULATED BASE STRUCTURE PARAMETERS#wss#kx
(LAUNCH ACCELERATION= +SO#BASELINE LEVEL)

TOTAL BLANKET WEIGHT © 7 182.86.LBS ( - 83i02 KG)

DEPLOYED BOOM WEIGHT o= 31.64 LBS (  14.37 KG)

"o,

LEADING EDGE BEAM WEIGHT 2442 LBSL 1410 KG)

OUTBOARD END SUPPORT ASSY WT.= 12.37'LBS 1 5:.62 KG)

DRUM SHELL wT. = 19.50 LBS ( 8.85 KG)
END CAP+GUIDE WV, = 12.84 LBS (  5.83 KG)
TOTAL DRUM ASSY WEIGHT = 32.34 LBS (14,68 K6)
CENTER SUPPORT WT. =  4.03 LBS.( 1.83 KG) . A
BOOM ACTUATOR wWT,. = 17.09 LBS ( 7.76 KG)
BEARING ASSY WT, = 5.22 LBS ( 2.37 KG)
NEGATOR ASSY WT. = 1.96 LBS (- .89 KG)
SLIPRING+HARNESS WT=  9.19 LBS. (' 4.17 KG)
SUPPORT SHAFT WT. = 4,03 LBS ( 1.83 KG)
TOTAL CENTER SUPPORT ASSY WT = 41,53 LBS ( 18.85 KG)
TOTAL SOLAR ARRAY WEIGHT =~ =: 303,16 LBS ( 137.63 KG)
POWER TO WEIGHT EFFICIENCY = 32.99 WATTS/LB { 72,66 WATTS/KG)

TIME FOR RUSAP = «86 SEC.
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Table 4. .Data deﬁning three example cases

Parameter

Nominal values preset
in program

Cas_ev 1

Case 2

Case 3

$DATAL

NSETS
NUNITS
LEVEL
POWER
FREQR
NTYPE
BKTL
BKTW
AREA
WIDTH
TLEADR
PCTBKL
TENS
EIBOM!
EBOOM
RBOOM
EIEFE
DPT
ROARAY
NDATA2

NO DATA 1 VALUES
ARE PRESET

250

(=]
-~J
-~

t S~ OO W
I

2,516
0.305.

*
2000,

7930.
0.80 -
200,
0.878

© 23,225 -

0.20E+12

-3
10000.
*

81.46
.16
0

25

.418E+10

]
S,
NO WO = 3¢ 300

'S
0

o |

.18

$DATA2

RHOS
ES
SIGMS
RHOC
EC
SIGMC
RHOSS
ESS
SIGMSS
RHOBE
EBE
SIGMBE
RHOES
EES
SIGMES
RHOCS
ECS
SIGMCS
VLAMAC

bt b b bt et bt bt bt bt et bt bt e bt bt bt bt et et
cooooooocoooocoocoooon

0.5 1.0

3(*) indicates that no value need be assigned, since this parameter is

b(—) indicates the previous or preset values of the variables are to be

used,

not used for this case.
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Fig. 1.
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Fig. 2.

Deployed array mode shapes

JPL Technié¢al Memorandum 33-634 ..



0.16 g ’ —
AN”SYMMETRIC>//.
0.12 : ' '
N . -
& .
- SYMMETRIC .
¢ \ |
Z o.08
& i
<] / : T —— .
& _ g
0.04 X . \
/ MAXIMUM. |
FREQUENCY
0 . _
0 20 40 60 80 - 100
TENSION, % OF 80OM BUCKLING LOAD -
Fig. 3. Typical plot of frequency
vs blanket tension
@ p ® R 4
N
7
6] {
N
i
, N
¢ N
-
i
i
) §
0 N
N
i
i
N
7 }
¢ \
{
N
}
i
i
777777777 T7TTTITITT7

Fig. 4. Typical finite-element models:
' ' (2) symmetric; (b) antisymmetric

JPL Technical Memorandum 33-634

33



34

Input Deployed
Array Parameters
2

lChoose Boom Stiffness I
¥

!Ca%culatg, Actuator_uid.t&]

If NTYPE = 0 Calculate Array If NTYPE = 1 Calculat ki
M [Width and Aresy fength "~

s |

et 4
Iﬂloose Blanket Tension |
Yy

]@dﬂl Analysis Programq

Symmetric Frequency
Asymmetric Frequenc
?

Yes

damental Frequency

No = Required Frequency

Output Deployed
Array Analysis Data

i

Input Base Structure
Parameters
DATA2

i« 2

Calculate
Acceleration Factor

Y

Calculate Size and
Weight of Base Structure

Is
Calculated Weight
-Previous Calculated Weight)
Less Than
Allowable Difference
7

Output Base Structure
Analysis Data

An Add;tional Base
Analysis to be Run

Stop
Fig. 5. Levell flow chart
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Array Parameters
DATAL
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Symmetric Frequency
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-7

Yes

~ Output Deployed
Array Analysis Data

Input Base Structure
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Calculate
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?
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Fig. 6. Level 2 flow chart
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Y

[ Modal Analysis Prograz

2

Output Deployed
Array Analysis Data

Input Base Structure
Parameters
DATA2

iﬁ

Calculate
Acceleration Factor

Y

Calculate Size and
Weight of Base Structure

is
Calculated Weight
-Previocus Calculated Weight)
less Than
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Output Base Structure
Analysis Data
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Fig. 7. Level 3 flow chart
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(2]

51
249
250
251
59
54
61

259

261
s2
53
56
57

60
62

63

RUSAP (MAIN DRIVING PROGRAM)

REAL L
COMMON/JSP1/ETEFF»FREQsDIABOM» THIBOM»ROBOOM+ WIDCE » DEGOP » WPANEL » MAX
1ITR/NDATA2/ROARAY eNWeNL+ L+ WIDTHs FREQR »RBOOM, EBOOMsRPT ) POWER s AREAS T
2LEADR/BKTWsBKTLNTYPE
COMMON/JSP2/GEDIABGEWINC +GEW» GET» GEEIBE + GEROBE
COMMON/JSPG/VLAMAC» VLAMT » VLAMH » RHOBE » AKBE » STGMBE »EBE » VLMDI A
COMMON/ JSP7/PCTBKL

FORMAT(SF10,5¢415)

FORMAT (4110)

FORMAT(1HO0: *BOOM STIFFNESS EIS*,F10.0s* LB FT#22 {V)FBa0+* NMxs
12} )

FORMAT (//1HO+ * FREQUENCY S*F10.30¢ HZ')

FORMAT (1HO *BLANKEY TENSION =¢,F10.2»* LB/BLANKEY (*,F8.3,' N/BL
1ANKET) *)

FORMAT (1HO» YBUCKLING LOAD =tF10.2," LB (*iF8.1,' NIY)
FORMAT (1HOr *APPLIED BOOM LOAD=*,F10.2+* OF BOOM BUCKLING LOAD')
FORMAT(3F10.5¢/F11.5)

FORMAT (1HO» *REQUIRED POWER =tsF10.00," WATTS®)
FORMAT(1H0+'DIA TO THICKNESS +F10.00* IN/INY)
FORMAT (1HO» *BLANKET UNIT WT, ='yF10.3»* LB/FT*%2 (*eFBe2+" KG/M

1x%2) ')

FORMAT (1HO» *LEADER LENGTH =tF10.2¢* FT (1¢FB8e3:" M)
FORMAT (1HO» *BLANKET AREAR SYeF10.1et FT%22 (VeFB8e2+" Mx%2
1)) :

FORMAT (1HO+ tARRAY LENGTH SYeF1D0.2¢" FT (Y eFBeBeY MIY)
FORMAT (1HO+ *ARRAY WIDTH =tyFl10.2¢" FT (*)FB.30* MIT)
FORMAT(1HO¢*BOOM DIAMETER ¢F10.20* IN (Y¢FBalie? M)Y)

FORMAT (1H0» *BOOM THICKNESS oF10.30 IN (*FB.5s* M)
FORMAT(1HO+ *+B800M EFFICIENCY 1F310420% EFFECTIVE (1))
FORMAT(1HOr*INITIAL BOOM (EI)=*)F10.0r" LB FT#%2 (*sFBe0r? NMxx

12)")

FORMAT(1HO» *PERCENT BUCKLING =*,F10,3)
FORMAT(1HO+*REQUIRED FREQ =tyF10.3»* HZ')
FORMAT (1HQ ¢ *BOOM MATL DENSITY='»F10.1¢* LB/FT#x3 (*+FB.0r? KG/M

1%%3) 1)

FORMAT (1HO+*BOOM MODULUS (E) =*/»E10+4+¢* LB/FT**2 (*1EB31 ' N/M%

1%2) %)

FORMAT(1HO» *BOOM UNIT WEIGHT =t,F10.2¢' LB/FT (*eFB8.20' KG/M

1)

FORMAT (1HO» *ACTUATOR WIDTH =tyF10.2¢" FT (*+FB.3, MY'Y)
FORMAT(//1HO¢ 'CALCULATED SYM. FREQ.Z'+F7431* HZo?»? CALCULATED A
1SYM, FREQe=*¢F7,3¢¢ HZ,')

FORMAT (1HO ¢ *BLANKET WIDTH SvF10.2e FT (VeFB8430* M)?)

FORMAT (1HO» 'BLANKET LENGTH =V,F10.20% FY CYIFBe3e MIY)

FORMAT(1H 2t %xxes POWER=Y»FH.0,* WATTS AREA=YsF6.1r? FT%%2
1 WIDTH='+F6.3¢* FT ¥kt /1H o VhEnRn BOOM STIFFNESS=',
2F740¢' LBXFT%s2 TENSION=')F6e2¢* LB xkgan?)

FORMAT(1H »t*xxx* POWER='+F6+0+' WATTS AREA='sF6o1s* FTx22
1 WIDTH='rF6e3s*t FT CokkRaxt/1H p TRREEE BOOM STIFFNESS='»
2F7.0¢' LBXFT%%2 skankt)

FORMAT(1H »'*%sx% POWER=*sF6.0¢' WATTS AREA=*1F6ele? FTx¥2
1 WIDTH=*1Fo. 3¢ FT kxakt/1H o VRERER REQUIRED FREQUENC
2Y=*1F6.30" HZ axnat)

FORMAT(1H » **%sxax% POWER='»F6.0s' WATTS AREAS'sFHele " Me#2
1 WIDTH=' 1F6.3¢0 M LR TRV RPRE ST BOOM STIFFNESS=',
2F7.09"' NaxMxx2 TENSION='yF6.2¢* N wEkan?)

FORMAT (1H » **kx%% POWER='1F6.0¢* WATTS AREAZ' 1FBele? M2
1 WIDTH='rFge30* M *akekT/IH o P ERERS BOOM STIFFNESS='»
2F 7,00 NxMxx2 EREK?)

FORMAT(1H »t#®asxs POWER='sF640s' WATTS AREAZ"oF6elrt Mxx2
1 WIDTH='+Fg 3, M akkxk?/1H oV ¥nnny REGQUIRED FREQUENC
2Y=')F6.3+ ' H2Z LERRRRY)

FORMAT(LH » v %sass POWERZ'r1F6.0¢* WATTS BLANKEY L=v,F6.2¢% FT
1 BLANKET W='/F6¢3¢" FT xexx?/1H o TxRas BOOM STIFFNESS='»
2F7.00"' LB*FT%2 TENSIONZ'+F6e2+* LB *xkukt)

FORMAT(1H rt%asss POWER='+F6+0r* WATTS BLANKET L='+F6e2¢* FT
1 BLANKEYT WS'eF6.30t FT  sxkx%?/1H ot #xknn BOOM STIFFNESS=',
2F7.0r ' LBSFT*x2 xexnnt)

FORMAT{1H »¥&xaxx POWERZY+F6.0¢* WATTS BLANKET L=*sF6.2»" FT
1 BLANKET W=*¢F6.3¢* FT *rkek?/1H o TREEER REQUIRED FREQUENC
2YS*F6.30 1 HZ xR ?)

FORMAT{(1H r*®xxx% PONER='+1F6+0r¢* WATTS BLANKET L=%+F6.20' M
1 BLANKET W='")F643¢*' M akkxt?/1H » ' xRERx BOOM STIFFNESS=',
2F7.0¢ ' NEeM®%2 TENSIONZ'+F6.20' N shxxx?)

FORMAT(1H r**xxs% POWERZ'sF6.0,* WATTS BLANKET L='eF6.2¢* M
1 BLANKET W=*)F643¢* M *hhxkt/1H 2V kREEE - BOOM STIFFNESS='.
2F 700t NEM*32 kxxdn?)

FORMAT(1H r t®xxsx POWER='+F6.0+* WATTS BLANKET L=*1F6.2r' M
1 BLANKET WSt¢F6e30' M sEeakt/1H o PRy REQUIRED FREQUENC
2YS'F6e3r* HZ hant)

FORMAT(////1HO, *x+xxINPUT PARAMETERS FOR DEPLOYED ROLL-UP SOLAR AR
1RAYx*%%x") .

FORMAT (1H1210X, * ##x+PRINTOUT OF PROGRAM OPTIMIZATION ITERATIONS*#x
1% /22Xs " (ENGLISH UNITS=LBeFT+SECrHZ) ")

FORMAT{1H r'esassrxsdsss ExREK xEEEE E22 1]
152 xRREREREEERE R AR AT kAR RET )
FORMAT (1HLr * %= ey RkRx

12520k R SR FEE KRR EREREREKY )

FORMAT (1HL» * #xa 2245+ *DEPLOYED ARRAY PARAMETERS®#&ssxssus?)

FORMAT(//* MODAL ANALYSIS FAILURE'/* TOTAL TENSION IS LARGER THAN
1THE BOOM BUCKLING LOAD OF**F7,2+' POUNDS')

FORMAT(//////71H »*«WARNING* TENSION IS BELOw MINIMUM RECOMMENDED T
1ENSION OF*/1H o+ 0.5 LBS/FT OF WIDTH REQUIRED TO ROLL UP
2BLANKET ')

NAMELIST/DATAL/NSETSsLEVEL » POWER +AREAYEIBOM] o ROARAY e WIOTH/ETEFF . TL
1EADRsFREGR rRBOOMDPT»EBOOM» TENS»NDATA2/ NUNITS»BKTW.BKTLsNTYPEPCT8
2KL
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C ALL VARIABLES STYARTING WITH THE LETTERS GE ARE PROTOTYPE ARRAY VALUES
OATA GEEIBE»GEROBE/DEGOP»GEDIABIGEWIDC»/3040,4+411920,+1,341,5/
1GEwWsGET/8.25:2,7
MAXITR=15 .
Nw=2
NL=5
LoP=0

100  LOP=LOP+1
READ(S+DATAL)
RPT=DPT
BKLPCT=PCTBKL
PCTBKLZABS(PCTBKL)
IF(NTYPE.EQ.0) AREA=BKTL*BKTw*2,
IF(LEVEL.EG.1)G0 TO 111
IF(LEVEL.EQ,2)G0 TO 111
IF(LEVEL.EQ.3)G60 TO 111
TF(NTYPEJNE,0)GO TO 102
IF(BKLPCT.LT.0.0)60 TO 101
TENSS3.14159% #2%F TBOMI*PCTEKL/ (20N * (RKTL+TI EANDRI##2)
GO TO 111
101 E180M1=200,%TENS*{BKTL+TLEANR)* %2/ (2, 14150%% %P TAKL )
GO TO 111
102 TF(NUNITS.FQ, G0N T 104
FTROM1=E180M1/,41325331
EBOOM=EBOOM/47.880259
WIDTH=WINTH/, 3048
TENS=TENS/4.466482216
AREA=AREA/.09290304
TLEADR=TLEADR /. 3048¢
104 JF(BKLPCT,LT,0.5160 TO 103
DIAROM= (2, % (EIROM1*RPT/(FROOMYXE [FFF%4,%3,16159) ) #%,25}, %12,
WIDCE=(DIABOM/GEDTAB) #GEWIDC
L=AREA/(WIDTH-WINCE)+TLFADR
TENS=3.14159##2 #F IBOMI*PCTBRL/ (20N % #%2)
GO TO 108
102 CALL RSAZRO(FIROMLITFNS,2)
105 IF(NUNITS.EQ.0)G0 TO 111
AREA=AREA*,09290304
TLEADR=TLEADR*.3048
TENS=TENS*444482216
WIDTH=WIDTH*,3048
EROOM=EBCOM#*47,880259
EIBOMI=EIBOM]1 *.41325331
111 TF(NTYPELEQ,0)GO TO 108
WRITE(6,557)
WRITF(6+56)
IF(NUNITS.EQ.1)1GO TO 106
TF(LEVELWEQ.1)WRITE(6+51 1POWER, AREASWINTHFRFOR
IF(LFVELSEQe2 IWRTTE(6+50)POWER, AREA, WINTH,ETPOM]
IF(IARS(LEVEL)+EQe3)WRITE(6+49) POWER s AREASWIDTHE1BOM] , TENS
GO TO 107
106 IF(LEVEL.EQ.1IWRITE(65251)POWERAREA,WINTH,FREQGR
TF(LEVELLEQ 2IWRITE (652501 POWER s AREA sWIDTHF [ROM]
TF(1ABS(LEVEL) «EQ.31WRITE( 64249 ) POWER AREAWIRTH,EIBOML+TENS
107 WRITE(6,56)
WRITE(656)
GO TO 114
108 WRITE(6,57)
WRITE(6456)
IF(NUNITS.EQ, 1160 TO 109
IF(LEVEL.EQ.1}WRITE( 6,61 )1POWER,BKTL, BKTW,FPFOR
TF(LEVELSEQ.2 IWRITE(6454)POWER,BXTL,yBKTW,E1ROM]
IF(TABS{LEVEL14EOQ+3IWRITE (65591 POWER ,BKTL yBKTW,E1BOMI 4 TENS
GO 7O 110
109 IF(LEVEL.EQ.1)wRITE(6+261)POWNER+BKTL»BKYWsFREGR
IF(LEVEL +EQ,2)WRITE(6+260)POWER ¢ BKTLsBKTW,ETIBOML
IF (IABS(LEVEL) ,EQ+3)WRITE(6,259)POWERBKTL +BKTW¢EIBOM1» TENS
110 WRITE(6+56)
WRITE(6+56)
114 IF(NUNITS.EQ.0)G0 TO 115

SINCE ALL CALCULATIONS ARE PERFORMED IN ENGLISH UNITS.
THIS SECTION CONVERTS UNITS IF THE USER INPUTS SI UNITS.

[aXsYaNe)

AREASAREA/.09290306
TLEADR=TLEADR/,3048
TENS=TENS/4,4482216
ROARAY=ROARAY/4,88242764
WIDTH=WINTH/.3048
RYXTL=RKTL/ 43048
RKTW=BKTW/.3N48
RROOM=RBOCM/16.0184637
FROOM=EBOCM/47,880259
ETBOM1=EIBOM1/,41325331

115 WRITE(6+52)
WRITE (&6411)POWER
SIUNIT=AREA®,0G290304
WRITE(6520)AREALSTUNTT
SIUNIT=WIDTH®.3048
IFINTYPECEQe1IWRITE(6522)WIDTHsSIUNIT
CJUNIT=BKTW#, 3048
IF(NTYPELEQ«NIWRITE (6541 1BKTWsSTUNIT
SIUNIT=BKTL*,3048
TFINTYPELEQOL,OIWRITE(6442)RKTLySTUNIT
SIUNIT=TLEADR®,3048
WRITE(6917)TLEADRSsSIUNIT
STUNIT=ROARAY*4,88242764
WRITE (6513)ROARAYSSTUNIT
IF{JABS(LEVEL)<LE.2)WRITE(6+31)FREQR
SIUNIT=EIBOML*,4132533)
IF{LEVEL.EQ 1 IWRITE(6+28)1EIBOML»STUNTT
TFIIABS{LEVEL) «GF+2)WRITE(6s4)ET1BOML + STUNTT
SIUNIT=EROOM®47,880259
WRITE (6533)EBOOM,SIUNIT
SJUNIT3RROOM*16.0184637
WRITE (6+432)RBOOM,STUNIT
WRITE (6+2S5)EIEFF
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150

205

215

211

998
99

WRITE (6212)RPT
FF(LEVEL.EQe—3IWRITE(6529)PCTBKL
IF(IABSILEVEL)4NE.21GO TO 205

£ 1ROOM=E1BOM]

DIABOM=(2 % (EIBOOM*RPT/ (EBOOMY¥E [EFF#4. %3, 14159) 1 %%,25)#12,
THIBOM=DI AROM/RPT
ROBOOM=4,%(3,14159*E1B00M/ (EBOOMREIEFF#RPT ) 1 #% 4 5nN*¥RBONM* (3604 =DF GO
1P} /360,
WIDCE=({DIABOM/GEDIAB) #GEWINC
TF(NTYPEL.EQ.1 }WPANEL=WINTH=-WINCE
TF(NTYPE.EQ.NIWPANEL=BKTW*2,
IF(NTYPELEQ.0)WIDTH=WPANEL+WIDCE
IF(NTYPELEQ.1)L=AREA/WPANEL+TLEADR
IF(NTYPE,EQ.N)L=BKTL+TLEADR
STUNIT=TENS#4.4482216

WRITE(636) TENS»SIUNIT
T1=3.14159%%2#EJBOM] /L*#*2
IF(TENS.LT.0,5%T1) GOTO 150
WRITE(64+62) T1

GOTO 999

FDIF=RSAFX(TENS,EIBOOM, FREQA,FREQS)
IF(FREQS.EQeNs) GOTO 999

GO TO 211

WRITE(6,53)

IF(LEVEL.NEL2160 TO 215
E1BOOM=E1BOM)

CALL RSAZRF(TENS,EIBOOM)

GO TO 211

CALL RSAZER(EIBOOM,EIBOMI,TENS) .
DIAROM= (2% (EIBOOM¥RPT/ (EBOOM¥ETEFF#4 ,#3,141551)%%,25)#12,
THIBOM=DIARBOM/RPT
ROBOOM=4,%(3,14159%E1BOOM/ (EBOOM*EIEFF*RPT) ) ¥* (EN¥RBOOM*( 360« ~DEGO
'1P) 7360,

WIDCE= (DIABOM/GEDTAB) *GEW!DC
TF(NTYPE.EQ.) )WPANEL=WIDTH-WIDCE
IFINTYPELEQa0)WPANFL2BKTWH2,
TF(NTYPE.EQ.)IWIDTH=WPANEL+WIDCE
IF(NTYPE.EQs1)L=AREA/WPANEL+TLEADR
TF(NTYPE.EQNIL=BKTL+TLEADR
WRITE(6+60)

WRITE (6411)POWER
STUNIT=AREA#,09290304
WRITE(6+20)AREASIUNIT
TF(NTYPE.EQ.) )BKTL=AREA/WPANEL
TF(NTYPELEQ.1)BKTW=WPANFEL/2,
"STUNIT=BKTW*,3048
WRITE(6541)BKTW,STUNTT
STUNIT=BKTL*,3048
WRITE(6942)1BKTLsSIUNTT
STUNIT=WIDTH*,3048 |

WRITE (6922)WEIDTH,SIUNIT
STUNIT=L%.3048

WRITE (6521)L,STUNIT
SIUNIT=WIDCE*.3048
WRITE(64+37)WIOCE,SIUNIT
STUNIT=TLEADR*,3048
WRITE(6,17)TLEADR,SIUNIT
STUNIT=ROARAY*4,88242764

WRITE {65131ROARAYSSTUNIT
SIUNIT=TENS*4.4482216
WRITE(6+6)TENS,STUNIT
RBUCK=3414159%#2%E 1BOOM/L*#2

BOOML D=2+ #TENS/BUCK

WRITE (64+8)BOOMLD
STUNIT=BUCK#4,4482216
WRITE(63s7)BUCK,SIUNIT
STUNIT=E1BOOM*,4132533)

WRITE (644)EIBOOMSTUNIT
SIUNIT=DIABOM*, 0254

WRITE (65231NTABOM,STUNIT
SIUNIT=THIBOM®.0254

WRITE (6+524)THIBOMsSTUNIY
SIUNIT=ROBOOM*1,4881639
WRITE(6+35)ROBOOM,SIUNIT
STUNIT=EBOOME47 .880259

WRITE (6,33)EBOOM,STUNIT
STUNIT=RROOM*16.0184637

WRITE (6+32)RBOOM,SIUNIT

WRITE (6,25)EIEFF
TF(TARS(LEVEL) s LE,2VWRITE(655)FRED
IF(TARSILEVFLY e GEL2IWRITE(6440) FREQS , FREQA
TF(2.#TENS/WPANEL.LTL0.5IWRITE(6,63)
E1BOM1=E1BOOM ]

IF (NDATA2.NE.0}CALL RSABAS(TENS+EIROOM)
PCTBKL=BXLPCT

IF(NUNITS.EQ.0)G0O TO 998
AREA=AREA#.09290304
TLEADR=TLEADR*, 3048
TENS=TENS#446482216
ROARAY=ROARAY¥*4,88242764
WIDTH=WIDTH®,3048

BaKTL=BKTL*,3048

"RKTW=RKTW*, 3048
RBOOM=RECOM*16,0184637
EBOCM=FBOOM*47,880259
FIROM1=FIBOM1%,41325331
IF(LOP.LT,NSETS)IGO TO 100

sTOP

END
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SUBROUTINE RSAZER (X X107}

REAL XeX1eEPSoAERs REReF ¢ DF o OLOFs OLDDFsT OLo Do DX e OLOK» XX ¢ As By Ce FAo FO
1oFCoeMEANSL

COMMON/ 3SP1/ EIEF Fs FREQs DLABOM, THIBON, ROSO0H, 4 INCE, DEGOPs UPANEL, MAX
1ITReNDATZsROARAY o NM oNL oL v W ¢F RE QR e RB 0OM+EB OORs RPT o PONERs AREA» TLEADR
29 BKTHeBKTL +NTYPE

FORMAT (/1HO+*BOOM STIFFNESS OPTIMIZATION ITERATIONS®/® I TE

NS TON goom {EI) FREQ DIF FREQ FREQG REQ*}
FORMAT (JH »JI2+5E14.5¢1He) .
FORMAT(45Xe* BOOM STIFFNESS OPTIMIZATION DIDNT COMNERSE®)
ITER-D
EPS=FREQRs.02
AER=X1 9,008
RER=.010
X= X3
CALL RSAZRF(TsX)

F=FREQ-FREQR
FREQL=FREG
MRITE(6e11)
WRITE(6¢12) ITERe Ts Xo Fe FREQLs FREQR
IFCABSIF).LE-EPS) RETURN
ITER=1
TOL=AER/RER
D=( ABS{XsRER) +AER) ¢S .0
CALL RSAZRF (TeX+D)

OF={ {FREQ-FREGR)-F )/ D
60 Y0 20
WRITE(6+11)
MRITE(6+12IITER YT sX +F s FREQLSFREQR
ITERSIT ER+1
D=CABS (XsRERI4AER )+ 5.0
CALL RS AZRF(T.X+D2
DF=((FREQ-FREQR)-F) /D
IF(DFeO0LODF+6T.01 @ TO 20
DX=X-0LDX
0=2.

60 TO 25

OX=-F/DF

XX=DX/ (SIGN(TOL oX )¢ X)
D=AMAX1 10«50 XXe~ 24 2XX)
oLox=x

0LOF=F

GLDFRO-FREG1

OLDDF=DF

X=0LDX+DX/D

CALL RSAZRFUTX)
F=FREQ-FREGR

FREQL=FREQ
IFCABS(F).LELEPS) 60 TO 85
1FtF ¢ OLDF.LE.O.) GO TO 3%
IF(ITER.LT.MAXITR) 60 10 15
PRINT 32

ITER=-MAXITR

60 TO 85
IFCABS(DX/D).LE +ABS IXeRERV+AER) 60 TO 85
A=0L OX

B=X

FAZOLOF

FB=F

AFREQ=0L DFRQ

BFREQ=FREQ1

60 TO 60

WRITE(Ev11)
WRITE(G+12) ITERy Te Be FBe BFREGs FREGR
IFEABSIX-B)LT.TOL) X =B+ SIGN(TOL+C-B}
A=B

FAZFB

AFREQ=BFREQ
IFUEX-HEAN)s(B-X) £T.0.) 6O TO 50
B=MEAN

60 TO S5¢

B=X

CALL RSAZRF(T+B)
FB=FREQ-FREQR

BFREG=FREQ

IVER=IT ER+2

IF(FC*FB.LT.0.) 60 TO 65
C=a

FC=FA

CFREQZAFRER
IFCABSUFB)LT.ABSIFCI) 60 TO 70
AzB

FA-FB

AFREG=BFREQ

B=C

FB8=FC

BFREQ=CFREQ

C=A

FC=FA

CFREG=AFRE@

‘IFCABS(FB).LT-EPS) 60 TO 80
"MEAN = (B+C)/2.

IF(FBNELFA) X = (AsFB-BsFAIZ(FB-FA
IF(FB.EQ.FA} X = MEAN

TOL = ABS(BsRER)+AER

IF(ABS (MEAN-8).LT.TOL)} €60 YO 8C
IFCITER.LT.NAXITR} GO TO &0

.PRINT 32
ITER=-MAXITR
X=8
F=FB
FREG=BFREQ
WRITELG.11)

WRITE(6+12) ITERe Ve Xof oFREQ+FREGR
RETURN
END
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100
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SUBROUTINE RSAZRF{Xe EIBOOM)

REAL XsX1oEPSsF oA vBsCoFAsFBsFCoMEANSL
COMMON/JSPL/ EIEFFy FREGy DIABOMe THIBOMe ROBOOMsW IDCE# DEGOPs HPANEL, MAX
1ITReNDAT2¢ROARAY s NW oNL sL oW ¢FREGRsRB COM»EBOOMs RPTs PONERsAREA ¢ TLEADR
2o BKTReBXTLoNTYPE

COMMON /JSP2/GEDIAB» GEWIDC +GEW » GET» GEE IBE +GE ROBE
FOQRMATE/7/SXe *TENSION OP TIMIZATION ITERATIONS*/Sx* I TENSION
1 BoOoOM (EI) FREQ DIF SYM FREQ ASYM FREQ®)
FORMATLLHN +»SXvI20SE1 %45

FORMAT(50X»" END TENSION OPTIMIZATION'}
FORMATU(SOXe* TENSION 0P TIMIZATION DIDNT CONVERGE®)
FORMAT(SOX+* NC ROOT IN BOUND®*)
IFC(EIBOOM.LE.C.)E TO 100
DIABOM=(2.¢{EIE00ON*RPT/EEBOOMeETEFF #4.¢3,168153 ) )09¢.25)12,
THIBOM=DIABOM/RPT

ROBOOM=0 % {3.18152¢EIBOON/(EBOOMSETEFFoRPT 1) 0o ,E0*RBOOM(360.~DEGO
1P)/360.

WIDCEZ(DJABOM/GED JAB ) GENIDC

IF(NTYP E« EGe1)WP A% EL =W-WIDCE
IFU(NTYPELEQ.OIUPANELSBKTHe 2,

IF(NTYPE. EQeOIN=W? AVEL+WIDCE
IFUNYYPELEG.LIL-AREA/WPANEL+TLEADR
IF(NTYPE.EG.OIL=BAKTL*TLEADR |

X1=€o0203.18159%2 2¢EIBOOM/Le*21/2,
«9823.10153002sEIBOON/Lee2) /2.
EPST.OQ5«FREQR

ITER=1
A=X1

8Ix2

FAZRSAFX(A+EIBOOM +F REQA+FREGS)

AFREQA=FREGA

AFREQS=FRE®GS

FBZRSAFX{BeEIBOOM, FREQA. FREQS)

BFREQAZFRE QA

BFREQS=FREGS

IFtFBeFALGT.0.) 6C TO 36

WRITE(E,11)

60 T0 60
PRINT 39

60 70 101

MRITE(E¢123ITERe Br EIBOOMe FBy BFREQS, BFREQA
IFLABS(X-B).LT.TOL) X =B+ SIGNITOLsC-B)

A=8

FACFB

AFREQ A= BFREQA

AFREQS=BFRESGS

IFCEX-NEANI#{B-X)GT.0.) 60 TO SO

B=MEAN

60 Y0 55

B=X

FB=RSAFX{BeEIBOOMs FREQASFREQS)

BFREQAZFRE QA

BFREQS=FREGS

ITERZITER+1

IF(FCeFBaLT.0.) 6) TO 65

[ Y

FC=FA

CFREGA=AFREGA

CFREGS=AFREQS

IFtABSIFB).LT.ABS#C)) GO TO 70

AzB

FAZFB

AFREQA=BFREQA

AFREGS=BFREQS

B=¢C

FB=FC

BFREQA=CFREQA

BFREQS=CFREQS

C=A

FC=FA

CFREQA=AFREQA

CFREQS=AFREQS

IF(ABS(FB).L.T.EPS} GO TO a0

MEAN =(B+C)/2. .

IF(FB.NE«FA} X = {AsFB-BeFA)/IFB-FA)
IFIFB.EG.FA) X = MEAN

TOL=ABS (Be.001)

IFCABSIMEAN-B) .LT.TOL) 60 TO 80
IF(ITERLT.MAXITR) GO TO 40

PRINT 32
ITER=-M AXITR
X=B

F=FB

FRE@S=BF REGS

FREQA=BFREQA

FREG=(FREQS+FREQA }/2.

HRITE(6¢12) ITERe Xe EIBOOMeFeFREQS¢FREQA
G0 TO 26 .
FREG-EIBOOM

WRITEtE+28)

RETURN

(3]

JPL Technical Memorandum 33-634



FUNCTIGCN RSAFX(TeE IBOOMe FREQAsFREGS)
REAL M(4000)+K (800D deVAL (200} oL
COMMON/ JSPL/ EIEFF: FREQe DIABOMs THIBOMy ROBOOMsW IDCE« DEGOPs WPANELs MAX
IITRYNDATZ+ROARAY v KM sNL oL oW oF RE QR RB OOM+EB OOKsRPTe PORERs AREA» TLEADR
20 BKTHe BKTLeNTYPE
COMMON/JSP2/GEDIABe GEWIDCsGEWs GET ¢ 6EE IBE ¢ GE ROBE
COMMON/ JSPE/ VL AMACoVLAMT o VLAMHe RHOBE e AXBES IGMBE + EBEs VLMDIA
3 FORMAT(®* MODAL ANALYSIS FAILURE®)
21 FORMAT(2Xs1HeoI5)
W2=W/2.
WP ANEZ2=WP ANEL /2.
EIBEAN=GEEIBE® (0o 5o T/GET0.5oVLANAC boN/6EW
ROBEAN=GEROBEsSQRT (£ IBE AN/ GEEIBE)
T22-247
ROAR AY=RO ARAYs(WPANE2/W 2}
CALL KRAY(KsNsEIBEAN+EIBOOMsTsToT2eT2¢NoNLsLoW2+0)
CALL MRAY (MsNsROBE AN ¢+ROBOOMeROARAY ¢ NWeNLeLsW2+0)
CALL GENIGN{M+sKsVAL oVAL»-N+Ds0X)
ROARAY=ROARAY»{W2/ WP ANE2)
IFtOK.EQ.0.}G0 TO 1
00 10 I=1eN
ASVALII)
IF (AsGT<0.) GO T) 1S5
310 CONTINUE
15 IF(I.6T «1)WRITE(Gs 2101
FREGS=SERT(A}/6.2831853
T<Te (M2/UPANE2)
1222497
CALL KRAY(KoNeEIBE M oEXIBOOMeT oTeT2sT2eNeNLeL oli2¢1)
CALL MRAY(M+N»ROBEANIROBOOMsROARAY sNWeNLeLO»W2s1)
CALL GENIGN{MeKeVALsVALv~NoeOrOK}
T=Te(WPANEZ2/W2)
T22-2407
IFLOK.EQ.0.960 TO 1
00 11 I=1eN
AZVALLI)
IF {A.GTa0e4) GO T) 16
11 CONTINUE
16 IF(I.GT4)WRITElGs 211
FREQGA=SGRT(A)/6.2831853
RS AFX=FREQS- FREGA
Go 70 2
RSAFX=T*100.
FREGS=0.
WRITELE+3)
RETURN
END

-

~N

SUBROUTINE RSABAS(T,EIBOOM)

REAL L

COMMON/JSPL1/EIEFF » FREQ»DIABOMs THIBOM»ROBOOM, W IDCE » DEGOP » WPANEL » MAX
1ITRINDAT2+ROARAY +NWoNL»L +W+FREQR*RBOOMrEBOOM»RPT+ POWER» AREA, TLEADR
2'BKTWsBKTLINTYPE

COMMON/JSP2/GEDIABGEWIDC+ GEWsGET» GEEIBE » GEROBE
COMMON/JSPS/CONST » COEFF ¢ EXP

COMMON/ JSP6/VLAMAC » VLAMT » VL AMH » RHOBE » AKBE » STGMBE » EBE » VLMD I A

1 FORMAT(/* TOTAL BLANKET WEIGHT S40F9,2¢ LBS ('1F742+" KG)
1 :
2  FORMAT('O  DRUM SHELL WT, TUFT.200 LBS (*9F6.2+ KG) )
3 FORMAT(* END CAP+GUIDE WT, =',F7.2+' LBS (*+F6.2+* KG) ')
4 FORMAT(" SUPPORT SHAFT WT. ='4F7.2+' LBS ('+F6.2¢% KGI*)
5  FORMAT(! BEARING ASSY WT,  =',F7.2+' LBS ('¢F6.2¢°* KG)')
6  FORMAT(/' LEADING EDGE BEAM WEIGHT ZV,F9.2¢" LBS (*1F7.2¢' KG)
*
7  FORMAT{/* OUTBOARD END SUPPORT ASSY WT.Z!)F9.2¢% LBS (*+F7.2,' KG)
")
8  FORMAT('0  CENTER SUPPORT WT. TVsF742s% {BS (?+F6.2¢* KG) ')
9  FORMAT(! SLIPRINGYHARNESS WT='eF7.2¢¢ LBS (19F6,2¢% KG}*)
10  FORMAT(/* DEPLOYED BOOM WEIGHT =Z0,F9,2+7 LBS (*+F7.21° KG)
1) .
11 FORMAT(* NEGATOR ASSY WY,  =')F7.2+% LBS ('+F6.2¢' KG)*)
12 FORMAT(® BOOM ACTUATOR WT. =*,F7.2¢* LBS (*¢F6,2¢% KG}*)
13 FORMAT(/* TOTAL SOLAR ARRAY WEIGHT ZV4F9.2¢1 LBS (14F7.2¢ KG)
1)
14 FORMAT( * TOTAL DRUM ASSY WEIGHT SY0F9.20% LBS ('4F7.2¢' KG)
FOR

1)

15  FORMAT( ' TOTAL CENTER SUPPORT ASSY WT =*,F9.2+" LBS ('F7.2+' KG)
1)

41 FORMAT(2110)

42 FORMAT(9F8.4)}

43 FORMAT(/' POWER TO WEIGHT EFFICIENCY S'F9.20* WATTS/LB (*+F7.2s
1' WATTS/KG)*)

47 FORMAT(///1H0+* s*x2¢s+CALCULATED BASE STRUCTURE PARAMETERSs#*ssxs%
10/ (LAUNCH ACCELERATION=®,F5,2+ '+BASELINE LEVEL)*)

50 FORMAT(1H1 ¢ v *x3sBASE STRUCTURE INPUT PARAMETERS*sx%')

100 FORMAT(10F7.3)

101 FORMAT(1HOr' RHOS £S SIGMS RHOC EC SIeMCY)

102 FORMAT(1HO»* RHOSS ESS SIGMSS RHOBE EBE SIGMBE*)

103 FORMAT{(1HO+* RHOES EES SIGMES RHOCS ECS SIGMCS!')

104 FORMAT(1HO»' VLAMAC®)
NAMELIST/DATA2/RHOS +ES+SIGMSIEC+ SIGMC e RHOC » RHOSS»ESS» SIGMSS 1 EBE#SI
1GMBE + RHOBE+ SIGMES » EES # RHOES » SIGMCS » RHOCS »ECS o VLAMAC
DATA RHOS/ES+SIGMS»AKSsECIAKCoSIGMCP/RHOC/1orlorlerlerlerlorloerle/
1RHOSS 1ESS» AKSS 1 SIGMSS ¢ RHOB EBE»AKBE/1evlavlerlor
2SIGMBE rRHOBE + AKES» SIGMES 1EES»RHOES»AKCSs/1erlerlerlerlerlerls/
3516MCSIRHOCS1ECS*RHOA» AKAYEA»SIGMAPRHONEG/1e08evrlerlarlerlarlorle/
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97
99

300

301

YVLAMAC/ 1./

DATA GEWS + GEWC » GEWSS 1 GEWB 1 GEWBE ¢ GEWES/5.78+40531102112.500 485041/
LGEWCS »GEWNS ¢t GEWA » GEWNEG» GEBLKT/1+33¢2.34¢5,18¢1456 146458/
ZGEBOOMvGETOTL:GERI'GERO'GELIG.Ssrez.Sou.-5.o35.2/

ACC=VLAMAC

NBASZ0

GEPANE=GEW=GEWIDC

READ{S5¢DATA2)

ACCZVLAMAC

VLMDIA=DIABOM/GEDIAB

VLAMTZT/GET

VLAMH=WPANEL /GEPANE

VLAMV=L/GEL

VLAMHP=W/GEW

WRITE(6¢50)

WRITE(6¢101)

HRITE(G'100)RHOSvES'SIGMS-RHOC:EC'SIGMC

WRITE(6+102) )

WRITE (6¢100)RHOSS +ESS ¢ STGMSS » RHOBE » EBE » SIGMBE

WRITE(6¢103)

WRITE (6+ 100) RHOES 1 EES + SIGMES 1 RHOCS s ECS 1 SIGMCS

WRITE(6+104)

WRITE (6¢100)ACC

WBOOM=ROBOOM*L

WBLNKT=ROARAY*L «WPANEL

WNSZGEWNS*VLAMHP*VLAMY

WNEG=GEWNEG#RHONEG#*SART (VLAMT)

RATIOSSGRT (1+/ (VLAMH*VLAMV))

VLAMAC=ACC#RATIO

WSTZGEBLKT+GEWS

CONST=WBLNKT/WST

RATIOW=GEWS/WST

COEFFZRAT I0W (RHOS#VLAMH* (5+/3 ) sVLAMACH® (24 /3, ) #SGRT (1./ {S1GMS*A
1KS) }/ES*#(1,76,))

EXPz2,/3,

CALL RSAZRO(WBSRsT+0)

VSST=(VLAMACAVLAMH*WBSR/ES) #4(1./3.)

VSSOS (VLAMACKVLAMH#WBSR )} #% (14/3, ) #SQRT (ES## (1+/3+)/ (SIGMS®AKS) )

WS=WBSRAWST-WBLNKT

VCST=SQRT ( (VLAMAC*WBSR/ (AKC*SIGMC) ) )

WC=GEWCXRHOC*VSSO*VCSTx2

WST=GEBLK T +GEWS+GEWC+GEWSS

CONST'((GEBLKT+GEUS)/HST)tWBSR#RHOC*VSSO*VCST‘#Z:GENC/HST

RATIOW=GEWSS/WST
COEFF=SRATIOW* (RHOSS*VLAMH®#(5,/34) «VLAMAC** (2./3, ) #SQRT {14/ (SIGMSS
1#AKSS) }/ESSe%(1./64))

EXP=24/3.,

CALL RSAZRO(WBSCSR¢T+0}

VSSSTZ (VLAMACVLAMHeWBSCSR/ESS) #%(1,/3,)

VSSS0Z (VLAMAC#VLAMHANBSCSR) ## (1473, ) #5GRT (ESS##(14/34)/ (SIGMSS*AKS
15))

WSSZWBSCSRWST-WBLNKT-WS=NC

B=GEWBARHOB#VSSSO**2

CALL RSAZRO(WBER¢T/1)

WBEZWBER*GEWSE

VBEST={ (WBER#VLAMACH » S+VLAMT*,5) sVLAMHP/EBE ) #%(1./3,)

VBESO=ZSQRT{ (WBER#VLAMAC* . S+VLAMT#.5) *VLAMHP/ ( VBEST+AKBE*SIGMBE ) )

VLMVES=SQRT (VLAMV4 (VSS0%#2-YLAMV ) +GERI##2/GERO*#2)

VESST= (VLAMAC*VLMVES*WBSCSR) #%(1./3, )/ (AKES#SIGMES#EES ) x%(1,/6.)
VESS0= (VLAMACAVLMVES#WBSCSR/ (VESSTx% 2% AKES#SIGMES) )
WESZGEWES#RHOES*VESST#VESSOsVLMVES
WSTZGEWA+GEBOOM
CONST=WBOOM/WST
RATIOW=GEWA/WST
COEFF=RAT IOWSRHOA®VLMDIASVLAMV## (1, /2, )% (VLAMAC/ (AKASSIGMA) )% (14/
12,)

EXP=1./2.

CALL RSAZRO(WBAR»T/0)

WAZWBAR#WST-WBOOM
VAST= (VLAMAC*WBAR/ ( AKAXSIGMA) Ya%(1,/2,)

WST=GEBLK T+GEWS + GEWC+GEWSS+GEWA+GEBOOM+GEWB+GEWNEG+GEWNS
WBSCSAZ (WBLNKT+WS+WC+WSS+WA+NBOOM+ WB+WNEG+WNS) /WST
VCSSTZSQRT (VLAMAC*VLMVES*WBSCSA/ (VLMDIA®AKCS*SIGMCS) )
WCSZGEWCS#RHOCS#VLMDIA*VLMVES#VCSST
WTSWBLNKT+NS+WC +WSS+NB+WBE+NES+WCS+WNS ¢ NBOOM+WA+WNEG
WDRM=WS+NC
WBUS=WCS+WA+WB +WNEG+WNS+WSS

WATPS=POWER/WT

IF (ABS (RATI0-SQRT (GETOTL/WT) ) 4LT+0.1#5GRT (GETOTL/WT))GO TO 301
RATIOSSGRT (GETOTL/WT)

GO 70 300 -

WRITE (6+47)VLAMAC
SIUNITZ+454sWBLNKT
WRITE (6+1)WBLNKT/SIUNIT
SIUNIT= . 4545WBOOM
WRITE(6+10)WBOOMsSIUNIT
SIUNITS.454¢WBE
WRITE{6+6)WBE s STUNIT
SIUNITZ . 454*WES
WRITE(6+7)WES)SIUNIT
SIUNIT=,454+NS
WRITE(6¢2) WS¢ STUNIT
SIUNITZ . 454eWC

* WRITE(6»3)WCoSIUNIT

SIUNIT=.454%WDRM -
WRITE(6¢14) WORM¢SIUNIT
SIUNIT=.454sWCS
WRITE(6+8)WCS,SIUNIT
SIUNIT=.454sWA
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WRITE(6+12)WAsSIUNIT
SIUNIT=.4S56ewB
WRITE(6+S)WBSIUNIT
SIUNIT=,.454WNEG
WRITE(6+11)WNEGSSIUNIT
SIUNIT=,454%WNS
WRITE(6+9)WNS,SIUNIT
SIUNIT=,.454%WSS
WRITE(6+4)WSS+SIUNIT
SIUNITZ,4544WBUS
WRITE(6¢15) WBUS»SIUNIT
SIUNIT= 4S4%WT
WRITE(6+13)WT»SIUNIT
SIUNITSWATPS/ . 454
WRITE(6+43) WATPS,SIUNIT
NBAS=NBAS+1

VLAMACZACC
IF(NDAT2.6T.NBAS)GO TO 97
RETURN

END

SUBROUTINE RSAZRO(X»TsNCHECK)
REAL MEAN:L
COMMON/JSP1/EIEFF s FREQ»DIABOM» THIBOM» ROBOOM s WIDCE » DEGOP » WPANEL # MAX

1ITR/NDAT2+ROARAY +NW,NL oL o W+ FREQR+RBOOM s EBOOM/RPT , POWER » AREA s TLEADR
2+BKTW» BKTL . NTYPE

32
39

99
100

104

108
109
38

45

50
S5

106
107
110
60
65

70

80
85

COMMON/JSPS/CONST » COEFF +EXP

COMMON/ JSP6/VLAMAC + VLAMT » VLAMH, RHOBE » AKBE » STGMBE » EBE » VLMDI A
FORMAT(* ANALYSIS DIDNT CONVERGE?)
FORMAT(* ANALYSIS/NO ROOT WITHIN BOUNDS')
I1TER=1

RER=.001

AER=.+0001

£PSZ.0001

IF (NCHECK . NE.2)60 TO 99

A=10.

B2500000.

60 T0 100

As.01

B=100.

IF(NCHECK,NE.1)GO TO 104
FAZRSAF2(A)

FB=RSAF2{B)

G0 TO 309

IF(NCHECK,NE.0)G0 TO 105
FAZRSAF1(A)

FB=RSAF1(B)

GO TO 109

FA=RSAF3(A,T)

FB=RSAF3(B,T}

IF(FB*FA.GT,0,) GO YO 38

60 TO 60

PRINT 39

1TER=0

G0 T0 85

IF (ABS(X=B) ,LT.TOL) X =B+ SIGN(TOL.C-B)
A=B
FASFB
IF ( (X~MEAN) # (B~X)+6T,0,) GO TO S0
=MEAN .
60 TO S5
82X
1F (NCHECK.NE+1)60 TO 106
FB=RSAF2(B)
G0 TO 110
IF (NCHECK.NE+0) 60 -TO 107
FB=RSAF1(B)
GO TO 110
FB=RSAF3(B/T)
1TERZ1TER+1
IF(FC*FB.LT.0,) GO TO 65
£3Y
FC=FA
IF (ABS(FB) ,LT.ABS(FC)) 6O TO 70
AsB

FA=FB

. B=C

FB=FC

C=A

FC=FA

IF(ABS(FB) .LT.EPS) GO TO 80
MEAN =(B+C)/2,

IF(FB.NE.FA) X = (AsFB=Bs*FA)/(FB-FA)
IF(FB.EQ.FA) X = MEAN

TOL = ABS(B*RER)+AER

IF (ABS(MEAN=-B) .LT.TOL) 60 TO 80
IF(ITER.LT.MAXITR) 60 TO 45
PRINT 32

ITER==MAXITR

X=8

F=FB

RETURN

END
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10

15

20

21
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FUNCTION RSAF3(EI.T)

REAL L
COMMON/JSP1/EIEFF 1FREGsDIABOMs THIBOM s ROBOOM» WIDCE ¢+ DEGOP » WPANEL rMAX
1ITReNDAT2,ROARAY +NW/NL»L +W+FREQR+RBOOM,EBOOM+RPT s POWER» AREA» TLEADR
2+BKTW+BKTL¢NTYPE -
COMMON/JSP2/GEDIAB»GEWIDC »GEWsGET» GEEIBE » GEROBE

COMMON/JSPT/PCTBKL R

RL1=SQRT(3I +1815904 2sE1#PCTBKL/(20045T) )

RL2=AREA/ (W={ (2,5 (ET*RPT/(EBOOM*EIEFF*4,*3,14159) ) %% ¢25) %12, ) *GEWI
10C/GEDIABI+TLEADR

RSAF3=RL1=-RL2

RETURN

END

FUNCTION RSAF1iW)
COMMON/JSP5/CONST »COEFFsEXP
IF(N.LT.0.0)G0 TO 1
RSAF1=W-COEFFsWse EXP-CONST
60 TO 2

RSAF1=50,s¥

1
2 RETURN

END

FUNCTION RSAFZ2(W)
COMMON/ JSP2/ GEDIAB + GEWIDC s GEW +GET»SEEIBE ¢ GEROBE
COMMON/JSP6/VLAMACY VLAMT »VLAMH sRHOBE +AKBE +STGMBE»EBE ¢ VLMDIA
IF(W.LT+0.0060 TO 1
RSAF2ZW-(WsVLAMAC #,5S+VLAMT® (5) 49 12./3 o) e ( IVLANH «{ GEW —GE NIDC )+VLMDI
1A% .5)/GEW)*++ (5./3.)sRHOBE/ (SGRT ( AKBE *SIGMBE) *EBE*#(1./6.))
G0 10 2 ’
RSAF2=50.¢W
RETURN
END

SUBROUTINE GENIGN{Aebe IGNV AL, IGNVECNy NUMVTR. DET B)
INTEGER NsNUMVTRWN

REAL A(1)sB(1)¢IGNVAL{1) +IGNVECI1)s»DETE
DOUBLE PRECISION DET

DEYB=0.

M=TABSIN)

CALL SYMDET{DET+5¢8eM)

IF(DET.EG.0.DG) GOTO 1
IF(DABS(DET).GT.1,D38) DETB=DSIGN{1.D38,0ET)
IF(DABS{DET).LT.1,D-38) DETB=DSIGN(1.D-38+0ET)
IF(DETB.EG.0.) DETBZDET

GOTO 5

PRINT 3

FORMAT{25H THUS GENIGN IS UNDEFINED)

RETURN

CALL UINVRSIErBeM)

CALL UTRAU(Bs Ae AsMs IGNVAL)

CALL SYMICN(A»IGNVAL rIGNVEC»N+NUMVTR)
IF(NUMYTRL.EQ. DY RETURN

CALL UXM(E+IGNVECHIGNVECsMyIABSINUMVTIR))
RETURN

END

SUBROUTINE SYNIGN( AeIGNV AL¢ IGNVEC:NeNUNVTR)
PARAMETER MXN=100
INTEGER NoeNUMVTReNPLsIs? oMo NMMy IM1 o MM1 oKs KPLo LASTyLsFedJ
REAL A(1)+IGKVAL(1}+IGNVECt1)+NORM+OVRFLO¢EPQeLAMDASDIA+SCALE Y
1 CoDo DDy FFoEPSsPRECS ST + XX e DI {MXN) o COUMXNI e COQCMXN)I
LOGICAL FULL
COMMON/SR1/D1/SR27CD/SR3/C0Q7 NRM/ NORH
CALL TRIDIACA+DI»CDeCDGNORMsIABSIN))
FULL=.TRUE.
6070 10
ENTRY TRIGN (IGNVAL » IGNVECsNe NUMVTR)
FULLZ.FALSE.
PRECS-1.£-8
OVRFLO=1.E38
L=IABSIN)
SCALE=SGRT{OVRFLOSPRECS )/AMAXL{1.+AMINL{NORM»OVRFLO*PRECS})
SZSCALEwe2
EPSSPRECS*NORMeSCALE /FLCAT(L Jese2
EPQTAMAX1(EPS¢92,1000./0VRFLO)
NP1ZL+1
00 15 I=1.L
P=NP1-1
IGNVALIPIZOIC(IY .
DItI)=DI{I)sSCALE .
COG(II=CDRLI) »S
n=L
GOTO 2%
LAMDA=DI(M)/SCALE
COQUM) TIGNV AL INNM}
ISNHH
IF(I.EG.1) G0TO 22
IMI=I-1
IF (LAMDA.GE.IGNVAL{IM1)) GOTO 22
IGNVALEIIIZIGNVAL (IN1)
I=Im
60T0 23
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28

25
30

3s

37
a0

42

43

L1

49

50

51

52

53

548

58

56

57

60

70

75

IGNVAL{I)=L AMDA
IF(M.EGe1) GOTO 89
LELTH
cpatmI=0.
MM1=H-1
NMH=L -MM1
IF{M.EG.1) GOTO 20
KM
K=K-1
IF(K.EQ.0) GOTO 35
IF{CDO(K) GTLEPGY €DYO 30
IF(K.EQ.HM1) GOTO 20
CDALK)=0.
K=K+l
T=DI(H}-DI(NM1}
XX=COG(MHL)
DD=T/2.
IF{OD*DD .LE.ABS{PRECS*XX)) GOTO 37
LAMDAS{XX/DD) /7 (1.+SIRT {1, +XX/DDs#2))
60T0 &0

LANDA=SGRT(XX)
D=DItMI+LAMDA
DD=DY( MM1 )-LAMDA
IF(K.NE. MH1) GOTO &2
DItM}=D
DIt MKL =00
GOYo 20
CAMDA=D
IF(ABS(T) L T+EPSAND .ABS{DD) 4LT-ABSID) } LAMDA=DD
DIA=DI(K )-LAMDA
IF(ABSIDIA) L T.EPS) DIASDIA+SIGNIEPS¢DIA)
FF=DIA*22
xXx=CoQ{K)
T=xX+FF
GOTO &4
FFZDIA/CeDIA
XX=CDA(KP1)
T=XX+FF
CDQ{K}=5*T
K=KP1
KP1=Kel
C=FF/T
S=XX/T
XX=DIA
DIA=Ce{DI(KP1)-L A4 DA}-SeXX
DI{KIZ(XX-DIA)+DI (KP1)
IF{ABS{DIA) <L T<EPS) DIA=DIA+SIGN(C+EPS¢DIA)
IF(K.LT.MM1) 6OTO 43
COQI{MM1)=DIA/CsDIAsS
DICMIZOIA+LANDA
6070 25
LAST=NUMVTR
IF{N.GT-D) GOTO 55
IFCIGNVALEGL) LT 0. ANDJIGNVALIL)Y.6T.0.) 6010 50
IF(ISIGN{1+LAST).G6T.0) GOTOD 56

LAST=-LAST

6OYD 57

F=1

K=2

IF{IGNVALI2).6T.0.) 60TO 58
K=3

IFCIGNVALIK) .6T.0.) GOTO 52
K=Kel

6070 51

JIK-1

P {K~F)/2+F-1
Do S3 I=FeP
DD=IGNVALIT)
IGNVALE(T)=IGNVAL {J)
IGNVALIJI=DD
JzJ-1
IF{K.BE.L) 6QTO 55
F=K
K=NP1
GOTO 52
IF (ISIGN(1+LAST)GT.0) GOTO 57
LAST=-LAST
F=1
K=NP1
G0TO 52
IF{NUMVTR.EQ.0) GOTO 70
P=0
00 65 I=1leLAST
CALL TRIVECICDQsCD sOI »IGNVAL »I+NORMoL)
IF(FULL} CALL TRIBAKIA.CD.DI.L)
u=P
DO 60 K=l
H=M+1
IGNVECINM) =DI(X)
P=PsL
IF(N.GT.0) RETURN
DO 75 I=1sL
IGNVAL(II=L o/ IGNVALLT)
RETURN
END
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SUBRCUTINE ME{MsWsl tN1sN2sN3+NU4+N)
INTEGER N1eN2eN3eNUeN
REAL M{Ns1)eWelL
ATW/32.2/420.

BoAsL :

C=BeL
MONLsH1D)SHINI+NL)+156484
MINLIN2}ZHINL«N21+224¢8
MONI o NI JSKINTINII+S4 . ¢4
MINLeHNG) THINL v NU)~134%B
MIN2sNL)IZKIN2eN1)+22.98
MIN2¢N2) ZMIN2IND) 4400 C
KINZ N3 IZMINZIN3 141358
MINZeNG) SMIN2+N4)-3usC
MUINZ+HL)ISH(NIeNL)+5G o9
MIN3 N2} ZMINIIN2)I+13.%B
MINZyN3IZKINIIN3)I+156.04
MIN3eNU)ZMINIING}-22.38
(N4sNI1)-13.98
{NGINZ2)-3asC
MUNG N3 (N4 eN3)-22,B
MING o NU)ZMING o NG} 4o C
RETURHK

END.

SUBROUTINE SYHMDET (DETsAsUsN)
INTEGER NrCoCCel CCrCPLsCOLeRCIRLCOLDIAGICCPLY DIAGHL
REAL Af1)1+sU(1)sSUN
DOUBLE PRECISION DET
SUM=AL1)
IF(SUNLE.Q.}
UC13=SQRTISUM)
DET=U(1})
60T0 12
PRINT L
FORMAT(////78TH SYMDET UNDEFINEODes MATRIX NOT POSITIVE DEFINITE)
IF{SUMEG.Ce) PRINT 2 P
FORMAT(1H++46Xs17Hs DETERMINANT=0.0)
O€Y=0,00
RE TURN
RC=2
DO 15 C=2+N
ULRCI=A(RC)/UL)
RCZRC+C
cec=1
D0 35 C=2sN
DIAG=CC+C
CCP1=CC+1
DIAGHML=DIAG-1
SUM=0.
DO 20 RC=CCP1+DIAGNL
SUMZSUM+ULRC 1992
SUM=AL DIAG)-SUM
IF{SUNK.LE.D.) GOTO 10
U{DIAG)=SQRT{SUN)
DET=DBLE(U(DIAG})*DET
IF(C.EQ.N) GOTO 35
CP1=C+1
LCC=DIAG+1 .
DO 30 COL=CP1lesN
SUH=0.
RCOL=LCC
D0 25 RC=CCP1.DIAGNL
SUMZSUK+U{RCOL ) *U(RC}
RCOL=RCOL #1
ULRCOLIS(ACRCOL) ~SUM) /ULDIAG)
LeC=LCCeCOL
CC=DI1AG
IF(OABSIDET)«LT «1.D-153) GOVO 40
IF(DABS(DET}.GT.1.D+153) GOTO &S5
DET=DET a2
RETURN
WRITE(6 »41)
FORMAT(//' SYMDET UNDERFLOWs DETERMIRATE SET TO 1.D0-306 *)
BET=1.D~306 .
RETURN
WRITE(6 +86)
FORMAT(//' SYMDET OVERFLOW+ DETERMINATE SET TO 1.D+306°)
DET=1.D306 |
RETURN
END

GOTo 10

SUBROUTIKE SYMINV (A+AISNDET)

INTEGER NMsNetNM1sReRP1sR I¢e Lo ICeCo CM1e DIAG, ROJ ¢ ROWI+ ROWRsFLAG
REAL AUNIAIINI+SUMDET

OpuBLL PRECISION CTR

CALL SYMDET(DTRsAsAI N}

FLAG=1

DET=C0.

IF{DTR.EQ.0.D0) GOTO 1

IF(OABSLDTRIGT.1.0381 DET =DSIGN(1.038+DTR)
IF{DABS{DTR)«LT+1.0-38) DEYT =DSIGN(1.D-38.0TR)
IF(DET.EQ.0.) DET =0OTR

6oT0 S

PRINT 3

FORMAT(2SH THUS SYMINV IS UNODEFINED)
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RETURN
ERTRY SINVRS (AIN)
FLAG=1
€oT0 S5
ENTRY UINVRS (AsAIN)
FLAG=D
5 KNZ(Nsw2+N)/2
DIAG=0
NM1ZH-1
0C 30 R=leNM1
DIAGZDIAG+R
AT(DIAG) =1./AI(DIAG)
RP1=R+1
IC=DIAG+R
D0 20 C=RP1IN
RI=DIAG
SUM=C.
€M1=C-1
€0 10 I=RsCMI
SUMZSUM+ATIRIDIsAL( IC)

RIZRI+1
10 IC=IC+1
AT(RIDI=-SUM/AI(IC)
IC=RI+C
20 CONTINUE
30 CONTIHUE

ATINNIZ1. /AT (NN)
IF(FLAG.E3.0) REVURN
DIAGZC
D0 60 R=1eN
ROWRZDIAG+1
DIAG=CIAG+R
DC S0 ROW=1sR
SUM=C.
RIZDIAG
ROWIZROWR
O 40 I=ReN
SUMSSUM+ATIROWI) «A I(RT)
ROWIZROUI+I

49 RIZRIeI
AT(ROWR)ZSUN
s0 RGWR=RCWR+1
60 CCNTINUE
RETURN
[4.14]

SUBROUTINE KRAY(KNsEIBEAMIEIBOOM»TOMsTIHeTOBeTIB 4NN oNLPLWsSYH)
INTEGER NeNLsNNINWINZeNW CoNBN» IsJoN1oSYM
REAL K(1)+ETETECOMsEIBEAMsTOMs TIM2TOB»TIBsOTEsOTMsLsLL o LU sWeT
EIZE£IBOOM/ 2.
KWCZNW+1
NZNWC+NL* (2¢NHC)
NENZNWC *( NL+1)
LM=W/FLOAT {NW )
LLEL/FLOATINLY
OTM=(TOM-TIM) /FLOATINL #4 W}
DTBZ(TIE-TCB)/FLOAT(NL) /2.
T=TIM/FLOAT(NW) +DTM/2.
NN=MB N+ 1
NINZeNZ
DC 5 I=1s¥
s K(Ir=o.
DC 10 I=1.uw
10 CALL KB{KeEIBEAM oL WsNI=-T¢Iys NBN-IsI+1sNZ
CO 15 I=Z.nuWe
15 CALL KSMIKeLL ¢TeNZeNW+ Io NWC+I»NZs N2}
N1ZNUC+1
NNNBN-NWC
CC 20 J=N1sNNyNWC
T=T+DIN
DO 20 I=1shW
20 CALL KSM(KoLLrTodoI- 1o J+I#NW s J+ T+NUCo S+ I/ N2)
IF{SYK.EG.1) GOTC 30
H1ZNBN+3
T={T0B-DTB)/2.
D0 25 I=N1eNZ 2
T=Y+DTE
CALL KSB{KsTolLeI-1sIe I-3,I-2+N2)
25 CALL KBUKsET+LLI-1s1sI-323-2+H2)
CALL KSBIXeT+DTBeLLINZoNZsNZ-29NZ-11NZ)
CALL KB{KsEI+LLINZsNZN2Z-2sN2-11NK2)
CALL PAKSUBLK vK12¢NZ-1182)
N=NZ-2
RETURN .
30 CALL PAKSUB(KyKe1sNBK-1N2Z)
NZNBN-1
RE TURN
END
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SUBROUTINE TRIDIA (AsDIA»CODI+CDSQeNORM'N
INTEGER NNeN+NM1aTeIM1+COLeCoCPLeCCPLeLCCYRONRY
1 RP1¢RPZeRCeDIAG» DI AGPR
REAL A{N)sCODI(N)IsCDSQRIN) sDIACN) sNORMsSUMeN ¢ X
NORM =0.
NNZ(Nes2+N}/2
NM1=N-1
ccP1=1
D0 20 C=1lvNML
CF1=C+1
DIAG=CCP1+C~1
SUM=0.
DO 10 RC=CCP1+DIAS
SUM=SUM+AES( A(RC) )
RC=DIAG+C
00 15 CCL=ZCP1+N
SUMSSUM+ABS( A(RC) )
RC=RC+COL
TF(SUN.GT.NORM) NORMZSUM
CCP1=CCFPisC
CCNT INUE
SuMzD.
DC 25 RC=CCPL#NN
SUMZSUM+AESt A(RC) )
IFISUML.GT.NORM) NORM=SUY
DIae=0D.
D0 95 R=1/NM1
RP1=R+1
DIAG=DIAG+R
DIA(RIZAIDIAG)
DIAGPR=DIAG+R .
SUM=0.
RC=DIACPR
DO 35 C=RP1sN
SUMZSUM+A(RC)%#2
RC=RC+C
CDSQ(RI=SUM
CODI(RI=SGRT(SUM)
IF(NORM-CODI(RINE.NOIM) GOTO 40
CeDI(RI=C.
CDSAtR)=0.
GeTO 85
IF(A(DIAGPR).GTe0s) CICI(R)=-CODI(R)
AfUTAGPRIZA(DIAGPRI-CCDIIR)
W-A{DIAGPR) «CODI(R)
RC=DIAGPR
D0 50 C=RP1N
DIAIC)I=AIRC)
RC=RC+C
LCC=DIACPR+1

SUM=0.

DO 55 C=RP1sN
SUMZSUM+ACRCI«DIAC)
RC=RC+C

CODI(RP1I=SUM/N

RP2ZR+2

LCC=LCC+RPL

IF(R.EQ.NM1) GOTO 71

DO 70 I=RP2sN
IM1=1I-1
RCzLCC
SUH=C.

B0 60 ROWSRP1+IM1
SUM=SUM+AIRC) ¢DIAIRDW)
RC=RC+1

D0 65 C=I+N
SUMZSUM+ALRCI*DIALC Y
RCZRC+C

CODItII=SUM/W

LCCZLCC+T

CONTINUE

SUMzO.

00 75 I=RP1sN
SUMZSUM+CTA{I)«CODIL D)

XZSUM/W/2Z2.

DO 80 I=RPL«N
CODIUII-CTA{I}*X+CODI(I)

LCC=DIAGPR+1

D0 9C C=RP1«N
RCZLCC
D0 85 ROW= RP1.C

A(RC)=DIA(ROW)*COOI(C)+CODI(RON)I«DIALC)+AIRC}

RC=RC+1
LCC=LCCeC
CCRTINUE
CONTINUE
CCCI(N)=C.
C3SG@iINI=D0.
DIAINIZAINN)
RETURN
END
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SUBRGUTINE TRIVEC(DY»CODXsVeIGNV ALy NUMs)NORMeN)
IMTEGER NsNUMeIoIP1sJsNML+ITR
REAL DI(N)+CODI(N} +VINIe IGNVALIN) sXeX1e1X20YeZsSUMICrEeSy
1 P{10C) +G{1C0)+W{1CO)sNORK'EPSsPRECS
LOGICAL INTNM1+INT(100)
CONMMOGN/SR4/P /SR5/8/SRB/INT/SRT/U
PRECS=1.E~8
X1z0.
XZ=SQRT(2.}
t1ZN-1
E=IGNVAL(NUM)
IFINUM.E@.1) ECTO 10
IF(ABS{E-TIGNV AL (NUM~1)).LT .EsPRECSe103. ) GOTC 15
ic D0 12 I=1.N

12 viIrci.
GCTO 25
15 DO 20 I=1sN
XZAMODIX1+X2+2.)
X
XZ2zX
20 VI =X-1.
25 EPS=PRECS*NCRM/FLOAT{N)*s2
Y=i.

X={DI(1)-E)/NORM
D0 3% I=i,NM1
IP1TI+1
S=CODI(T)I/NORM
CZ(DI(IPL)~E}/NORM
Y=Sey
IF(ABStX).GE.ABSIS)) €cOTQ 30
PLINZS
etI1=C

Y=2
GOTo 35
30 IFLABSE X LTLEPS) XZEFS
PLIN=X
GLI)=yY
INT(I)=.FALSE.
2=-5/X%
X=CeZeY
Y=1.
35 WtIy=z
INTNMIZINTI(NML)
IF{ABSIX).LT.EPS) XZEPS
ITR=0
40 ITR=ITR+1
VINIZVINIZX
INT(NM1) Z.FALSE.
SUMZVIN)*»2
DO 45 JU=leNMi
I=N-J
YVIDI -QUIr«VII+L)
IFCINTEI)Y Y=Y-CODI(I+1)sV(I+Z}/NCRM
VD =Y/pPi 1}
45 SUR=SUM+VII) #22
S=SIRT(SUH)
0O 50 I=1eN
50 veIy=vini/s
IF(ITR.CE. 2) RETURN
INT{NM1)ZINTNHL
DO 60 I=1+NM1
IP1=Iel
Z=WIIY
TF(INT(I)) GOTO S5
VUIPL)I=VIIPLI+ZeV(I)
GOTO €0
55 y=vitI
Vi =veIrly
VIIP1IZY+ZevVII)
60 CONTIMUE
GCTO uQ
END

SUBROUTINE CPYSUBIMsSUBIRLIR2:C1eC2oN)
INTEGER R1+R2+C1sC2¢R1C19RIC2+RIC+RZCYRC1IJeNINN
REAL M(1)eSUBI(1)
RIC1=N+{C1-1)4+R1
R1C23N+C2
RZC=R1C1+R2-R1
NN=N
GOTO 10
ENTRY PAKSUBIMoSUBIRLIR2eN}
RIC1IZR+(R1~1 }+R1
R1C2:=N+R2
. R2C=R1C1
NNZN+1
10 1420
DO 20 RLC=R1C1sR1C2eN
DO 15 RC=R1CsR2C

IJ=Iu+1
15 SUBIIJIZNMIRC)
20 R2C=R2C+ NN
RE TURN

END
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SUBRCUTINE MRAY(MsN+ROBEAMIROBOCMsROARAY yNWeNLsLaWeSYK)
INTEGER NeNLeNNeNWoNZoNW Cr NBNs IoJsN1sSYM
REAL MU1)+ROEEANM +ROBCOM yROARAY sHOYRE sWAS L oL WeLL v
NWCZNW+1
NZZNWC4+NL# (2+4NKC)
NBN=NWCs{NL+1}
LW=W/FLCATINW)
LL=L/FLOATINL)
WOZROBOOMsLL /2,
WETROBEAMeLW |
WAZRCARAYSLL LW
NN=NBN+1
NZNZeNZ
00 5 Iz
M(I)=0.
DC 10 I=1.NW
CALL MBUMoWE sLWsNN-I+ I+ NBN-T+I+1eNZ}
00 15 I=2+NWC
CALL MMEM(UFsWAINZsNW+IoNWC+IsNZINZ)
N1ZNWC+1
NNZNBN-NNC
00 20 J=N1+NNsNWC
DO 20 I=1e¢NN
CALL MMEM(MoWAe J+I-1 o J+I4NWy J+I+NWCoJ+ToNZ)
IF{SYM .£G. 1) GOTO 3C
N1=NBN+3
DO 25 IZN1eNZs2
CALL MBIMeWOrLL #+I-1vIe I-39I-2+N2)
CALL MBUKIWOYLLsNZINZINZ-29NZ-1NZ)
CALL PAKSUBIMIM12iNZ-1eN2Z)
NINZ-2
RETURN
CALL PAKSUB(MsMy2 RBN-1N2Z)
NZNBN-1
RE TURN
END

SUBROUTINE UTRAU (UeAsJdTAULNsSRATCH
INTEGER Ne+CoCCoCCPRyLCC oCOL+RyRCYRCPI+RIsIvIPL1+DIAG
REAL ACN)I2UIN) ¢UTAU(N) ¢SRATCHIN) SUN
CCUN*s24N)/2
C=N
cc=cc-¢
DIAG=D
DO 40 I=1.C
LCC=OIAG
DIAG=DIAG+I
RIZLCC
RC=cCC
SUMZC.
RIZRI+1
RC=RC+1
SUKZSUM+ALRIISUIRC)
IF(RI.LT.OIAG) GOTO 20
IF{I.EQ.C) €OTO 35
IPL=Iel
RIZRI+I
00 3C COL=IP1ls+C
RC=RC+1
SUM+A{RII*U(RC)
RI=RI+COL
SRATCH(I) =SuM
CONTINUE
RC=CC+C
R=C
RC=RC-R
SUM=U.
D0 SG IZleR
RCPT=RC+1I
SUMS=SUM+U(RCPI) ¢SRATCH(I)
CCPR=CC+R
UTAU(CCPR) =SUM
R=R-1
TIF(R.CT.0) GOTO 45
c=c-1
IFLC.6T.1) GOTC 12
UTAUCL)IZAC1)sU(1) 222
RETURN
END

SUBRCUTINE UXM{UsMsUMINP)
INTEGER NePeNPoNM1eNCiOCsCCoRCCoR Iy IC
REAL UUN)eMUNI2UMIN) 9SUN
NHM1=N-1
NP=HNeP
DO 30 OC=1+NPWN
NC=CC+HM1
RCC=1
DO 20 CC=0CsNC
RCC=RCC+CC-0C
RI=RCC
SuM=0.
D0 13 IC=CCetC
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RIZRI+IC-0QC
SUK=SUM+ULRI}+MIIC)
UM(CC) =SuM
CONTINUE
CONTINUE
RE TURM
END

SUBRCUTINE TRIEBAK (A+COCIsVeN)
INTEGER NeNML+CsIs+ReRPLe RCrDIAGPR
REAL AUN}SsCOCTEN)«VIND» SUMsF oX
NML1ZH-1
OLAGPR-(N»*Z+NJ/2-1
R=N
DO 28 I=1:hkM1
REN-T
RC=DIAGFR
RP1=R+1 -
IFLCODIIRILEQ.C.) GOTE 20
XZA(RC)
SUMZO0.
DC 10 C=RPLsN
SUM=SUM+ALRC)I*VIC)
RCZRC+C
F=SUM/{XsCCDI(R))
RC=DIAGPR
D0 15 C=RPasN
VIC)=ALRC)I=FeV (L)
RC=RC+C
DIAGPR = DYAGPR-RP1
RE TURN
END

SUBROUTINE MMEM (Mo HeN1 N 2¢N3s NG N)
INTEGER N1wNZ2eN3aN& N

REAL M(Nel)ed

AZW/3B./22.2

BTZ.¢A

C=2.B

MENLeN1)TMINLNLII+C
EUNLsN2)IZMINLINZ )4B
M{NL1eN3 (NLIN3I+A
MIND ¥4 }TKINLaNG )+B
INZ2eN1) (N2sN1)+B
KINZINZIZHINZoN2)+C
MIN2IN3)SMIN2+N3)+B
MINZ s hG MUN2s N4 1+A
MIN3sN1 {N3sN1I+A
MIN3 . MINIeNZ)+B

MIN3IPN3 {N3eN3)+C
MUN3 s Ny (N3s NG I+B
MINGeN1 (N4 #eN1)+B
MUNG o N2 ING N2 }+A
MI{N4'N3 (NG WN3)+B
MONU s NG )T MING e Ny )+C
RETURMN

END

SUBROUTINE KB(K+EIsLsN1sN2+N3sNGoN)

INTEGER N1eN2eN3sNU4IN
REAL K(NsL1)oEIsL
A=2.»EI/L

Bo3.sA/L

Cz2.5B/L
KONLeN1I=K(NLyN1}+C
KIN1eM2) TK{NLIN2)+8B
KEN1eNZ tNI#N3)-C
KIN1eNY)ZK{NLsNY)+B

{NZIN2)+2.5A
KINZ¢N3)-B
{N2eNG)+A
tN3eN1)-C
IN3sN2)-8
{N39N3 1+C
{N3eN4)-B
KNG o N1 IZK(N4eN1)+E
KINGeN2) =K (N4 PN2)+A
KUNG e NI )ZKINGINI)-B
KINGeNG) K (NG rNG) #2024
RE TURN

END
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SUBROUTINE KSM(KeL tTeNLeNZrN3oNGeN)
INTEGER N1+N2sN3WNGIN
REAL TeLsKIiNs1l)

KEN1oN1ITKINIINLY+B
KINLeN2)SKI{NLsN2)~-B
KUNLoNIIZKINLIYNI}-A
KINLeNG)TKINLsNG)+A
KENZsN1ISKIN2eN1)-B
KIN2'NZITKIN2 N2} +B
KI{N2eN3 IZK(N2oN3)+A
KIN2eNG) TKINZ oNU) - A
KEN3»M1IZK(N3sN1)-A
KIN3eN2)TKIN3eN2) +A
KENIsNIIZKIN3I+N3)4+B
KIN3eNG)TK (N3 sNU)}-8B
KUNG N1 IZK(NusN1)+A
KINGsN2) KN4 9N2) - A
KENG o N3 ITKINGIN3)-B
K{NSeNG) SKINY eNG) ¢ 8
RE TURN

END

SUBROUTINE KSBI(KeTsLeNLeNZyN3oN42N)
INTEGER N1sN2sN3sNGsN
REAL K{Ns1)eTsL
ATBerT/5./L

B=7/10.

C=T+{/30.
KIN1eNLIZK(NLsN1)+A
KUNI#N2)=KINLsN2)+B
K(N1eN3)ZKINLe¢N3I-A
KUNI N4 IZKINLYNG )+E
K(NZeN1)ZKIN2+N1)+8
KUNZ o NZISKINZsN2)+4 o s
KIN2/N3)ZK{N2sN3)-B
KUNZ2 s NG JZKINZyNG ) -C
KIN3eNLIZKINIINL)-A
KEN3yNZIZK{N3sN2)-3
KINIoNIITKINI«eN3)I+A
KNI oeNG (N3eN4)-B
K(NYeNI)ZKINYoN1)+B
KENG A N2 IZKINUP N2 Y -C

KINGeNI}ZKINUIN3I-E
KNG o NG JZKINGo N4 )44, #C
RETURN

END
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