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ADVANCED SPACF SYSTFMS ANALYSIS SOFTWARE-
TFCHNICAL, USFFP AND PPOCRAMMFR GUIDE

Curtis F. Farrell and Farold F. Zimbelmana
Martin Marietta Corporation

SUMMARY

LSS preliminary and conceptual design requires extensive iteration because
of the significance of structural, thermal, and control Intercoupling. The
objective of Task III is to expand the capabilities of the existing NASA-
langley LASS program (ref. 1). LASS is an interactive LSS analysis and design
computer program that provides rapid geometric modeling capability, performs
preliminary structural, thermal, and controls analyses, and provides an inter-
facing mechanism for execution of detailed interdisciplinary analyses. Com-
pletion of this task has resulted in automated modeling capability for box
truss ring, contiguous box truss, radial rib, and hoop/column structures and
associated appendages. An interactive module permits modification and evalua-
tion of mass properties for all structure types. Modules have been developed
to permit analysis of orbital transfer propulsion requirements and rf gain
loss due to reflector surface distortion. The rigid body controls analysis
module has been modified to permit analysis of the control requirements im-
posed by solar pressure, aerodynamic drag, and gravity gradient. This report
contains a description of each added or modified module including user in-
structions and programmer information.

agtaff Engineers, Martin Marietta Corporation, Denver Aerospace



1.0 SCOPE OF TASK II1 - COMPUTFR-AIDET DFSIGN AND ANALYSIS

The objective of Task III is to provide support in the development of an
interactive analysis and design computer capability to be used to perform pre-
liminary and conceptual design of LSS. There are two levels of analysis tech-
niques that must be addressed. The first level involves an overview of the
salient features of various conceptual designs. The second is a more detailed
approach that involves in-depth structural design and analysis. The former
technique can be performed through use of first order system approximations
that lend themselves to interactive analysis. The latter makes use of larger,
longer-running computer programs that are implemented by interfacing with the
interactive mode programs. To provide and expand each of these capabilities

at NASA-langley the following subtasks were performed in Task III.

(1) Develop an understanding of the LASS program capabilities existing at

the start of the program.

(2) Prepare and present for LARC approval a development plan identifying
the upgraded LASS capability.

(3) Implement the approved plan.
(4) Prepare and deliver Task III-related documentation. Also, a computer
program would be developed relating to work performed in Task IT, LSS

Control/Structure Interaction.

2.0 COMPUTFR PROGRAM DOCUMENTATION

Completion of subtasks 1 and 2 of the Task III effort resulted in defini-

tion of a development plan that would expand the LASS program by adding and
modifying modules as 1 .dicated in Figure 2.1.



O -——‘ AVID executive system J
---F AVID data mgmt program _}———> AVID
data base
-n——l Analogjo——l Tetrahedral truss structure synthesizer I
New Interface Box truss structures synthesizer
processor (ring, plate/dish)
Wrapped-rib structure synthesizer
hoop & column structure synthesizer
New ———{ Appendage synthesizer l
Modify -<—>l General truss synthesizer ]
New -——{ Mass propertlesJ
New or
GTS mods"‘_'{ Environmental forcing functions |
Modify <——I Rigid-body control dynamics |Prop /tank masses
AMCD masses
mass properties
4——| Thermal analysais area properties
RCS torques
SN
New 4—-[ Orbit transfer/propulsion effects J
~—-L Static loads Pretension

thermal

gravity gradient
atmospheric drag
static thrust

Structural
analysis
program

Static
deflections,
modes

NG

Reiterate if
necessary

<->L Surface accuracy j
New <—-—L Rf analysis J

‘——L Dynamic loads (& active damping) J

Q——L Postprocesser I @
NG Reiterate if

Modify ———L Cost J necessary

Figure 2.1. -~ Flow diagram of LASS with expanded capability.




As development and modification of modules were performed, 1t was mutually
decided to revise the plan to facilitate new module 1mplementation. Spe-
cifically, modifications to the GTS module would require significant effort
because 1t was tied so closely to the TTSS model. Also, 1t was more efficient

to incorporate the environmental forcing functions module as a subsection of
the RCD module. The resulting expanded LASS capability provided by completion
of Task III involved eight new modules:

(1) Box truss ring model generator;

(2) Contiguous box truss model generator;

(3) Radial rib model generator;

(4) Hoop and column model generator;

(5) Mass properties;

(6) Orbital transfer;

(7) Rf analysis;

(8) Appendage synthesizer.

In addition, the RCD module was modified to add the effects of solar
pressure and to permit execution without requiring prior execution of the TISS
and GTS modules. User and program documentation pertaining to each new or
modified module follows.

2.1 BOX RInG MODULE
The box ring model generator provides a user with the capability of in-

teractively specifying the input parameters to create NASTRAN format (MSC

version) bulk data input and to determine structural model mass properties.



2.1.1 Box Ring Module Technical Description

The Box Ring structure is described graphically in Figure 2.1.1. The
model coordinate system origin is located at the center of the regular polygon

formed by the box 1inner or outer surface tubes, with Z = 0 at the bottom sur-

face plane. Using this model origin, the model generator calculates the out-

puts shown 1in Figure 2.1.2 for the defined inputs. The required tube data in-

clude cross-sectional area and tube material density.
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Figure 2.1.1. - Box ring structure.



Outputs

Inputs
Antenna diameter (RFDM) Grid ID & coordinates
No. of boxes (ANBOX) Box

Tube ID & connectivities
Outer radius (RO) ring
Inner radius (RI) Concentrated mass records
Box depth (DEP) Model

Force records
Mesh standoff height (SODM)

generator
Concentrated masses (AMn) Total mass
of mesh & fittings
Tube data c. m. coordinates
Mesh tension (FMESH)
Figure 2.1.2. - Box ring module input/output.



The box tubes are grouped into five categories as shown in Figure 2.1.3.
All tubes are modeled as rod elements. Node and element numbers are shown for

a sample box truss.

Diagonals (2 per face) - '18 102
iagonals er fac
’ ® 101
117 .
uter surface
402 ' 101 tubes
102
401 | 202 7
Inner surface 201(0,60,0)
tubes Y X
103 el
Vertical 106
tube )
108 301 Radial tube
Figure 2.1.3. - Box ring tube identification.

As the grid coordinates are determined, they are stored in a local array
(GRIDD) for subsequent use in determining structural element lengths and loca-

tions. As each grid is defined its record is written to local file TAPF?2.

When all grids are defined, the program starts definition of structural
elements. The appropriate parameters for NASTRAN ROD records are written to
TAPF2. As each ROD record is generated its connectivity information and tube
type is stored in local array IELM for subsequent length and plotting defini-
tion. After completing POD records the CONM2 records are defined, written to
TAPE2, and stored in GRIDD (4,5).

The final section of the model generator routine creates the Fxternal
Force records at grids. These forces are induced in the structure due to mesh

or membrane tensioning. The user may select a configuration with or without



standoffs. Figure 2.1.4 shows the force resolution at the inner and outer

nodes for both cases. The tension force (FT) at each connection point is

given by:
F = F kil 1
T 2 Fp By osin (=) (1)
Where: Fm = mesh tension (N)
RI = inner radius of structure (m)
NBOX = number of boxes in ring

For a model with standoffs the forces on the nodes are found from:

F1 = Fp sin (al) + F2 sin(az)

N
I

= Fp cos (ocl)/cos (az)

o= tan'-l l:(d&epth + 2)] /Rl

2
_ 2
oy = e ) ”
2 R -R
o I
Where: R = outer box ring radius

2 = standoff height

depth = box truss depth



FT\ i

o
1 F
- 1 T
\KVZ

Figure 2.1.4., - Mesh tension force resolution at nodes.

On completion of module execution, the data generated are stored in a
dynamic model file, data base file, and mass properties matrices file for sub-

sequent mass properties analysis or structural analysis.

2.1.2 Box Ring Module User Instructions

On entering the box ring model generator module the user is asked to input
the name of an input data base file by the prompt:

ENTER DATA BASE F1LE NAME FOR INPUT
O-LEFAULT FILE NAME (LASSIIR)
FFN-USER DEF INEL FLLE NAME,

7 GRZGROX

The next prompt requests selection of Box Ring sizing mode, either manual
or automatic by:

SFECIFY SETUF MOLIE
1 - AUTOMATIC
2 -~ USER SELECTED
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(At present, the automatic sizing is not implemented.)

The parameters required for

model geometry definition are next input or

modified as shown in the following. Tests are performed to ensure that valid

values are specified for number of bays and radlus. 1If not the user is

prompted to supply data as required.

b]
+

-

INPUT DESIRED VALUES FOR RFIDM, FOUERD, ANROX, ANERAYS, RO, RI, IEF, FMESH, NFIIS

BOX RING ASSA TEST

CASE

BOX RING MODEL GENERATOR INFUT ITEMS

103 00 1 RFIM

2 0000 2 SHAPE
2 0000 Z  FOVERD
28 000 4 NBAYS
28 000 5 ANBAYS
0 6 SODH

1 0000 7  MOUNTE
0 8 NMOLE
0 9 XANACH
0 10 YANACH
0 11 ZANACH
0 12 TUBTYP
60 000 13 RO

51 500 14 RI

14 000 15 DEF

45 410 16 FMESH
4 0000 17 NFDS

90800 18  AM1

90800 19 AM2

15 450 20 AM3

15 450 21 AM4
0 22 AMHING

ENTER 0 IF INPUT IS OK

0

1 70 CHANGE DATA ITEMS
2 TO ENTER A NEW TITLE,
OR ¢ TO RETURN TO THE EXEC

~RADID FREQUENCY DIAMETER (METERS)

-SHAFE FLAG 1=FARAROLA, 2=SPHERE, 3=FLAT
-FOCAL LENGTH TO RF DIAMETER RATIO

-NUMEBER OF RAYS IN REAL DISH STRUCTURE
-ANALYSIS NUMBER OF RAYS

~-MESH STAND-OFF DISTANCE (HETERS)

~-IISH MOUNTING FLAG O=APEX, 1=EDGE, 3=FREE
-NUMBER OF MODE SHAPES (0=NO SAP MOLDELS)

—-X COORIINATE FOR ANGULAR ACCELERATION (METERS
-Y COORDINATE FOR ANGULAR ACCELERATION (METERS)
-Z CUORDINATE FOR ANGULAR ACCELERATION (METERS)
-STRUT TYPE O=L/R, 1=EULER, 2=I50G, 3=TRUSS
-0UTER BOX RING RADIIUS (METERS)

—~INNER ROX RING RADIUS (METERS)

—-BCX TRUSS DEFTH (METERS)

~HEMRRANE AXIAL FORCE FACTOR

~NUMEBER COF FEEDN SUPPORT BEAMS

—-COMNCENTRATEDl MASS AT OGUTER TOP GRIDI(KG)
—CONCENTRATED MASS AT OUTER ROTTOM GRILI(KG)
~CONCENTRATELD MASS AT IHNER EOTTOM GRID(KG)
~CONCENTRATED HASS AT INNER TOF GRID(KG)
-HIDLINK HINGE ™MASS(KG)

VIA KEYERDARD,



The user is presented with the following in order to specify element pro-

perties, repeated for each of the five tube types. If zero area or density is

specified the user is reprompted to supply valid values.

KOX RING ASSA TEST CASE

OUTER TURE FROFERTIES

1 44000F -04 1 AREA
3 77000E -0/ 2 J
0 3 C

0 4 RNSM
1 38000E411 v E

2 06000E+10 6 6

0 7 NuU

19239 3 8 RHO

0 9 TEC
0 10 TREF
0 11 GE

0 12 ST

0 13 §C

0 14 88

LNTER O IF TNFUT IS OK
1 TO CHANGE DATA ITEMS VIA KEYROARI.

2 TO ENTER A NEW TITLE,

OR 9 TO RETURN TO THE EXEC

70
1

~CROSS SECTIONAL AREA (5Q ™ )

~TORSTONAL CONSTANT (MiX4)

~TORSIONAL STRESS COEFFICIENT

-NON STRUCTURAL MASS FER UNIT LENGTH
~YOUNG’S MOTWLUS(NT/5Q ¥ )

-SHEAR MODULUSINT/SG M )

~FOISSON’S RATIO

-MASS DENSITY(RG/CU M )

~THEKRMAL EXFPANSTON COEFFICIENT
~THERMAL EXPANSION REFERENCE TEMF
~STRUCTURAL TAMFING COEFFICIENT
~TENSION STRESS LIMIT (NT/8Q M )
~COMFRESSTON STRESS LIMIT(NT/ZSQ M )
-SHEAR STRESS LIMIT(NT/SQR.M )

t BOX RING ASSA TEST CASE

TNNER TURE FROFERTIES

1 28000E-04 1
2 52000E~-07 P
0 3
0 4
1 38000F411 ¥,
2 06000EFLO b
0 7

1939 3 8
0 ?
0 10
0 11
QO 2
0 13
0 14

ENTER O IF INFUT IS ON

1 T0 CHANGE DATA ITEMS
2 TO ENTER A NEW TITLE,

AREA
J

C
RNSM
F

G

NU
RHO
TEC
TREF
GE
ST
5C

88

~-CROSS SECTIONAL AREA (SQ M )
~TORSTONAL. CONSTANT (MXX4)
~TORSIONAL STRESS COEFFTCIENT

~-NON STRUCTURAL MASS PER UNIT LENGTH
-YOUNG’S MODULUS(NT/SQ M )

-SHEAR MODULUS(NT/SQ M )

~-FOISSON’S RATIO

~MASS DENSITY(KG/CU.M.)

- THERMAL EXFANSION COFFFICIENT
~THERMAL EXPANSION REFERENCE TEMF
~STRUCTURAL DAMFING COEFFICTENT
~TENSION STRESS LIMIT (NT/8Q M )
~COMPRESSTON STRESS LIMIT(NT/SQ M )
~-SHEAR STRESS LIMITI(NT/SQ M )

Via KEYROARI,

OR 9 TO RETURN TO THE EXEC

70

11



BOX RING ASSA 1L 8T

RanTAL TURE FROPERTIES

1 09000E-04 1 AKLA

1 59000E -07 2 J

0 3 C

0 4 RKNSH

1 38000E411 woot

2 06000E+LO 6 G

0 7 NU
1939 3 8 RHG

0 9 TtC

0 10 TREF

0 11 Gl

0 12 57

0 13 50

0 14 8%

FNTER O TF ITNFUT IS OK

70

OR

1 TO CHANGE DATA 1TEMS
2 10 EFNTFR A NFEW TTTLE
 TO RETURN TO THE FXE

ROX RING ABSA 1157

VERTTCAL TURL FROFERTTIFS

CABE

- CROGS SEGCITONAL AR A (80 M )
-TORSTONAL CONSTANT (MXX4)

S HORSTONAL STRESGS COEFETCTENT

NN STRUCTURAL HASSE FER UNLT LENGTH
SYOUNG TS HOTUEUSINTZ8Q M )

~GHEAK MODULUSONT/Z30 1 )
STOTSSONS KATHO

HABE DENSTTY(RG/CU M )

- THLRMAL [XMANSTON COLFT TCTENT
~THERMAL EXPANSION REFERINCE TFMI
HIKUCTURAL Ml TMG COFFFICTENT
STEHSTON SIRESS LIMIT (NT/80 M )
COMPR SSTON STRESS TIMITINT/8Q M )
~OHFAR SIRESS LIMITONT/S5Q M )

Via hEYROARDL

3

:AGE

- CROSS SECTIONAL ARFA (50 M )
STORBTONAL CONSTANT (M¥kd)
=~TORGIONAL STRESS COEFFICIENT

-HON STRUCTURAL MASS PER UNIT LENGTH
=YOUNGS MO USINT/Z8Q M )

=~OHE AR MODUT USINT/Z80 1 )

-MALBS DEANSTTY(RG/CU M )

- THLRMAL EXPANSTON COEFFICLENT
STHERMAL EXPANSTON REFERENCE TEMP
=HIRUCTURMA TAMPING NOEFFICTENT

SAFNSTON STRESS LIMIT (NT/5Q8 M )

COMPT =751 0N SIRESS LIMTTINTZS8Q M)
SSHEAR STRESS LIMITONT/5Q M )

2 51000E-04 1 AREA

2 97000k -07 2 J

0 3 C

0 4 RN5M

1 38000L+411 o E

2 06000E+10 6 6

0 7 HU FOLSGBON'SG RATIO

1939 3 8 RHO

0 ? TEC

0 10 TREF

0 11 GE

0 12 87

0 1% &C

0 14 55

L.NTER O IF INFUT 1S OKN

1 TO CHANGE DATA ITEMS VI hNRYROARIY,
dOTO FNTER A NTW TTTHE,

OR 9 TO RETURN 10 THE EXEC

70

12



LUTAGONAL TAFF FROFERTIES

2 33000E-05 1 ARFA -CROSS SECTIONAL AREA (8Q M )
0 2 J ~TORSTONAL CONSTANT (MX%4)
0 3 C -~TORSTONAL STRESS COEFFICIENT
0 4  RNSH ~NON STRUCTURAL MASS FER UNIT LENGTH
1 38000E+11 3 E ~YOUNG’S MODULUS(NT/SG M )
2 06000E+10 6 G ~SHEAR MODULUSI(NT/SQ M )
0 7 NU =-FOLSS0N’S RATIO
1939 3 8 RHO ~MASS DENSITY(KG/CU M )
0 ? TEC -~THERMAL EXFANSION COEFFTICIENT
0 10 TREF ~THERMAL EXPANSION REFERENCE TEMF
0 11  GE -STRUCTURAL UAMPING COEFFTCIENT
0 12 ST -TENSION STRESS LIMIT (NT/5Q M)
0 13 8C ~COMPRESS10N STRESS LIMIT(NT/SQ M )
0 14 8§ ~SHEAR STRESS LIMITI(NT/S5Q M)

FNTER O IF INFUT IS OK

Once all tube properties have been satisfactorily specified, the program

generates the information necessary to represent a Rox Ping Model.

The last inputs requested of the user are the data file name in which in-

put items are to be stored,

I NTER NAME TIATA RASE FTLE T8 T0O RE REFLACED AS
0 - DEFAULT FILE NAME(LASSDRK),
FFN - PERMANENT FILE NaME

7OGNHNNX

the name of the file to which the model data (presently in NASTPAN format) is

to be written,

LNTER NAME DYML FILE T8 TO BE REFI ACEDN AS
0 - DEFAULT FILE (DYHML)
FFN - FERM FILE NAME

7N esGIR

13
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and the name of the file to which the mass properties matrices will be written.

INFUT NAME OF MASS PROFERTIFS MATRICES FilE
7 MASLIBGI

At this point program execution terminates.

2.1.3 Pox Ring Module Programmer Information

The program is overlayed with three primary overlays; RPINC (1,0) BRING

(2,0), and BRING (3,0). The functions of each are as follows:

(1)

(2)

Overlay BRING (1,0)

This overlay provides for initialization and user input of required
data. The first called subroutine, INIT, sets up I/0 parameters
based on the user terminal type. Subroutine INTRR initializes Rox

Ring input parameters.

Subroutine BRINPT provides for user selection of the input Data Rase
file name. If such a file does not exist the user iIs told so and the
required inputs are listed out. A call to SFTUP will eventually per-
mit automatic as well as manual definition of Box Ping input para-

meters; presently, it is not functional.

Library routine RDDTBS retrieves data from the user specified data
file.
Subroutine PRNTIN controls display of user information.

Subroutine CHNGIN permits interactive input/modification of data.

Overlay BRING (2,0)

This Overlay performs the model geometry definition function, gener-

ating GRID card images, CROD card images, CONM2 card images, and



FORCEl1 card images for NASTRAN bulk data input deck formation. These
records are written to local file TAPF2 for subsequent storage in a
permanent DYML type file. The grid numbers are in the ranges shown

below.

Outer top grids 100-199
Outer bottom grids 200-299
Inner bottom grids 300-399
Inner top grids 400-499

Subroutines SETNOD and SETELM write grid and element data to arrays

IELM and GRIDD to permit rapid access to coordinate, mass, and con-
nectivity information when calculating member lengths and mass pro-
perties. These arrays may also be used to set up plot files for
model plots. NEL and NG are the number of elements and number of
grids contained in the model and are determined through the calls to
SETNOD and SETEIM.

(3) Overlay BRING (3,0)

On completion of calculations the output data base file name is de-
fined and written and the model data are written to the DYML file.
The mass properties matrices file is created from local file TAPEFS8.
This file contains arrays GRIDD, IELM, and TUBP, plus variables NFL
and NG. These data are used on subsequent execution of the Mass Pro-
perties Module. This module should be executed immediately after the

execution of the model generator module to permit calculation of and

output of pertinent mass properties data.
2.2 CONTIGUOUS BOX TRUSS MODULE

The Contiguous Box Truss model generator module creates a NASTPAN struc-
tural model input file. Tt can create models having up to 1250 elements or
300 nodes. The model is assumed to be symmetrical in 4 quadrants. An example

of a Contiguous Box Truss appears in Figure 2.2.1.



2.2.1 Contiguous Box Truss Module Technical Description

This module will automaticzlly generate a contiguous truss structural
model comprised of box trusses. Each box has the structural elements shown in
Figure 2.2.1. The horizontal surface elerments are modeled as cylindrical
tubes with thelr cross sectional area calculated from the wall thickness and

outer diameter or A = gtd, The vertical tubes have cross sections as shown

in Figure 2.2.2.

X |
N
Y
Vertical {orizontal Horizontal Vertical
diagonals diagonals beams beams
Figure 2.2.1. - Contiguous box truss structural model,

16



Figure 2.2.2. - Vertical finned tube cross section.

Vertical tube area is calculated as a function of the wall length (zw),
wall thickness (t_ ), fin length (%¢), and fin thickness (tc). Included
in the program is the capability of defining different structural element
cross—-sectional areas as a function of their distance from the geometric model
center. This capability was originally included to perform dynamic analyses
of the coupling effects due to location of an orbital transfer propulsion
engine at the model center. It was assumed that the structural elements would
require decreasing load carrying capability as the distance from the engine
increased radially. The zones are specified as some multiple of box Jength
(L) as shown in Figure 2.2.3 where there are two property zones represented.
In this example all elements, part of which 1ie in the region within 0.5L of
the center, will have one set of physical properties and the remaining
elements will have different physical properties. The program automatically
determines which elements fall within the zones. A separate number of zones
may be specified for each of the three types of elements modeled. These types
are the cylindrical horizontal (surface) tubes, the finned vertical tubes,

and the flat diagonal tapes.

17



The physical and material properties of the model elements are specified
before execution. The material properties specified include F, G, 7, and P,
(Young's modulus, shear modulus, Poisson's ratio, density). These are used in
definition of the dynamic model input file and for creation of a mass proper-
ties matrices file, both of which are later used for execution of the Mass
Properties Module. In the current version, the contiguous truss module can
accommodate models of up to 1250 elements or 300 nodes. This is sufficient to
prepare contiguous truss structures of up to 42 bays. If more bays should be
required the dimensions of the mass properties matrices (GPIDD, IFLM, TUBP)

would need to be increased.

e

—_— 0.5L

Zone 1 (inside carcle)

Zone 2 (outside circle)

Figure 2.2.3. — Example of property zone definition.



Each bay consists of the structural members discussed previously plus end
fittings, midlink hinges for folding members, and the diagonal tape attachment
fittings. The masses of the endfittings (AMNODE) are represented as con-
centrated masses at grid points whose coordinates are at the endfittings. The
origin (0,0,0) is at the top center of the model (top is the surface normally
away from Earth) with the x-axis being tangent to the orbital path, z-axis
vertical to Earth, and the y-axis orthogonal to x and z. Midlink hinge mass

(AMHING) 1s used only for mass and i1nertia calculations because hinge points

are not identified as GRID records in the dynamic model. The diagonal tape

fittings mass is distributed through the tape itself.

The reflector surface subsystem mass is distributed over the surface
nodes. This mass 1ncludes all component masses that are part of the reflector
surface, its ties, drop cords, etc. These individual componeunts are not

presently 1solated for purposes of mass properties analysis.

The outputs created from module execution are written to two files; one
the dynamic model and the other the mass properties matrices file. A third
output is the LASS data base file, which contains the required module 1input
items. This file may be unchanged during execution if the structural model 1is
not modified during the input phase. The user instruction section that shows

a complete module user session follows.

2.2.2 Contiguous Box Truss Module User Instructions

On entering this module the user i1s prompted to enter the desired input

data base file.

INFUT THE NAME OF THE C T DATA EASE FILFE
7AHBNET

19



The present values of the module input items

user is permitted

-

CONTIGUOUS ROX TRUSS

17 680 1
1 0000 2
1 0000 3
0 4
0o S
o 6
8 8400 7
0 8
[ ?
5 00000E-03 10
o 11
[} 12
1 0000 13
2 0000 14
1 0000 15
2 0000 16
1 0000 17
10000 18

1 0000 19

to modify them as desired.

ASSA CONTIGUOUS BOX TRUSS

INFUT ITEMS

RFIM -KADIO FREQGUENCY DIAMEYER (METERS)

SHAFE -SHAFE FLAG 1=PARABOLA 2=SPHERE, 3I=FLAT
FOVERD -FOCAL LENGTH TO RF DIAMETER RATIO

SOLM -MESH STAND-OFF DISTANCE (METERS)

NMODE -NUMEER OF MODE SHAFES (0=NO SAF MOUDELS)
TURTYP -STRUT TYFE 0=L/R 1=EULER, 2=1S0G 3=TRUSS
DEF -EOX TRUSS HEPTH (METERS)

FMESH -MEMBRANE AXIAL FORCE FACTOR

NFIUS -NUMBER OF FEED' SUFPORT BEAMS

AMNODE -CONCENTRATED MASS OF CORNER FITTING(KG)
AMVER -CONCENTRATED MASS OF VERTICAL HINGE(KG)
AMHOR -CONCENTRATED MASS OF HORIZONTAL HINGE(KG)
IFFIN -PIN FLAG(O=NOT PINNED, 1=PINNED)

NEOXY -NUMEER OF ROWS OF KOXES IN QUADRANT 1
NZHOR -NUMBER OF HORIZONTAL TUEE FROPERTY ZONES
NZVER -NUMBER OF VERTICAL TUBRE PROPERTY ZONES
NZDIA -NUMBER OF DIAGONAL TUBE PROFERTY ZOMES
SURFDN -REFLECTOR MASS DENSITY(KG/SQ M)

SURTYF ~REFLECTOR TYPL(1=NESH-2=ECHM)

ENTER O IF INPUT IS OK

1 TO CHANGE DATA ITEMS

VIA THE KEYEOAFD

2 TD ENTER A NEW TITLE

OR 9 TO RETURN TO
70

THE EXEC

are then displayed and the

The next set of input prompts is controlled by the value of item 14, the

number of rows of box structures in the model.

requesting definition of the geometry for quadrant 1.

A

prompt will be displayed

number of boxes for each row in quadrant 1 of the contiguous box truss struc-

ture until values have been provided for the number of rows specified.

example, the following prompts and inputs correspond to the contiguous box

truss structure of Figure 2.2.1.

INFUT

ROW 1

‘Y
£

ROW
7

‘7

20
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THE § OF ROXES FOR EACH

ROW O

QUALIKANT 1

The user must input the
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After the number of boxes in each row of quadrant 1 have been specified,
property zones may be defined. The user inputs the zone radius factor for
each zone. In the test case there are: one horizontal, two vertical, and one

diagonal property zones.

VEFRTTICAL PROFERTY 7ONE RATIL1

1 2
ROW RADIUS RAOIUS
1 50000 4 0000

ENTER O TF INFUT IS5 OK
1 TO CHANGE DIATA ITEMS VIA THE KEYHROARD
2 TO ENTER A NEW TITLE
OR 9 TO RETURN TO THE EXEC
70

Completion of the property zone inputs results in entering the strucutral
element size selection section. Fach zone requires tube size input. For
horizontal cylindrical tubes the user must specify the tube wall thickness and

diameters of each end as follows.
t HORIZONTAL TURE TTIMENSTONS (M)

1 2 3
ROW THICKNESS NIAMETER

1 2 50000E-03 5 00000E-02 5 00000E~0Z
ENTER O IF INFUT IS OK
1 TO CHANGE I'ATA TTEMS VIA THE KEYROARD
2 TO ENTER A NEW TITLE
OR 9 TO RETURN TO THE EXEC
70

For the vertical finned tubes the parameters required are the side length,
wall thickness, fin length, and fin thickness. After the vertical tube sizes
are defined the user must specify the diagonal tape cross sectional areas.

These two sets of input parameters are as follows:
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{ VERTICAL TURM DIMLNSTONS (M)

1 2 3 4
ROW FIN THICK FIN LERGTH WAL THTICK WAL LEN

1 £ 000001 -0 P LA000E-Oy P T0000E-03 & L4000E~-02
2! S G0000E-03 3 B4000E -0 3 3000003 3 54000k-0%
I NTER O [T INFUT TS OK
1 70 CHANGE UAaTa TTEMS Via THE KEYROARD
o TO ENTER A NEW TTTLE
R 9 T0 RITURN TO THE FXLEC

5 (-)
t NITAGONAL  TAFE ARE AMEXD)
] X A
ROW AREN
1 1 30000E-04 O 0

EMTER O {F INFUT 3 Ok
1 10 CHANGL DATA ITFMS VIaA THD KREYROARD
2 T ENTER A NEW TITLE
(e @ TO KFTURN TO THE FXFO
o

The final input matrix to be displayed permits selection of material pro-
perties. The properties required are Young's modulus, shear modulus,

Poisson's ratio, and material density. The input format is:

1
+ HATERIAL PROPS (1)HOR + (2)VER , (3)TOP DIAG . (4)LOWER DIAR PHATS MATRIX
1 2 3 4 5 L3 ? 8
ROW E G NU RHO
1 1 38000E+11 2 OACOQ0E+10 30000 1939 3 o o [ [
2 1 38000E+11 2 046000E+10 30000 1939 3 [ ] 0 ]
3 1 38000E+11 2 O4CO0E+10 30000 1939 3 [ [ ) 0
4 1 38000E+11 2 04000E+10 30000 1932 13 o o ) [}

ENTER O IF INPUT IS OK
1 TO CHANGE DATA ITEMS VIA THE KEYBODAFD
2 TO ENTER A NEW TITLE
Ok 9 TO RETURN TO THE EXEC
70



After all inputs have been selected the module performs the functions
necessary to create a dynamic model file and a mass properties matrices file.

Successful generation of these files is indicated by display of the prompts:

INFUT NAME DATA BASE FILE IS TO RBE REFLACED AS
(0 = DEFAULT (LASSIDR)
7 NSHNCT
INFUT NAME OF DYNAMIC MODEL FILE TO BE SAVED
7 TG
TNFUT NAME OF MASS PROFERTIES MATRICES FILE
MBSO

The user inputs the name of a data base file, which can be the present
file or a new file. Next, the dynamic model file name must be specified.
This file contains the dynamic analysis program input data including GRID,
CBAR, CROD, CONM2, and related records. After input of the dynamic model file
the user must specify the name of the mass properties matrices file. This
file contains the information necessary to calculate and/or modify the model
mass properties in a subsequent execution of the Mass Properties Module. The
final user Iinput requested determines whether to terminate module execution or

create another model.

110 YOU WISH TO GENERATE ANOTHER CONTIGUOUS TRUSS MODEL
7 NI

2.2.3 Contiguous Box Truss Module Programmer Information

This module i1s a revision of a quarter section model generator and has
been extensively revised and has maintained the majority of original fea-
tures. There are two primary overlays that are sectioned as input and ini-
tialization, model generation, and output. The code has been internally
commented to facilitate revision. This section is then aimed at providing

general information relevant to program modification or for interfacing with
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other programs. The discussion will be sectioned to correspond to the primary

overlays. The main overlay contains the calls to these primary overlays.

2.2.3.1 Overlay (1,0)

This overlay contains the input/output codes. The data statements contain
variables, arrays, and headerc necessary for communication with the data hase
file, dynamic model file, and mass properties matrices file. These data are
found In subroutine BOXINPT. This subroutine contains some tests on critical
input parameters. The maximum number of structural element types permitted is
10. This restricts the sum of the number of property zones (NZFOR, NZVFR,
NZDIA) to 10. 1If more zones are desired the test must be changed and the di-
mension of TUBP in COMMON/PROPS/increased by 14 for each additional zone or
type desired.

The maximum number of bays allowed is controlled by the dimensions of
GRIDD and IELM from COMMON/MASDAT/. At the present, a maximum of 300 nodes or
1250 structural elements are permissible. Creating a larger model will re-
quire increasing dimensions of one, or both, of these arrays. These arrays
are used to transfer node ccordinates and element connectivity information for
model generation and. optionally, for plot file creation. Establishing con-
nectivity through incore array search is much faster than searching through

local files and was found necessary for models with a2 large numbers of bays.

2.2.3.2 Overlay (2,0)

This overlay contains the model generation code and assoclated subrou-
tines. The original program from which this module was derived created only a
quarter section model. Due to this, considerable time and effort has heen
expended to perform the necessary refl~ ~Ions to create a complete model. The
grid identification numbers are sequenced based on quadrant location, location
on top or bottom surface, row location, and column location. WMNodes common to

more than one quadrant are identified with the lowest common quadrant number.



The scheme for numbering bottom surface nodes may he seen in Figure 2.2.4.
The top surface nodes differ only in the second digit. For example the bottom

surface node number of 111112 corresponds to 121112 in the top surface.

211312 111311 11312
211213 211211 111211 111212 111213
(0,0,0)
211113 211112 111111 111112 111113
y 311213 311212 211211 411212 411213
X
311312 211311 411312
Figure 2.2.4. - Box truss numbering.

2.3 RADIAL RIB MODULE

The radial rib model generator automatically creates a NASTRAN-formatted
bulk data input file, and generates the data for input into the Mass Pro-
perties module. The Mass Properties module performs the calculations neces-

sary to define center of mass (c.m.) and inertias for the model.

25



2.3.1 Radial Rib Module Technical Description

Several types of radial rib configurations can be constructed using vari-
ous components. The "basic” structure consists of a hub and ribs arranged
axisymmetrically. To this may be added an external hoop that connects the rib
tips and/or a central feed mast that may, on option, be supported by tension
stays. The possible structural combinations that may be modeled with this
module are shown in Table 2.3.1. Figure 2.3.1 shows a radial rib model with
hoop, mast, and stays. Figure 2.3.2 shows node and element identification for

two ribs of a model with a mast modeled with six segments.

TARLE 2.3.1. — PADIAL PIB STRUCTURAL COMBRINATIONS.

Ribs ‘ 0 0 ‘ 0 ‘ 0 0 0
i !
Foop : 0 o | 0
L 1
Mast 2 0 .0 0. 0
4
Stays 0, 0
.

26
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Figure 2.3.1. - Radial rib model with hoop, mast, and stays.

16 T/— Feed mast
[

15
1201 14 @
1202
(etc.) 13¢
Rib 12 Rib 1 Z
Y
1206
1
1205 06
104 X

103
1203 1902,1201 10 101 102

Figure 2.3.2. - Radial rib model node and element identification.
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e

(2)

(3)

(4)

(5)

(6)

(7

(8)

%)

assumptions inherent in the generation of data are as follows:

Overall geometry is controlled by specification of diameter and focal

length/diameter - these parameters define the equation for the para-

bolic reflecting surface;

If a feed mast is included, it is assumed that the feed array lies at

the focal point;

If feed support stays are included, it is assumed that the feed array

is connected to the tip of all ribs;

If a hoop is included, it is assumed that it is connected to the tip
of all ribs;

All ribs are assumed to be identical and to have two cross-sectional
planes of symmetry - the section properties need not be the same for
both planes — rib properties are assumed to vary linearly from root

to tip;

The hoop, 1f included, is assumed to have constant cross-sectional

properties with two planes of symmetry — section properties need not

be the same for both planes;

The feed mast, if included, is assumed to have two cross-sectional

planes of symmetry — the section properties are assumed to vary

linearly from root to tip;
Feed array mass and hub mass are user specified;
Reflecting surface mass/area is user specified — the appropriate mass

distribution is "lumped” along the ribs - no stiffness of the re-

flecting surface is considered;



(10) The tension stay supports, if included, are assumed to be axial mem-

bers (tension/compression).

The radial rib model coordinate system has the origin at the hub with
positive z axis along the feed mast. Fach rib is modeled using a series of
BAP elements with decreasing cross-sectional area. The areas are weighted
averages that depend on the position of the segment on the rib. The bending
inertias and torsional inertias are similarly calculated as weighted averages
for each BAR element. The feed mast properties are also calculated as
weighted averages of properties at the tip and root. The concentrated mass of

the feed array is assumed at the mast tip.

‘The grid coordinates and concentrated masses at grids are stored in array
GRIDD. The concentrated masses on the rib nodes represent the distributed
mass of the rf reflector surface. The hub mass is characterized as a con-
centrated mass at the (0,0,0) reference coordinate. FElement connectivity in-
formation is stored in array IEIM. Element properties are stored in array
TUBP. These three arrays are written to a mass properties matrices file when
leaving the module. Mass properties may be calculated, displayed, and modi-
fied as desired by subsequent execution of the Mass Properties Module using
the mass properties and dynamic model files produced by the PRadial PRib
module. TIEIM contains connectivity data for the BAR elements (ribs, feed
mast, hoop) and ROD elements (stays).

The dynamic model file produced is a NASTPAN formatted bulk data input
deck that contains GRID, CONM2, BAR, ROD, PBAR, PROD, MAT1, SPCl, and GRAV
cards. The last two record types provide added capability that may be

selected from the NASTRAN case control. If not selected here, they will be
ignored during a NASTPAN execution. If not used by SAP, the code generating

them may be eliminated.

2.3.2 Radial Rib Module User Instructions

On entering the Radial Rib Model Generator module the user is asked to
input the name of an input data base file by the prompt:

29



PNTER TIATA BASE FILT NAML o
O - DEFAULT NAME (LASSOR)
I'TN - PERMANINT FL R NAMD

7oNBBAN

Next, the user selects the values of the input items necessary to define

the radial ribd structural configuration. The present program configuration
requires that NSEG + IFHOOP + NFEEDS be less than 11. Increasing this capabi-

lity is discussed in the following programmer section.

t NSGA RATNAL KB TEST CASE

KADLAL. RIR TNRUT L[TEMS

100 00 1T RIPIM “RANTO FREQUFNCY THAMETER (MOTFRS)
1 0000 2 FOVERD -FOCAL LENGTH TO RF DIAMETER RATIUO
74 000 3 NHIEH S NUMHLE R OF RIRS
6 0000 4 NSEG ~NUMBER OF SECGMEHNTS PER RIG
1 0000 o [RHOOD -FLAG TO INCIUDE HOOF (0=N0, 1= YEY)
1 0000 & IFFFED -FLAG TT INCLUDE FIZED MAST (0=NO, 1=YES) —_
1 0000 7 NFEFUS NUMBLE OF SFOMFNTS ALONG TEED
463 00 8  HUERMAS ~1HUR MASS(NG)
10000 ?  SURFIN ~REFLLCTING CURIACF MASS DIENSLTY

1 00000E~-02 10 GRAVEC -8CALAKR MULTIMLIER FOR GRAVITY VECTOR
I NTER O JTF TINFUT 16 OK
1 TO CHANGE DATA TTEMS YIa THE NEYBROARD
2 TO ENTER A NFW TITLE
OR 2 TO RETURN TO THE EXEL
70
1
After definition of these model parameters the user is prompted to select

the rib properties from:

ASSA RAILFAL RIR TESHT CASE

RTE FROFPERTIES
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3 00000E-04 1 ARIER
4 00000E-04 2 ARIEBT
7 10000E-064 3  ATREIR
6 00000E~06 4 ATRRLT
o 30000E-06 % AIRRIR
1 00000E-06 4 AIRER2
1 Z24000E-05 7 AJRIER
7 04000E~-04 8 AJRIRT
7 00000E+10 ? RTHRE
1 00000E+10 10 RTIEG
1939 3 11 RTERHO
ENTER O IF INPUT S ON

1 TO CHANGE DATA ITEMS

2 TO ENTER
OR 9 TO RETURN TO THE
70

A NEW TITLE
EXEC

CROSS- SECTIONAL AREA AT ROOT(SA M )
CROSS-SECTIONAL AREA AT TIP(SQ, M )
RENDTNG TNERTIA, FLANE 1 A1 ROOT
BRENDING TNERTIA, FLANE 1 AT TIF
RENIING INERTIA, FLANE 2 AT ROOT
BENDING [NERTTA, PLANE 2 AT TIF
=-RIRE TORSIONAL TNERTIA AT ROOT

~RIB TORSIONAL INERTIA AT TIF

~YOUNGS MODULUS FOK RIE

-SHEAR MODULUS FOR RIR

-~RTR MATERIAL DENSTTY{(RG/MX%3)

~RIR
-RIR
~RIK
~-RIR
~RIKE
~-RIK

VIA THE KEYROARD

If the user has defined a nonzero value for IFHOOP, the user next selects

the hoop properties from:

t ASSA RADLAL RIEB TEST CASE

HOOF FROFPERTIES

4 48000E-04 1 AHOOF ~HOOF CROSS-SECTIONAL AREA
? 63000E-07 2 AIHOOF1-HOOF BENDING INERTIA, FLANE 1
1 04000E-05 3 ATHOOFZ-HOOP EENDING INERTIA, FLANE o
1 14000E-05 4 AJHOOF -HOOP TORSIOONAL INERTIA
7 00000E+10 o HOOFE ~HOOF YOUNG’S MODULUS
1 00000E+09 6  HOOFG  -HOOF SHEAR MODULLUS
1939 3 7 HOOFRHO~-HOOF MATERTAL DENSITY
ENTER O TIF INFUT IS OK
1 70 CHANGE DATA ITEMS V1A THE KEYEROARD
2 TO ENTER A NEW TITLE
OR 9 TO RETURN TO THE EXEC

70

31



I'NTER

If the value of IFFFFD is not zero the feed properties are selected next from:

FEED & STAY PROFERITES

QO000E -~ 0%
00000k -0
70000L~-06
Q0000E~06
38000F+11
06000E LD
1900 O
25 00
9 A0000E-06
8 00000k -06
1 0000
1 L0000E-04
1 30000E417
1 S0000E+10
1900 0
0

Pl = S MR

0 1F

1 AlELUR ~FEEL CROSS-GECTTONAL AREA
2 AFEEDT -FEED CROSS-GECT IONAL AREA
3 ALFELUR-FEED RENUING TNFRTIA AT ROOT

4 ATFEENT-FEED RENDING TNERTIA AT TIF
fOFLENE  -YOUNG’S MODULUS FOR FEED
& TrEnG  -SHEAR MODUILUS FOR FEED

/  FTLURHO-FEED MATFRTAL BENSTIY

8 FEERTIF -FEED ARRAY TIF MASS

9  AJIEFIR-FEFT TORSIONAL TNCRTTA AT ROOT
10 AJFEENT-FEED TORSIONAL INERTIA AT TIF
11 TFSTAY —~FlIAG
o ASTAY  -8TAY CROSS-SECTTONAL AREA
13 STAYF - YOUNG’S MODULUS FOR STAYS
14 STAYG ~SHEAR NMODULUS FOR STAYS
15 STAYRIO-STAY MATERTAL DINSITY
16 AJSTAY -STAY TORSIONAL THERTIA

INMUT 18 Ol

1 TO CHANGE DATA TTEMS VIA THE REYROARD
710 ENTER A NEW TITLE
QR 9 TO RETURN TO THE EXEC

Q0
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If IFSTAY is zero

the stay parareters will be ignored by the program.

tion of the geometry required for input into a dynamic analysis program.

inputs selected on this execution.

INFUT NAME 0ATA HASL 18 10 BE SAVEU AS

OAS8Ak -
AGSARHF

AT ROOT
AT TIF

10 THNCLULE STAYS(0=NO, 1=YES)

On

completion of input definition the program executes, which results in genera-

The

next input requested is the name of the data base file that will contain the

After input of the data base file name the user is requested to supply a

INFUT Tyl
7onvldn

name for the dynamic model file from:

FILE NAME



and finally for the name of the mass properties matrices file from;

INFUT NAME OF MASS FROFERTIES MATRTCES FILE
7 MAGHI)

At this point the user is prompted to generate a new model or to terminate

exectuion of the Radial PRib Model Generator module.

2.3.3 PRadial Pib Module Programmer Information

The Radial Rib module contains a main and three primary overlays. Overlay
(1,0) contains the calls and logic to initialize required parameters and spe-
cify values of input variables. Labeled common WRIB contains the variables
stored in the data base file specified during execution of this overlay.
Labeled common HEADFR contains the alphanumeric variable descriptions and
variable names used during reads from, or writes to, the data base file.

These alphanumeric data are loaded from the Block Data in the main overlay.

Overlay (2,0) performs the actual calculations and model generation.
Models with up to 33 ribs with less than 10 segments per rib may be generated
without modifying any program array sizes. If models with more elements are
desired, the dimension of GRIDD and IELM must be changed. The 300 value for
the GRIDD array corresponds to the maximum allowable number of node points in
the model. The 1250 dimensions of IEIM corresponds to the maximum allowable
number of ROD and BAR elements. In addition, a constraint on the number of
types of segments is inherent from the size of TUBP. Its present value (140)
permits 10 different sets of element properties. Thus, if all model options
(RIBS, FEED, HOOP, STAYS) are selected the maximum allowable number of ribd
segments will be six. Changing the size of TURP will also require modifica~-
tion of the Mass Properties Module.

From overlay (2,0), the external calls of significance include subroutines
SETEIM and SETNOD. These subroutines load arrays GRIDPD and IFLM, which are
subsequently used for mass properties and cost analysis. The variable ITYP

used in the call to SETFLM is assigned a different value for each rib segrent,
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and for any ROD or BAR elements created in the FEFD, FOOP, or STAY sections.
The value of ITYP is later used to define the element properties. The de-
scriptions of key variables used in the overlay are included in program com=-
mentation. All required NASTRAN format records are written to local file
TAPE2 during model creation.

The third primary overlay (3,0) contains the code required to create or

update files and permit normal termination of execution. The data base file
must be written first, followed by creation of the NASTRAN format dynamic
model file. The last file created is the mass properties matrices file. The
data base file uses a call to WRDTBS. The dynamic model file is created
through a call to PFM. The mass properties matrices file uses an unformatted

write to TAPE8 and a permanent file created through PFM.

2.4 HOOP AND COLUMN MOTULF

The Hoop and Column Module generates a dynamic model input deck in NASTPRAN

format. The module interfaces with the Mass Properties Module for calculation

and display of mass and inertia information.

2.4.1 Foop and Column Module Technical Description

The "basic" structure consists of a central column and a circular hoop
supported by fore stays that emanate from the boop and terminate at the "feed"
and by back stays that terminate at the "hub.” Additionally, on user option,
central stays (which lie approximately in the hoop plane) can be added. Any
of the sets of tension stays may be arranged (on option) in a spoked (two
stays/attachment point) configuration to provide hoop torsional stability.

The possible combinations of these variables are as shown in Table 2.4.1:
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TABLE 2.4.1. - HOOP/COLUMN MODEL CFNERATOR OPTIONS.

Fore stays - single 0 0 0 0 0 0
— spoked 0 0 0 0 0 0
Central stays - single 0 0
- spoked 0 0 0 0
Back stays - single 0 0 0 0 0 0
- spoked 0 0 0 0 0 0

Figure 2.4.1 shows a typlcal hoop/column model. The hub node number is 101
and is located at the model origin (0,0,0). The column may be segmented above
and below the hub with nodes increasing by 1 for each segment. Hoop node and
element numbers start at 500 and increase in increments of 1 for each segment
around the hoop. Lower stay numbers start at 12 000, central stays at 13 000,
and upper stays at 14 000. Tiedown elements for surface shaping are not

included in the model.
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Figure 2.4.1. - Hoop and column configuration without central stays.

The assumptions inherent in the generation of data are as follows:

(1) Overall geometry is controlled b, specification of hoop diameter,
column length and column diameter at hub, central stay attachment

point, and feed. This allows for a doubly tapered column;

(2) The column is assumed to have a doubly symmetric cross-section with

constant material properties;



(3) The hoop is assumed to have two cross sectional planes of symmetry

with constant material properties along the circumference;

(4) All stays in a given set (fore, central, back) are assumed to be

identical. They are axial members (tension/compression);

(5) The reflecting surface has constant mass/area. Total surface mass is

based on hoop area and is lumped around the hoop and at the central
stay attachment point on the column (proportion determined by user

input). No stiffness of the reflecting surface is considered;

(6) TFeed array mass and hub mass are user specified.

The body coordinate system and component jdentification are similar to

those of radial rib models descrihbed in section 2.3.

2.4.2 Hoop and Column Module User Instructions

When starting Hoop and Column Model generation the user 1s asked to input

the name of the data base file containing the configuration data.

INFUT NAME OF HOOF/COI UMN DATA BASE FILE
FOABGANG

Upon entering an appropriate file name the following geometry data and

descriptions are displayed and the user prompted to accept or modify data. As

with the other model generators the maximum number of element types is

restricted to 10. This requires that the sum of NSEGL, NSEGU, and ISTAYC must

be less than 8.
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ASSA HOOP COLUMN TEST KUN

HOOP/COLUMN MODEL LEFINITION

1 0000 1 IR -COLUMN DIAMETER AT KACK STAY/HUB ATTACH PCINT(M)
50000 2 IDC -COLUMN DIAMETER AT CENTRAL STAY ATTACH POINT(M)
1 0000 3 IF -COLUMN DIAMETER AT FORE STAY/FEED ATTACH POINT(M)
30 000 4 HC -HEIHGT OF CENTRAL STAY ATTACH POINT AROVE HUB(M)
100 00 3  HE -HI IGHF OF FHED ANOVE HUB(M)
25 000 6 HH ~HEIGHT OF HOOF AROVE HUB(M)
100 00 7 IH -HOOP DIAHMETETER(M)
3 0000 8 NSEGL -NUMBER OF SEGMENTS ALONG LOWER PORTION OF COLUMN
3 0000 9 NSEGU ~NUMBER OF SEGMENTS ALONG UPPER PORTION OF COLUMM
24 000 10 NSEGH -NUMBER OF HODP SEGMENTS
1 0000 11 ISTAYC -FLAG TO INDICATE CENTRAL STAYS(O=NO, 1=YES)
10000 12 SURFRHO-REFLECTING SURFACE MASS/AREA(KG/SQ M)
70000 13 SURFALP-PERCENT TOTAL SURFACE MASS LUMPED AROUND HOOP
1000 © 14 HUBMASS-HUB MASS(KG)
300 00 15 FEEDTIP-FEED ARRAY TIP MABS(KG)

ENTER O IF INPUT IS OK
1 TO CHANGE DATA ITEMS VIA KEYROARD
2 TO FNTFK A NEW TITLH
OR 9 TO KLTURN TO THL EXEC
70

The next set of data permits user definition of column properties from:

-

AYBA HOOP COLUMN TEST KUN

COLUMN FROFERTIES

38

10000 1 ACOLE -COLUMN CROGS~SECTIONAL AREA AT HUB(SO M)
1 2500 2 AICOLB -BENDING INERTIA AT HUB(MXX4)

2 5000 3 AJCOLE -TORSIONAL INERTIA AT HUB(MXX4)

20000 4 ACOLC -C-S AREA AT CENTRAL STAY ATTACH(SQ M)

20000 S AICOLC -BENDING INERTIA AT CENTRAL STAY ATTACH(MXX4)

40000 6 AJCOLC -TORSIONAL INERTIA AT CENTRAL BTAY ATTACH

10000 7 ACOLF -C-S AREA AT FEED(SQ M)

1 2500 B8 AICOLF -BENDING INERTIA AT FEED

2 5000 ? AJCOLF -TORSIONAL INERTIA AT FEED
1 32000£411 10 COLE -YOUNG’S HODULUS
1 S51000E+10 11 COLG ~SHEAR MODULUS

1900 O 12 COLRHO -DENSITY{(KG/CU M)

ENTER O IF INPUT 15 OK
1 TO CHANGE DATA ITEMS VIA KEYROARD
2 TO ENTER A NEW TITLE
OR 9 TO RETURN YO THE EXEC
70

Next the user must specify the hoop properties data from:

1

+ ASSA HOOP COLUMN TEST RUN

HOOP PROPERTIES
4 50000E-03 1 AHOOP -HOOP C-S AREA(SQE M)
9 &40000E-06 2 ATHOCP1-BENDING INERTIA IN HOQOP PLANE
1 07000E-05 3 AIHOOP2-BENDING INERTIA IN PLANE NOURMAL TO HOOP PLANE
1 21000E-05 4 AJHOOP -TORSIONAL INERTIA
7 01000E+10 5 HODOFE -YOUNG’S MOTULUS
1 01000E+10 4 HOOPG -SHEAR MODULUS

2000 © 7 HOOPRHO-DENSITY(KG/CU M)

ENTER O IF INPUT IS OK

1 TO CHANGE DATA ITEMS VIA KEYBOARD
2 TO ENTER A NEW TITLE

OR 9 TO RETURN TO THE EXEC



With the next set of data the user defines the stay and spoke config-

uration. If the value of ISTAYC is set to zero the central stay properties

will be ignored by the program. The stay and spoke data prompts are:

ASSA HOOP COLUMN TEST RUN

-

FORE AND BACK STAY FROPERTIES

ASTAYR -BACK STAY AREA(SQ M)
AJSTAYE-TORSIONAL INERTIA(MXX4)
1 3BOOOE+11 STAYEB -YOUNG’S MODULUS(NY/SQ H)
2 30000E+10 STAYGR -SHEAR MODULUS(NT/SO M)
1939 O 12 STAYROB-DENSITY(KG/S0O M)
ENTER O IF INPUT 1S OK
1 TO CHANGE DATA ITEMS VIA KEYROARD
2 70 ENTER A NEW TITLE
OR 9 TO RETURN TO THE EXEC

1 10000E-06
o

[} 1 ISPOKF -FLAG TO INDICATE SPOKED(O=NO, 1=YES)
1 10000E-06 2 ASTAYF -FORE STAY AREA (SQ M)
0o 3 AJSTAYF-FORE STAY TORSIONAL INERTIA(MEX4)
1 30000E+11 4 STAYEF -YODUNG’S MODULUS(NT/SQ M)
1 50000E+10 5 STAYGF ~SHEAR MOIULUS(NT/SQ H)
1909 0 & STAYROF-DENSITY(KG/SQ M)
1 0000 7 1SPOKB -FLAG TO INDICATE SPOKED(O=NO, 1=YES)
8
9
10
11

70
1

+ ASSA HOOP COLUNN TEST RUN

CENTRAL STAY PROPERTIES

ISFOKC -FLAG TO INCLUDE CENTRAL STAYS(0=NO, 1=YES)
ASTAYC -CENTRAL STAY AREA(SQ M)

1 0000 1
2
3 AJSTAYC-TORSIONAL INERTIA(MEKX4)
4
5

1 10000E~06

[
1 38000E+11 STAYEC -YOUNG’S MODULUS
2 30000E+10 STAYGC -SHEAR MODULUS
1939 © 4 STAYROC-DENSITY(KG/SQ M)
ENTER O IF INPUT 1S OK
1 TO CHANGE DATA ITEMS VIA KEYBOARD
2 TO ENTER A NEW TITLE
OR 9 TO RETURN TO THE EXEC
0

Definition of these data results in execution of the module.

Successful

execution 1s indicated by the prompt requesting user input of the Data Base

file name as follows.

NAME TIATA EASE IS T0 BE SAVED AS
ToAGSMIC

NAME OF DYNAMIC MODFL FILE
AR N IR

NAME OF MASS FROPERTIES MATRICES FILE
7 MAGHHIC
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2.4.3 Hoop and Column Module Programmer Information

This module contains a main overlay (0,0) and two primary overlays, (1,0)
and (2,0). The (0,0) overlay functions primarily to call the secondary
overlays as required. The (1,0) overlay performs the initialization, input,
and output operations while the (2,0) overlay performs model generation.
Overlay (1,0) performs input and initfalization functions when flag ICASF =1
and performs output functions when JCASF = 2. Tf the input sequence is
terminated ICASF is set to 4 before return to the main overlay. The
subroutines used for input/output operations are contained in libraries

AVIDLIB and LASSLIB.

Overlay (2,0) contains the code required to generate the model geometry,
dynamic model file, and mass properties matrices in forms that are similar to
other model generators. All key variables are identified by commentation in
program HCCALC. Subroutines SETNOD and SFTEIM are contained in the overlay.
They create the node and element matrices for subsequent mass properties file

definition.

2.5 MASS PPOPERTIES MCDULF

The Mass Properties Module calculates mass properties of structural models
created by the automated model generators. In addition, the module permits
the user to add or delete masses representing auxiliary equipment, which per-
mits interactive determination and iteration of spacecraft mass properties.
The module outputs include the mass properties data required for subsequent
analyses (e.g. controls, orbital transfer) and an updated input file for dyna-

mic analysis.

2.5.1 Mass Properties Module Technical Pescription

The model generators that interface with the Mass Properties Module in-
clude the Box Ring, Radial Rib, Hoop and Column, and Contiguous Box Truss
modules. These modules create a mass properties matrices file, which contains

the grid, element, and element properties data required for mass properties



definition. These data are read at the start of execution of this module.

The concentrated masses of the end fittings and midlink hinges (for truss-type

structures) are retrieved from the structural model data base.

If any of the nodes' concentrated masses are to be changed (to represent
location of subsystem's components) the mass properties matrices file and
dynamic model file will be regenerated to reflect these changes. After chang-
ing concentrated masses, the calculation of total mass, center of mass (c.m.),
and inertia properties are started. Fach concentrated mass is multiplied by
its appropriate X, Y, and Z coordinates to obtain ZM?'and the masses are
summed to determine total mass from all concentrated masses. The masses of
tubes and their effect on inertias are determined from tube area, length,
material density, and coordinates of the tubes' midpoints. It is assumed that

the mass of a tube i1s concentrated at its midpoint.

The masses of nodes defined in model generators include the distributed
mass of the reflective mesh or membrane. The total mass of the reflector is
obtained by subtracting the total mass of all end fittings from total mass of
nodes—concentrated mass. The concentrated masses enter through array CRIDD as
item (n,5) where the range of n is from 1 to NG, the number of grids in the
model. For nontruss models (e.g., radial rib) the concentrated mass includes

only the reflective surface and the central hub mass.

2.5.2 User Instructions

The Mass Properties Module performs the calculations necessary to deter-
mine the center of mass (c.m.), total spacecraft mass component masses, and
inertias for LSS structural geometries defined by model generator modules. On
execution of this module, the user is requested to input the name of the data

base file that contains the structural model parameters.

INFUT NAME OF STRUCTURAL MOIE] DATA BASE FILE
7 GRPIROX
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The parameters required for execution of the Mass Properties Module are

then displayed as:

!
t MASS PROFEFRTIES DEFTNTTTON

MASS PROFPFRTTIFS STRUCTURAL LEFINTTION

103 00 1 RFLM ~RANT0 FREQUENCY DIAMETER (METERS)
2 0000 2  FOVERD -FOCAL LENGTH TO RF DIAMETER RATILO
20800 3 AMNOIE -ENIt FITTING MASS(KG)
0 4 AMHING -TURE HINGE MASBS5(KG)

CNTER O IF INFUT T8 OK
1 TO CHANGE DATA ITEMS VIA KEYRBOARID,

2 T0 ENTER A NEW TITLE,
OR 2 TO RETURN TO THE EXEC

0

The next two prompts request input of the mass properties matrices file
and the dynamic model file, which were defined during execution of the model
generator module or Appendage Synthesizer.

INFUT NAME OF MASS PROFERTIES MATRICES FILE
7 MOBABEN

INFUT NAME OF DYNAMIC MODEL FILE
7N OSHA

At this point the user has the option of modifying the model by adding or

deleting concentrated masses at existing nodes by answering "YFS" to the

prompt:

?hg YOU WISH TO CHANGE L1SCRETE MAG(ES)
Y
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If mass changes are requested, the user is asked whether a listing of

nodes is desired.

The prompt is:

10 YOU WISH 10 LTST GRTI IS ANI MASSES (Y OR N)

7y

If it is desired to list nodes, they will appear in the form shown as fol-

lows, 20 nodes maximum per display.

GRID 1D

101

102.
103.

104
105
106
107

108.

109
110

111,
112,

113
114
115

116.

117

118.
119.
120.

MORE (CRETURND> -

7N

The user then is asked to input the node number, where a discrete mass

X

0
13.
26
37.
46.
94
8.
60
u8.
54
46
37
26.

13

-13.
-26.
-37
~-46
-54

YES,

00
35
03
41
21
06
50
00

50

.06

91
41
03
35
00

Y,

Z COORDINATES (METERS)

60
58

S54.
46.
37.

26

13.

-13.
~26.
-37.

-46

-54.

-58

-60.
-58.
-54.
-46,

-37

-26.

00 14.00
50 14 00
06 14.00
?1 14.00
41 14 00
03 14.00
35 14.00
00 14.00
35 14.00
03 14.00
41 14.00
?1 14.00
06 14.00
50 14.00
00 14.00
50 14.00
06 14 00
?1 14.00
41 14,00
03 14.00

ANY LETTER - NO)

will be modified and also the new mass.

ENTER GRID
(ENTER 0,0 TO ST0P)
7 101,27 908

? 0,0

i,

A COMMA.

AND NEW MASS (KG)

MASS (KG)
2080
2080
9080
2080
9080
2080
2080
9080
9080
2080
. 92080
2080
2080
. 9080
. 9080

2080
. 9080

9080
. 2080
. 9080



00 YOU WISH TO LIST GRID IDS AND MASSES (Y OR N)

7Y
GRID IO X, Y, Z COORDINATES (METERS) . MASS (KG)
101 0.00 460.00 14.00 27.9080
102 13 35 58.50 14 00 9080
103, 26 03 54.06 14 00 2080
104 37 42 44,91 14.00 2080
105. 46 91 37.41 14 00 7080
106 54 06 26.03 14 00 2080
107 58.50 13.35 14.00 2080
108, 60. 00 .00 14 00 9080
109 58 S0 -13 35 14.00 9080
110. 54.06 -26.03 14.00 9080
111 46,91 -37.41 14.00 2080
112, 37.41 -46.91 14.00 2080
113. 26.03 ~-54 06 14.00 7080
114 13.35 -58.50 14 00 7080
115, .00 -40 00 14.00 2080
116. -13 35 -58 50 14.00 2080
117. -26.03 -54.06 14,00 2080
118 -37 a1 -446.91 14 00 7080
119 -446 91 -37. 41 14.00 2080
120 ~-54.06 -26.03 14 00 7080

At this point, the program automatically regenerates the mass properties

matrices and dynamic model files via the prompts:

ENTER NAME FOR UF ‘O Rme pe .
7 MASASHA OR UFDIATED MASS FROFS FILE ( 7 CHARACTERS MAX )

ENTER NAME FOR UFDATED

2 TGS LYNAMIC MOLEL ¢ 7 CHARACTEKS MAX )
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The mass properties are now calculated and displayed in the following form:

MASS FROFERTIES DEFINLTION

CENTRE OF MASS COORDINATES XCM- 12189E4+01
YCM = - 10737E+00
7CM = 24205E402

10TAL §/C MASBS(KG)= 52L61E404

MASS OF RF REFLECTOR AND AUXILIARY EQUIFMENT =, IPPH7EF04

MASS OF 1314 ENDFITTINGS = J103S1E+03

MASS OF 86 TYFE 1 TUBES = 213035403

MASS OF 56 TYFE 2 TURES = 16031E+03

MASS OF 56 TYFPE 3 TURES = 10062E+03

MASS OF 56 TYFE 4 TURES = 38162E403

MASS OF 280 TYFE 5 TURES = Q12726403

MAGS OF 1 TYFE & TURES = 28963E402

MASS OF 1 TYFE 7 TUBES = 69232E+00

MASS OF 1 TYFE 8 TURES = 28963E4+02

TNERTIA FROFERTIES

XXM = 16160E+08
YYM = 15202E+08
ZiM = 14640E+08
FXY = 26323E4+05
FXZ = 89179E+05
FYX = - 78560E404

2.5.3 Mass Properties Module Programmer Information

The Mass Properties Module consists of a main and three primary overlays.
There are four labeled common blocks that contain the variables and arrays
required for module calculations. MASSIN contains data variables brought in
through access to the structural model data base file. MASDAT contains the
arrays accessed in the mass properties matrices file. PROPS contains 14 pro-
perties for up to 10 different types of BAR or ROD structural elements. MASPR

contains the mass and inertia properties calculated during module execution.

Primary overlay (1,0) contains the code required for initialization and

termination. The variable ICASE in labeled common FLAGS is used to select
either the input or output section of this overlay. If ICASE equals 1 ini-

tialization and input mode is entered. For ICASE equal to 2 the output mode
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is entered. Overlay (1,0) contains DATA statements to define alphanumeric
data used for description of input data and for writing to the data base

file. The output section also controls display of mass properties informaion.

Overlay (2,0) contains the code that determines the basic mass and inertia
properties. A maximum of 10 element property sets is currently allowed. If
more should be required, the dimension of array TUBP must be increased. TUBP
contains 10 sets of 14 properties. The properties used in this module are the

cross-sectional area (1 in each set) and the material density (8 in each set).

The first operation involves extraction of the reflector and end fitting
or hub masses from the concentrated mass records stored in GRIDD (N,5). These
calculations are performed through a sequential call to subroutines SURMASS
and MASMAT. SUPMASS controls iteration through all grid points. MASMAT cal-
culates the summation of discrete mass times distance from the origin (0,0,0)
as SX, SY, and SZ. The total mass due to grid masses, ¥, Y, and Z inertias,
and inertia products are also summed in MASMAT. Fach grid in the model re-
quires a call to MASMAT. The end fitting mass for truss models is contained
in variable AMNODF. For nontruss models AMNODF will be zero. At exit from
SURMASS the total reflector mass (RFFMAS) and end fitting mass (GMAS) will be
defined.

The next set of mass contributions to be determined are for midlink
hinges. All elements are interrograted for type (IELM (1,N)). Tubes that fold
have a type number greater than 10. For these tubes the binge mass (AMHING
from the structural model) is used to determine contribution to total mass and

inertias. The hinge is assumed at the tube midpoint coordinates.

The final mass properties calculations are performed in subroutine
TUBMAS. The arrays IELM, GRIDD, and TUBP are used to obtain each element
area, length, density, and mass. Fach different type of tube and the
cumulative mass of that type are stored in arrays NTUB and TUBMAS respec-
tively. The last step in this overlay is calculation of the center of mass

coordinates.
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Overlay (3,0) provides the capability of modifying masses at grid points.
Masses representing auxiliary equipments may be added, deleted, or located at
different nodes. Considerable commentary is provided in the code and will not
be repeated here. If masses are modified the dynamic model file (TAPE2) is
searched for appropriate CONM2 records and the record changed to reflect the
new mass. Each record, whether changed or not, is written in the same format
as TAPE3. After all changes are made TAPE3 is written as a new dynamic model
file using subroutine PFM. Similarly, any modified masses are reflected in a
change to array GRIDD (n,5). A new mass properties matrices file 1s generated
by writing IFIM, GRIDD, NEL, NG, and TUBP to TAPF2 and then to a permanent
file again using PFM. After executing this section, control passes to overlay

(2,0) to calculate mass properties.
2.6 OPBITAL TPRANSFER MODULE
This module uses user—-specified initial and final orbital altitudes, ini-
tial and final inclination angles, and spacecraft mass to calculate propulsion
requirements for a Hohmann transfer and a 3-impulse optimal plane change

maneuver.

2.6.1 Orbital Transfer Module Technical Description

The orbital transfer program provides a means for assessing various pro-
pulsion systems, evaluated according to mission requirements. Tnputs to the
program consist of mission transfer requirements and propulsion system data.
One set of output variables will be produced for each set of propulsion

system variables used.

The program considers the Hohmann type transfer between two circular
orbits of radii r, and r, with r; < r,. This type of transfer
represents the minimum total AV required. A two impulse or three impulse
bilelliptical transfer is selected depending on the ratio of the initial and
final orbit altitudes. If this ratio (r2/r1) is greater than about 11.8,
the bielliptical transfer will be more economical. The following equations

are taken from reference 6.

47



In the classical two burn maneuver, the initial impulse is applied
tangentially to the initial circular orbit. This injects the spacecraft on a

transfer ellipse with sufficient velocity to reach the desired orbit. The
magnitude of AV, is given by:

Ly Gj r 2(r2/r1)

1 \/:11.1 + (x,/ry)

where: r = radius of lower initial orbit
r, = radius of higher final orbit
K = constant defined by G and mass of the earth.

The second velocity AV, is obtained by the conservation of angular

momentum at points r, and ry or h = ryvy = r,v,. This gives a
value of AV2 as:

The total velocity requirement AV, = AVy + AV,.

The bielliptical transfer consists of three velocity impulses AVl,
AVZ’ AV3. The initial burn 1s applied to attain, after a 180° transfer,

an intermediate point. At this point another burn AV2 is applied to
transfer the spacecraft to the desired orbit, and a final burn AV3 is used
to circularize the orbit. Using the same methods as for the two impulse

transfer a rather lengthy relationship is derived.
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N

2R
21 / 1
AV 8V AV — - 1+ = +R21 - e
v 21 a1

where: R intermediate point(Rz)/ initial orbit (Rl)

21
R31 = final altitude (R3)/ initial orbit
V, = initial orbit velocity Jﬁz
0 R1
The intermediate value R21 is an optimization problem constrained
by the boundary conditions R3 and Rl' The derivatives for this optimi-

zation and the resulting equation for R,., are contained in the program

21
and R21 is calculated. 1In this treatment the propulsive requirements
to effect the AVT assumes impulsive burns and unperturbed Keplerian

motion. The effects of finite burning time are not included.
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2.6.2 Orbital Transfer Module User Instructions

On entry the user is prompted to specify the initial altitude (km), the
desired final altitude (km), the initial inclination angle (deg), the final

inclination angle (deg), and the dry spacecraft mass.

INITIAL S/C ALTITUDE IN XN
? 278

FINAL ALTITUDE IN KN
? 650

CHANGE IN INCLINATION ANGLE IN DEG.
? 09

TOTAL DRY SsC MASS IN KG
7 5226

ISP OF PROPULSION ENGINE IN LBF-SEC/LBN
? 230

The program then calculates and outputs the total spacecraft and propellant

mass required.

DELTA U FOR ORBIT CHANGE IN M/SEC-----—- .20787E+03
TOTAL WET S/C MASS IN KG--——-—————eeemee .57305E+04
TOTAL PROPELLANT MASS IN KG-~ +50452E+03

The user is then prompted to terminate module execution or to perform another

analysis.

DO YOU WISH TO RUN ANOTHER CASE
? NO
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2.6.3 Orbital Transfer Module Programmer Information

The program does not require overlays as it now exists. If other propul-
sion requirement calculation algorithms are to be added they must interface

with the following variables.

HIN -~ initial altitude (m)

FALT - final altitude (m)

INCLIN - initial inclination (deg)

INCLOUT - final inclination (deg)

SCMASS - total spacecraft mass (kg)

I - specific impulse of engine (1bf—sec/1bm)

5p

2.7 PF AMALYSIS MCIULF

The rf analyses performed for this contract were detailed analyses and the
software is not consistent with interactive techniques. The code in this
module includes an algorithm developed to determine the rms surface distortion
(ZRMS) of the ECMM baseline design (ref. 2) and a simple calculation of gain

degradation for the calculated surface distortion.

2.7.1 Pf Module Technical Description

The Ruze equation is used to determine the loss of an antenna due to ran-—
dom surface roughness. It assumes a small correlation distance (small with
respect to reflector diameter). The loss is determined from equation (3),

where § is rms roughness and ) 1s wavelength with consistent units for both.
loss = e [-(4#-%- )2] (3

The loss in dB is given by:

dB = 686 ( i}\ 32
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The surface calculations performed by program RFSURF are for the ECMM
baseline surface design and are discussed in detail in reference 2. The

equation developed to model the surface distortion at a point is:

5(x,y) = (0.17 + 0.03 DARC/R) SIN [nv2 XAPC/DF] SIN (xv/2 YARC/DF) ( &)
where: 6(X,Y) is Z distorticn from ideal surface at point (¥,Y) (cr)
R is aperture radius (cm)
DARC is are length from surface vertex to point (cm)
DF is deformation grid spacing (cm)
XARC, YARC are arc lengths from vertex to X,Y grids (cm)

The (X,Y) distortions are used to calculate Z rms by iterating over a grid
whose spacing is defined as 0.75 of the wavelength in question. Figure 2.7.1
shows the ECMM surface model. For a frequency of 5 GHz this requires about 1
million points to analyze the normal ECMM aperture of 50 meters. If a smaller
aperture is selected for analysis the number of points required is decreased
exponentially. For example, decreasing the flluminated aperture by 1/2 will
require 1/4 as many points. In order to execute, the specified aperture
diameter may not be less than 10 meters. The electrode spacing and
frequency may then be varied to determine rms distortion; however, it must be
noted that execution time will exceed 10 minutes, which 1s inconsistent with

most interactive environments.
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Figure 2.7.1. FECMM Surface Model

2.7.2 Rf Module User Instructions

The inputs required are the reflector radius of curvature in meters
illuminated spot diameter in cm, ECMM electrode spacing in cm, and operating
frequency for which gain loss is to be determined. The user interaction will
appear as follows. After calculation the output will be displayed as shown.
The user is then prompted to perform another analysis or terminate module

execution.

ASSA ECMM SYSTEMATIC DISTORTION DUE TO ELECTRODES AND TIES

INPUT REFLECTOR RADIUS OF CURVATURE (i)
? 209
INPUT ILLUMINATED SPOT DIAMETER(CM)
? 1000
INPUT ELECTRODE SPACING (CM)
? 500
INPUT RF FREQUENCY(GHZ)
? 4.95
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MAIN BEAM GAIN LOSS FROM RUZE EQUATION
ZRIS(CM) FREQ(GHZ) LOSS(DB)

+11988E+00 +49G00E+01 +26839E+00

2.7.3 Rf Analysis Module Programmer Information

The gain loss calculation is performed in subroutine PUZE. This loss de-
pends on the frequency being considered (FREQ) and the rms distrotion (ZRMS)
in cm. Presently, the call to RUZE is from program RFSUPF. If it is desired
to perform the calculation for a surface other than the FCMM, then RFSURF must
be replaced or bypassed. The new calling program must supply a value for FREQ
and ZRMS through: COMMON/RFINPT/ZRMS, FRFQ(5), DBLOSS(5).

DBLOSS will contain the gain loss in dB for the corresponding input

frequency.

2.8 PRIGID PODY CONTRPOLS (RCD) MODUIF

The LASS RCD module has been modified to include effects of solar pressure
on vehicle attitude. Additionally, the atmospheric density model and its im-
plementation have been changed. The module can be run in its original mode
with no input or output variations. A new mode, designated "'stand-alone' has
been implemented. Following are the technical approach, user instructions,

and programmer documentation relating to standalone operation.
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2.8.1 PCD Module Technical DNescription

The spacecraft to be analyzed is assumed in a circular orbit, subjected to

environmental and vehicle interaction forces and torques without an ACS on
board. Orbital velocity is assigned to the x—axis. The following development

and approach 1s coded into the stand-alone related code. This code is not, at

present, capable of automatically interfacing with the existing automated
model generators. It is primarily intended for analysis of the spacecraft

identified and described in reference 2.
2.82.1.1 Symbols

The symbols employed in this section are defined as follows:

-t

Tee Gravity gradient torque, N-m;

—~—

TS Solar radiation pressure torque, N-m;

el

T, Aerodynamic torque, N-m;

-l

TINA Vehicle interaction torque, N-m;

it

TT Total torque exerted on the vehicle, N-m;

-l

TE Total of external torques exerted on the vehicle due to the
environment, N-m;

-

FS Solar radiation pressure force, Nj;

3

Fy Aerodynamic force, Nj

-

HI Angular momentum relative to inertial space, N-m-s;

-t

Hv Angular momentum relative to vehicle, N-m-s;

55



<Zh

I

<)

vR

S

(1)

X)Y’z

*RsYpsZp

*12 Y1021

56

Angular velocity of the vehicle relative to inertial space,

rad/s;

Angular velocity of the rotating reference frame relative

to inertial space, rad/s;

Angular velocity of the vehicle relative to the rotating

reference frame, rad/s;

Orbital rate, rad/s;

Inertia matrix;

Radius vector from center of the earth to the orbit, km;
Padius of the spherical Farth, km;
Orbit altitude, km;

Vehicle frame axis system;

Potating reference frame axis system;
Inertial frame axis system;

Anomaly angle, (wot) degrees;

Fuler angles, radians;

Time, sec.



2.8.1.2 PRigid Rody Fquations of Motion

The rotational motion of the rigid vehicle is described by:

—h

T = odl;‘. = [1] :(3\,_, ¥ [T]Bus + Govz x [T By

where [I] is the inertia matrix and is considered to be constant over any one

particular orbit. Equation (5) then can be written as:

TE = [;[] .wvx + ﬁux[ﬂﬁv; (6)

e -

The external torques, Ty, , are gravity gradient (Tgg), solar radiation
—
pressure (TS), and aerodynamic (?A). Fquation (6) defined in the vehicle

frame is given by:

and

ud I _ -t
?G&'\' Tg+ T, = [,I] w:r): ¥ Wyr x [1]‘*’:1 (7)

The three frames of reference considered for this analysis are the inertial,
rotating, and vehicle. The angular rates of the various reference frames are

defined as follows:

Z;V s &-;.I +z‘jv: = ZC)VI , Q;MC«G Z\-).z 33 (&)
= Wz +Upy = Tgy
(10)

Wyr = ve +a;/a1‘
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Then, I N - — (11)
lvr = W, = Wye + Wer

Considering the spacecraft to be in a circular orbit and a z-local vertical

mode, equation (9) becomes:

- (12)
E‘B = D/ZI = (O-.-"wo;o>

where w, is the orbital rate.
Define the transformation matrix from the rotating to the vehicle frame as:

Qu Gz Qiz (13)

[T\IE] -— az‘ sz azs

4s| Q32 433

which 1s an orthogonal transformation. Then equation (11) written in the

vehicle frame is given by:

(14)
-V -t v — \f -V Yy
Wy = Wyp + We = e + [Tvz] Lr
Solving equation (14) forzFQRVin component form yields:
v \'4
é)mx = Aoy = w\,,, #+ o2 (15)
Ang)r = Z&ﬁJy = édyy + WoRz2
(17)

v
6L&¢zg = Z&‘di{ = “44; + Wodzz
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2.8.1.3. The Quaternion Solution of the Potating Peference to

Vehicle Reference Frame Coordinate Transformation.

The termETVRv is the error rate generated due to the motion of the vehi-
cle frame with respect to the rotating reference written in terms of the vehi-
cle frame. The error rate will be used to generate the four parameters qy,

4, d3> and q from the equation

e: ,g_‘é (18)

wmere = (91592, 33,14)T (19)
and

O bdwg -Awy Awy (20)
-Awa O Doy l&hb/
= = Awy -Auy O Awg
- Awy -Awy ~Aw; 0

>

which has symmplectic properties.

Then,

9 = G0t + 4, (o)

(21)

%z = ":bu'& + ‘67.(0)

(22)

‘Bs = q.bsd*- + qv;(o) (23)
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where

%.(O) = ﬂz(O) =%,(O) =Q , and 3*{_03_._.. 1.O .

T = S%A"H'v +9400)

The quaternion Q is defined as:

- P
where 915 99, 43, and q, are real numbers and i, j, and k are hyper-

Qa 144‘ t%‘ +j%z+-\€.%3

imaginary numbers satisfying the conditions

Equation (18) written out becomes

60

P -

i} —é [1;Awa ~13AWY + %q,AWx]

L

_ % ["il Awa + 43 Awy + 94 AWY]

——

D

3 [4hwy ~qhoox +9a buoe ]

%

= _‘Z'[-‘blwa -4 Awy -9 sz]

b

(24)

(25)

(26)

(27)

(28)

(29)

(30)



vhere division by the quantity,
b3
‘b'ﬂ/& Q =\/13‘+‘L:+%§+14‘

which is the magnitude of the quaternion, guarantees orthogonality.

The advantage of the quaternion lies in its ability to define the rota-

tional relationship between two coordinate systems using only four numbers

as opposed to the nine elements of a direction cosine matrix. Listed in Table
2.8.1 are the coodinate transformation identities for the transformation

matrix [TVR] for a yaw (¥), pitch (@), roll (®) sequence.
2.8.1.4 Generation of the Fuler Angles Using the Four Parameters

The Euler angles are determined from the following relationships:

.
- -}
= tau '(24‘): tan 2(“‘?:*‘5':‘") (31)
" 9F -9 -qs +94*
6 = st'n"(-ma) = siw' _2(%,_14-%,%,)] (32)
-1 -1 Z +4:48 ]
(&)
It will be shown in the following section that the Fuler Angular PRates
, 0,and ¢, can be easily determined using the Euler angles obtained from equa-
tions (31) through (33) and the angular rates detained from equations (15)
through (17).
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TABLE 2.8.1. ~ COORDINATF TRANSFORMATION IDENTITIES FOR YAW-PITCH-POLL

SFOUENCE.
DIRECTION EULER ANGLES FOUR PARAMETER
COSINE
m
an cosOcosyP 42-42-95+ Ge"
Qiz, osOsiny 2(4844 *§192)
Gia -3md 2 (4193~ %24a)
Qzy Sin@sinBcosP-con @ sing 2(%1%2-$394)
Gzz 3inPsindsinPrcospeosd |=qF+ql-q rq4*
Ge3 Sin@cos © 209,94 +9242)
Gz cos@siv OcosP +SinPsimP 2(4294+ 99 93)
Os; cos@dsin®@sing ~siugecosy 2( §1%3- 45' if‘)
Gsx cos @ cos® -%Il-%%*%}*j:
2.8.1.4.1 Generation of the Fuler Angular Pates—-Define the following
orthogonal transformation matrices:
- c.tP s‘* o -
[T(q»)] =|-sp e © v
I o o | i
C ¢c® © -38] (35)
[T(e)] =| o 1 o
s o «¢e (36)
- l 6 o
[TL¢>] =] 9o ¢ s
L Q -$¢ G¢-

where

34) =3iv\tp, C.LP =(.osq', ete,
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Using the transformation matrices defined by equations (34) through (36),

the vehicle rateT& , in terms of Gk and the Fuler Angular Rates is given by:

% = [ra[Teelre] Br + [Te]1ie] (0,0, + [T0]C0.8,07 7

*(6v°> OBT

where [Tv R] = [T(ﬁ][T (0)][1'(‘9)] (38)

From equation (14)

Using equation (39), equation (37) can now be written as:

A% = [1ll1ed] (0,0,4)7+ [1(h](0,6,0) + (4,007  “O

FEquation (40) in component from becomes:

Awx = & - 30 1)
Awy = éCﬂ +¢ces}£ (42)
Aw; = -6s¢ +t@cecd

(43)
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Solving for the Fuler Angular Rates and expressing the results in matrix form
yields,

- . (44)

1 swptne corgtwmo [|Qu,

o “>='¢5 - Sin l&kﬁf
o sin® cosd

| cos © Cose J Aw,

€- O ©
n

It should be noted that the matrix defined in equation (44) is not an

orthogonal matrix, and that four of its elements are undefined for 6 = 90 deg.

The generation of the external torques applied in the vebicle reference
frame requires the use of the transformation matrix [TVF] and its inverse

[TVR]—1° Shown in Figure 2.8.1 is a block diagram of the uncontrolled
rigid dynamic model.

3l

INA

Four parameter A
generationr -—
Euler angles Euler rates

it bt

Figure 2.8.1. - Block diagram of rigid body dynamic model. -
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2.8.1.5 Torque Due To Gravity Cradient

The torque generated due to gravity gradient and subjected to a vehicle in
a z-local mode produces a restoring torque that has a stabilizing effect. The

z-local mode is shown in Figure 2.8.2.

Direction of flight

Yr 1nto the paper

Center of the earth

Figure 2.8,2, - Z-local mode.
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The torque generated due to gravity gradlent is defined by:

(45)
6 ¥ @f Tax Iy L[
-t
Z -
Tea = Swe| & © - Iy I“ -Jyz || &
'—@ X o "Ixa "1\&% Igg ¥
where 2, 8 and v are the direction cosines. The direction cesines of the
XR»> Yp, and Zp axis system relative to the direction of g are defined by:
(46)
- -~ -
K o
@| = o

where _ﬁ = 3(0‘1:4—@]\-\-3&5 = %k- (47)
Then the gravity gradient torque with the R reference frame is given by:

—t R 2 - - -

Tea = 3“0(I3£L‘Ix;_‘+0h) (48)

For the assumption that the vehicle and reference frame coincide, equation

(48) implies that constant gravity gradient torques will ex¥st about the Xp
and Yg axes, which will in effect cause a residual momentum to exist at the
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end of each orbit with respect to the inertial reference frame. Considering

the case where only principal axes of inertia exist for the vehicle, then
equation (48) would be:

- r -
TG¢,=O

Gravity torques will be produced as a result of the vehicle and rotating re-

ference frame not coinciding. The direction cosines for this case are defined
by:

(50)
[ r .
™ Qi3
T
@ = [T,g](o,o, ') = |Gzz
K Lq33 A
Substituting the direction cosines from equation {(50) into equation (45)
yields:
Alx ¥@
V)
Tee, = 3wo | Ay x4
AT, x@ |
. .
AIxazsaza
—lv 2
TG@ = 36\’0 AI\.’ 6‘3633
(51)
| AL;Gis 23
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where
ZX]:X = :[i;g -‘Isﬂ’ ]
AIy - I-ax-g— I‘li $ ©2)
Alg= Tyy-Tex |

The gravity gradient torque with respect to the vehicle frame and including

the cross products of inertia is defined by:

© =Ggz O] Ixx -I’“i “Ixa || Gz’
Tee, = 3we| o O -Guf-Tny Tyy -Tyzif Gz (53)

-azz a3 Oll-Txe -Tyz Taa) Asal

In the following analysis the only external torque considered to act on the
rigid body is gravity gradient. Considering only principal axes of inertia
and no out-of-plane motion about the X, or z_ axls and using the direction
cosines defined as a function of the Fuler angles, the gravity torques as de-

fined by equation (51) become:

o

N . (54
Tew = | ~226*(Tix-Tes)sinze ’

o

o o

Then considering jVIV to be small, equation (7) becomes:

Ta:. = [I] ‘-vaI (35)
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Equation (55) in component form and for small angle approximation becomes:

2 (56)
:[xx ‘25 = O
I‘H e = ~3wl (1“ -I-ze) o (57)
Ta2 c.p = O (58)
The solution of equation (57) for Ixx > I,, yields.
Ot = é.£°) sinBt + ©(0) cos Bt (59)
B

where!
2
8= [ Swe ( Tux - Taa) roddec
I
1
and é(O) =-Eb the orbital rate (rad/s), ©(0) =0. The vehicle will execute

simple harmonic motion about the local vertical. TFor the case where Izz >

Ixx’ the solution of equation (57) ylelds:

(60)

Ot) = &) sinh Bt + (o) cosh Bt

B
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where (61)

B = \/3&,:- (It%'-‘—-aﬁ m,vsec
Tyy

Shown in Figure 2.8.3 1s a time response plot of equation (56) indicating that

the solution is an unbounded function of time for t » o.

J

8 (t), rad

®__8(0) sin ht
B
8 (0) = — =

v
.
7
7
%
7
7

A IS4 14/ I4

0 Time, t, s

Figure 2.8.3. - Plot of 6(t) as a function of time using equation (56).

The result as shown in Figure 2.8.3 is due to the fact that the minimum

axis of inertia is not along the z-local vertical axis as is the case for

IXX > Izz'
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2.8.1.6 Aerodynamic Forces and Torques

The gravity gradient torques discussed in the preceding section are well
defined due to the fact that the mass moments of inertia of the vehicle and
the orbital are, to a degree, easy to determine. On the other hand, aero-
dynamic forces and torques are a function of a number of parameters, which in
some cases need complex mathematical models and/or testing to determine the
numerical value of required parameters. Shown in Figure 2.8.4 is the ASSA
spacecraft with its physical dimensions, geometric shapes, and projected areas
that were used in the following development of aerodynamic force and torque
mathematic models implemented into the PCD module. Figure 2.8.5 illustrates

the aerodynamic body axes system related to the vehicle velocity vector.

This spacecraft is modeled through definition of areas All’ Ay,, and
areas representing the feed masts. At present this spacecraft configuration
is hard-coded into the module. Analysis of other configurations will require

some relatively minor modificationms.

\\
C ~
d N
~
-
-7
|—>
- -y
o
C
Yy
Vehicle c.m.
C
Yz Y
v
Zv
C
n
Cx

Figure 2.8.5. - Aerodynamic body axis system related to the
vehicle velocity vector.
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Membrane

(assumed to be a cylinder)
n

Feed beam

Box truss ring that supports
the membrane is omitted.

Mass = 6800 kg

7
I = 1.218 x 10 kg—m2
XX
I =1.218 x 107 kg-m’
vy

I =0.959 x 107 kg-m-
FAA

Cross products of inertia are zero.

4

30.78 m

76.82 m

108.2 m

Figure 2.8.4. - ECMM spacecraft physical dimensions and properties.



Aerodynamic coefficients and symbols as presented in Figure 2.8.5 are

fined as follows:

Aref

Cm

q
Vx. Vy, v
X, ¥, Z
KN
v

<]

v

Reference area

Axial force coefficient, FA

1 Aref

Rolling moment coefficient, MX
q Atef Dref

Pitching moment coefficient, HY

1 Aref Dref

Normal force coefficient, FN
Yawing moment coefficient, Z

Side force coefficient, FY
q A

Reference diameter

Axial force (positive in the negative direction of X)
Normal force (positive in the negative direction of Z)
Side force (positive in the positive direction of Y)

Rolling moment, i.e , moment about the X-axis (a
positive rolling moment tends to rotate the positive
Y-axis toward the positive Z axis)

Pitching moment, { e , moment about the Y-axis (a
positive pitching moment tends to rotate the positive
Z-axis toward the positive X-axis)

Yawing moment, 1 e , moment about the Z-axis (a
positive yawing moment tends to rotate the positive
X-axis toward the positive Y-axis)

Dynamic pressure, X e v2

Components of the velocity in the direction of the
respective X, Y, Z axis (positive in the positive
direction of the coordinate denoted by the sub-
script)

Longitudinal, lateral, and normal axes, respectively
Velocity of the body relative the the surrounding
atmosphere

Speed of the body relative to the surrounding

here, V ?I
atmosphere, ° l °

Atmospheric density

Moment coefficients can be transfered to an aerodynamic body axis system with

its origin located at the vehicle center of mass by using the following

equations.
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(64)

Dpge Drer

Co.. = Cq ~ Gy Xep o Cy Yer
cw per Drer

Ciem= C1 + Cy Zcp - CpuYer
Deer DREF

Aerodynamic moments about axes passing through the center of mass can then be

calculated with the following equations:

Ta. = % Aver Drer C?om 65)

X

T;y = ‘6 Arer Deer Cmom (66)

Tae

% AREF D‘ZEF C“QM (67)

The free molecular flow approach is indispensahle in problems where aerodyna-
mic forces, even though negligible with respect to the gravitational forces,
are applied over long periods of time and, consequently, produce important
effects on the nature of the resulting trajectories. A flow satisfying the
condition M/Re>> 1, must be treated with the kinetic theory of gases. For
this flow, the incident molecules are undisturbed by the presence of the
spacecraft, and the reemitted molecules collide with the free-stream molecules
only at a great distance from the body; hence, the aerodynamic forces are

essentially governed by the interaction of the impinging molecules and the
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surface. In the case of free molecular flow the aerodynamic moment coef-

ficient are equal to zero.

Then, equations (65) through (67) can be written
as:

T = ‘BAQGF (CA‘Ecp -Ch Xep) (68)

TAY = ‘bAREF ("CY Xep = CA Yep 3 699

Tp.z = %AREF(C‘/ Tep- CnYep)
(70)

The velocity of the vehicle relative to the surrounding atmosphere is defined
in the rotating reference frame as:

V= @Rt +07+ 0%

(71)
The drag coefficient, Cp  in the rotating reference frame for the vehicle
and reference axes misaligned is given by:
C‘: = Cad + Cyay + Cyag, (72)
The force due to aerodynamic drag is then given by:
T’-’: = CscaAIZEF-C 73

in the reference frame and in the vehicle frame is given by:
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(74)

FD: = Ci' QDAIZEF Qy
v - (75)

FDV = CD % AREFaz'
(76)

F:a = C:‘%Atzesam

Equations (74) through (76) are now defined in terms of a general equation.
Define the following equation;

(F:hj )= AieCoie %l(ui)iltbi’); 77

where 3 defines the vehicle reference frame;

j=1, 2, 3 vehicle fixed axes;

—
|

=1, 2, 3 component of aerodyramic force of the jth area;

=~
|

=1, 2 designates the areas above and helow the c.m. of the vehicle;

and

VA3(4) = -an 78)

LDAR(2) = -ag

LVLAR(3) =-as

define the direction cosines.

The components of the aerodynamic forces in the vehicle frame are given by;
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(79)

2 3B
(F:)!-_- ZZ(an;,),Q , =123

ke 'y!l

which is the general expression for equations (74) through (76). The torque

due to aerodynamic forces in a generalized form is given by;

(T:nj) = (Lipmﬂ(ﬁij)g , (20)

where L3 1k is the % component of CM to center of pressure (CP) with

cpJ .
components given in the vehicle frame. The components of the aerodynamic
torques in the vehicle frame, which are a generalized form of equations

(68) through (70) are defined by:

3

LT: )‘? ) Z Z (T:)P (81)

] :\=l

Table 2.8.2 is a summary of the data considered to be representative of the

aerodynamic parameters of the spacecraft shown in Figure 2.8.4. Again, it

must be noted that the existing code incorporates these data within the

module. Thus, use of the module for other spacecraft will require internal

changes to projected areas, drag coefficiants, and c.p. lever arm. The

associated variables and arrays are defined and described through commentation
internal to the code.
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TARLE 2.8.2. — AFRODYNAMIC MODFL DATA PAPAMFTFPS.

Geometric Projected areas Drag Distance from c.m.to
shape (Ajk) m2 coefficient, c.p. of respective
ijk projected areas,
(Lgpjkl)’ "

X y z
Cylinder All 1442 CD11 2.5 0 0 -23.78
Cylinder A21 1442 Cbh21 2.5 e -23.78
Flat Circular A3l 7850 Ch31 4.0 0 -23.78
Disk
Flat Plate Al2 28 CD12 4.0 76.82
Flat Plate A22 28 CD22 4.0 76.82
Flat Plate A32 1.44 CDh32 4.0 0 0 76 .82
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2.8.1.7 AMtmospheric Mass Density Model

The atmospheric mass density model used is the 1976 U.S. Standard Atmo-
sphere. The average mass density, p, 1s plotted as a function of orbital
altitude, h, as shown in Figure 2.8.6. The data for the previously used
atmosphere model terminated at an orbital altitude of 700 km, whereas the
1976 data are available up to and including a 1000-km altitude. Figure 2.8.7
illustrates the variation of the dynamic pressure with altitude for circular
orbits using the 1976 average atmospheric data. The mathematical model used
to generate the dynamic pressure for a circular orbit at a specified altitude

is defined by:
ARPNVE
B - z€ (82)

In the module the value of P is obtained by performing a linear
interpolation on the exponents as a function of altitude. The exponent (a)

is then used to calculate o from:

p=10" (3)

Plotted in Figure 2.8.8 are the exponents vs. altitude.
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Figure 2.8.6. — 1976 U.S. standard atmosphere, average.
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Figure 2.8.7. - Dynamic pressure versus altitude.
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The

2.8.1.8 Torque Due to Solar Pressure

torque on a space vehicle due to solar radiation pressure is defined

by (reference 3, 4):

where !

= projected area of the vehicle normal to the Sun, m“;

= PSLSAScosE (absorbent body) (84)

= 2PSLSAsc052E (reflective body) (85)

= torque due to solar radiation, N-m;

= radiation pressure, 4.6206 x 1076 N/m? for Farth-orbiting

spacecraft;

= distance between vehicle center of mass and center of radiation

pressure, m;

2

= the angle the incoming radiation makes with the direction normal to

the suface area, deg.

The model developed to determine the solar forces and torques assumed the mem-

brane antenna to be a reflective body and E equal to zero degrees. Also in-

cluded in the model was the sun line as a function of the angle Beta (B),

which is defined as the angle between the sun line and orbit plane.

Figure 2.8.9 illustrates the spacecraft in a eircular orbit for Beta equal to

zero degrees. The angle x, which is used to determine the occulted region of

the orbit, is defined by:

b
Il

cos™1 _EQ_— h
R

0
-1 h (86)
cos 1 -y

0
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The angle defining the occulted region is then given by:

- h
0, = 180°-2cos 1 (l-i- ) (87)
0
The implication of equation (87) is that the greater the orbit altitude, h,
the smaller the occulted region. There will exist times during the mission,
in the case of large orbit inclination angles, for which no occulted region
exists. This case is illustrated in Figure 2.8.10. The inclination angle, as
a function of orbit altitude, which will produce an occulted region is defined
by:

1< 67°—cos'1(1 - ) (28)
0

Shown in Figure 2.8.11 is a plot of orbit inclination as a function of orbit

altitude. Orbits with no occulted region are subjected to continuous solar

radiation pressure force and torque over a long period. This presents diffi-

cult problems in a momentum management scheme if momentum exchange devices are

considered for use in trying to compensate the torque due to solar radiation

pressure.
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Figure 2.8.9. - Spacecraft orbit for g = 0 deg.
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Figure 2.8.10. — Spacecraft orbit for inclination angle and B # 0 deg.
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2.8.2 RCD Module User Instructions

The user session described in this section shows the user prompts and re-
sponses for execution of the module in the stand-alone modified mode. This
latter mode is referred to as a stand-alone mode because it does not require
prior execution of a model generator. The first input requested of the user

is the definition of RCD module execution mode.

PNTERC A T I 3 008 Monb 1S 10w usin
Ok A O TH THE STANDAEONE MONE LS TO RE USEN

If the TTSS mode is selected the input sequence described in reference 4 will
be followed. If the standalone mode is selected the following sequence will

commence. On entering the RCD program the user is asked to enter the name of
the input data base file.

PNTHIC NAME O INFUTE 0f0a BASE F I
O - TP T FITE O ABSSIRD
PN FERMANENT F LT NAMI
ot

For either mode the following input information will be displayed and the user
glven the option to modify items as desired:

RIGID-EBONY CONTROL DYNAMICS (RCD) INPUT

1 00000E+06 1 H - ORBIT ALTITUDE (METERS)
50000 2 INCLIN - ORBIT INCLINATION (RADIANS)
50000 3 FPSIN ~ ORBIT ASCENDING NODE (RALIANS)
3 0000 4 TFUEL - TIME BETWEEN REFUELING (YEARS)
2000 © 5 ISP - SPECIFIC IMPULSE (NEWTON-SECONIS PER KILOGRAM)
0 6 CI - AERODYNAMIC DRAG COEFFICIENT
2 0000 7 1IE - ORIENTATION FLAG (= 1 FOR INERTIAL OR = 2 FOR
EARTH)
1 5700 8 OFPSI - EULER ANGLES (3) DEFINING ORIENTATION OF SFACECR
AFT FOR EOTH
0 ? OTHETA INERTIAL AND EARTH OFSI IS ROTATION AEROUT TH
E Z AXIS,
0 10 OFHI OTHETA ABOUT THE NEW Y AXIS, OPHI AROUT X (R
ADIANS)

1 00000E-04 11 WM3(1) - SPACECRAFT MANEUVER RATE REQUIREMENT X, Y, Z COM
PONENTS

1 00000E-04 12 WM3(2) RESPECTIVELY (RADNIANS PER SECONIV

1 00000E-04 13 WHM3(3)

1 00000E-06 14 ALFAM3 - SPACECRAFT MANEUVER ACCELERATION REQUIREMENT X,
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Y, Z
1 00000E~-06
UARED)
1 00000E-06
20000
1 74000E-04
OMPONENTS
1 74000E-04
1 74000E-04
0
NTS
0
1 0000
1 00000E~02
129 39
1 1000
200 00
FER SECONIN
1 0000
S00 00
ILOGRANS)
1000 0O
S (WATTS)
2 6800

15 (2>

16 3
17 NM
18 E3(1)

19 E3(2)
20 E3(3)
21 UAS3(1)

22 UAS3(2)
23 UAS3(3)

24 GAMMA
25 RO

26 EMA
27 KU

28 NORIES
29 MACS

30 PACS

31 LM(1)

COMPONENTS RESPECTIVELY (RADIANS FER SECONI* SQ

NUMBER OF MANEUVERS FER ORRIT

INERTIAL ATTITUDE ACCURACY REQUIREMENT X, Y, Z C
RESPECTIVELY (RADIANS)
UNIT VECTOR ALONG AMCIDN SPIN AXIS X, Y, Z COMFPONE

RESPECTIVELY
AMCD: PIVOT AXIS ANGULAR RANGE (RADIANS)
AMCD UNIT WHEEL RADIUS (METERS)
RATIO OF TOTAL TO DOUBLE WHEEL MASS
AMCD MASS SIZING PROPORTIONALITY FACTOR (METERS

NUMBER OF OREITS RETWEEN DESATURATIONS
MASS OF ACS EXCLUDING AMCD ACTUATION ASSEMBLY (K

POWER REQUIREMENT OF ACS EXCLUNING AMCI SPIN AXI

MINIMUM LINEAR IMPULSE RIT WHEN CONTROLLING TORQ

If a change is desired, the following directions are given:

OFEMIER O 11 PHPUr 5 Ok, '
110 CHAMGE T A THEMS VA THE R YROAKTG
2700 FHOFR A NEW TITE,
e 9 (0 KEURN TOOTHE FXTC

”

s

After a change is made, the entire input section will be displayed again for

checkout and further modification i1f necessary.

The user is next asked if Category 2 (mass properties) inputs are to be

checked.

Yt b SH

HuT

OUNTHIC Tt
O ik
°

TRFUITW (Afatithy F

Pl e



If it is desired to review these data, they will be displayed and optionally
modified from:

-

RCD CATAGORY 2 INFUT ITEMS

4800 O 1 TWRM - TNTAL WEIGHT OF THE SFACECRAFT EXCLUDING RCD (KILDGRAMS)
2 EXM ~ SPACFCRAFT CENTFR OF MASS FOR TWRM X Y, Z COORDINATFS

0 3 HYM RESFEFCTIVELY (CENTIMETERS)

3078 0 4 EK7H

1 21800E+07 S XXM = MOMENT OF INERTIA XX FOR TWRM (KILOGRAM-METEKS SQUARED)
1 21800E+07 6 YYM ~ MOMFNT OF INFRTIA YY FOR TWRM (KILOGRAM-METERS SQUARED)
? SP000E406 7 IIn ~ MOMENT OF INFRTIA ZZ FOR TWRM (KILOGRAM-METEKS SQUARFL)
o B FXYM - FRODUCT OF INERTIA XY FOR TWRM (KILOGRAM-METERS SQUARED)
0 ? FXIM - FRODNUCT DF INERTIA XZ FOR TWRM (KILOGRAM~METERS SOUAREL)
) 10 FYZM - PRODUCT OF INERTIA YZ FOR TWRM (KILOGRAM-METERS SQUARED)
-1 0000 11 KALATK - FROF TANK M AND A FLAG (20 USER DEF , =0 FROF ., €O AUTD )
3 0000 12 NOFROP - NUMBER OF FFOFELLANT MASSES

6 0000 13 NMAMCDr ~ NUMRER OF AMCD MASSES

8 0000 14  ANBAYS - ANALYSIS NUMEER OF BAYS

123 00 15 NOGFAR - NUMEER OF GRIDFOINTS IN ANALYSIS (= NO OF ROWS IN GPAREA)
OENTER O IF INPUT IS OK,
1 70 CHANGE DATA ITEMS VIA THE KEYROARL,
2 TO ENTFR A NEW TITLE,
OR 9 TO RETURN TO THE EXEC
7

7?70

In the standalone mode, the following sequence will next be followed. The user

will be prompted to supply the information requested from:

- -

INPUT FOR SOLAR FRESSURE CALCULATIONS

100 00 1 AfL - LENGTH OF AREAL1 OF THE STRUCTURF (METERS)
14 000 2 AW -~ WIDTH GF AREA1 OF THE STRUCTURE (METERS)
21 000 3 ATL - LENGTH OF AKEAZ OF THE STRUCTURE (METERS)
1 0000 A4 AZW - WIDTH OF AREA? OF THE STRUCTURE (MFTERS)
0 S AL - LENGTH OF AREA3 OF THE STRUCTURE (METERS)
o & A3W - WIDTH OF ARFA3 OF THE STRUCTURE (METERS)
[ 7 A4L - LENGTH OF AREA4 OF THE STRUCTURE (METFRS)
o 8 AAW - WIDTH OF ARFAA OF THE STRUCTURE (METERS)
107 00 9 DIS - DISTANCE, AREAI CENTER MASS TD AREA2 CENTER MASS (METERS)
o 10 EBETA - HFETA ANGLE (DEGREES)

%0 000 11 ALF - VEHICLE ANGLE OF ATTACK (DEGREES)
OENTER © IF INPUT 1S OK
1 TD CHANGE DI'ATA ITEMS VIA THE KEYEDARD,
2 TO ENTER A NEW TITLE,
OR 9 TO RETURN TD THE EXEC
2?
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After the desired values have been specified the following outputs will be
calculated and displayed.

e Al ) = AGR0AL - 0D
(L GO0 AR FRESGURT QUG AN (8 WIORS Zdl (T SEiaki (0 = 46080

O TOTaL MOMFNTHM IS THE YFHINLF RFTRRLNCE 1 leamt

BLONG THE X-AXIGR-M-%)Y = 0

A OGS TR Y-a% SN M-8R = TrAVREYON

b PHE S -AY TN M-y = O
LD TTab St & 1 el

A ONG THE - AXTS (NEWTORS) = ARATZAIF LO0

AR THE Y ANTS N NNS Y = 3]

ATNG THE A= oW st (NELVHINNGY = PLAaTRE SO
OPHFE O pivEAl Al ROOYNAMITL FORDFE

ALONG THE L-aYTHE SNEFEWraHsSy = TS -0

M TG THE Y- aX 1S ONFLRTONS, - O

b chiy T S THEMIORNSY = E DAY TS SIETS I
OLHE TieiAal FXTEHRNAL L ORI

MUNHG THEE Y =Y T (HRTONSEY = ZYa29F OO

ARG TR (- a¥1T8 (dFWINNG) - {3

SR CHE 5 Ay DT TRFWYOY s 1R 70 0

After the previous information is given, the remaining output is written to
file LPRINT for each orbital point. Following is an example for N = 2. A
hardcopy listing of LPPINT may be obtained using the following commands after
the RCD module is exited:

RFWIND, LPRINT.

ASSIGN, MS, OUTPUT.
COPYSRF, LPRINT.

ROUTF, OUTPUT, DC = PP.
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In either mode, the user is now asked to give the name of the data hase file

for storage of the input configuraton.

PMTLRC DAME WATA BASE L 0D 0G0 ) eyt atin 9
O - THEATL T | LD € AfSui
PN PEIONES O T NAM

R A R

At this point RCD module execution will terminate.

PN A b T YOI WESH (0 RUN ANO T I RASH
e a0 1 NOT

2.8.3 RCD Module Programmer Information

The RCD module has been modified to permit operation in the stand-alone
mode and to permit analysis of effects of solar pressure on the spacecraft
system. Following is a description of the pertinent changes and description

of key variables and arrays.

2.8.3.1 Common Modifications

Labeled common GENRL has been added to transfer data required for stand-

alone operation. It is found in Rlock Data RCRBLKD, subroutine INTCOM, subrou~

tine QUIT, and new subroutine SOLPR. SHEAD, SITMS, SVARS, SDIM, SOLRIM, and
SDSCRP are initialized in RCBLKD. They are used for transferrring stand-

alone mode data to and from the LASS data base. To subroutine INTCOM has been
added the code to read, display, and modify these data. These changes are
inserted between cards INTCOM 159 and 160.
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2.8.3.2 New Subroutines

Subroutine SOLRPR has been added to incorporate calculation of solar
pressure-induced forces and torques and to permit independent calculation of
torques due to gravity gradient and aero drag. The subroutine contains exten-
sive commentation of the program variables and processes. The output data
generated during execution of SOLRPP are displayed with code integral to
SOLRPR.

The atmospheric pressure model has been changed to the 1976 U.S.
Standard. Rather than calculate atmospheric density from empirical equations
a linear interpolation routine is used to extract the logarithm (base 10) of
the pressure as a function of altitude. Subroutine DVALT performs this func-
tion via a call to subroutine CVLN and then calculates density. The pressure

versus altitude data are in DATA array PRVLT.

2.8.3.3 Plotting

To permit generation of total force and torque plots, SOLRPP contains cal-
culations to determine vector sums in DO loop 2035. For each of the 61 orbi-
tal points, the area external forces and external torques are stored in the
arrays defined in Table 2.8.3.1. Each array is derived from the component
arrays shown in the table. The component arrays (1, N), (2, N), and (3, N)
are the X, Y, and Z components respectively at the orbital point N. Defini-
tions of title arrays and other text inputs for plot generation are described

in program commentation.
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N

TAELE 2.8.3.1.

~ APRAY DEFINITION FOR OUTPUT PLOT GENERATION.

Array Name Definition Component Array
AMAG4 Total area exposed to solar pressure ARFA (3, 61)
AMAG5 Total force due to solar pressure FORC (3, 61)
AMAG6 Total solar-induced torque TORC (3, 61)
AMAG? Total gravity gradient torque TGG (3, 61)
AMAGR Total torque due to all effects F¥TRO (3, 61)
AMAGY Total cross product torque TVC (3, 61)
AMAGI10 Total torque in inertial frame FX¥TRCI (3, 61)
AMAG11 Total momentum in inertial frame MOMFI (3, 61)
AMAG12 Total momentum in vehicle frame MOMBV (3, 61)
AMAG13 Total force due to aero drag FA33 (3, 61)
AMAG14 Total torque due to aero drag TA33 (3, 61)

For the modified model, the outputs generated will be as follows. If the

original mode (TTSS) is selected, these outputs will not appear.

(1)

(2)

The first outputs will be the area perpendicular to the sun in each

direction during one orbit. The variables for this set of output are:

a. orbit point-N

b. anomaly angle (radians)-RETA (N)

Ce. area in the x-direction (meters—-squared)-APFA (1, W)
d. area in the y-direction (meters-squared)—ARFA (2, N)
e. area in the z-direction (meters-squared)-AREA (3, N)

The second set of ouput will be the force that the solar pressure
exerts on the vehicle during one orbit. The variables for this set

of output are:

a. orbit point-N
b. anomaly angle (radians)-RETA (N)
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(3)

(4)

96

Ce force in the x-direction (Newtons)-FCPC (1, N)
d. force in the y-direction (Newtons)-FOPC (2, N)
e. force in the z-direction (Newtons)-FORC (3, N)

The third set of output will be the torque exerted on the vehicle due
to the solar pressure force during one orbit. The variables for this

set of output as seen from left to right are:

a. orbit point-N

b. anomaly angle (radians)-RETA(N)

C. torque in the x-direction (Newton-meters)-TCRQ (1, N)
de. torque in the y-direction (Newton-meters)-TOPO (2, N)

e. torque in the z-direction (Newton-meters)-TORQ (3, N)

The rest of the output is printed for each separate orbit point (N).

The output variahles appear as follows:

a. The sum of the external torques (aerodynamic torques + solar
pressure torques + gravity gradient torques - vehicle crosspro-
duct torques) in the x-direction, y-direction and z-direction
(newton meters)-EXTRC (1, N), EXTRQ (2, N), EX¥TRQ (3, N) respec—
tively.

b. The Euler angles generated (radians)-THETA, PSI, PHI.

c. The Fuler rates generated by differentiation of the Euler angles
(radians/second)~THETAl, PSI1, PHII.

d. The generated gravity gradient torques in the x-direction,
y-directicn and z-direction (Newton-meters)-TGG (1, N,) TGG (2),
TGG (3, N) respectively.

e. The generated vehicle cross-product torque in the x-direction,
y—~direction and z-direction (Newton-meters)-TVC (1, N), TVC (2,
N), TVC (3, N) respectively.



f. The error generated by calculations in the x-direction,
y-direction and z-direction (radians/second)=-DELWX(N), DEIWY(N),
DELWZ(N) respectively.

g The external torque in the inertial reference frame in the
x-direction, y-direction and z-direction (Newton-meters) EX¥TPOI
(1, N), EXTRQI (2, N), EXTRQI (3, N) respectively.

h. The momentum in the inertial reference frame in the x-direction,

y~-direction and z-direction (Newton-meter-seconds)~MOMFI (1, V),
MOMHI (2, N), MOMHI (3, N) respectively.

i. The momentum in the vehicle referencce frame in the x-direction,
y—direction and z-direction (Newton-meter-—seconds)-MOMHV (1, N),
MOMHV (2, N), MOMHV (3, N) respectively.

j. The aerodynamic force in the vehicle reference frame in the
x-direction, y-direction and z-direction (Newtons)-FA33 (1, N),
FA33 (2, N), FA33 (3, N).

k. The aerodynamic torque in the vehicle reference frame in the
x-direction, y-direction and z-direction (Newton-meters) TA33
(1, N), TA33 (2, N), TA33 (3, N) respectively.

1. The sum of the external forces in the x-direction, y-direction
and z-direction (Newtons)-FXTFRC (1, N), FXTTFRC (2, N), FXTFRC

(3, N) respectively.

(5) The following totals are printed at the end of the output for N =
1-61. They are:

a. The total momentum in the vehicle reference frame summed for one

complete orbit, in the x-direction, y-direction and z-direction
(Newton—-meter-seconds )-TMOMX, TMOMY, TMCMZ respectively.
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b. The sum of the absolute value of the solar forces in th
x-direction, y-direction and z-direction (Newtons)-TOTSLPY,
TOTSLRY, TOTSLRZ respectively.

c. The sum of the absolute value of the aerodynamic forces in the
x~direction, y-direction and z-direction (Newtons)-TOTAPOX,
TOTAROY, TOTAROZ respectively.

d. The absolute value of the sum of the solar plus aerodynamic
forces in the x-direction, y-direction (Newtons)-TOTFCS, TOTFCY,
TOTFCZ respectively.

2.8.3.4 Hard Coded Spacecraft Area Definition

Subroutine SOLRPR contains data that pertains exclusively to the-reference
1 spacecraft. These data were defined previously in Table 2.8.2. To
correctly calculate aerodynamic drag effects for other spacecraft the values
of All through A32 and (D11l through CD32 must be changed to reflect the new
model of interest. Also, the values of L11 through 132 must be changed to
reflect the new lever arm created by the displacement of the center of

pressure with respect to the center of mass.

2.9 APPENDAGF SYNTHESTZFR MCILULE

The Appendage Synthesizer (APSYN) allows the user to add interactively
extra grids and elements to a structural model created by an automated model
generator. The user may choose from several types of automatic element
designers. The module creates an updated mass properties file for input to the

Mass Properties Module and an updated dynamic analysis model file.

2.9.1 APSYN Technical Description

APSYN gets input from several sources. The model generators that
interface with APSYN include the Box Ring, Radial Rib, Foop and Column, and

Contiguous Box Truss modules. These modules create two files used by APSYN:
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(1) a mass properties file containing grid, element, and element properties
data and (2) a NASTRAN dynamic model file. These data are read when APSYN
begins execution. APSYN also reads data from a LASS data base and a dedicated
input file. This special file contains four sets of data that specify the
grids and elements to be added. The user reviews and alters this information

as necessary.

Six element designs are available: ratio tube, Euler column, isogrid,
truss, cable, and lattice mast. Fach automated designer 1s given several
input variables and calculates element member sizes and performance
parameters. Ratio tube designs are based on element length, length to
radius-of-gyration ratio, and diameter-to~thickness ratio. Fuler tubes are
designed with a minimum wall thickness and Euler column buckling load.
Isogrids are long, circular elements composed of a mesh-work of small struts.
A truss is a long, triangular element composed of three corner members and

several connecting struts.

The cable is designed as a solid rod under tension. The lattice element
is similar to the truss except the lattice is deployed from a coiled or folded
state inside a canister. Three types of lattice masts are available: (1) a
colled boom with continuous, elastic longerons; (2) a boom with articulated or
folding longerons that rotates during deployment; and (3) a nonrotational boom
with articulated longerons. Figures 2.9.1 through 2.9.3 illustrate these

types of masts.
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Once all the elements are designed, APSYN updates the structural model and

mass properties file to reflect the added grids and connectors.

2.9.2 APSYN User Instructions

The user directs APSYN during five major phases: (1) input file

specification, (2) data base input, (3) APSYN file input, (4) element desing,
and (5) output file specification.

2.9.2.1 1Input File Specification

The user assigns the four input files through the following prompts:

WEL COME TO THED AFFFNUAGL SYNTHESTZFR (APRYN)

| TRST, FLEASE SPECTFY THF FOLLOWING INUDT FTIHES
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PNTER UaTa BASE F L NAML
O LHAK MAX 0 = RFANLT 7 LASKIND

PHIr MAME OF ATSYN TNRUT FTIHE
4 Qe Max o 0 = NEFAULT OF ASHX)

. _—
L AT

PNTE nivpaM1e Mntd b F L E NAMF
/7 CHAR mMAX o O = UL AT O DYNMOn

FNTERC MARS PRODFRITIFS TTLL NAMEF
(7 CHAR MAX . 0~ TEFAVT OF MASSTHND

7RI

After verifying each file exists, APSYN reads the structural model file

and extracts needed information.
2.9.2.2 Data Base Input
Next, five variables are read from the data base:

PLEASE STAND BY WHILE THE DYNAMIC MODEL IS READ

NOW, PLEASE VERIFY THE FOLLOWING INPUY DAaTA

1
+ APPENDAGE SYNTHESIZER (APSYN) TEST CASE NO 1 - 10-23-B1

LASS DATA RASE INPUTS

2 0000 1 NOGRID - NUMBER OF GRID POINTS ALDED (12 MHAX)

3 0000 2 NOCONN - NUMBER OF CONNECTING ELEMENTS ADDED (12 MAX)

2 0000 3  NOMATL - NUMBER OF MATERIAL PROPERTY SETS ADDED (12 MAX)
2 0000 4 NOSEPR - NUMBER OF SECTION PROPERTY SETS ADDED (12 MAX)
2 0000 S5 EFLERA - END FITTING LENGTH RATIOD

ENTER O IF INFUT IS OK,
1 TO CHANGE DATA ITENS VIA THE KEYROARD.
2 TO ENTER A NEW TITLE,
OR 9 TO RETURN TO EXEC
70
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EFLERA is used to add extra mass to the grid points at the ends of an
element to approximate end connectors. This mass equals the mass of the whole

connector times diameter divided by the product of length times EFLFRA.
2.9.2.3 APSYN File Input
The APSYN file contains matrices describing added: (1) nodes, (2)
material property sets, (3) section property sets, and (4) elements. Fach

matrix is displayed and corrected sequentially.

The nodes matrix is first displayed

1
APPENDAGE SYNTHESIZER (APSYN) TEST CASE NO 1 - 10-23-81 NODES MATRIX
1 2 3
ROW EQuUIv ID X ) Y M Z
1 429 o 11 500 100 00
2 430 0 -11 500 100 00

ENTER 0 1F INPUT IS DK,
1 TO CHANGE DATA ITEMS VIA THE KEYBOARD,
2 TO ENTER A NEW TITLE,
3 TO CHANGE THF NUMBER OF ROWS IN NODES .
OR 9 TD RETURN TO THE EXEC
7?0

The equivalent ID is found by adding one to the largest node number found

in the structural mode. The coordinates are based on the system used by the

model generator that first produced the model.

Next, the materials matrix is shown:
4 AFFINDAGE SYNTHESIZFR (APGYN) TEST CASE NO 1 - 10-23-81 HATRLS MATRIX

1 2 3 4 L b 7
ROW Y MOD-N/M2  THRMEX-1/K DENS-KG/M3 STRES-N/M2 SHEAR-N/M2 L MOD-N/H2 LDEN-KG/M3

1 1 3B00CE+11 © 15357 7 14000E408 2 04000E+10 © ]
2 1 34000E+11 O 1939 © 7 14000€+08 1 23789E+10 O ]
ENTER O IF INFUT IS OK
1 TO CHANGE DATA ITEMS VIA THE KEYBOARD,
2 TO ENTER A NEW TITLE.
3 TO CHANGE THE NUMBER OF ROWS IN MATRLS,
OR 9 TO RETURN TO THE EXEC
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truss lacing (element type 2),

where Y.MOD - Young's modulus of elasticity,
THRMEX - Thermal expansion coefficient,
DENS - Actual density,
STRES - Maximum design stress,
SHEAR - Shear modulus,
L.MOD - Young's modulus for
L.DEN - Density of lace (element type 2).
Each added element must have a set of material properties found in this
matrix.

The properties for a lattice mast (type

separate row must be provided.

The section properties matrix follows:

APPENDAGE SYNTHESIZER (APSYN) TEST CASE NO 1 - 10-23-81

-

1 2 3 4
ROW HIN THK-M MIN DIA-M L/ROC DIA/THK

1 3 00000E-03 3 00000E-02 200 00
2 4 00000E-04 1 00Q00E-02 300 00

100 00
100 00

ENTER O IF INFUT IS OK,
1 TO CHANGE DATA ITEMS VIA THE KEYROARD,
2 TO ENTER A NEW TITLE,
3 TO CHANGF THE NUMBER OF ROWS IN SECTON,
OR 9 TO RETURN TDO THE EXEC

1?0
where MIN THK -
MIN DIA -
L/ROG -
DIA/THK -

4) should not be filled in but a

SECTON MATRIX

Minimum allowable wall thickness,
Minimum allowable tube diameter,
Length over radius of gyration,

Diameter over thickness ration.

These design parameters are not required for the lattice mast designer,

but a separate row must be provided.
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Finally, the elements matrix is displayed:

+ AFFENDAGE SYNTHESIZER (APSYN) TEST CASE NGO 1 - 10-23-81
1 2 3 4 S & 7 8
ROW GRIDL GRID2 CONTYPE ADD HASS/M  MATL ID SECT ID DES LOAD-N FRE LOAD-N
1 101 00 429 00 4 0000 [ 1 0000 1 0000 2000 © o 0
2 429 00 430 00 2 0000 [ 2 0000 2 0000 1000 © 4] o
3 430 00 115 oo 4 0000 0 1 0000 1 0000 2000 0 o o

ENTER O IF INPUT IS OK,

1 70 CHANGE DATA ITEMS VIA THE KEYROARD,

2 T0 ENTER A NEW TITLE,

3 TO CHANGE THE NUMBER OF ROWS IN ELEMTS,

OR 9 TO RETURN TO THE EXEC
70

where? Grid 1 - First grid point;
Grid 2 - Second grid point;
CONTYPE - Connector type:
0 = Ratio tube,
1 = Fuler column,
2 = Isogrid,
3 = Truss,
4 = Lattice Mast,
5 = Cable,
6 = Pepeat previous row with different grids;
ADD MASS/M - Added mass per meter of connector (in addition to
connector mass);
MATL ID - Material property set number (row in MATRLS matrix);
SECT ID - Section property set number (row in Section matrix);
DES. LOAD - Axial compressive design load in N (not needed for
lattice mast type 4);
PRE.LOAD - Cable tension in N (element type 5 only)
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INT NODES Number of interal nodes;

PIN FLAGS Connection flag:

Both ends fixed;

w N = O

]

Both ends pinned.

End 1 is pinned and Fnd 2 is fixed;
End 1 is fixed and Fnd 2 is pinned;

At least one of the grids must exist in the structural model.

This matrix completes the input section of APSYN.

2.9.2.4 Flement Design

The elements are designed based on the information
elements loaded with an axial load are designed first,
that can resist a torque. Ratio tubes, Euler columns,
isogrids are designed automatically from the variables

sections. Several key parameters are printed for each

TRUSS COLUMN DESTGNED BY AX1al | OAT-ME TRIC

just supplied. Those
followed by elements
cables, trusses, and
specified in previous

element as shown:

FCR = S0000E+04 1= 20000EH03 Sk= R1834E+03  WT: 31827E4+00

W oo 636HAE40D  H~  1970RE401  I= 400007 -03  N- 91

RHOC=  16330E+04 FEC= 2U900EFL RHOD= 14330E+04 ED=  11000FF1D
IL.C = 2197BE401 IT - RTA3VE40] LF = 22750E40]

AC = 362B3E-04 Al = 2RRR3E -0 AF = R1770E-04

R = 14434E- 01 II = 16821F- O KF' = 8B618F -0

THIN WALL. SOLTD ROL THIN WAl I

L/R=  w1G0BE 103

5C = S5123E4+08

SCR=  LH5154E408

L/7s  73182E+07

TSOGRTI COLUMN DESTGNTI BY AXIAL | 0AD MFTRIC QUTFUS

FCR = 60000E +04 Al = B9IP0ELOR R = 24980E+01
A - RA49IEH00 B = 189B1F-02 I o= 187/00-02
TEAR = 50393E -04 ROD = 21485E-02 W/ = 1R916E+01
CPCR = 40000F404 GAMA = 191 10E400 E = PH900E412
CFIX =  17800F+01 RHO = 16330E104 N = 74
FTOT = GB699E 404 GTR = 22PA4E+0D KETA - 77503F- 02
BLES = 89729E -01
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LULER TUERE DESIGNED BY AXTAL LOAD ANII MINTMUM DIMENSIONS-METRIC
LOAl= 10000EFO4LENGTH=  10440EH03NIA = 30098E+00
THICK = A40000E-03AREA AXIAL= 3782ZE-03AREA MOM = 42826E-05
WT = 64604E+02

TENSION CABLE DESIGNED RY LOAD OVER STRESS ALLOWEDL-METRIC
LOADI=  20000E+0Q4LENGTH= 48920E+0385TRESS ALLOWED= 11000E+07?
UTA= 4B8114E-02WT = 18402E402

The lattice mast designer runs interactively by asking a series of

questions. First, the user specifies the type of mast:

NOW COMES THE DESIGN OF AUDED ROD ELEMENTS
THIS I8 THE LATTICE MAST DESIGNER

SELECT TYPE OF LATTICE MAST
1 —~ CONTINUCUS LONGERONS,
2 - ARTICULATELD' ROTATIONAL LONGERONS,

3 - ARTICULATED' NON-ROTATIONAL LONGERONS
7

These types correspond to those discussed in Section 2.9.1. The mast

material is selected next:

SEFLECT LATTICE MAST MATERIAL
1 - 5 GLASS,
2 ~ HTS GRAFHITE,
3 - 7075 - Té6 ALUMINUM,
4 - TI - 6AL - 4V TITANTUM

2 ;.

The maximum allowable diameter of the mast is input as:

FNTER MAXIMUM STOWED UIAMETER (METERS)
7010
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Next, a critical sizing parameter is chosen:

SEETEE YRR F B R OREAANCE DAkt T e

T - UG5 neaMe TR Ah 15,
A CHE G BENIEING ST HFF NI 85,
A - LHFCh CRUTTOCA AENTTENG MOMENT .
4 - CHECN AL AT oMb 551N,
Boo- CHECR HAsSE REHE WD T FNGTH

f

For continuous longeron masts, input of 1 instructs the program to proceed

directly to performance calculation.

Choices 2 through 5 require the corresponding quantity to be entered:

FNTER BENUING STIFFNESS (ET, N-M2)
A4

The mast diameter required for this performance is calculated and limited

to the maximum allowable diameter. For articulated longeron masts

(type 2 and 3), a choice of 1 instructs the program to request longeron sizes:

PROPICTONGERON WAL THTCRNESS (M, O - HFTAET OF & 39E-4 )

P
S0)

Choices 2 through 5 require input of the appropriate quantity in addition

to longeron wall thickness:
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PNGUR L ORGHON i Aml T (D
(AR

For articulated masts, longeron diameter, not mast diameter, is sized by

these parameters and used to calculate performance.

Finally, the resulting mast characteristics are printed:

HERE AKF THL RESULTING MAST CHARACTERISITCS FOR A
CONTINUOUS LLONGERON MAST

MAST UTAMETER (M) = 1000E+01

LLONGERON WALL THICKNESS (M) = 0

LONGERON DMAMETER (M) = L000F-02

MAST CROSS-SECTIONAL AREA (M2) = 5891E£-04
LEFLOYED LENGIH (M) = 9873F +02

DEFLOYMENT FORCE (N) = 2466E+0 S

STOWET LENGTH (M) = P429E4 00

CANISTER LENGTH (M) = P429E OO

MASHE PER UNLT LENGTH (KG/M) = ~P3ZE100
TOTAL MASS (KG) = 2896E+02

MODULUS OF ELASTICITY (N/MZ) = 1340F412
BENDING STIFFNESS (NM2) = PBLLELO6

STOWED STRAIN LIMIT (M/M) = S000E-02
ACTUAL MATERLAL DENSITY (KRG/M3) = 16460E+04
EFFECTIVE MATERIAL DENSITY (RG/M3) -= 4780 +04
AREA MOMENT OF TNERTIA (M4) = 7363605
TORSTONAL STIFFNICSS (NMZ2) = ?114F 405
SHEAR STIFFNESS (N) = 7292E+06

CRITICAL BENDING MOMENT (NM) = 7789E102
EULER COLUMN COMFRESSTON (N) = P990E+03
ALLOWARLE COMPRESSION (N) = 3116E+03
SHEAR STRENGTH (N) = 38538+02

TORSIONAL STRENGTH (NM) = 1663102

2.9.2.5 Output File Specification

The user specifies the file names where the updated output is stored:

PNTLIC NAME OF UPTA T D DATA BRAST HILE
(/7 CHak  MAxX o 0 = BEFAWU T OF LARSIR

EAR ARSI

PNTHIE SAM OF URTIATET APGYN MaflkIx 11T
(7 CHAR  MAY .« O - TWEALLE O AT
7
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PNTHR NAME OF UHOATE 00 DyNaet ookt 471
¢4 CHAR MAX 0 - Al 0 OF Y )
TSI

PN NMAME (8 URPUATE Y MASY PROPERTITS DILYE
¢/ CHal HMAX 0 = TWEaULT OF mafsuldn

A VAR

Once the files are updated, the module is finished.

2.9.3 APSYN Programmer Instructions

The APSYN program is divided into an input overlay (1,0), a computation
overlay (2,0), and an output overlay (3,0). Each of these prime overlays is
called sequentially by the main overlay (0,0). Table 2.9.1 summarizes the
input and output files used by the program and Table 2.9.2 summarizes the

external routines needed.

TABIE 2.9.1 - APSYN INPUT AND OUTPUT FILFS.

Local Permanent Function

Name Name

TAPE 8 ASMX APSYN matrices

TAPE 11 DYML Updated dynamic model

TAPE 10 DYNMOD Input dynamic model

TAPE 49 INPUT Terminal input

TAPE 14 LASSDB Data base

TAPE 4 LFLAGS Certain program variables

TAPE 7 LPRINT Data base and APSYN matrix printout
TAPFE, 9 LPRINT Data base and APSYN matrix printout
ITAPE 9 MASSIN Mass properties input

TAPF 9 MASSOUT Mass properties output

TAPE 50 OUTPUT Terminal output

TAPE 0 - Dummy file required by TSFMND
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TABLE 2.9.2. - RFQUIPED LIRRAPY PCUTINFS.

Routine Library Function

name name

ASBLKD APSLIB Block data initializer
BILDTM APSLIB Add note to ™ Matrix
CABLE APSLIB Design cable element
CALCW APSLIB Calculate truss mass
CHKINP APSLIB Check input variables
CHNGIM LASSLIB Change input matrix
CHNGIN LASSLIB Change data list

CLOSE LASSLIB Terminate program

CUBIC APSLIB Solve cubic equation
ELDS APSLIB Element designer

EUTU APSLIB Design Euler tube

ISTU APSLIB Design isogrid column
LATTICE APSLIB Design lattice mast
LEFT LASSLIR Left-shift and zero-fill string
LENGTH APSLIB Calculate element length
LINE GP APSLIB Get array line in GPAREA
LINETM APSLIB Get array line in T™
NEWTERM APSLIB Pause and clear screen
PFM LASSLIB Permanent file manager
PRNTGP APSLIB Print grid point matrix
PPNTIM LASSLIB Print matrix

RATU APSLIB Ratio tube designer
RDDTBS LASSLIE Pead data base

RDINPM LASSLIB Pead input matrix

SECT APSLIB Get section properties
SETELM LSSLIB Add element to IEIM
SETNOD LSSLIB Add node to GRIDD

TRUS APSLIB Truss column designer
WPDTBS LASSLIB Write to data base
WRMBCD LASSLIR Write output matrix
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2.9.3.1 TInput Overlay (1,0)

Overlay (1,0) functions to get file names; scan the dynamic model; display
and alter information from the data base, APSYN input files, and mass

properties file; and set certain node and element numbering variables. The
dynamic model is scanned in overlay (1,1) and data base APSYN input and mass
properties information is handled in overlay (1,2). The rest of the

processing occurs in the primary overlay.

The main purpose of reading the dynamic model is to determine what node,
element, material, and property identification numbers are already used in the
existing model. Thus, new items can be added independently of the present
numbering scheme. The source code for overlay (1,1) thoroughly documents the

variables extracted from the model.

Overlay (1,2) reads, prints, and changes information from the data base
and the APSYN input file. The APSYN file contains four sets of data: node
locations, material property sets, section property sets, and element
parameters. Also, node, element and property information is loaded from the
mass properties file into local arrays. These arrays are documented in the

programmer instruction sections of the automated model generators.
2.9.3.2 Computation Cverlay (2,0)

Overlay (2,0) calls three secondary overlays: nodes are processed in
overlay (2,1), elements are processed in overlay (2,2), and masses are

processed 1n overlay (2,3).

In overlay (2,1), external and internal nodes generated by the program are
added to three local arrays (GPAREA, TM, and GRIDD). At least one of these

nodes must be from the structural model or a fatal error will occur. New GRID

cards are added to the dynamic model.
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Overlay (2,2) calls ELDS, a library routine, which designs each added

element. ELDS calls the appropriate element designer and adds PRPOD and PBAPR
cards to the dynamic model. Overlay (2,2) writes CROD, CBAP, and MAT1 cards
and updates the IEIM and TUBP arrays.

Overlay (2,3) transfers the partially updated dynamic model from TAPF 10
to TAPF 11. As this occurs, existing concentrated mass cards, CONMM2, are

updated and new cards are added. This completes the dynamic model.

2.9.3.3 Cutput Overlay (3,0)

Overlay (3,0) writes program information to temporary files and transfers
the temporary files to permanent storage. These files include the data base,
the four APSYN matrices, the dynamic mcdel, and the mass properties. The data
base and APSYN information is also written to local file LPRINT, which can te

copied to a hard copy device after the running of the program.

113



2.10 CONTROL RANDWIDTH ESTIMATION

This program computes the approximate control system bandwidth requirement
for the rigid body case to meet specified pointing limits for an Farth-oriented
mission similar to a radiometer. These data are useful as a measure of the
degree of difficulty of the control problem and, when compared to the
frequencies of the spacecraft structural modes, provide a good measure of the
extent to which flexibility will be a problem. As a general rule, if the

required bandwidth is less than the first mode of the spacecraft, then
flexibility can be expected to play a minor role.

2.10.1 Control Bandwidth Technical Description

The distrubance sources considered in this program are slew command,
aerodynamic pressure effects, and solar pressure effects. In calculating the
bandwidth requirements, the spacecraft is considered to be rigid. The minimum
fuel approach provides the widest bandwidth system and is used for the present

programe.

The controls approach used in the bandwidth program is based on a second
order system, and the bandwidth requirements are derived from these
equations. The bandwidth expressions contained in the source code are for
minimum fuel slew command, constant orbit rate terms for both aerodynamic and
solar torques, twice orbit rate aerotorques, and the step component of the
solar torque. The bandwidth requirements for each contributing disturbance
are calculated successively and compared with the previous bandwidth
determination. The largest value of this comparison is replaced in the

variable BMAX. The program then continues to the next bandwidth driver.

Development of the bandwidth equations are presented in Reference 5.

2.10.2 Control Bandwidth User Information

The user inputs are entered after being prompted by the UIN subroutine.

The first prompt requires selection of input mode from:

)UO YOU WISH 10 USIT DFFAUL TS Ol INPUT INTERARTIVILY
7o
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If the default values are to be used the program will calculate

and output the following.

ALTTTUDNE

]
H

S EWTIHME

DESTGNATE ANGLE

PIMTT ANGIE

INERTIA

TAG TORQUE (W=0)

DRAG TORQUE (W=WORE)
NAG TORQUE (W="XWORE)
SOLAR TORQUE (STER)D
H0LAR TORQUE (STNE)D

MOTNTING BANDWIDTH

FOINTING TORQUE

AL RO BANLWIDTH (0)
AERD BRANDWIDTH (1)
FOR BANDWIDTH (20
SOLAR BANDWTIDTH (STEF)
SOLAR BANIIWTDTH (SINE)
GRAVITY BANDWIDTH

I QUTREOL RIGIDN RODY KW

SO

OSOCOoOO

OO OO

0

X

S00000E-07
2Q2000E406

113976E-03 0

1000005404 CLOSFT 1 OOF DAMFTNG =

Y

S00000E-02

21000E+08
2000008401
300000E+01

S00000E+00
S500000E+00

0

233319E-01
285736E~01

164982E-01
116658E-01

456267F -01

[eReRel

OO0

0
£

300000E+03
A50000E 07
S00000E-02
A26000E+03

S00000E+00
S00000E400

200000L400

14870ZE+04

1564010E-01
115971E-01

319340E+00

If the defaults are not desired data are input interactively.

Successful entry of data is required for advancement to the next prompt,

otherwise the error message, "IMPROPER/INCOMPLETE ENTRY...TRY AGAIN",

is printed and the data prompt redisplayed.

of the interactive input sequence.

HO YOU WISH TO USE LEFAULTS OR

OINT

I NTER ALTITULE TN MILES

71000

I'NTER CLOSEN LOOP DAMFTNG

L

FNTER SLEW TTME FOR

EACH COORIITNATE

Following is an example

INFUT INTERACTIVELY

AXTS

(SEFERATE EACH VaLUE BY A COMMA)

70,0, 300
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PNTRI DFSITRET ANGI T FOR DACH CODRUTNATE AXTS
(BEPERATE EACH UNLUE RY A COMMAD
OO0, A

FNTER THE LIMIT ANGLE FOR EACH COORUINATE AXTS
(SEFERATE EACH UALUE BY A COMMA)
7000, Q0L D0

LNTRER THE INFRTIA FORCEACH COORBINATE AXTSX
(SEPERATE EACH YaALUE BY A COMMA)D
YA AL A A

PTG THE CONSTANT AFROGYNAMIC TRAGG TORAUE
(SEFPERATE RACH VALUE RY A& COMMA)

01,0

PNTER THE ORBTT RATD AFROIRAG TOROU
(SFFFRATD LACH Yal UD BY A COMMA)

YD )

FNTER THE TWICET ORETT RATF AFRO TORQUL X
COLIERNATE TACH VAR BY A COMMAD

AR STRI TR Y]

PNTER ORRBRIT KATD COMPONENT OF SOL AR TORAUL
(SEFERATE EACH UALUE BY A COMMMD

s aa ey 2y
L2 5 P

INTFR THF S0 AR STTF TOROUE ¥
(BEFERATE EACH YnlUE BY & COMMA)

o0, b

Following the last question, the calculations are performed and both the

input and computed output variables are displayed as shown here.
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ALTITUNE = 1000000404 CLASED LOOF HAMPTNG =

= 500000F 4 0C
X Y 7
S FWTIME 0 0 300000E+4+03
DESTGNATE ANGLE 0 0 AS0000E 07
| IMIT ANGLE 500000802 500000E-02 500000E-02
INERTIA 300000E408 400000E +08 400000E+08
HHAG TORQUE (W=0) 0 100000E+01 ©
IRAG TORQUE (W=WORR) 0 100000E+01 O
NRAG TORQUE (W= 2KWORRY 0 0 0
SOLAR TORRUE (STEF) ) 500000E +00 S00000E+00
G0 AR TORAUE (SINE) 0 200000 +01 200000E401
POTNTTNG RANDUWTTCTH 0 0 200000E+00
POINTING TORQUE 0 1394626E+04
AERO BANDWIDTH (0) 1469257E-01 0O
AY RO BANTIWIBTH (1) 16925%6F-01 0
I ROK BANDWITITH (2 0

129071E-01 129071E-01
239365E-01 23PILTE~-01L

SOLAR BANDWINDTH (STEF)
HSOLAR BANDWINTH (SINED
GIAVTTY BANTIWINTH

REQUIRER RIGTD pODY RUW

oo TD
<

3BL194E-01 319340E 00

The user is then prompted to terminate module execution or to perform

another analysis.

2.10.3 Control Bandwidth Programmers Information

The bandwidth estimation program BNDPREC consists of the primary program
and three subroutines (UIN BNDWTH, UOUT). The main program acts as executive

and calls the other subroutines as they are required.

The UIN subroutine is a user friendly interactive routine that prompts the

user for input data. The input variables are defined as follows:

117



ALT Altitude of spacecraft (miles)

CLDAMP Closed loop damping
SLEWT(I) Slew time for each axis (I = 1,3) (sec)
ADDES(I) Desired slewing angle for each axis (I = 1,3) (degrees)

ADLIM (I) Limit or error angle (degrees)
INERTTIA(T) Spacecraft inertia (kg—mz)

TDRAG Constant, orbit rate, twice orbit rate term for x, y, 2z
axis (N-m)

TSTEP Step torque due to eclispe (N-m)

TSINE Solar torque, orbit rate (N-m)

The data input is entered by the user, and is checked for reasonableness
and out-of-bound conditions. The input variables are passed between
subroutines in the common /IN/ block. If an error or invalid value is

detected, an appropriate error message is printes. if CLDAMP = 0, its value

is changed to V2/2 for critical closed loop damping.

The subroutine UOUT is the user output routine. the subroutine formats
and outputs the user input specifications and the resultant control bandwidth

requirements as computed by subroutine BNDWITH.

The BNDWTH subroutine computes the required pointing torque control
bandwidths and maximum equivalent rigid body bandwidth. BWPWIH always returns
an answer. If torque or bandwidth requirement comes back zero, it means that

there is no requirement in this component direction. The output calculations

are passed back to the main program BNDREQ via COMMON/OUT/.
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3.0 DATA FILE DESCRIPTION

This section lists and describes data files generated and used with the

modules described in Section 2.0.

These files fall into two categories, those

using the LASS data base architecture and those using host computer (CDC)

local files and file management.

The files used with each module for initial

test and acceptance runs are listed for each module in Table 3.1. To execute

a module requires typing BEGIN,, (procedure file name) with the procedure file

name found in Table 3.1.

CDC system.

These procedure files are on user ID 262597C on the

Table 3.1. — MODULE FILFS USED FOP TFST RUNS.
Procedure Input Cutput

Module file file(s) file(s)
Box ring RRPROC GR28BOX GR28B0OX, DY28GR, MAS28GR
Contiguous truss LSSCTPR ASSACT ASSACT, DYCT, MASSCT
Radial rib RRPROC ASSARHF ASSARHF, DYRIBHF, MRIRHF
Hoop & column HCPROC ASSAHC ASSAHC, DYHC, MASSHC
Mass properties MPPROC GR28BOX DYASSA, MASASSA

DYAPS

MASSOUT
Orbital transfer OTPROC none none
Rf analysis RFPROC none none
RCD LASSE RCDTEST RCDTEST
Appendage Synthesizer | APSPROC APSRR APSBR

APMX APMX

DYGR28 DYAPS

MPGR28 MASSCUT

The dynamic model files are written for interfacing with NASTRAN. Pecords in

different files have the same general format.

are found at the end of this section.

Fxamples of dynamic model files
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The mass properties matrices files contain element and grid information con-
sisting of arrays IEIM, GRIDD, TUBP, and single variables NFL and NG. The
data written to these files is unformatted and listings are therefore not

included here. The data is similar to that contained in the associated

dynamic model file.

Listing of the other files listed in Table 3.1 can be obtained at LaRC by
retrieving files from User ID 262597C on the LaRC CDC computer system.
Following is an example showing how to obtain a listing of the file DYCT on a

hardcopy terminal.

GET,DYCT/UN=262597C
COPY, DYCT

If a hardcopy i1s desired from a printer (as might be the case when using a

CRT) the procedure 1s:

GFT, (file name)/UN=262597C
ASSIGN, MS, OUTPUT
COPYSRF, (file name)
ROUTE, OUTPUT, DC=PR

Following are listings of the procedure files and the formatted dynamic
model files for each of the model generators. The file DYASSA is the
final result of the Box Ring model. It is created by adding to DY28GR in
both the mass properties and appendage synthesizer modules. Listing

DY28GR or DYAPS would be redundant.
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PROCEDURE FILE LISTINGS

COLY, T 10

F'ROG, RREX
KETURN, ¥, XETIITT
MAF, OFF

GUT, LASSLIR, AVIIIL TR/UN=403180N
GET, RAUSYS/UN=7278350N
SETCORE, ZERO

GET., NMACFTN/UN=LITBRARY

| TERARY, NMACF TN

ATTACH, LIBFTEK/UN=LIRRARY
GE T, LASSER
FTN, [=LASSER, L=T
P USET, LIB=LASSLIB/FORTRAN/AVIDLIR/RAUSYS/LIBFTEN, FRESETA=0
LGO
MUAYFILE, OF=1, DAY
REFLACE, DAY
I XTT

REWIND, DAY

UNAYFILE, OF=1, IIAY
REPLACE, DAY

KLVERT, RREX

EQOT ENCOUNTERED

7/

COrY, Heroe
I"ROGC, RREX
GET, LASSLIEB, AVTDILIB/UN=403180N
10 TURN, 1 GO, T, HOOHC, TAFPEZ, TAPES
GET, RAUSYS/UN=727850N
STTCORE, ZERO
GET, NMACF I'N/UN=L I BRARY
L TRRARY, NMACFTN
ATTACH, LTRFTEK/UN=LIRRARY
G T, HOOFPCOL.
FTN, I=HOOPCOL, L=T
LTSET, L TR=LASSLTIR/FORTRAN/AVINLIR/RAUSYS/LTRF TEK, PRESETA=0
LGO
HWAYFILE, OF=1, DAY
REPLACE, DAY
XL
REWIND, DAY
NAYFILE, OP=T1, IIAY
REPLACE, DAY
K VERT, RREX
FOL ENCOUNTERED
/
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COY. 1 6601

FPROC, LSSCTER
[ LIVER HERYRUER 1232
GET, LASSL IR, AVIDLIB/UN=403180N
MAF, OFF
KL TUKRN, TAFEZ, TAFES
REWIND, LGO, T
HKILWINL, ROXGEN
GET, RAUSYS/UN=727850N
OHETCORE, ZERD
GET., NMACF TN/UN=LIRRARY

I TRRARY, NMACF TN
ATTACH, LIBFTERK/UN=LIRRARY
G T,188C1
FTH, [=1.55CT,L=T

LUSET. LTR=LASSLIB/T ORTRAN/AVIDLIR/RAUSYS/LIRFTER, FRESETA=0
LGO
OAYFILE, OP=T, IIAY
REFLACE, DAY
I XI1
REWIND, DAY
UAYFILE, OF=1, UAY
REFLACE, DAY
REVERTY: RREX

EQL ENCOUNTERED

/

COFY, N SEROS

I'ROC, RREX

RETURN, %, XEDTT

GUT, LASSLIR, AVINLIE, RAUSYS
MAF, OFF
SHTCORE, ZEROD
GET., NMACFTN/UN=LIBRARY
I TRRARY, NMACF TN
ATTACH, LTRF TER/UN=LTRRARY
Gt T, AFSMAIN, A=AFSLTE
FIN, [=AFSMATN, LL=T
I USET, LIER=LASSLTR/FORTRAN/AVIIILIB/A/RAUSYS/LIBFTEK, PRESETA=0
LOSET, USEP=APRLKND
. GO
GAYFTLE, OF= I, DAY
REFLACE, DAY
PXTT
REWIND, DAY
IAYFILE, OF=I, LAY
REFLLACE, DAY
REVERT, RREX

EOT ENCOUNTERED

7
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COLY, 1 AGHI
I'ROC, KRE X
GET, LASSLIE, AVIILTR/UN=403180N
I WLNLG X
Gt T, RAUSYSZUN- 7227850N
MAF, OFF
S TCORL, ZERO
GET, NMACKF TN/UN=LTIBRARY
I TRRARY, NMACF TN
ATTACH, LIBRFTER/UN=LIBRARY
GE T, RCTL TR, MATNRCIH
FTN, I=MAINRCDL =T
I BSET, LIB=LASSL IR/FORTRAN/AVIDLIE/RAUSYS/LIRFTER/KRCIL I, PRESETA=0
LIOSET, USEF=RCRLKD
1 GO
UAYFILE, OF =1, IIAY
REPLACE, DAY
I XIT
REWIND, DAY
UAYFILE, OF=1, LAY
REFLACE, DAY
KEVERT, RREX
EOI ENCOUNTRERED
7/

COMYS RO
FROC, RRFROC
IELTVER NERYRIER 12328
RETURN, %, XEXIT
Gt T, LASSLTR, AVIDIIL TR, RAUSYS
MAP, OFF
ST TCORE ., ZERO
GET, NMACF IN/UN-=L LRRARY
I TBRARY, NMACF TN
ATTACH, LIRFTER/UN=LIBRARY
GE T, RALURITE
FTN, [=RADRTE, L=T
I ISET, LIR=LASSLTR/FORTRAN/AVIDLTR/RAUSYS/LIBFTEK, FRESETA=0
LGO
NAYFLLE, OF= I, IIAY
REFLACE, DAY
FXIT
REWIND, DAY
NAYF LLE, OF=1, DAY
REFPLACE, DAY
REVERT, RREX
EOI ENCOUNTERED
/7
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CORY, MEHROG

FROC, RREX
RETURN, %, XEQIT
GFT, LASSLIL, AVIDLIR/UN= 4031 80N
MAF, OFF
GLT, RAUSYS/UN=72780L0N
GET, NMACF TN/UN=L [BRARY
I TBRARY, NMACFTN
ATTACH, LIBF TER/UN=L [BRARY
GF T, MASNEWL
FIN, T=MASNEWL, L=T
| ISE T, L TR=LASSL IR/FORTRAN/AVILLTR/RAUSYS/L THFTFK, FRESETA- 0
LGO
DAYFILE, OP=1, DAY
REPLACE, DAY
FXIT
REWIND, DAY
NAYF LLE, OF=1, LAY
REFLACE, DAY
RFVERT.: RREX

EOL ENCOUNTERED
/

COEY, 1 O
FROGC, RREX
GET, LASSLIE, AVIDLIR/UN=403180N
IKEWINIG %
Gl T, RAUSYS/UN=727850N
SETCORE, ZERO
Gl T, NMACF TN/UN=l TRRARY
LTIRRARY., NMACFTN
N TACH: LIRF TER/UN=LTRRARY
GET, RFANALR
I TN, I=RF ANALR, L=T
P USET, LIB=LASSLIB/FORTRAN/AVIDLIR/RAUSYS/L IBFTEK, PRESETA-0
1.GO
RITWINL, DAY
DAYFILE, DAY
REFLACE, LAY
EXIT
I WINDG DAY
DAYFILE, DAY
Kl PLACE, DAy
REVERT. RREX
LOI ENCOUNTERED
/
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COrY, QTR
FROC, RREX
MAF . OFF

GET, LASSLIE, AVIDLIR/UN=403180N.

REWIND, X

GET, RAUSYS/UN=727850N

SETCORE, ZERO

G+ T, NMACFTN/UN=LIBRARY.

LIEBRARY., NMACFTN

ATTACH, LIRFTEK/UN=LIBRARY

GET, TRANSS
I TN, I=TRANSS, L=T

LUSET, LIBR=LASSLIR/FORTRAN/AVIDLIR/RAUSYS/LIBFTEK, FRESETA=0

LGO

REWIND, DAY
DAYFILE, DAY
REFLACE, DAY
EXIT
REWIND, DAY

DAYFILE, DAY
REFLACE, DAY
REVERT. RREX

EOI ENCOUNTERED

END OF PROCEDURE FILES
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GRIn
GRID
GRTh
GRIN
G
GRIN
ORI
GRIND
Glefls
GRIG
Gl
GRIN
Giei
GRID
GleIn
GieIu
GRI
GICT I
GRID
Glern
GRID
Glin
GRID
GIKTI
GRTIO
Gler I
Giern
GRID
Gl
GRIN
GHIU
GRIN
GRTH
T
GRID
GID
GRTI
GKTT
GRIN
Gl
GRIn
Gt
GRID
Gleln
GRIT
(Tl
GRID
(GILIT
GRTT

126

10
101
102
103
104
105
106
107
108
109
110
111
1id
113
114
1149
114
117
113
119
12
131

LKl
&b

123
124

eyEn
ARy |

126
12

128
201
202
2043
204
205
206
207
204
09
210
211
s A
T13
214
215
216
M7
=1a
719

ey
2 ke

AT

{n

0

0
13
37
46
L4
58
460
fels
94
44
37
né
14

~13
)
-37
~4b
—~34
-58
-60
=08
~54
-44
-37
-rb

~13

13

<y
A

37
44
G4
a8
60
uf
54
464
37
)
13

-~13
-3é
~37
~-4é

-4

LIGTING 0

0000 O
0000 60
3513 LR
0330 G4
4094 446
7079 37
0LB81 6
4957 13
0000
4947 -13
0LBI-26
099 -37
4094~ 46
0330-54
A0313-U8
0000~ 60
3513-58
0330-54
4094 -46
o937
0581 -246
495713
0000 -
4957 13
QuB1 2
9099 37
4094 44
0330 54
AH13 uB
0000 &0
313 08
0330 54
4094 A4
Q099 37
0581 2
4997 13
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oy
& s

425

aQry
&oa

12
26
226
426
32
12
426
127

oy
£

327
42
426
26
226
326
3Lh
42

Y
Aute

177
327

bl
K £eo
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CRON
CROI
NI
CROL
ClOu
CROD
ClOu
Con
CROT
CRON
CrOn
CROL
Crou
CROD
CROL
CRON
Clon
CROD
CrOnN
CROD
Cikan
CROND
CHOD
CROD
Glon
CROLD
(1O
CROD
on
CROD
cion
CROD
Gion
CRON
CrROD
CROD
Gian
Crou
ciRan
CiaOh
CONMY
CONMZ
CONMZ
CONMZ
CONMZ
CONMZ
CONMZ
CONMZ
CONMZ
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2615
2616
261/
~618
£701
L/70%
2703
w704
2700
2706
2707
=708
2709
27210
2711
2712
2713
“714
2715
2716
o717
2718
2801
~807
2803
2804
28050
2806
2807
2808
2809
2810
<811
2812
2813
2814
2815
2816
2817
2818

102

103

104

105

106

107

108

109

110

400
400
400
400
100
100
150
150
200
200
300
300
400
400
400
400
400
400
400
400
400
400
100
100
150
150
200
200
300
S00
400
400
400
400
400
400
400
400
400
400
102
103
104
105
106
107
108
109
110

3né
426
426
126
127

oy
A ki

387
427
12/

ey
Ko &

127
427

27
rR7
137

ey
4. £

327
327
w7
27
127
128
228
32
28
12
228
12
428
128

ey
e

12
e
K Lo

208
328
328

28
428

i2

34

427
30/
137

N
s

178

ey
pays

328
42
427
327
Y
2/
327
4/
4]
128
308
208
428
328
12
4228
101
201
301
401
toF
328
8
328
328
42
201
101
301
201
401
301
101
401
0 908
908
208
3 908
{08
200
? 408
208
208



LONMZ
CONMZ
CUNMZ
CONMZ
CONMZ
CONMZ
CONMZ
CONMZ
CONMZ
CONMZ
CONM2
CONMZ
CONMZ
CONMZ
CONMZ
CONMZ
CONM2
CONMZ
CONM2
CONMZ
CONMZ
CONMZ
CONMD
CONM2
CONMZ
CONMZ
CONME
CONMZ
CONM2
CONMZ
CONMZ
CONMZ
CONMZ
CONM2
CONMZ
CONMZ
CONM2Z
CONME
CONMEZ
CONMZ
CONMZ
CONM2
CCONMZ2
CONMZ
CONMZ
CONMZ
CONMZ2
CONMZ
CONMZ

111
112
113
114
116
117
ig
119
120
121
82
123
124
1235
12
127
12
201

YNy
Aes N Ree

203
204
205
206
207
208
209
210
211
212
213
214

x4

g e |
216
217
218
219

oy
Py

221

ey ry
l..21..

ey
LY S

ey
A
L ke IR
Ko Ko nd
.y
P AP

e
Koo K

Ty
Lo Rem

301
302
303
304

111
112
113
114
116
117
118
119
12
12
23
12
29
12
127
12
201

LAY e Tl

ER V¥ 5
203
204
205
206
207
208
209
210
211
212
213
214
215
216
=17
218
219

ryry
o R

221
ey
Kow hee L
e ledy
oy
oy
Lo ki

225

Y0y
Ko £

Eo Xl
227

028

301
302
303
304

340

15
15
15

15

908
203
208
208
208
208
208
P01
908
208
000
2008
208

S 904

9008
9093
208
208
208
209
208
208
208
908
908
200
908

. 708

908
208
208
208
208
200
208
2083
208
208
208
204
908
083
208
904
708
4450
450
430
450
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CONMD
CONM2
CONMP
CONME
CONM2
CONM2
CONMZ
CONMZ
CONM2
CONMZ
CONME
CONMZ
CONMZ
CONMZ
CONMZ
CONMZ
CONMZ
CONM2
CONMD
CONMZ
{ ONMZ
CONMZ
CONMZ
CONMZ
.ONM2
CONMZ
CONMZ
CONMZ
CONMY
CONMZ
CONME
CONMZ
CONMZ
CONMZ2
CONMz
CONMZ
CONMZ
CONMZ
CONMZ
CONMZ
CONMZ
CONMZ
CONMS
CONMZ
CONMZ
CONMZ2
CONMZ
CONMZ
CONMZ
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305

$\

306
307
308
309
310
311
312
313
314
315
314
317
318
319
320
321

[aTA)
Ree R

303
32

305
326
Y
328
401
402
403
404
405
406
407
408
409
410
411
412
413
414
414
414
417
418
419
420
421

20
L&

4z
424

' A}~
e

30%
306
307
308
309
310
311
312
313
314
315
314
317
318
319
320
321
R

-
Band

324
325
326
327
32

401
402
403
404
405
406
40/
408
409
410
411
412
413
414
415
416
417
418
419
420
421
T YA,
403
424

a1
PR |

1% 450

5 OARD
A4S0
A4a0
450
A50
450
450
400
400
450
400
R S11]
400
450
4450
450
450
450
450
3 450
450
450
450
450
450
450
450
A%50
430
15 450
15 450
15 450
13 450
1u 450
15 4350
15 450
15 45
15 4590
15 450
15 450
15 490
130 400
13 450
19 400
15 450
q 450
15 4450
13 450

[ AT e B AN

r

fi g1 A

1 & O 0

Gt en e U

L

i R i R e O e T R o e Tt = andh N sl N oo
R

Gegnhagndioan



CONM

CONMZ

CONMZ2

FORCEL
| ORCE]
FORCE1
I ORCE'1
FORCE1
FURCF1
FORCEL
1 ORCEL
FORCE1
FORCEA
FORCE1
I OKCE1
FORCE1
FORCE L
FORCEL
ITORCEA

FORCEN
FORCE1
I ORCE]
- ORCEL
I"ORCEN
I ORCE1L
FORCEL
I OKCE]
FORCEL
I ORCE1
FORCEL
1 ORCE1
FORCE1
FORCE L
FORCEL
1"ORCEA
I ORCF1
1 NRCIEA
FORCE
1 ORCED
I ORCEN
TORCE]
FORCEL
I ORCE
FORCE]
I ORCE1
FORCE1
I ORCEA
1 ORCEA

426
427

28
301
302
303
304
305
3046
307
308
309
310
311
312
313
314
315
314

318
319
320
321

L Kl
L 3 i §

303
304
Ky

26
327
328
401
4072
403
404
405
404
407
408
409
410
411
412
413
414
414
416
417
418

426
47

28
301
S02
303
304
303
306
307
308
309
310
311
312
313
314
313G
316

318
319
320
31

ey
WAL

Ky
324

T

Vs
3%

R
328
40}
402
403
404
400
404
407
408
409
410
411
A
413
414
410
414
417
418

4%
44
43
45
45

A45.

A5
4%
4%
A5
45
45
45
4%
43
4%

45
45
45
45
45
4%
45
45
45
A
A5
ALy
45
4%
45
45
4%
45
45
4%
4%
4%
445
40
40
4%
4%
A%

47

410
410
410
4310
410
410
410
410
410
410
410
410
410
410
410
410

410
410
410
410
410
410
410
410
410
410
410
410
410
410
410
410
410
410
410
410
410
410
410
410
410
410
410
410
410

15
13
15

450
450
450
301
302
303
304
305
306
307
308
309
310
311
31z
313
314
315
Alé

318
317
30
21
32
32
305
306
307
308
401
402
403
404
405
406
407
408
409
410
411
AR
413
414
415
a16
417
418
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I"ORCE1
FORCEL
-ORCE]
FORCE1
I OURCE1
FORCEL
I ORCE1
FORCE1
| ORCE1
FORCEL
GRIN
GRIN
1'kon
FROI
I'kon
MAT1
MATI
MAT1
Cron
CRrROL
RO
CONM2
CONM2
CONMZ
CONM2R
ENDDATA
~EOR- -

142

419
420
421

el
Ly

423
424
4235
426
A7
28
429
430
401
407!
403
5059
3506
507
o819
2820
281
101
s
429
430

419
420
1
=3
=4
235
426
47
42

505
506
uo7
13E+HL2
13E412
13E+HL2
401
407
403
101
115

29

430

I NIt

40
45
45
45
45
A5
45
45
45
45

0

0

410
410
410
410
410
410
410
410
410
410
000
000

S9E-04
16E~-04
S9E-04
12E+11
128411
12E+11

101
AZY
430

419
420
421

4z
424

25

26

. 27
28

11 3500
-11 500
74E-0%5
80E-04
74E-05

429

430

115

15 976
15 976
376 000
376 000

aOr  oYassn

10
10
10
10
10
10
10
10
10
10
100 000
100 000

4980 00
1939 00
4980 00

456
454



BLGIN LK

$  DATA FOR RADIAL

4 TNCLUDING

SIAKTY OF TISTING Of

RIB CONFIGURATION
CLRCUMFERENT AL HOOP

P THCLUDTNG CENTRAL FEED M

AST

FOCAL LENGTH/RIA =

0 00
0 00
MAGS
00
00
00
00
00
00
10
101
102
103
104
105

SO oo o

ASS
16

63

78

12 94
10
201
200
203
204

205

t
4
6 47
8
10

MASS
4 17
8 33
2 50
16 67
20 83

B INCLUBING FEED SUPTORT STAYS
+ NO  OF RTRS, DLIAMETER,
GieIm 10

GRID 11

b GReLl, BAR ETEMENTS, MESH
GRIN 101

G 102

GRIND 103

GRTH 104

GRIN 10

G n 106

CRAR 101 101
CHAR 107 102
CRAk 103 103
CHAR 104 104
CRAR 104 105
CHAR 106 106
CONM2 101 101
CONMZ 102 102
CONMZ2 103 103
CONMZ 104 104
CONMY 105 105
CONME 106 106

F OGRID, HAR ELEMENTS, MESH
GRID 201

GIn S0

GRID 203

Giernm 204

GiIn 203

(31eIH 206

CRrAR 201 101
CltAk 207 102
CrAR 203 103
CRAR 204 104
CRAlk 205 105
CHAR f06 106
CONMZ 201 201
CONME 202 202
CONMZ 203 203
(CONMZ2 204 204
(LONMZ 209 205
CONMZ 206 2064

4 GRIN, HAR ELEMENTS, MESH
GR LD 301

GRIN 300

GRIU 303

Gl 304

GiID 305

GRIn 306

25 00

0 00
0 00

FOR RIR

-
o]
o

-n
o

8 33
16 67
25 00
33 33
41 67
50 00

101

102

103

104

105

106

821

651
. 500

377

291

129

RIR
8 05
16 10
24 15
32 20
40 25
48 30

201

Ea ¥ a Yl
FIR VN

203
204
205
206
821
651
500
377
291
12

R1E
7 22
14 43
21 65
8 87
36 08
43 30

AR R IR U NS

mUg~ Uil

0

100

1

\5

o M

oy

YT R

00
00

17
469
T
78
34

”ee
Fae |

11
11
11
11
11
11

17
69
54
78
34

e
& nd

i1
11
11
11
11

17
49
56
78
34

ez
FARW

2

4

100 00

1 00

MNRIRIIN R

PIPre IR PRI

143



CRAR 301 101 10 301 it

AR 302 102 301 302 11
CIAK 303 103 A0 303 i
CRAR 304 104 303 S04 11
CHAR 305 105 304 305 11
CHAR 306 106 305 064 11
CONM2 301 30t 1 821
CONMD 302 307 3 601
CONMZ 303 303 b G300
CONMD 304 304 7 377
CONM2 305 305 9 291
CONMZ 306 306 VI WA

CONTINGE 1O KRS 4 THROUGH 2.

Y
B GRITL, BAR DI EMFNTS, MESH MASS FOR RIT 24
Gietn 2401 ~-a 16 8 05 17
GRID 240 -4 31 16 10 &Y
GieTh 403 ~&b 47 S4 015 1 06
Gin S404 -8 63 3 2 ~ /8
GRIT 2405 -10 78 40 05 4 34
GRID 2406 12 24 48 30 &
CRAR 2401 101 10 401 11
CHAR 2400 109 2401 ;407 1
ChAk 2403 103 2402 ~403 i1
ChaR 2404 104 2403 404 11
CRAR 24050 105 404 2400 11
CRrAR 2406 106 2403 2404 i1
CCONMZ 2401 401 1 821
{ ONM2 S402 L4007 3 601
CONMZ 403 403 o D00
CONMZ 2404 2404 7 77
CONME 405 “40n 9 293
CONMZ 2406 2404 G918y
P CONCENTHRATED MASS FOR HUR
CONMZ 10 10 473 911
$  RIB FROPERTIES, MATERIALS
P'IAR 101 1004 92F- 04/ OLE-064 94F -061 20F- 05
1'ltAR 102 1004 7LF-046 83E-064 23E- 061 11E-00
I"lAR 103 1004 SBE-046 64E-063 5SIT- 061 021 - 05
FRAR 104 1004 42K -046 46E-062 79E-069 27E-06
AR 105 1004 2QOE-0446 PBE- 062 OBE-068 3BE-06
P'IAR 106 1004 OBF- 046 O9F-041 36E-0467 49E-06
MAT1 1007 O0EFLO1 00EFLO 1 24E403
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+  HOOF GRTI,

GRIN
GlIn
CRAR
G uakR
GRIN
CRAR
ClAR
GRTD
CHAR
GHAR
GleTh
CRAR
CHAR
GiIn
CRAR
CHAR
Gt
CRAR
CHAR
GleTh
CRAR
CUAR
GIn
CRAR
Jliak
GRID
CRAR
CRAR
ST
CRAR
(" HAR
GRIN
CRAR
AR
GlIn
CBAR
AR
GilgIn
CRAR
ClAR
GiIn
CRAR
ClAR
Glein
CEAR
CLAR
GlIn
ChAR
CUAR
GRTN
CRAR
GHAR

by
150
100001
100002
200
100003
100004
350
10000%
100006
450
100007
100008
050
100009
100010
650
100011
10001
730
100013
100014
8590
100015
100016
950
100017
100018
1050
100019
100020
1150
100021
100022
250
100023
100024
1350
100025
100026
14350
100027
100028
1550
100029
100030
14650
100031
100032
1750
100033
100034

ELEMENTS,

200
200

200
£00

200
200

200
200

200
200

200
200

200
200

200
200

200
200

200
200

200
200

200
200
200
200

200
200

200
200

<00
«00

200
200

FROMEFRITES ANIt MATERIALS

0 00
6 93
106
150
19 13
206
«00
30 44
306
350
39 &7
406
450
446 19
506
590
49 57
606
650
49 57
706
730
446 19
8064
850
39 &7
906
950
30 44
1006
1050
19 13
1106
1150
6 93
1206
1250
-& O3
1306
1350
-19 13
1406
1450
~30 44
1506
1550
-39 67
1606
1650
-46 19
1706
1750

O 00
49 a7
150
206

46 19
250
306

39 67
350
406

30 44
450
306

19 13
530
606

& 53
4650
7064

-6 O3
750
804
-19 13
850
906
-30 44
250
1006
-39 67
1050
1106
-46 19
1150
1206
~49 7
1250
1306
-49 57
1350
14046
-4 19
1450
1506
-39 &7
1550
1606

- 30 44
1650
1704
-19 13
1750
1806

6
é

)

é

é

&

b

&

é

b

b

&

é

b

o
&d
ryee
& o
(R
pw
w
«}
oy
%)

Y

5
Y]
]

3

2
it Ren o Gienoen

L]
”

~y
- <
hoLn

2
Lin

Koo

e

2

3 3]
S Uticier B

¢
L5

e
FARN

123456
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Glgln
CRAR
CHAR
GRID
CRAR
CHAR
RSB L
CRAR
CuraRr
GRID
CHAR
GCUAR
GRID
CRAR
CHAR
Gt
C1AR

146

11850
100035
100036

1930
100037
100038

2030
100039
100040

2150
100041
100042

Yy
Ay A

100043
100044
2350

10004%

-49 L7 -6 U3

200 18046 1840
=00 1850 19206

- 49 o7 6 U3
200 1906 1950
200 1950 2006

-44 19 19 13
200 2006 2030
200 2050 2106
-39 67 30 44
=00 21046 2150
200 =150 2206
~30 44 39 &7
200 2R06 2250
200 2250 2306
~-19 13 446 19
200 2306 2350

I NG OF Dyler -

&

6

&

4
-

Cheh o U R en LT et

s

-

bl
dqieym

3

]
ganriann

s B

P ™

P ™
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REGIN BULK
¥ TITLE = MPTEST

GITI 100000

$ GRIDWORK

GIRIT 111111
GRID 111112
GieTh 211112
GRID 111113
(GRID 211113
GRID 11121t
GRID 211211
GRID 121z
ST 2112
GRID 3Lz
GRI 411212
GRIN 111213
GRID 211213
GRID 3112713
GRID 411213
Glin 111311
GRID 211311
GRID 111312
GlelTt £1131%
GIRID 311312
GRID 411312
Gieln 121111
GRIN 121142
GRID 221112
Gl 121113
GRID 221113
GRID 121211
GIRTIH 221211
GRID 21212
GRTID 221212
GrIn 321212
(RIl 421212
GRID 121213
GRRID 221213
GRRIN 21213
GRID 421213
(31T L 121311
GRID 221311
GRTD 121312
GRIN 221312
GleIn 21312
GRIN 421312

S1aRT O

oyt

00

000
457
A57
841
841
000
000
457
457
457
457
841
841
841
841
000
000
457
A57
457
457
000
457
A5 7
g41
841
000
000

.AG7

457
457
457
841
841
841

. 841

000
000
457
457
457
457

i

{
S DOCOOOO

SO COCC

~4

-8

00

000
000
000
000
000
AS7
AG7
457
437
457
437
457
A57
457
457
841

. 841

841

. 841

841
841

. 000

000
000
000
000
AS7
457
457
A57
457
457
457

. 457

457
457
841
841
841
841
841
841

-

V00O L0000 00t e e

e 23

000
281
281
105
105
281
281
562
a6z
962
S62
386
. 386
386
386
105
105
386
384
386
386
840
121
121
245
945
121
121
402
402
402
402
226
22

22

245
945
226
226

123456
123456
123456
123456
123456
123456
123456
123456
123456
123456
123456
123456
123456
123456
123456
123456
123456
123456
1234L6
123456
123456
123456
1234546
123406
123456
123456
123456
123456
123456
123456
123456
123456
123456
123456
123456
123456

23456
123454

23454
123456
123456
123456
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(I RNAK
$110001
CUAle
+110002
CuAk
F110003
CHAR
+110004
IR
+11000%3
ClAR
1110006
CUAR
110007
CHAR
+110008
. HAR
+110009
CHAR
110010
CHAR
111001)1
CRAR
}11001%
CHAR
+110013
CIAR
+110014
CRAR
$11001%5
CUAR
+110016
GliaR
+110017
CHRAR
+110018
CHAR
1110019
CRAR
+110020
CHAR
+110021
CHAR
+110022
CHAR
+110023
HAR
+110024
CHAR
$110023
CRAR
+110026

148

110001
T
110002
56
110003
oéh
1100604
56
11000%
96
110004
96
110007
0é4
110008
bé
110009
56
110010
9éb
110011
446
110012
456
110013
456
110014
456
110015
456
110016
454
110017
456
116018
456
110019
4546
110020
4546
110021
A56
110022
4564
110023
456
110024
454
110025
454
110026
456

Q9911
406
PAL AR
A4%6
997211
454
9911
454
P¢9911
456
999911
454
999931
456
999911
456
299911

45
299911
454
999911
7)
299911
1)
999911
U6
99911
1)
999911
ST
999911
T
999911
56
999911
56
999911
eT:)
999911
96
999911
564
w9911
56
99911
S6
9211
56
299911
56
299911

1)

IERRRE
111112
111711
111217
111311
111111
111211
111112
1112
111113
111111
211112
111211
2112012
111311
P11112
P11212

211113

3131212
211311
111111
211211
211112
311212

211113

1111121
1111131
1112121
11121313
113131201
1112111
1113111
1112121
1113121

1112131

2111131,

21120121
2112131
2113121
211212

2113121
2112131
3112121
3112131
311312

2112111
2113111
3112121
3113121

3112131

o O

<

o O o ©

<o O

ke

(o B e

<

<

0

o o O O O

(o e N =

<

S OO O



CRAR
+110027
CHAR
+110028
CRAk
t110029
ORAK
+110030
GCHAR
+L10031
GCRAOR
F110032
ClAR
t120001
CRAR
+120002
CRAR
+12000.3
CRRAR
+120004
CHAR
F120005
CRAR
+120006
{. AR
+12000/7
CRAR
+120008
AR
F120009
CRAR
+120010
CHAR
F120011
ClHAR
+120012
CltAR
P120013
Cliak
+120014
CHAR
+12001%
CRAR
+120016
CUHAR
PL20017
CHAR
FL20018
CHAR
+120019
AR
+12002

11007
454
110028
456
11002
456
L10030
1)
110031
454
110037
456
120001
“é
120002
56
20003
56
120004
956
12000%
Db
20006
96
120007
36
120008
T
120009
Hé
120010
36
120011
456
120012
456
120013
4546
120014
454
120015
456
1200146
454
120017
A54
120018
4546
120019
4546
120040
454

999911
56
99911
S9é
999911
0é
P99911
T
999911
T
999911
T
999911
456
999911
456
999911
456
299911
456
999911
456
99911
456
Y9911
456
999911
456
299911
456
999911
436
2999211
Te)
999911
T
999911
T
99211
56
299911
56
999911
86
999911
56
999911
T
99911
56
999911
LT

S1121
411212
211311
111112
411212
111113
121111
121112
121211
Il Y
121311
123111
121211
121112
191010
121113
1213111
221112

191211

ryey ”~
enl?ld

121311
221112
221717
221113
=f1211

daiziz

411232
4112131
411312
41121201
4113121
4112131
1811121
1211131
1212121
1212131
1213121
1212111
1213111
121212
1213121
s17131
s21iia

sa1113

2212131
2213121
2212121
2013121
2212131
321212

3212131

o OO

<o O

o o O O O <

<

S e O O O O

< oo O O O

S S o O

(o s B

O

<

< O

0

0

0

<o OO O

<

Lo

o O O
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CHAR
120021
CRAR
120022
CHAR
+120023
CHAR
+120024
ClAR
120025
CHAR
+120024
CHAR
+120027
CHAR
+120028
CHAR
120029
CrAR
+120030
CHAR
+120031
CRAR
+120032

%+ VERTICAL

CHAR
+120033
CHAR
+120034
CHAR
+12003%5
CHAR
+120036
CRAR
+120037
CHAR
+120038
CHAR
+120039
CRrAR
+120040
CHAR
+120041
CLRAR
+120042
CHAR
+120043
CHAR
+120044
CRAR
+120045

150

12001
456
120022
454
12002
456
120024
456
120025
456
120026
454
120027
456
120028
4546
120029
456
120030
456
20031
4546
120032
454
REAMS
120033
56
120034
T
120035
56
120036
36
120037
56
120038
56
120039
56
120040
56
120041
56
120042
36
120043
856
120044
56
120045
54

999911
wé
299911
56
299911
56
99911
T
299911
T
99911
56
999911
56
799911
56
299911
56
99911
96
999911
56
999911
56

99962
456
PPRP462
456
99962
456
299962
456
999962
456
PP9962
456
99961
456
99962
456
P99962
456
99962
4356
999462
456
P94
456
PeRP62
456

221311
121111

221211

321212
221113
221211
421012
221311
121112
421212

171113

111111
111112
211112
111113
211113
111211
211211
111212
211212
311212
411212
111213

211213

3%1312
2212111
2213111
212128
3013121

3C12131

4212131
421312

4212121

4212131,

1211110

121112

1211130
2211130
1212110

2212110

20,

2212120
32121720

212120
1212130

2212130

oI < o -

<

<

< O

S OO
c © o O o

<

fe

<O

[ = B o

oI« IR = e
o o C O

< < <

<



AR 120046 999962 311213 3212130
+120046 D6 456

CHAR 120047 999962 4112313 42127130
+120047 36 456

CRAR 20048 999962 111311 1213110
+120048 G6 456

CEAR 120049 999962 211311 2Z13110
+120049 96 4356

CRAR 120050 999962 111312 1213120
+120050 96 456

CHAR 120051 999962 211312 2213120
+120051 1) 456

CHAR 120052 9992962 311312 321312
+12005 a6 456

ChAR 120053 999962 411312 21312
+120053 56 456

b HORIZONTAI NTAGONALS

CRON 140001 888811 111111 1112172
Cron 140002 888811 131211 111112
CRORD 130001 888811 121111 2121,
Con 150002 888811 121211 121112
CROD 140003 888811 111112 111213
Cleon 140004 888811 111212 111113
CROD 150003 888811t 1 1112 121213
icon 150004 888811 1231212 21113
CROL 140005 888811 111211 111312
Ckon 1400046 888811 111311 1112312
CROD 150005 888811 12121t 131L
(eon 150006 888811 121311 121212
Cion 140007 888811 1j11i1 211212
CROD 140008 888311 211112 111211
Cion 140009 888811 1213111 21212
CRON 140010 888811 221112 121211
Cieon 140011 888811 111111 311212
1on 140012 888811 211112 211211
CROD 140013 888811 121111 321217
clreon 140014 8488811 201112 2212711
CROD 1400135 8848811 11111t 4tii2y
(on 1400146 888811 1311112 211211
koo 140017 488811 S1111 412
CROD 140018 888811 121112 22121
Gran 140019 888811 11112 211213
CROD 14002 288811 211113 211219
Cien 140021 888811 “”J]]L 221213
Cicon 140022 888811 221113 22112
cRro 140023 888811 211112 311213
Cron 140024 888811 ?]1113 3liziz
CROW 140025 888811 221112 321213
cron 140026 888811 2201113 3212
CieOn 140027 888811 111112 4112713
CROD 1400428 8883811 111113 4112170

<

<o O

< O O

< O O
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152

CRON 140029 888811
CROD 140030 888811
CROD 140031 888811
Cian 140032 888811
CROD 140033 388811
Cron 140034 888811
CrROD 140035 8388811
Crou 140034 888811
cieon 140037 888811
CROW 140038 888811
CrOD 140039 888811
CROI 140040 888811
Cion 140041 B8B8811
CteQu 140042 888811
$ VERTICAL DIAGONALS

Cron 160001 888811
CRROmn 160002 888811
Cion 140003 888811
CRON 160004 888811
;10n 1460005 888811
CRon 160006 888811
Ccion 160007 888811
CRon 160008 888811
Cian 160009 888811
CROD 160010 888311
cron 160011 888811
CROI 160012 888811
Gion 160013 888811
CROD 160014 8883811
craon 1460010 BHBBI1
CROD 160016 888811
Cron 140017 888811
CROD 160018 888811
Ciean 160019 8488811
CROD 1460020 888811
CRon 260001 888811
CROL 260002 888811
Cion £60003 888811
CROD ~60004 888311
0D 260005 888811
CROND 2600046 3883811
NN 260007 888811
ciron L60008 888811
CROD 260009 888811
Cron #60010 888811
CRON 260011 888811
ctson 260012 888811
N 260013 888811
CROD 260014 888811
GCROD 260015 888811
CRrROD 260016 888311
CRON 360001 888811
Cion 3460002 888811

1211317
121113
111211
P DA
121211
221212
211211
311212
221211
321212
211211
411212
so1211
421212

121111
121112
121111
121211
i1z
121113
Q1211
121311
121211
121212
1211312
1&1 112
121213
121217
121312
121311
121312
121113
121213
12]]11
2111%
Lh11]&
221113
121211
2a1212
221112

201212

‘_l..-l 1
2 1?
A..K-l
?215]-
121311
221312
221113
5-1_14.1\3
f1111
””1 11

421213
421210
211312
111311
221317
121311
311312
211311
321312
221311
411312
211311

21312
221311

111312
111111
111211
111111
111113
111112
111311
111”11
111212
112
1112312
111112
111213
11212
111312
111212
111312
111311
111213
111113
211112
111111
211113
5.1111’1

]1"\ ")
111211
11212
211112
211213
211212

211312

11“\ "‘i
“1131”
111311
211213
211113
2112711
111111



CROL
(N
CRONO
CHOD
CHon
CRON
CROT
cROD
Cieon
Clou
CROD
cron
CRro
creon
Clon
CROD
Cron
CROD
CrOnN
cron
CRon
Cou
CROD
(RO
Clon
CRON

3460003
360004
3600045
360006
360007
360008
340009
3460010
360011
360012
S60013
3460014
360015
3460016
460001
460002
460003
460004
460005
460006
460007
440008
4460009
4460010

460011
4460012

388811
8868811
888811
888811
888811
888811
888811
888811
888811
888611
8838811
808811
8883811
888811
880811
888811
888811
888811
888811
888811
888811
888811
888811
888811
888811
888811

221211
01311
AT R
YA i
YIS I X
321212
321212
L1213
sz
21312
21311
321312
221113
21213
221211
21212
AN DY
1212
21212
421213
21212
21312
221311
4731312
121113
21213

211311
211211
Jiz212
211211
311212
2111y
311213
Jriztie
311312
311212
313
«11311
311213
211113
4311212
211211
411212
ity
411213
411212
411317
411212
411312
211311
411213
111113
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%<1

¢ BEAM FROFERTTES

1'REAM
19999111
+7992112N0
FP999113N0
FIREAM P99912
F9929%9121
t9999122N0
FYPP9123N0O
MAT1 211
FREAM PI9961
FP9924611
P9999612N0
FY9994613N0
I'REAM PP996%
19999621
tP999622N0
}2999623N0
'HEAM 999963
t9999631
19999432N0
t9999633N0
MAT1 ?12

999911

% RON FROFERTIES

1'ieon
PROXI
MAT1
MAT1

888811
888812
811
812

P11 3
03 3
10 3
P11 0
0 G 0
10 0

1 AEF11 2
P1e O
09 5
10 5
P12 ¥
09 9
10 9
P12 0
0% 0
10 0
1 4E+11 2
811 1
811 0

1 4E411 2

1 4EFLL 2

PE~04

PE-04
PE~-04

1EFLO
1504

TE-04
1E—-04
PE~04

PE~04
L-04

1E+10

3E-04

1E+10
1E+10

NOo O < et L -

WLl O M

2E-07

2E~07
2E-07

0E~01
DE-09

SE-09
SE-09
7E-09

7E-09
7E-09

OE-01

7E-09

OE~01
OE~-01

OO O

-

2E~07

2E-07
2E-07

PELO3
GE-09

SE-09

1 S5E-09

a4

= oo (e R Ry

~ e OO

7E-09

7E-09
7E-09

PE+03

PE+03
PE+O3

ol e RoNe OCCO O

COoOOC OO0 SO C

3

e RN ]

HNOOoC

= Od G

e NoNel [ I

QE--09

OF ~09
OE- 09
1E-08

1E-08
1E~-08

OO O OCoC O

COO OO0 OO0

+9999111
+99992112
+9999113

1999912
19999102
2999212

19999411
199994612
19999613

19999421
19999622
+99994620

19999631
1929994632
19999633



b CONCENTRATEU

CONMZ 111111
CONMZ 111112
CONMZ 211112
CONMZ 111113
CONMZ 211113
CONMZ 111211
CONM2 211211
CONMZ 11212
CONMZ 211212
CONMZ 311212
CONMZ 411212
CONMZ 111213
CONMZ 211213
CONMZ 311213
CHONME 411213
CONMZ 111311
CONMZ 211311
CONMZ 111312
CONMZ 211312
CONMZ 311312
CONMZ 411312
CONMZ 171111
CONMZ 121112
CONMZ 221112
CONMZ 121113
CONMZ 221113
CONMZ 121211
CONMZ2 221211
CONMZ2 121212
CONMZ 221212
CONMZ 321212
CCONM2 21212
CONMZ 121213
CONMZ 221213
CONM2 321213
CONMZ 421213
CONM2 121311
CONMZ 221311
CONMZ 121312
CONMZ 221312
CONMZ 321312
CONMZ2 421312
$ GRAVITY LOADINGS
GRav 100

GIeAV 200

$ FARAMETERS
HARANM GROENT
ENDDATA

111111
111112
S11112
111113
211113
111211
211211
1112212
211212
31121%
411212
111213
211213
311213
411213
111311
211311
111312
2113312
311312
411312
121111
121112
221112

21113
221113
121211
221211
121212
221212
321212

21212
121213
221213
321213
421213
121311
221311
121312
221312
321312
421312

100000

NI

HEDLHIDDDH DD LDNDdNbD N

MASSES FROM SURFACE ARRAY

00%
Q0%
005
005
009
0045
005
005
003
003
005
Q0%

.00%

005
005
00%
005
005
005
005
00%
681
481
681
681
681
681
681
681
681
681
681
681
681
681
481

. 681

681
681
681
681
681

0 00 O 00000 O 00000 O 00000
0 00 0.00000 0 00000 O 00000
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I GIN RULK

v ATA FOR HOOF AND
$ INCLUDTING FORE S5TAYS.

LISHING OF

COLUMN CONF1GURATTON

BACK

+ TNCLUDNING CENTRAL STAYS

STAYS

OyHc

4+ HOOF DTAMETER, COLUMN HEIGHT = 100 00 100 00

%  COLUMN GRID, ELEMENTS AND PROPERTIES

GieIn 101 0 00 0 00 0 00

GRID 102 0 00 0 00 10 00

CRAR 101 101 101 102 5901

FRAR 101 1001 17E-011 08E+001 O8BE+4002 15E4+00
GRID 103 0 00 0 00 20 00

CRAR 102 102 102 103 01

I'RAR 102 1001 S0E~017.23E-017 2Z5E-011 45E+00
GRID 104 0 00 0 00 30 00

CHAR 103 103 103 104 301

FRAR 103 1001 83E-013 73E-013 75E-017 G0E-01
G(RIn 105 0 00 0 00 53 33

CRAR 104 104 104 105 501

'RAR 104 1001 40E-018 235E-018 IHE~011 &6LE4H00
GRID 106 0 00 0 00 76 67

CUAR 105 105 105 106 301

FRAR 105 1001 07E~011.18E+001 1B3E+002 335EHOD
GRTI 107 0 00 0 00 100 00

CRAR 106 104 106 107 501

I'HAR 106 1007 3BE-021 53E4001 H3E4003 O0SE400
%  CONCENTRATED MASS FOR COLUMN

CONMZ 10107 107 300 000

CONMZ 10101 101 1000 000

(:ONM2 10104 104 235 619

MATL 1001 32E+111 S1EHLO 1 920E+03

4+ HOOF GR1lL, ELEMENTS, FPROFPERTIES AND MATERIALS

GRID v 0 00 0 00 29 00

GRID G901 0 00 a0 00 25 00

CRAR S0t 500 901 302 a

CONMZ 8501 01 22 907

GRID 502 12 94 48 30 25 00

ClAR o0z 500 902 503 )

CONMZ 8350% 507 2e 907

(1IN 503 29 00 43 30 28 00

CrAR 503 500 303 904 3

CCONM2 8503 503 e 907

GRID 304 33 36 35 34 23 00

CIAR u04 200 204 L] ]

CONMZ 83504 304 na 907

GRIn 509 43 30 20 00 25 00

craR 509 500 HOG 504 o

ONME 8505 505 a2 907

GRID 506 48 30 12 74 2% 00

(AR 06 500 D06 007 o

156
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CONML
GRIN
Crak
CONMZ
GleT
CRAR
CONMZ
GRIN
N (T-11
CONM2
el m
CRAR
CONM2
GRID
ClHAR
CONMZ
GicTIn
CRAR
CUNM2
GIKID
ClAR
CONMZ
(ikIn
CRAR
CONM2
GRIU
CHAR
CONMZ
Gt
CUAR
CONMZ
GRTD
CIAK
CONMD
GRIN
CUak
CONMZ
GleI
CHAR
fONME
GRTI
LRAR
CONMZ
3¢l
CRAR
FONML
GRTD
[ HAR
CONM2

8506
507
507

83507
508
308

8u08
507
509

8509
510
510

8510
311
511

8511
510
912

gni
513
5313

8513
514
514

gnh14
515
515

8515
516
516

8516
517
517

8517
518
R 1]

85148
519
G919

8519
D20
520

8520
nal
Y

8521

£y
F A

85a2n

S00

520
500
a2l

000

[Tt
[ oy

22 907
00

208

22 907
-12 94
509

22 907
-25 00
910

we 907
-35 36
511

22 907
-43 30
9512

22 907
-48 30
913
w9207
-50 00
914

22 907
-48 30
915

22 907
-43 30
5164

22 907
-39 36
al7

22 907
-25 00
918

22 907
~12 94
519

2n 907
- 00
320

22 907
12 94
021

Q2 907
25 00
S92n

Q8 907
35 36
923

22 907

»2
]

™I 8] 3]
Hy ]

h

e
n

3]

3
&

™
[4x

~3
in

e

3
a5

e
£ond

X
4]

~es
Aand
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GieTh
ClAk
CONMD
GRIN
" ltak
CONMZ2
'IAK
MAT1

b

LS ]
wi& \5
ey
et F s

8L23
S24
D4
Bu24
000

-39 00
500 523
O3

-12 74
000 S24
G4
004 GOL-039

H3007 OLEFLOl OLE+HLIO

STAY ATTACH SYSTEM GR1I,

$  DATA FOR HOOF FOINT 1

Glei 201 0 00
FLLOTEL 1201 101 201
RRED 2201 1011234046
GRInN 301 0 00
'L OTEL 1301 104 301
RERER 2301 104123456
GIRIN 401 0 00
FILLOTEL 1401 107 401
RECS 2401 10712034564
CROD 12001 200 201
CRO 14001 400 401
%  DATA FOR HOOP FOINT 2

GRTh 208 13
PLOTEL 1202 101 20%
KHE2 220 1011234564
GRIL 302 06
1 OTERD 1302 104 302
REEZ 2302 104123456
Gl 402 13
FILOTEL 1402 107 40:!
KRE 2 2400 1071203456
CROD 12002 200 202
Cleon 14002 400 402
$  DATA FOR HOOF FOTINT 3

GIRTI 203 25
FILOTEL 1203 101 203
KIE 2 203 101123456
GRIN 303 13
't OTEL. 1303 104 303
REBEZ 2303 104123456
GRIT 403 PR
FILOTEL 1403 107 403
KREZ 2403 107123456
CROD 12003 200 203
(AN 14003 400 403
% DATA FOR HOOF FOINT 4

G 204 35
11 OTEI 1204 101 204
REELD 2204 1011223456

158

43 30
524
ot 907
48 30
501
907

ETAY
Lee he

e
£ s

e
&

&

00

4

00
¥]

HOE-061 O7E-001
o O0EFOJS

ELEMENTS

50

201
29

301
50

401
501
w0l

48

I
AN £

~
Ao

307
48

402
507
502

43
203

hr il
£ i

303
43
403
903
503
35

204

0

30

100

\.50

100

30

100

00

00

00

00

00

00

00

00

00

00



Gin 304
FILOTEL 1304
WRE2 2304
GRID 404
' OTEL 1404
RREZ 2404
C1on 127004
CrROD 14004
+ HATA HOOF
GRID 203
' 0T 1200
RBEZ 22035
(3ieTI 305
FLOTEL 1305
K2 2300
GRIN 405
i1 OTEL 140%
RREZ =405
Cion 12005
CROD 14005
o IATA T OR HOOF
GRIN 206
FLLOTEL 1206
KIE? 22068
GRIL 306
I't OTEL 1306
RRERZ 2306
GRTN 406
FILOTEL 1406
KREZ 2406
CROD 12006
CROD 14006
$  DATA FOR HOOP
GiTI =07
FILOTEL 1207
KBED 807
GRID 307
' OTFL 130/
RBER 2307
GIID 407
FILOTEL 1407
KIEZ 2407
Cron 12007
CROD 14007
+  DATA TOR HOOF
GRIN 208
FILOTEL 1208
RKUEZ 2208
GRTID 308

14
104 304
104123454
35
107 404
107113456
200 204
400 404
FOINT O
43
101 200
1011234546
104 303
104123406
4.3
107 405
107123456
200 200
400 405
FOINT &
48
101 206
101123456
=4
104 306
10412345
48
107 406
1071203456
=00 206
400 404
FOINT 7
50
101 207
101123406
29
104 307
104123456
w0
107 407
107123456
200 <07
400 407
FOINT 8
48
101 208
101123456
24

18
304
335

404
504
504

o]

e
L
20%

13

3005

e
& sd

40%
505
509
13
206
06
304
13

406
306
006

00
207
00

307
00

407
uo7
S0/
- 13

208
- Qb

30

100

100

30

100

100

30

00

00

00

00

00

00

00

00

00

00

Q0

00

00
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'.OTE 1308 104 308

RREZ 2308 104123456
GIRTIN 408 48
FILOTEL 1408 107 4083
KRED 408 107123456
CROD 12008 200 208
CRou 14008 400 408
$ DATA FOR HOOF FOINT 9

GieTn 209 43
FILOTEL 1209 101 209
KIED 2209 1011234546
GRIN 309 2
FOTEL 1309 104 309
RREZ 2309 1041234356
GRTU 409 43
FILOTEL 1409 107 409
WHELD 2409 1071273456
CROD 12009 200 209
leon 14009 400 409
$ DATA FOR HOOF FOINT 10

GIIN 210 35
FLLOTEL 1210 101 210
IHEZ 2210 101123456
GRID 310 i8
I OTEL 1310 104 310
RRE2 2310 104123456
G 410 35
FILOTEL 1410 107 410
KUED 2410 107123456
CRrROD 12010 200 210
Cron 14010 400 410
4  DOATA FOR HOOF FOINT 11

GRID 211 &8
i1 OTEL 1211 101 211
RRE2 2211 101123456
GleIn 311 13
FILLOTEL 1311 104 311
HWRE2 2311 1041234546
GRID 411 29
FILOTEL 1411 107 411
CHED 2411 1071234546
CROD 12011 200 211
CrRon 14011 400 411
T DATA FOR HOOF POINT 12

GITID 212 13
FLLOTEL 1212 101 212
HREZD 2212 101123456
GRID 312 06
FLOTEL 1312 104 312

160

303

4

13

08

508

5

4
bu
]

08

1

S

11

100

30

100

30

100

30

00

00

00

00

00

00

00

00

00

00

00

00



KREZ s312
GRID 412
HL.OTEL 1412
RRE2 2412
oD 120179
CROu 14012
o DATA FOR HOOF
GRIn f13
FLLOTEL 213
NHEZ 2813
GieIn 313
HOTEL %313
RBEZ 2313
Giefhn 413
FLOTEL 1413
KREZ 2413
CRO® 12013
oD 14013
$  DATA FOR HOOPF
GRTI 214
FILOTEL 1214
KRED 2214
GRID 314
™ OTEL 1314
RRE?2 2314
GieIm 414
FLLOTEL 1414
KIE 2 414
CROD 12014
C1eon 14014
¢  DATA FOR HOOP
GRIn 2150
FLLOTEL 1215
KRED S2105
GRIN 315
1 0700 13140
RREZ 2315
Gl 415
FI.OTEL 1415
KRE2 2415
CROD 12015
CROW 14015
+  DATA FOR HOO!
Gl 216
FI.OTEFL 1216
RIEL 2216
GRID RN
' OTEL 13164
RRER 2316

1041383456
13
107 417
107123456
200 212
400 412
FOINT 13
00
101 213
101123456
00
104 313
104123456
Q0
107 413
107123454
200 213
400 413
FOINT 14
- 13
101 214
101123456
- 06
104 314
104123456
- 13
107 414
107123456
200 214
400 414
FOTNT 15
- x) 5
101 219
101123456
~ 13
104 315
1041223456
- 29
107 A1
107123456
200 215
400 415
FOTNT 16
- 30
101t 216
1011273456
- 1R
104 316
104123456

312
- 48 100

412

510
517

3
AR 30

313
- B0Fh100

413
5913
513
-~ 48 0

214
- 24 30

314
- 48 100

A14
514
514
- 43 0

P15

- 22 30

315
- 43 100

415
Sl
515

- 30 0

216
- 149 30

314

00

00

00

00

00

00

00

00

00

00

00

00

161



GRID 416
PLOTEL 1416
RRED 2416
CROD 12016
Ckon 14016
4% DATA FOR HOOF
GikIn 217
PLOTEL 1217
HEZ2 2217
GRIN 317
L OTEL 1317
RRER 2317
GRID 417
FLLOTEL 1417
KHEZ 2417
CROD 12017
CROD 14017
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RO P4 107123456
CROT 12024 200 22

( kOD 14074 400 424
FROT 200 2001 SOE-060
RO 300 3001 10E~060
FROD 400 4001 10E-040
MAT 2001 27E41113 S3E410
MATL 3001 3BEFL12. 30EHLO
MATI 4001 30E4111 %H0E410
% MUSCEI LANEQUS DATA

I'ARAM  GRUFNT 101
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GItAY 1 9 81
GRAY 2 9 81
GltAY 3 9 81
ENDIATA

- EOR- -

FNDOF XOYHC 1T ISTING
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