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Preface
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Telecommunications Division by the Engineering
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Abstract

A digital computer program has been developed which
analyzes any radial rib antenna which has ribs radiating
from a center hub. The program has the capability

to; calculate the antenna surface contour (reversed
pillowing effect), calculate the optimum rib shape
which minimizes the RMS surface error, calculate the
actual RMS surface error, compensate for rib deflection
due to mesh tension and catenary cable tension, and

determine the pattern from which the mesh gores are cut.
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1. INTRODUCTION

This report describes the program capabilities, mathematical formulation,
numerical solution, program usage and requirements, and typical printout of
the radial rib antenna analysis program (RRAMRO).

The radial rib antenna analysis program calculates the antenna surface contour
of the mesh that is stretched between two radial ribs (reverse pillowing
effect), calculates the optimum radial rib shape which minimizes the RMS surface
error, compensates for the rib deflection produced by the mesh tension and
catenary cable tension, and determines the pattern from which the mesh gores are
cut. The program is designed to run on the JPL Univac 1108, EXEC 8 system and
is written in Fortran V language.

II. PROGRAM DESCRIPTION

Program Capabilities

RRAMRO is a radial rib antenna analysis program which is designed to provide
antenna mesh contours, RMS surface errors, optimum rib shapes, rib deflections
due to mesh and catenary cable tensions, and mesh cutting patterns for any
radial rib antenna (Figure 1). The program's major capabilities and requirements
are described in the following sectiomns.

Mesh Contour Determination: The computer program will calculate the
antenna mesh contour for any radial rib antenna. The user must specify
the mesh unit tensions in the two orthogonal directions. The first

unit tension (radial) is parallel to a centerline between the ribs, and
the second unit tension (circumferential) is perpendicular to this
centerline. The tension parallel to the centerline produces the reversed
pillowing effect, while the tension perpendicular to the centerline tends
to flatten the mesh.

RMS Surface Error Calculation: The computer program will determine the
RMS surface error of the calculated antenna mesh contour with respect to
the desired ideal parabolic antenna. The RMS error may be weighted by

the antenna surface area associated with each node or the projected
surface area associated with each node. The projected surface area is
determined by projecting the actual antenna surface area on a plane normal
to the antenna axis of symmetry. The RMS error may also be weighted by an
illumination factor "E" which describes the intensity of illumination at
each point on the antenna. For constant illumination intensity, this
factor equals 1.0 at all points. The illumination weighting function used
in the program is

1+ cos ©

E = 5 )*cosz(K*B)

cos—l[0.562*W/57(l + cos 905]

]
o

-1 D
= * —_—
and 60 2%tan ( iF

where K =

)
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D = antenna diameter
F = antenna focal length

60 and 9 are in radians

6 is the angle between the ray through the focal point and the node on the
antenna being considered, and the ray on the antenna axis of symmetry
through the focal point. Additional weighting functions can be substituted
simply by programming the equations in the form of a subroutine and re-
placing the existing weighting function subroutine with the new subroutine.
The user may request illumination weighting or no illumination weighting.

Rib Optimization: The computer program will calculate the optimum rib
shape which will minimize the electrical performance degradations due to
the deviation of the mesh surface from the ideal parabola. The program
alters the rib shape and determines the associated mesh contour and RMS
surface error. The program continues to do this until it finds the rib
shape with the minimum RMS surface error. The final equation of the
optimum rib is

(Radius)  + Al*(p) + A2%(4%p> - 3%p)

7 =
8*FPD#RO
+ A3%(16%p> - 20%p> + 5%p)
where p = Radius - RI is the normalized radius and Al, A2, A3

RO - RI — .
are the optimization variables, and Radius = %2 + y2

Rib Deflection Due to Mesh Tension and Catenary Cable Tension: The
computer program calculates the rib deflection due to (1) the mesh tension,
(2) the tension in the catenary cable connecting the rib tips. To obtain
the desired optimum rib shape after the cable and mesh are applied, the
predeflected rib shape must differ from the desired optimum rib by an amount
equal to the predicted rib deflection. Therefore, when the mesh and

cable are applied, the rib will be deflected to its optimum shape. The
program prints this predeflected rib shape in both tabular form and also
in equation form. The equation has the same form as the optimum rib shape
equation. The final equation of the predeflected rib shape (machined
shape) is

Z = (Radius) + Bl*(p) + B2*(_4*p3 - 3%p)

8*FPD*R0O
5 3
+ B3#%(16%*p~ - 20%*p~ + 5%p)
where p = Radius - RI and Bl, B2, B3 are the variables

RO - RI
determined during the curve fitting of the equation through the node
points on the predeflected rib shape.
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Catenary Cable Effect: The computer program will accept either a straight
rigid boundary between rib tips or a catenary cable attached between the
ribs. The rib deflection analysis can only be run when using the catenary
cable as an upper boundary. When using the straight rigid boundary, the
program only calculates the optimum rib shape and RMS error and not the
predeflected rib shape.

Mesh Cutting Pattern: The program will calculate the required mesh pattern
for cutting out the mesh gores for the antenna. This pattern includes the
curved boundary which is fastened to the catenary cable.

Mathematical Formulation

In the design of unfurlable antennas with reflectors composed of mesh materials
stretched between radial ribs, one of the problems is the determination of the
deviations of the mesh surface from an ideal paraboloid. The general nature

of the deviation can be seen by examining an umbrella in its open position.

The cloth membrane is pulled taut between two curved, relatively rigid ribs.

Due to the curvature of the ribs and the mesh tension in the radial direction,
the membrane takes a doubly curved contour bowing in toward the concave side of
the antenna. The greater the curvature and the greater the tension in the
radial direction, the greater the deviation from the ideal surface. To calculate
this deviation at points on the antenna mesh, a program was developed to find the
equilibrium contour of the mesh for any radial rib antenna (given the orthogonal
tensions in the radial and circumferential directions). The mesh surface is
assumed to be a membrane with negligible bending stiffness with all forces
acting in the plane of the membrane. The solution of the membrane equilibrium
equation is approximated by applying an iterative relaxation process to a

finite difference approximation to the equations. The scope of the mesh contour
calculation program also includes the capability to calculate the radial rib
shape which produces the minimum electrical performance degradation due to the
deviation of the mesh surface from the parabola. The optimization of the rib
shape is accomplished by superimposing three Chebychev polynomials on the
generating parabola of the ideal paraboloid and using the simplex method to
optimize the polynomial constants.

The mesh contour analysis is formulated by considering the equilibrium of forces
acting on an element of a deformed membrane (Figure 2).

The unit tensions Ny and N, in two orthogonal directions are assumed to be
uniform throughout the surface. Let ir andgn be unit tangent vectors along
orthogonal curves B and o respectively. X¢ is the curvature of a line formed
by the intersection of the surface and a plane containing ir and iy = i x in,
while X, is the curvature of a line formed by the intersection of the surface
with a plane containing i, and i;. Equating forces along ij to zero
(Reference 1), and neglecting the cross term,

gX€+NnX = 0 (L)
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Figure 2. Deformed Membrane Element

To obtain the governing equation of the antenna mesh in terms of (x, y, z)
coordinates, one section between two ribs of the antenna is considered. Let
F be the rigid frame formed by the parabolic ribs and the top and bottom
relatively rigid members (Figure 3).

This frame is filled with a surface formed by straight line generators
parallel to the x-axis. If the frame is filled with a membrane, the resulting
surface will be displaced from the straight line surface. ZLetting £ and

n correspond to x and y respectively, and letting U = displacement of the
membrane in the z direction,

X, =  32y/sy?

[1 +(_ag 2} 3/2
Y
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PARABOLIC — Y
RIBS BASE

UPPER BOUNDARY

Figure 3. Antenna Section

Let 9 be the angle between the normal to the surface and the x-z plane, and
let

K = 32U/3X2 : (3)
X 2,43/2
[1 + Pﬂ’ }
3X
and
cos 6 = L )
ey ]
Y
where
Xg= Ig( cos ©
Substitution of Equations (2) and (3) and (4) into Equation (1) yields
2 2 2 2
3 X
Ng u/ 1 + N, o7u/9yY -0 (5)
. (?H 23/2 . (au 27172 {3U 27372
x| dY L+ oy
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or

2 3/2
U
22y | Ny [1 + ax) ] 32y
2 ' N 7 7 = 0 (6)
9X £ 1+ BU) Y
5Y

The numerical solution of the above equation was obtained by a finite difference
method using successive over-relaxation to increase convergence (Reference 2).

To minimize the electrical performance degredation due to the deviation of the
mesh surface from the ideal paraboloid, a program to optimize the shape of the
radial ribs was added. To define this optimum shape in terms of a few variables,
Chebychev polynomials are superimposed on the original parabola to define the
new shape. The equation of the rib becomes,

Z = (x> + y2)/8XFPD*RO + Al*(p) + A2%(4%p -3%0) + A3%(16%p -20%p +5%p) (7)

where p is the normalized radius and Z is the distance from the plane through
the vertex of the parabola and normal to the antenna axis of symmetry to a point
on the rib. The variables Al, A2, A3 are varied to obtain a rib shape which
produces a membrane deflection with the least RMS surface error. The simplex
method of Nelder and Mead is used to iterate toward the minimum from an initial
estimate (Reference 3). This method obtains a minimization of a function of N
variables by comparison of function values at the (N + 1) vertices of a general
simplex. Then the highest value vertex is replaced by another of lower value.

Since the optimum rib shape is the shape desired after assembly of the antenna,
the as-manufactured rib shape must deviate for the optimum rib shape by an amount
equal to the deflection of the rib when the mesh and catenary cable are applied.
This predicted deflection is subtracted for the optimum shape so that when the
mesh and cable are applied to the rib, the deflection due to the applied tensions
produces the desired optimum rib shape. The rib deflection due to the mesh
tension is determined from the equation,

- dzu +_u _ _M(s)
d32 R E*I(s)
where

u = deflection normal to the rib
s = distance along rib
R = radius of curvature of rib
M = moment applied to rib from mesh and cable
E = modulus of elasticity of rib
I = moment of inertia of rib section

The equation is solved using trapezoidal integration.
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III. PROGRAM USAGE

RRAMRO is a main program designed to be used in batch mode. The input parameters
which define the radial rib antenna's configuration and material properties are read
in from data cards using namelist names DATA]l and DATA2. Any number of antenna
configurations can be generated in a single computer run by including one or more
data groups in the run stream. A data group consists of a DATAl card and, when
required, a DATA2 card. All input data must be supplied to the computer program in
the same basic units. If these basic units are centimeters, grams, and seconds,
then all dimensions or combinations of dimensions must use these units. The user

" cannot mix centimeters and meters, grams and kilograms, or seconds and minutes, etc.
The program then outputs all calculated data in the user's basic units.

NAMELIST/DATA1l/ contains 23 parameters which may be assigned values in any data group.
Since the parameter assignments of previous data groups are used if not reassigned,
data groups following the first need contain only those parameter assignments which
are changes from those in the previous data group. The first 13 parameters listed
below are all preset to nominal values during compilation, and only those parameters
differing from the preassigned values need be inputed. The other 10 parameters must
be assigned a value in the first data group. A DATAl card must be supplied for each
data group.

The following parameters belong to NAMELIST/DATAl/ and may be included in any order.

General Parameters

LOOP

An integer to be used in the first data group to indicate the number
of data groups to be read. RRAMRO reads LOOP data groups including
the first. Parameter preset to a nominal value of 1.

NB = An integer used to define the grid size for the finite difference
analysis. 1 specifies a coarse grid, and 2 specifies a fine grid.
Since the CPU time increases by a factor of three for the fine grid as
compared to the coarse grid, the fine grid should be used only when
the configuration being analyzed is a final analysis. For parametric
studies looking at relationships between the RMS surface error and
antenna parameters such as number of ribs, orthogonal tension ratios,
antenna diameters, etc., the coarse grid should be used. Parameter
preset to a nominal value of 1.

An integer used to define whether the antenna rib will be optimized.
0 specifies no rib optimization, and 1 specifies rib optimization.
Parameter preset to a nominal value of O.

NOPTIM

NWEIGH

An integer used to define whether the antenna has constant illumination
intensity throughout the antenna surface or has varying illumination
intensity. O specifies varying intensity and 1 specifies constant
intensity. Parameter preset to a nominal value of 1.

NAREA

An integer used to define whether the surface errors will be weighted

by the actual antenna surface area associated with each node or weighted
by the projected surface area associated with each node. 0 specifies
projected area, while 1 specifies surface area. Parameter preset to

a nominal value of 1.
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NTENS An integer used to define whether the rib deflection due to the mesh
and cable tension will be considered. O specifies no rib deflection
analysis, and 1 specifies the rib deflection will be analyzed. Parameter

preset to a nominal value of 0. SAG must be set to 0.0 when NTENS = 0.

NCHECK = An integer used to define whether the expanded output will be printed.
The differences between the expanded output and the standard output
are described in the sample output section. O specifies the standard
output, and 1 specifies the expanded output. Parameter preset to a
nominal value of O.

NPUNCH

An integer used to define whether punched cards are outputed. These
cards describe the antenna's surface contour in (%X, y, z) coordinates
where z is the distance from a plane normal to the antenna axis of
symmetry through the vertex of the parabolic antenna to the node

point being considered. O specifies no cards outputed, while 1 specifies
punched cards outputed. Parameter preset to a nominal value of 0.

NGORE = An integer used to define whether the mesh gore cutting pattern is
printed. O specifies no gore pattern, while 1 specifies the printing
of the gore pattern. Parameter preset to a nominal value of O.

SAG = The deflection from.a straight line of the catenary cable attached
at the rib tips. For a straight rigid boundary, this value is 0.0.
Parameter preset to a nominal value of 0.0.

Al,A2,A3= The variables multiplying the Chebychev polynomials which perturb the
rib shape. If a case has been run and the optimum rib shape determined
(Al, A2, A3 known), and if the user wants to rerun that case with the
same DATAl data but with new DATA2 data, he may input the previously
calculated values of Al, A2, and A3 and set NOPTIM = Q. This saves
CPU time, since the optimum rib is inputed instead of calculated.
Parameters preset to nominal values of 0.0.

RO = The radius of the antenna.
RI = The radius of the antenna hub.
FPD = The focal length of the antenna divided by the diameter of the antenna.

Unitless quantity.

DIFM = The maximum allowable surface error at any point on the antenna.

DHUBR = The subdish primary blockage radius.

ERRHUB = The RMS surface error of the central rigid dish. The central rigid
dish is part of the main reflector surface and lies within the hub of
of the main reflector surface. When RI > DHUBR, the central dish is
included in the overall RMS error computation.

TYC = The mesh tension per unit length in the radial direction.

TXT = The mesh tension per unit length in the circumferential direction at

the inner radius of the mesh.
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TXB

NRIBS

The mesh tension per unit length in the circumferential direction at
the outer radius of the mesh. Using TXT and TXB, the program is
capable of calculating the mesh contour and deflected rib shape for
a linearly varying circumferential tension.

An integer defining the number of antenna ribs. Must be greater than 4.

The following 7 parameters belong to NAMELIST/DATA2/ and may be included in any order.
All 7 parameters must be assigned values in the first DATA2 card. Since the parameter
assignments of previous data groups are used if not reassigned, data groups following
the first DATA2 card need contain only those parameter assignments which are changes
from those previously assigned. A DATA2 card must be supplied whenever the rib
deflection analysis is run; i.e., when NTENS = 1,

General

Parameters

WIDTH

HEIGHT

TROB

TRIB

TROT

TRIT

ERIB

The effective width of the fin attached to the rib. If no fin is
attached to the rib, this wvalue is set to 0.0.

The effective height of the fin attached to the rib. If no fin is
attached to the rib, this value should be set to 0.0.

The

The

The

The

The
and

outside radius of the rib at its base.
inside radius of the rib at its base.
outside radius of the rib at the rib tip.
inside radius of the rib at the rib tip.

modulus of elasticity of the rib and fin divided by 106. The rib
fin are assumed to be made of the same material.

IV. PROGRAM REQUIREMENTS

Storage:

Timing:

RRAMRO requires approximately 22,000 words of storage.

RRAMRO requires approximately 15 seconds to run one mesh shape

calculation with the coarse grid and approximately 45 seconds with the fine
grid. Mesh shape calculation and rib optimization requires approximately
45-60 seconds with the coarse grid and 90-120 seconds with the fine mesh.
Compilation time is approximately 15 seconds and should be added to,the total
estimated computation time.

10
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V. JOB PREPARATION

RRAMRO and related subroutines are available in source deck.
complete run stream is as follows.

@RUN....
@FOR, IS RRAMRO,RRAMRO

@XQT
SDATAl....$
SDATA2....$
SDATAl....$

@FIN

JPL Technical Memorandum 33-518
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EXAMPLES AND SAMPLE OUTPUT

In order to demonstrate the program's use, example problems are considered in
Table 1. The units are specified by the user (L. = Length, F. = Force)

$DATAL
Nominal Values Preset

Parameter in Program Case 1 Case 2 Case 3
LOOP 1 3 * *
NB 1 * * *
NOPTIM 0 * 1 0
NWEIGH 1 0 * 1
NAREA 1 * * *
NTENS 0 1 * 0
NCHECK 0 * 1 0
NPUNCH 0 * 1 0
NGORE 0 * 1 0
SAG 0.0 L. 1.0 * 0.0
Al 0.0 -0.0807598 0.0 *
A2 0.0 -0.0001072 0.0 *
A3 0.0 0.0011375 0.0 *
RO - L. 84.0 * 60.0
RL - L. 27.0 * 20.0
FPD - L./L. 0.42 * 0.5
DIFM - L. 0.08 * 0.8
DHUBR - L. 18.0 * 20.0
ERRHUB - L. 0.008 * *
TYC - F./L. 0.03 * 0.04
TXT - F./L. 0.09 0.12 0.08
TXB - F./L. 0.09 0.12 0.08
NRIBS - 48 * 38

SDATA2

WIDTH - L. 0.1875 * X
HEIGHT - L. 0.045 * X
TROB - L. 0.5625 * X
TRIB - L. 0.5425 * X
TROT - L. 0.5625 * X
TRIT - L. 0.5425 * X
ERIB - megaforce/L.2 10.0 * X

The (-) indicates no preset value is supplied for that variable. The (*) indicates
preassigned values are used. The (x) indicates that no value need be assigned.

Table 1 — Data defining three example cases.
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The following data cards were used to input the three cases.

$DATA1 LOOP=3y NWEIGH=0s NTENS=1s SAG=1e0s A1==~¢N80T7598s A2=-40001072
A3=40n11375s RO=84es RI=27es FPD=¢42y DIFM=,08,s NHIINR=18,5s SRRHIIB=.0N8,
TYC=eN3y TXT=,09y TXB=,09, NRIRS=48%%

IDATAZ wIDTH=.1875s HEIGAT=.C45, TROE=4562%, TRIB=45425, TROT=45625,
TRIT=,52%, ERIB=10e % .

LDOATAY NOPTIM=1y NOHIZICK=1,s NPUKCH=l, NGCRE=1s Al=0e0s AZ=0eCs A3=0.0>
TXT=el1Zs TABR=412%

£

SDATA2 WIDTH=.1875%
SOATAL NOPTIM=0. NAEIGH=1, NTENS=0, NCHECK=0s NPUNCH=0s NGORE=Q,
SAG=CeCy RU=6Cey RIZ2Ces FPD=eSs DIFM=,8, DHUER=20es TYC=404s TXT=408»
TYX5=e08, NRIBS=38%

For Case 1, only those variables that are not preassigned or are redefined have
been inputed. Cases 2 and 3 reflect the fact that preceding cases have redefined
some of the variables, and only those variables different from the previous cases
are inputed. Note that for Case 1, the variables Al, A2, and A3 are read in, and
no rib optimization is performed (NOPTIM = 0). Previously, the same set of DATAl
data had been run and Al, A2, and A3 were determined. For Case 2, new circum-
ferential tensions are assigned; therefore, a new rib optimization is required.
Although no changes are made in DATA2 variables from Case 1 to Case 2, a DATA2
card is still required for Case 2 since NTENS = 1. For Case 3, no rib deflection
analysis is performed; therefore, no DATA2 card is required. Also, for Case 3,
no solid central dish is considered in the RMS error calculation since the hub
radius (RI=20) and the subdish primary blockage radius (DHUBR=20) are equal.

Description of the Output for Case 2

Case 2 represents a standard mesh contour calculation, rib optimization, and
rib deflection analysis and is printed using the expanded output. Appendix B
is the output for case 2 data.

The output of the node coordinates and z-deflections is in the form of an array
of numbers, with the left hand column being the centerline of a mesh between two
ribs. Only half of the mesh panel is printed, since it is symmetric. The right
hand element in each row is the node on the rib. Figure 4 shows a typical array
of elements.

Case 2 also has card punch output. The format is described below. The first
seven cards list the parameters RO, RI, half angle between ribs, FPD, TYC, TXT,
TXB. The next punched card has the variables, focal length, Y; and Yo (from
Figure 5), half angle between ribs, and Aj, Aj, A3, listed in a (4710.4, 3E13.8)

format. The next group of cards list the (X, Y, Z) coordinates, node numbers (I, J),

and node card number. The format is (3F10.4, 3I10). The final card has the total
number of node cards printed. This total is added to 1,000,000 and printed in a
(50X, 110) format. This card can be used as a check to see if all node cards are

in the deck.

JPIL. Technical Memorandum 33-518
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Figure 4 - Typical node locations for mesh shape analysis.
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VIII. APPENDIX A PROGRAM LISTING

~FORs1I¢ MAINsSMAIN
DIMENSTON Y(321)sLIM({221)sU(22125)sX(3)sUUP(321,42)
COMMON HHoY oL IMaRIyILTMoDTISosCAS s ROSELAMSSANSTXB s TXT o FPDoUGHVT s JPL
1sDMeDIFMXsDIFMyRIBN sUP ¢ SAGCyNCHECK o NPUNCH s NGORE
COMMON/NQG/NOPTIMsTYCs THETASERDR s NRy DHIJRR s ERRHUR
COMMON/NT/NDELTU S NWETGH s NMESHINAREASNTFNE
102C FORMAT(1H 428H#*%** NUMBER OF R128 =,15428H ANTEN
INA RADIUS =4sFT7e3912H 3% 3 )
1040 FORMAT (TH] 9 SOH® X %% X% X2 XX F XX XM HBH KK H X FHMB R XX W HH XM AL H TR 24 8%
JUBEHFESRHARFARRT AR ER KRR RHAHNR)
1050 FORMAT(1H o BOHBHH AR HH XX ¥XH K HH R 2 R0 RM XA HHXXMH XXX R XHUX 2 FX R XA% XX
THEHRHERIAAXAFFFRARA R X R RRRNRKR)
NMESH=120
NAMEL IST/DATALI/LOOP sNBoNCPTIMINWEIGH s NARFASNTENS s NCHECK s NPIINCH
INGORFE g SAGsAL4A2 g A3 RO RIGFPNDYDIFMyNHURRGERRHUR o TYC s TXR ¢ TXT4NRIBS
DATA LODP aNByNCPT I sNWETGHsNAREASNTENS/10190e1s190/
INCHECK s NPUNCH s NGNORE 9 SAG AL 3A25A3/NeNs0sNallsNeNeNeDs0aD/
LOP=G
10 LOP=LOP+1
READ(5,DATAL)
X{1)=Al
X(2)=A2
X(3)=A3
RIRN=NRIRS
WRITF(6,10C40)
WRITEF(6+105C)
WRITE(6s1020)NRIBSHRD |
WRITE(64+1050)
WRITE(64+1050)
THETA=1804/RI3N
CALL SMAINIX)
IF(SAGeEQeCeN)IGC TO 20
IFINTENSeNESCICALL RIBDEF(X)
2C IF{LOPLTWLOOP)YCC TO 10
STOP
END
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~-FCRLI8 SMAIN,,SMAIN
SUBROUTINE SMAIN{(X)
DIMENSION Y(321)sLIM{321)9U{(321925)sX{3)sUP(221+2)
REAL LENGTH
COMMON HHoY ol L IMsRT s ILIM4ODTISHCASsROSELAMISANSTXR e TXTSFPODsUSHVT»JPL
TeNDMeDIFMX 9 DIFMeRIZN ¢1IP 9 SAGINCHECK g MPINTH 4 NGORE
COMMON/NT /NDELTUSNWEIOH s NMESHeNARFEAZNTENS
COMMON/NQQ/NOPT 1Mo TYCs THETASTROR s MRy DHUERSERRALIB S TT
COMMCN/REBB/FMAX s SINTTHeSINTTVSINTTD
1010 FORMAT(1HO»38HOUTPUT UNITS EQUIVALENT TO INPUT UIINITS)
1020 FORMAT(1HD s46HRMS ERROR IS WEIGHTED 2Y TLLUMINATICON FUNCTIONM)
103C FORMAT(1HO+50HRMS ERROR 1S NOT WEIGHTED 3Y ITLLUMINATION Fi!MCTION)
1040 FORMAT(1HO $48HRMS ERROR IS WEIGHTED By SURFACE AREA OF ANTENNA// /)
1050 FORMAT(1HO+50HRMS ERROR IS WEIGHTED 5Y PROJFCTED AREA QF ANTENNMA//

1/
1059 FORMAT(1HQ 4 4SH¥*¥¥ NPT PARAMATERS FOR RADIAL RIAR ANTENNA®®x)
106C FORMAT(1HO+25HANTENNA RADIUS =9F1043)
1061 FORMAT(1HOs25HHI!B RADIUS =sF1063)

1062 FORMATI1HO25HHALF ANGLF BETWEEN RIBS =,F1043)
1063 FORMAT(1HO»25HFOCAL LENGTH TC DIAMETCZR=+F10432)
1064 FORMAT(1HQ,25HFOCAL LENGTH sF1063)
1062 FORMAT(1HCs25HTENSION RADIAL DIRECTION=+F1043)
1067 FORMAT(1HC+25HTENSION CIRCUMe DIRSTCP =94F1043)
1068 FORMAT(1HOs25HTENSION CIRCUMe DIRBAGE=3F1043)
1072 FORMAT(1HO»25HMAX NORMAL SURFACE ERROR=sF1Ne3)

1073 FCRMAT(1IHO,25H5UBDISH BLOCKAGE RADIUS =4F10.72)

1074 FORMAT(1IHO S 25HRIGID 2ISH REMS FRROR =sF1N43)

1075 FORMAT(1HG S 25HCABLE SAG =sF1N043)

1076 FORMAT(1HO4235HGRID SIZE PARAMETER =,110)

1110 FORMAT(1HO +43HRIB CPTIMIZATION VARIARLES A(1) T2 A(3) = 43(E12.6})

1)
1130 FORMAT(1HOs31HDIMENSION 25 ON MATRIX EXCEERED,110)
1140 FORMAT(1HC, 72HUNABLE TO CPTIMIZE JUE TO MAX SURFACE FRROR ALLOWED,
150 ERROR INCREASEC. /8H DIFMX =sF10e3)
115C FORMAT(1HC»10X»43HCALCULATED ANTENNA MESH SHAPE Z-COORDINATES)
1160 FORMAT(1H1,19HANTENNA RMS5 ERROR =,£1246)
1190 FORMAT(1HO s 19HWEIGHTED RMS ERROR=4E1246)
1200 FORMAT(///1HDs 10X s43HOPTIMIZED ANTENNA MESH SHAPE 7Z-COORDINATES //
1)
1209 FORMAT(1HO,38HF INAL RECALCULATED WEIGHTFED RMS FPROR=eFE1246)
1210 FORMAT(1HOs38HF INAL RECALCULATED ANTENNA RVS ERROR =,4F12.46)
1240 FORMAT(1H1,50H CATENARY CABLE TENSION  CATENARY CAZLE LENGTH)
1260 FORMAT(1IH s5XsF1545510XsF1545//7)
1280 FORMAT(1HI1s10X s 13HX=COORDINATES /)
1288 FORMAT(7F1044)
1290 FORMAT(1H1510Xs13HY=-COORDINATES/ /)
1299 FORMAT(4F10e653E13,8)
1300 FORMAT(3F10.4+3110)
1301 FORMAT(50X,110)
1310 FORMAT(1H1,18H*%*GORE PATTERNX X ¥)
1320 FORMAT(1HO,17H LENGTH  WIDTH )
1330 FORMAT(1H ,2F3.3)
1340 FORMAT(1HN,18H UPPER 3CUNDARY)
1350 FORMAT(1H ,17H COOR  CURVE )
NDELTU=Q
DM=e000C1
MAXITR=150C
DIFMX=DIFM
FLE=2+%FPD¥RO
TY=THETA/57429578
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10

59

60

706

80
90

110

120

150
160

SAN=SIN(TT)

CAS=COS(TT)

DIS=RI*CAS

RIC=RI*SAN

ENB=NB

HH=RIC/ENB
HVT=(RO=-RI)%CAS
HVTT=HVT+RI*CAS
WRITE(651C10)

IF (NWEIGHeNELG)GC TO 60
WRITE(6+1020)

GO TO 70

WRITE(651030)
IF(NAREALEQ.N)IGO TO 80
WRITE(651040)

GO TO 90

WRITE(651050)
WRITE(651C59)
WRITE(651060)RO
WRITE(6+1061)RIT
WRITE(651062) THETA
WRITE(6+1063)FPD
WRITE(651064)FLE
WRITE(651065)TYC
WRITE(651067)TXT
WRITE(6+1068) TXR
WRITE(651072)DIFMX
WRITE(651073)DHUBR
WRITE(64+1074)ERRHUE
WRITE(651075)SAG
WRITE(651076)NB
WRITE(691110) (X(T)sI=1s3)
LIM{1)=NR+2

ILIM=0

Y(1)=DIS

DO 150 1=2,321
IF(ILIMeNEL.O)GO TO 160
XBNDM1=Y(I~1)%¥TAN(TT)
SLOPE=SGRT(XBHDMI##2+Y(I=1)%¥%2) /(44 *FPA¥RO¥COS(TT))
THETI=ATAN(SLOPE)
ELMT=HH#*COS(THETT)

YOIV =Y (1-1)+ELMT
IF(Y{I)eLT.HVTT)GO TC 120
Y(I)=HVTT

ILIM=1
IF(Y(I)=Y(I=1)eGTaCal*(Y(I=1)=Y(I=2)1)GC TG 120
ILIM=1-1

Y(I-1)=HVTT

GO TO 160

XBND=Y (T)*TAN(TT)
£LMNUM=XRND /HH
NUME L M= ELMNUM
LIM(1)=NUMELM+3
FLMNU=NUMELM
IF(ELMNUM~ELMNUWLTa0o01 *HH)LIMI I ) =LIM(])~1
CONT INUE

JLIM=LIM(ILIM)
IF(JLIMeGTe25)WRITE(691130)JLIM
IF (JLIMeGT425)G0 TO 340
IF(NOPTIMeEQ.D)GO TO 210
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170

180

160
200

260

261

262

270

290

DIF=DIFMAX(X)

IF(DIF«GT«NDIFMX)IGO TO 180

GO TO 200

CALL SIMPLX{X9~39=-251TER$150+3sERDs1)
NDELTU=0

IF (FROLLTSDIFMX) GO TO 200
DIFMX=1+]1%*ERC

WRITE(691140)DIFMX

CALL SIMPLX(X9~39=-23ITERs15093+ERD»0)
GO TO 230 ’

CALL RMS(ERORIWERORsX914+0)
WRITE(651160)EROR
IF(NWEIGHeEQ«CIWRITE(691190)WEROR
WRITE(6,1150)

GO TO 260

CALL RMS{ERORIWEROR ¢X 9090
FROR1=EROR

WEROR1=WFROR

NDELTU=0O

CALL RMS(ERORIWERCR $X9140)
WRITE(6+1160)ERORL
IFI(NWEIGH«FEQeO)IWRITE(651190)WEROR]
WRITE(6,1210)YEROR
ITF(NWEIGHeEQeOIWRITE(691209)WEROR
WRITE(6s1110)(X(I)sI=1y3)
WRITE(6412N0)

IF(NPUNCH«EQeCT)IGO TO 262

NCARDP=0

PUNCH 106C,4R0

PUNCH 1061,RI

PUNCH 1062,THETA

PUNCH 1063,FPD

PUNCH 1065,TYC

PUNCH 1C67TXT

PUNCH 1068,TXB

RASE=Y (1)

TOP=Y(ILIM)

PUNCH 1299 ,FLE+sBASEsTOPSTHETASX (1)eX(2)sX(?)
DO 261 I=1,ILIM

NXQC=LIM(I)

0O 261 J=24NXQC

NCARDP=NCARDP+1

R1=XX(1sJ)

R2=Y(])

B3=U(]sJ)

PUNCH 1300,81s829B34+1sJsNCARDP
CCNTINUE

NCARDP=NCARDP+10C02C0OD

PUNCH 13n1 4NCARDP

IF(SAG.EQ«QeN}IGO TC 301

DO 270 1=1,1LIM

LIMI=LIM(T)

SAGI=U(T1+2)=U(TsLIMI}
UP(191)1=2640%¥SAGYI/XX(TIsLIMI)
UP(192)=SQRTIY (T ®*#24XX (I sLIM[)%%2)
CONTINUE

XLL=24¥XX(ILIMyLIM(TILIMY)
XX2=XX{ILIML.LIM{ILIMY)
FMAX=XX2#TYCH¥SQRT(LeO+XLL#*¥¥2/ (16« #¥SAGH%2))

S=XLL#(1e4+8eD%(SAG/XLL)Y¥#2/340-32.%(5AG/XLL)*¥%4/54)
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20

210

301
3013

204

)

6

31%

211

320

CTAN=24 0¥ S5AG/XX2

DELTHsY(ILIM)=-Y(TLIM=2)

DELTV=UCILIM2)~U(ILIM=2+2)
HYP=SQRT(DELTH**¥2+DELTV**2)

ATHFTA=ATAN(CTAN)

SINTTH=SIN(ATHETA)Y X (DELTH/FVPIXCOSITT)
SINTTV=SIN(ATHETA)Y*(DELTV/HVP)
INCTT)

SINTTD=COS(ATHETA)*S
IF(SAGeEQeN2)GO TG
CALL CABLE(L)

GO TO 2032

CALL PRINT
IF(NGORELEQWD)IGO TC
CCN=84#*FPD*RC
WRITE(641310)
HWRITE(6451320)
LFNGTH=0,.,0

NO 305 I=1,I1L1IM
NXQC=LIM(T)
YCl=Y(I)

XC= XX(TsLIM(IY)
RATIC=(YC1-DI3)/HVT

TF (RATIOLTeleE=5)RATIO=0.

301

309

DEFL=(XCXXC+YCI*YCL ) /7CON+XAIVHRATICHX (D) ¥ {4 4 #RATIO**3-2 *PATI Y+ X(

12) % (16« HRATICH X G=20 JuRATICH #3245 ,¥RATI ()

IF(TEQe2YGO TO 204

LENMGTH=LFNGTH+SQARTI(Y (I =Y (I=-1) ) *%¥2+{NEFL-TFFLMT )Y ¥%2)

WIDTH=2 e #XX (1 +NXOO)

WRITE(691330)LENGTHswIDTH

DEFLMI=DFFL
CONTINUE
WRITE(G691340)
WRITE(6+1350)
NXGC=LIM{ILIM)
DO 306 J=2Z4NXQC
XSPEC=XX(ILIMsJ)

CDEFL=SAG- {44 O%SAGRXEPECK®2) /{(2a0¥XX(JTLIMGNXQC) ) ¥%2)

WRITE(691330)XSPECSCDEFL

CONTINUE

DO 310 I=1,1LIM
MXCQ=LTIM(T)

DC 31C J=14NXCOQ
UlTsJ)=XX{T1sJ}
WRITE(64+12890)
IF(SAG.EGeNsN)GO TOC
CALL CABLE(3)

CALL PRINT

NG 220 I=1,IL1IM
MXCQ=LIM(T)

DO 226 J=1,MXCO
UlTsd)=YLT])
WRITE(6451200)
IF(SAGeEQeDeN)IGO TO
CALL CABLE(4)

CALL PRINT
IF{SAGFGe(GaC)IGO TO
WRITE(6+1240)
WRITE(6,1260)FMAX4S
RETURN

FND

211

321

340
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~-FORs IS SIMPLXsSIMPLX
SUBROUTINE SIMPLX{XsACsRESITERyMAXITR ¢N»FLeNCHEK)
INTEGER AESRESITERIMAXITRsWANTEMMsNs I sPTeIPT NPTINP]

1 ITROLsHCCoILsIHsLIM(321) g
REAL X{2) 9P (420)sPS(2N) oPSE(20) 4P3(20) 4F (211 4FHGFLIFC4FSS,
1 AEROIRERJALFASBETASGAMASUI( 32125 ) 91P(22142)9Y(221)

COMMON HHoY oL IMIRISTLIMIDISsCASsRCIELAMeSAN s TXBoaTXTHFPNDsUHY Ty JPL
1sDMsDIFMXsDIFM3RIBN 1P 3 SAGyNCHECK GNP INCH G NGERE
COMMON/NT/NDELTU S NHYETGH , NMESHINAREASNTENS

1000 FORMAT(IHIs10OXs 4CHINITIAL ANTEMMA MESH SHAPFE Z-COORDINATES//)

1001 FORMAT(1H1»10Xs32HINITIAL RIB SHAPE(CURVE FITTING))

1002 FORMAT(1H1,32HRIB SHAPE CURVE FITTING ITERATES//)

1010 FORMATI(///1HDs5X s 43HINITIAL MAXIMUM NORMAL NIFFERENCE FUNCTIOMN=4F1
1446)

1011 FORMAT(1H] o4 7HMINIMUM NORMAL DIFFERENCE MINIMIZATION ITERATES//)

1020 FORMATI1HOs5X928BHINITIAL RMS ERROR FUNCTION =3E12e56//)

1021 FORMAT(1H1s25HRIE OPTIMIZATION ITERATFS//)

1040 FORMAT(1IH +17H ERROR s 38H OPTIMIZATION VA
1RTABLES)

1050 FORMAT(1H L»17HITER FUNCTION 94TH (1) (2)
1 (3))

1060 FORMAT(14+E£1546)

1070 FORMAT(1H+4+18X93E1748)

10 NP1=N+1
NDELTC=10
WANTEM=NCHECK
NPT=NP1#20
AER=10e4#*¥AE
RER=10 ¢ ¥*RE
ALFA=1e
RETA=0.5
GAMA=2.

1 TRP=NMESH
ITR=TABS(WANTEM)
ITER=0
IL=1
DO 30 I=1sN

" DO 20 IPT=1,NPT,20

20 P(IPT)Y=X(1) .
POIL)=PLILY+SIGN(4GS5yP(IL))

3¢ IL=It+21
JC=0

40 cc=0
DO 150 PT=14NP1

DO 50 I=1N |
CIPT=CC+1!

50 X(I1)y=P(IPT)
[F(NCHEK.EQeNIGO TO 60
IF(NCHEK<EQe2)GO TO 70
FI(PT)=DIFMAX(X)

GO TO 80

AN CALL RMS{ERORIWERCR X904 1)
F(PT)=ERCR
IFINWEICGH«EQ.O)F(PT)=WEROR
GO TO 80

70 FIPT)I=RIREQ(X)

gn TF(CC=N¥20) 150,97 ,9N

90 IF (JC) 15Nn,1004157

100 I1F(NCHEK+EQ41)G0 TO 130
IF(NCHEK.EQe2)GO TO 140
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140

150

170

180

160

200

201

210

29¢C
320

WRITE(651000}
CALL PRINT

WRITE(6s1020)F(PT)
TF(VANTEMLGT0IWRITE(651021)
GO TO 150
WRITE(6s1010)}F(PT)
TF(VANTEMGTOIYWRITE(641011)
GO TO 150
IF(WANTEM,FQ.N)IGO TO 150
WRITE(6+1001)
CALL RPRINT
WRITE(6s1020)F(PT)
WRITE(6s1002)
CC=CC+2¢0C
IF (JCeNEL.D) GO TO 160
TFIWANTEMGFR4DIGO TO 160
VRITF(6+1040)
TF{WANTEM,GT«2) “RITE(6+1050)
ITER=ITER+]

FH=F(NP1)

FL=F(NP1)

H=NP1

L=NP1

DO 190 1=1,.N

IF(F{1})eGTaFH)IGO TO 170

IF(F(I)eLTeFLIGO TO 180
GO TG 190

FR=F (I}

H=1
GO TO 190

FL=F(1)

1=1

PR(1)Y=0C,

1L=20%L-19
DO 200 I=1sN

X¢(I)y=P(IL)

IL=IL+1
IFINCHEK«NELCIGO TO 201
IF(ITERWNELNDELTCIGO TO 201
NDOFLTC=NDELTC+1D
NDELTU=O
CALL CALC(X)

IFUITERGNESLITR)GO TOQ 210
TTR=ITR+TABS({YWANTEM)
WRITE(691060) ITERLFL

IF(WARTEMeGTe D) WRITE(H 41072V (X (I} s 1=14N)

IH=2C#H=-19

IF (NCHEK.NE.1)}50 TO 260

IF(FLOLTWDIFMX}GO TO 280
DO 27GCG I=1sN

IFCARSIX(INI=P{TIH))«GTLABS(X(I¥RER)+AERIGO TO 320

IH=1H+1
IF{ITFRWEQJITRYICGC TO 290
IF{WANTEMLEQe2)GO TO 290
WRITE(65)060) TTERSFL

TF(WANTEM GT DI WRITE(651070)1(XIT)s1=14N)

RETURN
IF{ITERLLTLMAXITR)IGO TO 33n
ITER=-MAXITR
RETURN
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330 cc=0
DO 350 PT=1,NP1
IF(PT.EQsH)IGO TO 350
DO 340 I=1sN

IPT=CC+1
240 PRIIN=PB(IV+P(IPT}
350 CC=CC+20
IH=H%*20-19

DO 360 I=14N
PB(IN=PB(I)/FLOATI(N)
PS(IY=(1le+ALFAYX¥PB(I)-ALFA*¥P(IH)
360 IH=TH+1
IF(NCHEX.EQ.N)IGO TO 370
IF(NCHEK.EQs2)GO TO 7289
GO TO 39n
277 CALL RMS{ERORIWERCRIPSsDs1)
FS=EROR
TF(NWEIGHEQL D) FS=WEROR
S0 TO 39C
380 FS=RIRBEQ(PS)
3299 IF(FSWGE.FLIGO TG 480
DO 400 I=14N
400 PSSII)=(1e+GAMAY*¥PS(])~GAMAXPR(T )
IF(NCHEKLEQeNIGO TO 410
IFINCHEK.EQ42)G0 TG 420
FS&=DIFMAX(PSS)
GO TO 430
410 CALL RMS{FERORSWFRORPSSsNe 1)

FSS=EROR
TF(NWETIGHLEQs D) FSS=WFEROR
GO TG 4130

420 FSS=RIBEQ(PSS)

430 IF(FSSeGELFLIGO TO 460

440 [H=20%#H-19

DO 450 I=1eN
P(IH)=PSS(I)
450 [H=TH+1
F(H)Y=FSS
GO TO 160
460 F(H)=FS
[H=20%#H-19
DO 47C I=1sN
PtiHy=PS( 1)
470 IH=IH+1
GO TO 160
480 DO 490 I=1,NP1
490 IF(FSelLTaF{I)aliNDal eNESHIGO TO 460
IF(FSeaLTFHISC TO 510
[H=20%#H=-19
DO 500 I=1,N
PS(IV=P(IH)

see IH=TH+1
510 PO 520 1=14N
520 PRS(I)=RETA#PS(I)+({1e—FETAY*PR(])

IFINCHEK.EQ«N)5D TO 530
IFINCHEKEQe2)GC TO 240
FSS=DIFMAX(PES)
GC TC 550

230 CALL RMS(IERORSWERDR 4055405 1)
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540
550

560
570

FES=EROR
TF(NWEIGHZEQe Q) FSS=WEROR
GO TC 550
FSS=RIBEQ(PSS)
IF(FSSeLTFHIGO TO 440
IL=20%-19
PC 57C I=1sN
FL=P(IL)
DO 560 PT=1sNPT»20
P(PT)={(P(PT)+FL) /2.
IL=IL+1
Jr=1
GO 70 40
END
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—FOR,

1000

2C

40

50

Is SCALC+SCALC

SURROUTINE CALC(X)

DIMENSION Y(321),LIM(321)sU(321925)s%(2)sUP(321,2)
COMMON HHoY oL IMaRI s ILIMsDISsCAS s ROsELAMeSANSTXB s TXTsFPNsUsHVT s JPL
LoDMeDIFNMXeDIFMyRTIBNGIIPL s SAGINTHECK yNPIUMCH I NGORE sRILTHGRIBLTH

CMMON/NGC/MOPT IV o TYC s THETASERDR o N s DHURR GERRHUALTT
COMUOM/NT/NDELTUSNWETGH I NMESHINAREAS NTFNS
FORMAT(//1H 9 32HLAST SUM LESS THAN PRESENT SUM  42F15.10515//)
CON=8 ,¥FPD*ROD

IDM=0

XPYRO=1eG/(840%FPD)

XPYRI=R1I/(8.0#FPD*R0O)

PCLTH=RC¥ (14042 0¥ XPYROX¥2/2,0=2eNX¥XPYRO*#4/5460)
RILTH=RI*(1e"N+2eO¥XPYRI®%2/3,0=2N*XPYRI¥%4/540)
RIBPLTH=ROLTH-RILTH

IFINDELTUCNELD)IGO TO 20

NDELTU=1

PO 12 I=1,ILIM

YC1=Y(1)

XC= XX(IsLIM(I}))

RATIO=(YC1-DTIS) /HVT

IF {(RATICeLT4leE-5)IRATIN=0.
DEFL=(XC¥XC+HYCLI¥YCL) /CON+X 1) ¥RATIOHX (21 % (4 #RATIO#%¥3-34%¥RATIO) +X(
13)# (16 e #¥RATIO**6-20#RATIC*¥%3+5 4%¥RATI[0)

NXQC=LIM(T)

DO 10 J=14NXQC

T+ J)y=DEFL

GO TC 40

DO 30 I=1sILIM

XC= XX(IsLIM(I))

YCl=Y(1)

RATIO=(YC1I-DIS)/HVT

IF (RATIOeLTeleE~-5)IRATIO=0,
DEFL=(XCH#XC+YCI®#YCL)/CON+X(1I¥RATIOHX (21 % (L4 4¥RATIO#%#3-3.#RATIO)+X(
13)#( 1566 #¥RATIO*#5-2C e %RATIO**¥345 %¥RATI0)

NXQC=LIM(I)

DO 30 J=1sNX2C

UlTsJ)=U(TsJ)=U(T4NXQC)+DEFL

GO TC 15¢C

WM1=0.C

W=1e0

NMM1=0640

ISTEP=0

NT=10

DSUM=0,4,0

NILT=ILIM=-1

DO 70 1=24NILT

NXQC=LIM(]I)-1

DC 70 J=2sNXQC

11=1-1

UIMLJ=U(TT )

YIMIU=YL(IT1)

TF(JeNELNXQCIGO TO 51

IF(LIMIT)eEQeLIM({TITNIIGO TO 51

XC=XX(1+J)

YC1=XC/TAN(TT)

RATIC=(YC1-DIS) /HVT

1F (RATIO.LT.I.E-S)RAT10=OQ

UITMI = (XCRXCHYCLI#YCL) /CON+X(1)#RATIO+X(2) % (4« *RATIO*#3 -3, #¥RATIO) +X

1(3)* (16 *RATIO*¥¥5-20,¥*RATIC*%3+5.%#RATI0)
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26

en
7z

80

91
110
120

132

150

YIM1J=YC]

CALL CONTI(IsJeC1sC22C39C4UIMIJSYIMLY)

UNEXT=WE{C1#¥UCT 9 J+1)1+C3¥ (T )=1)1+C2¥ Y (14) 9 ) +CAXUTMII)+WMIRU(T 4 J)
DSUM=DSUM+ (UNEXT=U(T,J) ) ¥ (UNEXT=U(TsJ))

U(TsJ)=UNEXT

IF(J=2) 70,60s7C
UlTs1)=U(T,3)

CONTINUE

DSUM=SQRT (DSUM)
ISTEP=ISTEP+1
IF(ISTEP.EQ«11GO TO 130
IF(DSUM-DM) 150,1502,90
IF(ISTEPJNEL(ISTEP/2)%¥2)G0 TO 91
IF (DMM1.GT.DSUMIGC TO 91
WRITE(G6+1020)DSIMaDMML S ISTEP
IDM=INM+]

ITF(IDMeGTe4)GO TO 150

GO TO 130

ITFINT-ISTEP) 100+190G,120
NT=NT+10
W=2e/(1e+SQRT(1.-DSUM/DMM]1))
WM1=1e-W

DMM1=DSUM

GO 70 50

RETURN

END
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-FORs IS SRMS ¢ SRMS
SURROUTINE RMS(ERCIWERO 4 X ¢ NPRTSNDIF)
DIMENSION Y{(321)sLIM(321)4U(32)925)9X(3)sUP(321,42)
COMMON HHs Y sLIMsRIsTLIMsDISsCASsROSELAMaSAN  TXBy TXTsFPDsUHVT s JPL
T9DMsDIFMX 4 DIFM,RIEN LIP3 SAGyNCHECK 4 NPUINCH 4y NGORE
COMMON/NOO/NOPTIMeTYCos THETASEROR s N2 s DHUBR S ERRHUR 3 TT
COMMON/NT/NDELTUsNWETGH s NMESHsMAREAS NTENS
COMMON/XY/XAsYAsXCsYCls2

1000 FORMAT(1IH ,18H HUB RMS ERROR =3F6e4,413H HUE AREA =,F10.5)

1009 FORMAT(1H1,51HCALCULATION OF THE RMS ERROR OF THE ANTENNA SURFACE)

1011 FORMAT(1HOs54H NOCE ITLLUMINATION ELEMENT SURFACE ELEMEN
1T )

101C FORMATI(IH H»51H I U WEIGHT AREA ERROR SUM)

102C FORMAT(1IH 5213932F11a4sF1448)
1030 FORMATI(1IH ¢3X922HHU3 WEIGHTING FUNCTIONSF10W.5)
DIF=DIFMAX(X)
IF(NDIFeEQeDN)IGO TO 1
IF(DIF«GT&OIFMX)IGO TO 70
1 CON=8+#FPD#*RO
RB=0s
WCC=0e
wWBB=0.
CC=0.
FP=2+.%#FPD*RO
CALL AHUBR(RBBPCCP)
IF(NPRT«FQeN)G0 TI 10
IF(NCHECK«NELOIYWRITE(651009)
IF(NCHECK e NEaQIWRTITE(651011)
IF(NCHECK«NESOIWRITE(651010)
10 PO 30 I=14ILIM
NXGC=LIM(])
DO 3C J=2sNXQC -
XA=XX(I+J)
YA=Y(I])
XC=XA#*%2
YC1=YA**2
Z=(XC+YC1l)/ZON
SLOPE=SQRT(XC+YCL1)/ (44 OXFPD*¥RO*COS(TTY)
THET=ATAN(SLOPE)
DELTER=(U(T+J)~2)1*COS{THET)
AREA=SARFA(I,J)
IFINWEIGHNELC)YGO TO 29
A=WEIGH(T+J)
ARCD=DELTER**¥2*AREA%A
WBB=WBR+ABCD
WCC=WCC+AREAH*A
IFI(NPRTEQeD)GO TO 20
IF(NCHECK « NEJOIWRITE(691020)13J9sAsAREAIDELTERSARCD
20 A=1e
ARCD=DELTER*%#2%¥ARFA*A
AR=8BR+ARCD
CC=CC+AREA%A
IF(NPRT«EQe0)GO TO 30 )
IF{NCHECK«NESDIWRITE(651020)1 19 s AsAREASDELTERSARCD
a0 CONTINUE
CC=CC+CCP
RR=BR+PBPXRAP*C(CP
1=0
J=C
IF(NWEIGH.NELC) GO TO 40
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un

50

66

70

8n

A=WEIGH(T+J)
50 TO 50

Azl

WCC=WCCHCCPxA

WPR=WOR4LARP RAJORCODRA
[F(NPRTFOsMGND T 50

IF INCHECKoNELOIYWRITE(691000)13BPsC(CP
TF{NCHECKSNELO)YWRITE(651530)4A
FRO=SGRTIEBB/CC)
IF(NWEIGH«FQeNIWERO=SNRT (WER/WTC)
GC TO 80

WERQ=14+NIF%100.

RETURN

END

nou
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~-FORs IS SAREA s SAREA

10

20

30

40
50

51

60

™
80
81

82
90

100

110
120

130

14C

FUNCTION SAREA(IsJ)

DIMENSION Y(321)sLIM(321)sU(3214+25)
COMMON HHoYsLIMIRIsILIMsDISsCASIROITLAY,

1 DMy DT FMX

SANSsTXB s TXTsFPRsUs HVT s JPL

COMMON/NT /NDELTU s NWETGH s NMESHs NAREASNTENS
COMMON/NGQ/NOPTIMs TYCs THETASERDR sNR« DHURR s FRRHUR G TT

COMMON /XY /XA9YA S XCoY(C1ls2
LIMI=LIM(I)
LIMIMI=LIM(I=-1)
HEIGHT=0.,0
IF{(NAREA.EC«D)IGO TC 50
IF(1.GT«1)G0 TO 10

GO TO 30

IF(TeLTSILIMYGO TO 20
GO 70 490
HEIGHT=(U(TI+1+2)=U(I~1492))/2
GCC 7O 5¢C
HEIGHT=(U(I+1+2)-U(T+2))
GO TO 590
HETGHT=(U(T1s2)=~U(1~-142))
YIMIJ=Y(I-1)
IF(JeLToLIMIMINIGO TO 51
IF(LIMI«EQaLIMIMLIICGO TO 51
YIMIJ=XX(T9J)/TANCTT)
Hl=HH/2

H3=HH/2 e

IF(J=-LIMI+1) 80,470,60
H1=0e
H3=(XA=-XX{1sJ=1))/2

GO TO 82
Hl=(XX(IesJ+1)=-XA)/2

GO TO 82

IF(J-2)81+814+82

H3=0e

IF(I-ILIM+1) 11C+1004+9¢C
H2=Ce

Ha=(YA=-YIM1J) /2.

GO TO 14C
H2=(Y(I+1)-YA) /2,
Ha=(YA=-YIM1J) /2.

GO 10 140
IF(I=2)1204+130+1320
H4=Oo

H2=(Y(T+1)-Y2) /2,

GO TO 140
H2=(Y({I+1)-YA) /2.
H4=(YA=-YIM1J) /2.

H2PH&4=( (H2+HL ) ##2+HEJGHT*%#2) %%, 5

SAREA=H2PH4# (H]1+H3)
RETURN
END
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30

~FORsIS SCONT s SCONT

100
11N
120

140

SURROUTINE CONT(TI4JeC19C2+C39C45UIMIULYIMIY)

DIMENSION Y(321)sLIM(321)U(321425)eUP(22142)

COMMON HHsY oL IMoRIT s ILIMoeDISsCAS s RO s ELAMsSANSTXBaTXT o FPDsUsHVT 9 JPL
1sDMeDIFMXsDIFMeRIBNSUP s SAGsNCHECK ¢ NPUMCHMGCRE sRILTHLRIBLTH
COMMON/NQO/NCPT IN s TYCs THETASERDR s NE 3 DHURR # FREHUF L, TT

H1=HH

H2=Y(I+1)=-Y(])

H3=HH

H4e=Y(1)=YIM1J

A= (Te+ ((U(T oJ=11=U(T4J4+1))/(XXLToJ=1)=XX{TaJ+1)))x%2)¥%(2,/2,)
R=le+((U(TIs)=UIM41III/(Y(I)=YIMYU) )X
RADUS=SAQRT (Y (T #%24+XX{T+LIM(I)) %¥D)

XPY=RADUS/{(8.0%FPD*RC)

IF(J-LIM(IY+1) 12C.1704110

H1sXX(T osLIMITI)=XX(TI4LIM(I)=-1)

RLTH=RADUSH (1 e +2a ¥XPYX X2/ 24—24%¥XPY##L /5, )-RTILTH

ELAM=TYCH*A/ ({TXB+(TXT=-TXB)#{RLTH/RTIBLTH))*2)

H2H4=H2%*H4

Hl1H3=H]1%H3

HIPH3=H1+H3

H2PH4=H2+HG

CC=H2H4+EL AMX*H]1H2

Cl=H2H4*H3/ (H1PH3#CC) -

C2=(HIH3#H4 / (H2PH4*CC) ) #ELAM

C3=HZ2H4*H1/(HIPH32%(CC)

CL=(HIH3%H2/(H2PH4#*CC) ) *ELAM

RETURN

END

=FORSIS SAHUR, SAHUB

20

SUBROUTINE AHUBI(GEP4CCP)

DIMENSION Y(2321),LI¥(321)sU(32214+25)

COMMON HHsY oL IiMoRT s ILIMaDISsCAS s ROsFLAMGSAN s TXBs TXT s FPDsUsHVT o JPL
1sDMeDIFMXsDIFMsRIRN
COMMON/NCG/MOPTIMsTYC s THETASERIR s NBy DHIIER § ERRHUR
COMMON/NT/NDELTUSNWETGH s NMESH MAREAS NTENS

TF(NAREALEGQ.NIGO TC 1N

CON=8+#FPD#*RO

H=R[*%*2 /CON

NDIA2={D¥RI)%%2

P=DTA2/(84.%H)

RBP=ERRHUER
CCP=(6e2832%((DIA2/44+PFX2)%% (3 4/24)-P%%3)/(3e¥P))/(RIRNX2,)
H=DHUBR¥*%2 /CON

DIA2=(2.%¥DHUSR ) #¥2

P=DTA2/(8e%H)
CCP=CCP-(6e2832%(({DIA2/ 64 4PR¥2) %K (34/2,)=P¥%3}/(2,%¥P) ) /(RIBN¥2,.)
GO TO 20

aRP=FRRHUR

CCP=(2,14159%¥R]I#%¥2-3,1415G*DHUBR*%2) /(RIAN¥XD,)

RETURN

FND
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-FOR,»Is SDIFMX e SDIFMX

10

FUMCTION DIFMAX (X)

DIMENSION Y(321)9LIM{321),(321425)sX(3)
COMMON HHsY oL IV sRI o ILI#sDISsCAS s ROsELAMsSANS TXBsTXToFPDosUsHVT s JPL
1sDMeDIFMX ,
COMMON/NQQ/NCPTIis TYCs THETASEROR sNBs DHULR s ERRHURLTT
COMMON/NT/NDELTLU s NWE TGH s NMESHsNAREAs NTENS
CON=8,#FPD*RO

CALL CALC(X)

DIFMAX=C40

DO 10 1=1s1LIM

NXQC=LIM(T)

PO 1N J=1sNXQC

XA=XX(1sJ)

YAzY (1)

XC=XA%%)D

YC1=YA¥®D

PARA=(XC+YC1)/CON
SLOPE=SQRT(XC+YC1)/ (4. QO*FPDH*RO*¥COS(TT))
THET=ATAN(SLOPE)
DIF=ARS(PARA-U(I+J) ) *¥COS(THET)

IF (DIFeGTeDIFMAXIDIFMAX=DIF

CONTINUE

RETURN

END

~FCRy IS SWEIGHs SWEIGH

10

20

FUNCTION WEIGH(IsJ)

DIMENSION Y(321)sLIM(321)sU(321+25)

COMMON HHoY oLIMoRI s ILIM9CISsCASIROIELAMGSANSTXB s TXTsFPDsUsHVT s JPL
1sDMeDIFMXsDIFM,RIRN
COMMON/NQQ/NOPT IMs TYCo THETASEROR s NBe DHURR SERRKUB S TT
COMMON/NT/NDELTUSNWETGH sNMESHINAREASNTENS
COMMON/XY/XAsYASXCo¥CleZ

Fp:ZO*FpD*RO

CON=8,*FPD*R0

IF({]«EGe0)IGO TH 10
C2{FP=U(IsJ))/SQRTIXC+YCLI+{FP-U(I,J))*%2)

GO TO 20 :
RRR=386197H#(RI**3-DHUBR#%¥2)%¥SIN(TT)/ ( (RI*¥*#2-DHUER¥*¥2 )% THETA)
2272 =RRR*3%2/CON

C2(FP=2272)/SQRT(RRR#**24+(FP-=222) %%2)

THETS=ACOS( Q)

THETO=2 e %ATAN( 1 e/ (G oe®*FPD))
CONST=ACOS{e562%#(2e¢/(1e+COS(THETO) ) ) %% ,5)/THETO
WEIGH=((1e+C) /2« )% (COS(CONSTHTHETS) ) *%2,

RETURN

END
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-FOR, IS SXXeSXX

FUNCTION XX(1+J)
DIMENSION Y(321),L1M(321)
COMMON HHoY oL IMaRT s TLIMeDISsCAS s ROsELAM9SAN
COMMON/NOG/NCPT I s TYCs THETASERCR o NByDHIRR y SRPHUB L TT
Fl=J-2
IF(J=-LIM(I)) 10920420

10 XX=F J¥HH
RETURN

20 IF(I-TILIM)Y) 4043C,30

a0 XX=RO%*SAN
RETURN

40 XX=Y (T )Y*¥TAN(TT)
RETURN
END

-FOR,1¢ CARLE 9CABLE
SURRCUTINE CABLE(N)
NDIMENSION Y(221)sLIM(321)41(321+25)51!P(321,7)
REAL LENGTH(10+25)
COMMOMN HHoY sLIMoRI s ILIMaDISsCASsROIEFLAMIGANy TXS 3 TXToFPDsUsHVT s JPL
1sNDMIDIFMX 9 DIFMaRTIRNUP 3y SAGINCHE CK G NPUNCH y NGORE
NXQC=LIM(ILIM)
NO 40 J=2 ¢NXOC
NN=1
I=ILIM
CDEFL=SAG- 4.?*SAG*(XX(ILIM,J))**Z/(Z OX*XX (TLIMIMNXQC) ) *%2
JJ=J
IF(JeLT<NXQC~1)GO TO 19
ITF(LIMOILIM)oGToLIMITILIM=1))JJd=J=1
TF(JeEQaNXGCYII=UJ-1
LENGTHINN s J)=SORT (Y (I =Y (I=1) )% 04+ ("J(T4eJI)=U(I=19JJ) ) %%2)
20 TF(CDEFLeLTLINGTH(NNSJIICS TO 30
CNEFL =CDFFL-LENGTH(NN,J)
U{T1+J)=10000000.
NN=NN+1
I=1-1
GO TO 19
20 TFINGEQel)U(T s J)=UlT o)~ (UL sJJ)-UlI=14JJ)I#CDEFL/LENGTHINNJ)
IF(NeEQa4 ) ULT sJ)=UlT o) =(Y(I)=Y(I=-1))%CDEFL/LENGTH(NN,J)
Ho CONTINUE
IF(NeNE«1)RETURN
CALL PRINT
RF TURN
FND
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~-FOR, IS SPRINTsSPRINT
SUBROUTINE PRINT
DIMENSION Y(321)sLIM(321)41U(3214+25)
COMMON HHoY oL TMaRTI 4 TLIMIDISsCAS I ROSTLAMSSANGTXB 4 TXT+FPNsUsHYT S JPL
COMMON/NT/NDELTUSNWEIGH 4y NMESHSNAREA Y NTFNS
1000 FORMAT(1H +9H4 1 J e I2sT(7Xs12))
1001 FORMAT(1H +12HNODE NUMBERS)
1010 FORMATI(IH 91343Xe8(1XsF8e4))
NNN=0C
J1=2
Jea=9
WRITE(6,1001)
10 NN=0
WRITE(6,1C00)(JsJ=J14J2)
DO 90 II=1,ILIM
I=sILIM=I1+1
LIMIT=LIM(T)-NNN¥8-]1
TF(LIMITY 1004100420
20 IFILIMIT=-8)30930,40
30 LHIGH=LIM(I])
LOW=2+NNN*8
GO TO 50
40 NN=1
NQ=NNN+1
LHIGH=NGQ*8+1
LOW=LHIGH-7
50 WRITE(G6+1CI0) I s (U(IsJ) s J=LCWaLHIGH)
90 CONTINUE
J1=J1+8
J2=J2+8
NNN=NNN+1
100 IF(NN=-1)11Cs10,10C
110 RETURN
END
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~FOR,!

100C
in11
1012
1013
1014
1015
1016
1017
1018
1719
1020
1021
1022
1023
1024
1025
1026
1027
1028
1080
1120
1
1130
1
1140
1150
1160
1170

] RIRDFF4RIBDEF
SUBROUTINE RIBDEF (X)

DIMENSION Y(321)sLIM(221)5U(321525)eX(3),UP(321,2)

COMMON HHsYsLIMIRISILIMoDISICASsROIELAMSANy TXBs TXT s FPDsUsHVT s JPL
1sDMsDIFMXsDIFMsRIBNsUP s SAGINTHECK 4 NPUNCH s NCORE
COMMON/NT/NDELTUSNWE TGH s NMESHsNAREASNTENS

COMMON /NQQ/NOPT IMy TYCs THETA

COMMON/RRB/FMAX s SINTTHySINTTV,SINTTDWNODFS

COMMON /RIB/NUM NUMP1 4NBLKS

FORMAT(1HC s 5OH%*# INPUT PARAMETERS FOR RIB DEFLECTION ANALYSIS#¥x)

FORMAT(1HC s 22HANTENNA RADIUS
FORMAT (1HO s 22HHUE RADIUS

FORMAT (1HO»22HA1
FORMAT (1HO s 22HAZ2
FORMAT{1HO+22HA3

FORMAT( 1HO s 22HMESH TENSICN BASE
FORMAT(1HQ s 22HFOCAL LENGTH TO DIA
FORMAT{1HO 9 22HHALF ANGLE
FORMAT(1HC s 22HFIN WIDTH

FORMAT (1HD,22HFIN HEIGHT
FORMAT(1H(,22HRIB Z2ASE QUTER RADIUS
FORMAT(1HO0,22HRIB RASE INNER RADIUS
FORMAT(1H0922HRIE TIP OUTER RADIUS
FORMAT(1H0422HRIEB TIP INNER RADIUS
FORMAT({1HO » 22HALLGWARBLE DEFL ERROR
FORMAT(1HOs22HRIB MODULUS E*10%%-6
FORMAT(1HO,22HCABLE SAG ’
FORMAT(1HO»22HMESH TENSION TIP
FORMAT(1H +sI1392XsF104595(2XsE1146))
FORMAT(1H1+80OHNODE LENGTH FROM

RADIUS
FORMAT(1H ,80CH

ON COCRDINATE COORDINATE/)
FCRMAT(1HOs29HRIB CURVE FITTING RMS

FORMAT{1HC, 40H
FORMAT({1HND33E1549)

1

B

QF].OJQ)
sF10e4)
'F10e6)
2F10e6)
'sF10.0)
1F10e4)
'Fl0e4)
1F1064)
sF1Ce&)
sF10e4)
'F10.4)
9':].0.4)
1F10e4)
sF10e4)
'F10a4)
9:1004)
'F1l0e4)
’F10.4)

MOMENT MOMENT RIB8

NERTIA ON RIB NEFLECTI

ERROR =4E1246)

(2) B(3)y )

FORMAT(1H1,1C0Xs 30HFINAL RIB SHAPE(CURVE FITTING))

NBLKS=80
ERR=.001

NAMELIST/DATAZ2/WIDTHsHEICHT s TROBsTRIZ s TROTH,TRITHLERIB

READ(5sDATA2)
WRITE(691000)
WRITE(6s1011)RO
WRITE(6+1012)RI
WRITE(6,1013)X(1)
WRITE(641014)X(2)
WRITE(6451015)X(3)
WRITE(651016)TX8B
WRITE(6+1028)TXT
WRITE(6+1C1T)FPD
WRITE(6+1C18) THETA
WRITE(651019)WIDTH
WRITE(6s1020)HEIGHT
WRITE(651021)TROB
WRITE{6+1022)TRIB
WRITE(6s1023)TROT
WRITE(6s1024)TRIT
WRITE(6+1025)ERR
WRITE(6,1N26)ERIR
WRITE(6+1027)SAG
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INDEX=0
CON=8+*FPD#RO
TT=THETA/57.29578
40 TF(NBLKS«GT+169)1GO TO 220
NBLKS=NBLKS#*2
RLKS=NBLKS
RIB=04 0
NODES=NBLKS+1
H= (RO-R1)/BLKS
RATIC=1,.0
Z2=RO%#%2/CON+X (1) ¥RATIO+X (2)# (4 +*¥RATIO¥ %33 #RATIO)+X(3)%¥(16+%#RATI
10##5-20,#RATIO* #2+5,#RATIC)
60 DO 90 I=1sNODES

AT=1

21=22
UllIsl)=21
UlIs2)=RIB

U(1+8)=RO=(Al~-140)3%H
IF (1+GT4NRLKS)GO TO 90
RHO=RO-AI%*H
RATIO=(RHO-RI)/(RO-RI)
22=RHO*%#2/CON+X (1) *RATICH+X(2)#( 4 ¥*RATIO*#3=3,#RATIO)+X (3 )% (16« *#RAT
110%%¥5-20¥RATIO#%¥3+5,%¥RATI0)
8t (T 923)=SQRT(H%¥%#24+(22-21)%%2)
RIP=RIB+U(T1,43)
9N CONTINUE
101 RHOC=RO
MUM=NBLKS /2
NUMP1=NUM4+1
I=ILIM
DO 130 N=1,NUMP1
NNM=23# (N=1)+1
DO 110 II=1,10
TF(U(NNNsB)+e0NC1eGTUP(I42))GO TO 120
I=1-~1
IF(TNELDIGO TO 110
1=1
GO TO 120
110 CONTINUE
120 IF(NeEQe1)NNN=NNN+1
IF(NSEQeNUMPT)INNN=NNN-1
SQ=SART{{U(NMN+1 1 )=1U(NNN=1,1)) ¥#244 #H¥%2)
U(Ns6)=2.,0%H/SQ
U(NsI1)=(U(NNN=1s1)-UINNN+1,41))/5Q
HTH=UP (T4 1) *U(Ns6)#U(Ns11}
HIV=UP (19 1) %1 (N 6)#%2
TTM=ATAN(HTH)
TTT=TT+TTM
(N 24)=SIN(TTT)
VITT=ATAN(HTV)
UCNs25)=SIN(VTTT)
130 CONTINUE
141 NNN=2
CONST=C.0
DO 170 N=1,NUMP]
SUM=G N
NN=N=1
IF(NEQs1)GO TO 160
NMNRN=2#N<1
DY=U{(NNNy1)
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NX=UINNN,8)
F1=RMOM(1+DYLDX)
NG 150 T=1,4NN
[1=2%]-1
FR=RMONM{TIT+2,DY»DX)
NG=NL5#(U(TT+3)+0U(1T1+14972))
SUM=CQUIME (DS /3 eN)H(F1+4 4 NERMOMITI+1 DY 40X ) +4F2)
180 F1=F3
CARMOM=2 J¥FYMAX# (L {SINTTH+SINTTOI ¥ (U1 1) =DY)=SINTTVXH(U(]1+8)-DX))
SQUM=SUIM+C ARMOM
CONST=UI(IMNNG2)Y/RIB
1650 UINs4 ) =814
TRO=TROT+CONST®* (TROB~-TRCT)
TRI=TRITH+CONST*(TRIB=-TRIT)
AC=34145192%( TRO#*2-TRI%%2)
ASQ=WIDTH*IEIGHT
YPSA=TRO+HEIGHT /2.0
VPT=ASO#VPSO/ (ACH+ASQ)
SIC=241415G02%# (TROX*4=-TRI*¥4) /440
ST SQ=WIDTH*HEIGHT*%#3/12,0 .
NS Y= 3TC+STSN+LCHYPT* %2+ ASQ* (TRO+HE IGHT /2, N=YPT %%
HINs7Y=SUM/(FRIBXICCOCONHU(NGS) )
170 CONTINUF
1281 JINUMP1+92)=040
vo=ngn
DO 19C I=NUMyl,.~1
11=2%1-1 .
YP1=U(TI I3 )% (U(T1s7)+U(I+1,47)
(T o9 )=U(T+149)+ (T T423)%(2%YP+YP])
YP=YP+YP]
190 CONTIMNDE :
N 2720 I=]14NUIMP]
[1=2#%1=1
HUTe12)=0(1T48)+U(T50)%U(1s11)
(T 22)=( 1T, 1) =T G)¥1LI(1s6)
2700 CONMTINUE
WRITE(641120)
WRITE(651130)
PO 210 I=1,NuMpP]
I11=2%1-1
WRITE(6+1NEOYTTIToU(ITIa2)sU(Is5)atill o) slU{T49)sU(Is12)eU(T1,413)
217 CONMNTINUE
INDEX=TNDPEX+]
HIINDEX10)=11(149)
TF(INDEXEDe11G0O TC 40
NIF=ABRS(LI{INDEXs10)V=U{INDEX-1510)) v
ITF(ERRLTDISIGO TO 40
227 X(1)=040
X{2)=0.0
CALL SIMPLX(X9=59=431TFER$15093,RIBERC?)
CALL RCALCI(X)
WRITE(65117C)
CALL RPRINT
WRITE(651140)RIBFRO
WRITE(6+41150)
VIRTTE(B91160)X{T)eX(2)eX(3)
RFETILIRN -
cMn
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-FORs 15 RMGM s RMOM
FUNCTION RMOM(MNeDYsDX)
DIMENSICN Y(321)sLIM(321)sU(3214+25%)
COMMON HHoY oL IHAsRT o ILIMyDISICAS s ROIELAMISANSTX54TXTHFPDHLY
COMMON/RRB/FMAX s SINTTHeSINTTVSSINTTRZNODRES
TMAX=TXT~(TXT=TXB)¥ (LU (Ny2) /UJ(NODESS2))
NN=(N=-1)/2+1
RMOM=2 ¢ ®TIAX® (1 (NMe24 )% (UK 1) -DYI+U(NN25)*#(U(Ns8)~DX 1))
10 RETURN
END

~-FOR,s 1S RIREQ4RIREN

FHNCTION RIBEQ(X)

DIMENSION Y{(321)+LIM(321)sU(321425)eX%X(3)

COMMON HHoY oL IMgRT o ILTIMoDISsCAS e ROSELAMSSANGTXBs TXToaFPDstlaHV T JPL

1oaDMyDIFMX e DIFMeRIBN

COMMCN/RIB/NUMy NUMP1 ¢NBLKS

CALL RCALC(X)

RR=0,0

CC=CGo0

DO 20 I=14NUM

T1=2%]-1

TF(T14EQe1IGO TO 10

RTH=U(TIT«3)+11(1T=143)

GO TO 290
10 RTH=U(I143)
20 RAB=BR+{(U(T1513)-U(Is14))%%x2%RTH
30 CC=CC+UINBLKSs3)

RIBEQ=SGRT(BR/CC)

RETURN

END
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38

~FOR

=FCR

1N
1001
111C

Is RCALCsRCALC

SUBROUTINE RCALCI(X)

DIMENSION Y(321)sLIM(321) (321 425)sX{2)

COMMON HHsoY oL IMaRIsTILIMaDISsCAS S ROVELAMSAN,TXE s TXToFPNsUsHYT s JPL
1sDMsDIFMX9DIFM,RIZN

COMMON/NT/NDELTUSNWE JGH o NMESHWNARFAZNTFNS

COMMON/RTIB/NUM, NUHP]

RLENTH=U(1412)=U(NUMP1412)

CON= B ¥FPND%RN

~O 20 [=1.NUMPY

RATIO=(U(T412)—it{NUMP]412))/RLENTH

U{Te14)=10(T o1 2)%%2/CONFX{II*RATICHX (2 )% (4 4¥RATIO¥¥2-3 (2RATIO) +X{( 3)
1% (166 ¥RATIOHH*5=20,¥RATIC*%¥23+5,%¥RATID)

CONT INUE

RE TURN

END

Is RPRINTSRPRINT

SURROUTINE RPRINT

DIMENSION Y(321),LIM{32]1),U(321+25)

COMMON HHoY oL IMoRIsILIMsDISsCAS»ROIELAMSANSTXB s TXToFPDsUHYTsJPL
1sDMeDIFMXsDIFMyRIEN

COMMON/RIB/NUMy NLIMP]

FORMAT(IH »1353F1545)
FORMAT(1HN,51H CURVE F17 CIRVE FITTING)
FORMAT(1H 45CHNODE RADILIS 7-CCORNINATE ERROR )

URITE(6,1071)

VRITF(64,10110)

DO 10 I=14NUMP1

11=2#1-1

U(Is15)=U(T+13)=U(1514)
WRITELSSTOND)TTsUT912)sU(Telb)stU(T,15)
CONTINUE

RETURN

END
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IX. APPENDIX B TYPICAL COMPUTER PRINTOUT

AR E A NS R R EE R LR A R R R R S L E R R E R E R R R RN R R R R N R S S E R EFFEE R R
FES A EEE T EEF LA TR RS AT VR LR AP 2K ER SR LR SRR LSRR KN KRS EE RS L FEEEAKERESESESREERRREE R

s NUMBER OF RIESC = 48 ANTENNA RADILS - 84,000 198
R R S Y A R O T e Y R P N P P TN T Y
FEARA NI A S DD AS A RS AA AR AR A LI IA TR S A RSB S AR A EBH ARBARB ISR SAAE 2280822 22222242898
QUTPUT URIT: EQUIVALENT TG INPLT UNITS

RMS ERRCR IS WLIGFTED BY ILLUMIKATICN FUKRCTICN

RMS ERRCR IS WEICGHTED BY SURFACE AREA GF ANTENNA

*AeINPUT PARAMATERS FCR RALTAL RIE ANTENNA®*#

ANTENNA RADIUS = §4.0C0

EUE RACILS = <7.0C0

HALF ANGLE SETWEEN RISS = 3.753

FOCAL LENGTHE TO DIAMETERS «42C

FOCAL LENGTH = 70560

TERSICN RADIAL CDIRCCTIONZ « 030

TENSICN CIRCUM, DIReTCP = «120

TERSICN CIRCUM. DIRSEASES «12C

MAX NIRMAL SURFACE CRRCR= «J20

SUBCISH SLOCKAGE RADIUS = 18.38C0

RIGID DISH RM5 ERRCR = .0C8

CABLE SAGC = 1.0CCC

GRID SIZE PARAMETER p= 1 .
RIEB CPTINMNIZATICKN VARIAELES ACL) TO A3} = .00C0CE .CCecao .CO0GCo

INITIAL MAXIHMUM HORMAL DIFFERENCT FUNCTIONZ «100178+Q0

JPL Technical Memorandum 33-518
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PINIMUM NORNMAL DIFFERENCE NMINIMIZATION I1TCRATES <:)

ERRCR OCPTIMIZATION VARIAEBLES
ITER FUNCTION (1) (2) (31
i .100178+00 .2050CCCo .030003000 +3308463000
2 .100178+CC .303G6ceco .300000400 .0C0003000
3 «1CC178+4C0 «J35G00caco . 003006000 .0000004a¢0
4 .583116-01 -+55555555-01 . 37037035-02 «392592589-02
8 .583116-01 -+55555555~-01 «37037035-02 «92592589-02

This section lists the minimization iterates of the maximum surface error at any
point on the antenna and reduces this error to the maximum allowable.
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INITIAL ANTENNA NHESH SHAPE Z-COORDINATES @

NGDE NUMBERS

I J 2 3 4 5 6 7 8 9
36 24.8574 24,9574 24,9574 24.9574 2L.9574
35 24,3050 24,3040 24.3009 24.2950 24.2945
34 23.4151 23.4134 Z23.4081 23.39t8
33 22,5349 22,5328 2245260 22.5168
32 21.6669 21.6847 Z1.£582 21.64E5
31 26.8123 20.8100 20.8C034 20.7943
30 19.6715 19.9€982 19.%2% 19.8541
29 19,1449 19,1426 19.1358 19.12381
28 18,3326 18.3204 1843235 18.21¢€5
27 17.5349 17,5326 17.5253 17.5194
26 16.7519 1b.7496 16.7427 16.7370
25 15.9838 15.9315 15.9745 15.9695
24 15.2307 52284 15.2215 15.2170
23 14,4929 14,4906 14.4836 14.4799
22 13.7706 13.7683 13.7613 13.7581
21 12.,064C 13.0616 13.LSus 13.0521
20 12.3732 12.3708 12.35838 12.32619
19 11.6986 11.69G2 11.6891% 11.£878
18 '11.6403 11.0279 11.03C7 11.C3CO
17 10.3986 10.3952 10.3888
16 S.773¢ 9.7712 3.7644
15 9.1657 2.1633 8.1571
14 8.5752 8.5727 8.587¢C
13 8,0021 7.99%835 7.9¢544
12 7.4468 T.4443 7.4539%6
11 65,9095 6.,9071 6.9C29
i0 6.3507 €£.3882 6.384¢4

9 5.83%03 5.8878 5.8845

4 5.40€8 5.4CE2 5.4034

7 4,94563 4,9437 4.2414

6 4.5C031 4 .5C05 4.4986

5 4,0795 4,0769 4.C754

L} 3.6757 3.6721 3.872G

3 3.2920 3.2893 3.2886

2 2.5283 248259 2.9255

1 2.5829 2.5829

INITIAL RMS ERROR FLANCTICGN = .2284C0-C1

This section lists the array of z-coordinates of the initial shape and also lists
the initial RMS error before optimization. The z-coordinate is the distance from
a plane normal to the paraboloid through the vertex of the antenna to the node.
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RIB OPTIMIZATION ITERATES

ERROR
FUNCTION
.226400-01
.226400-01
.226400-01
.226400-01
.226400-01
.226400-01
.216335-01
.215813-01
.208130-01
.206130-01
.208130-01
.208093-01
.205475-01
.2064734-01
.204574-01
.204399-01
.203717-01
.202963-01
.202953-01
.202963-01
+202963-01
.202966-01
.292682-01
.202682-91
.202682-01
.202682-01
.202632-01
.202682-01
.202682-01
.202682-01

OPTIMIZATION VARIABLES

{

555555-01

555555-01

5555E855-01
555

[S3 I & I

'
;v
n

s e 0
MMy n

n
n
il ¥

55555555-01
«55555555-01
«76861495-C1
«71847670-01
«67715833-C1
«0771586833-01
«67735633-01
«63898067802~C1
«762215%1-C1
«70163317-0G1
«68889851~01
« T4 20%ECH~-T1
«73771250-C1
- 750834978-01
«75C83876-01
«75063878-01
«75083%78-01
«74453220-C1
«76368552-01
-+ 16368552-01
«76368552-C1
«76 368552-C1
+76368552~-01
-+76368552-C1
-+76368552-01
-.76368552-C1

]

(2)
«37037035-C2
«37037035-C2
«37C37C35-062
«37037035-G2
«37037035-C2
«37C37035-02
«11313657~-C1
«12275427-C1
«2925873C~-03
«29256730-C3
«2925673C-03
«9C404213-02
.5£000500~02
«88422485-03
~247621657-02
«22267843-0G2
«298739577-02
«78795449-C3
«7€793449-03
«78799449-03
«78759449-C3
+53287316-03
4321686903
«43216869-C3
-.4321¢868-03
«43216869-03
«432168865-0C3
«42216865-C3
-.43216869-03

© -.43216869-03
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t3)
«92592589-02
«92592589-02
.92592583-02
«92592589-02
«925¢2589-02
«92592589-02
«70312485-02
«45765812-02
«+239£1899-02
»239£1899-02
«23951889-02
«482103840-02
«17394883-02
«13235788-03
+23120868-02
»20311314-02
+93880U186-03
-668148033-03
-68148033-03
-68148033-03
»£8148033-C3
<406 44121 -04
«21776907-03
«31716807-03
«317176907-03
«31776307-03
+3177€907-03
«2171769C07-03
«21776907-03
«317768C7~-03
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0F THE

UMINATIGH
WETGHT ! 3
L8798

1.CCC3C
L8793

1.6000
3651

1.C0G0
8547

1.60C69
. 38645
1.06G0
L3498
1.GCCC
.34 94
1.C0C6
. 3493
1.C0GC
<3341
1.0900¢C
.3337
1.C000
8335
1.G000
81179

1.0000
.8175%

1.0600
8173

1.00043
.80132

1.5000
. 300¢

i.000C
.80GE

1.06000
. 7843

1.0000
.7840

1.02C%3
7828

1.C000
7670

i.0008
.76617

1.0002
.7653

1.0002
.7485

1.0000
7452

1.£039
SIHESR

1.C0090
.7218

RME

ERFCR CF THE ANTERNNA

ELEMENT
AREA
let472
1.0472
8236
8236
1.5%C8
1.5609
le5514
1.8614
.0831
«0531
1.5508
1.5c08
«7615
«7615
20307
«2G0C7
«5508
«56308
«3G615
2615
3007
3007
1.5809
1.560°%
150614
1.3534
LR
<4304
1.5610
5610
«06CS
03509
42859
«4339
l1.5811
«5511i
15602
<1502
«5991
«5391

(S

[

(U

DS TN 3

[SRSE

(SIS MR

e ¢ % o 6 g & 4 &
M~ N WU YOy ROV
CIW W LMo W Ul tn ¢ oY
O M A e U WD
g ~N W WNN =P NN

[o

SURFACE

t

t

ERROR
.ClD9
01083
+CCCO
.ggoce
.0128
.0128
«G0O4
<0022
.C8z2
.0127
.0127
« 007
«COC7
« 0044
+0044
«C124
«C124
0039
«£009
«0Cos5
«0065
«0123
<0123
«2030
<0010
.Ccoe7
0087
(123
. 0123
.CC10
.C010
.G1G8
.01C38
«0123
.0123
.C0GS
.C009
«C13C
<0130
.0124
<0124
+0007
.C0a7
«0151
.0151
G127
<0127
.0GCY
- 0004
.C172
«0172
«G13C

SURFACE

ELEMENT
SuUM

«200017065
+CC019397
.C0000000
.C00CC00G
«30021970
«£0025297
«C0030026
«0C0G0030
«00040022
.000CcC26
«30021254
«3C02Z5CCS
00050076
«C000CT90
.30000326
~J00C0384
«00020159
.0C0Z24168
-200380127
.00Gcc152
.00031073
«00001287
.C0019328
00023632
«G0CC0159
«000C0195
- 30002475
«00GCc 3328
.C0018798
.00023450
+CC3C0162
«30000202
.000Cu4698
.00005868
«00018546
.00023646
+LCCCC133
.00gaocLva
«C0GG7¢€e8Y
00010051
«G2Cles48
«00024182
.0Gu00css
.00000109
.C0012149
»000153853
.CCO1879C
.C0025069
»3000C03C
.C0000Q0u40
.00017583
.00023481

20012254

/ Y

&

Since both the illumination
weighted RMS error and the
constant illumination RMS
error are calculated, each
node has two entries,
weighted and nonweighted.
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1.0008
» 71315
1.000C
. 7211
1.0003
«713¢
1.5003
« 7137
1.5080¢C
722
1.00803
»6360
1.0000
«6957
1.0600
«£952
1.06300
«ETTS
1.03000Q
6777
1.0002
«6771

1.50000°

«6559
1.0000C
+6586
1.46000
«6550
1.0000
+6418
1.0C00
«5416
1.0000
«6410
1.2009
«6238
1.0000
«5236
1.0040
«6230
1.46000
«6C60
1.3000
6057
1.C0040
«6051
1.38040
«5882
1.20300
«58EC
1.000D
<5874
1.000¢C
« 5873
i.0009
+5706
1.000¢2

*
LU 0Y O
L VR CY R e R o S VR PR R YR

& -

-

LR
AU W o & &

PUTEY O WD L n &y

R MY b g
-
ey
o
-
E~3

+» 8530
«3930
1.5614

248455
12851
1.2351
«5blb
»5516
«9433
«9433
«3818
«3318
«5516
#5516
«3397
«3397
«4781

«5517
341357
341357
1.5740
1.5740
1.5617
15617
3.1234
31234
1.7634
1.7634

«0639

-0539
1.5617
1.5517

P S N I R S S e N R R R

4781

1

i

1

[}

!

'

]

L0133
.0oce
Relefels
.0193
.€193
.G124
.C134
L00DY
.GOCY
.G213
.0213
.0138
<6138
.0G09
.C033
+023¢4
L0234
.Cl4y
.G144
.0015
.C015
0254
«G15¢
.0155
6022
.0022
.C275
\G275
+C157
+0157
L0030
.0030
.6295
.0295
«01bY
<0164
.5038
.0038
L0315
.0315
«C173
«C173
.Cou7
.C047
G334
<0334
.C181
.0181
.0C56
. 0056
.0319
.0313
.0354
.0354
.0191
.0191
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.0D026310
Sdygigage
.500080Caa
«20026251
.0ND33173
«C0019933
00027913
«C000C030
~300C0043
«LCG3215¢e
.00065149
~OC020818
.000299%912
.:000G162
00080233
LC0CHIH45
.00059520
LOCDZX9CH
50032310
+GCO0C44S
-D0D00%56
«000G51592
.00076785
«G0023187
.00035138
00000929
50001409
«C0063820
«30036338
«0C02406665
.C0038429
«0GGL1572
30082597
.0CG7683C
001139356
«30026334
50042212
00052731
-300C4379
.000¢%1149
«20146309
+050281%4
2300465283
«CCCCLH163
220006872
+CC10652¢8
00176049
20030238
»30651408
.CCUC5825
«C00a3 3906
«C0105360
«00178372
~CCOCH 703
«00008008
«C0022468
«3G0569G5



19 3 «STCH
19 3 1.0000
19 4 «5688
19 4 1,0C00
1¢ 5 «5697
19 5 1.0CCC
20 2 «5521
20 2 1.0000
2C 3 «5530
20 3 1.00C0
20 4 + 5524
20 4 1.0000
26 5 «5523
20 5 1.35000
21 2 «53589
21 2 1.,0000
21 3 «5358
21 3 1.0000
21 4 «5353
21 &4 1.0000
21 5 5351
21 5 1.0002
22 2 «5189
22 2 1.0000
22 3 .5188
22 3 1.5003
22 4 «5183
22 4 1.0000
22 5 «5181
22 5 1.0000
23 2 «5C22
23 2 1.600¢C
23 3 «5C21
23 3 1.0C00
23 4 «5016
23 4 1.0000
23 5 «5014
23 5 1.0009
24 2 +a857
24 2 1.5000
24 3 «485¢€
24 3 1.0003
24 4 <4852
24 & 1.50090
24 5 <4843
.24 5 1.0000
25 2 «469E
25 2 1.g0000C
25 3 + 4634

s 3 i1.0c00
25 4 <4690
25 4 1.000¢0
25 5 .4588
25 5 1.8cC00
26 2 «4537
26 2 l1.0060
26 3 +4536
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341235
3.1235
1.7e48
1.7548
«2C30
«2330
l.5618
1.5518
3.1236
3.1236
1.8596
1.3596
«2S78
«2978
l.5€18
1.5618
Ze1236
3.1236
1.954C
1.9540
#3922
#3922
1.5619
l1.5619
341237
3412317
2 .048C
2.048C
4862
« 4862
1.5619
1.5519
3.1238
3.1238
2.1417
2.1417
«57%¢
«5738
1.5019
1.5618
3.1238
3.1238
2.2343
242359
«6730C
<6730
1.562C
1.562C
341239
341239
2.3277
232717
«7558
«7658
1.562¢C
1.562

31240

t

t

.C0Es
. 30656
+C3C7
.C307
G374
«0374
.02C1
.020C1
.06077
.3077
.C294
<3294
«£393
«0393
.£212
«0212
.008s
<0089
.0281
«02381
0412
0412
0223
«0223
.01C0
.010C
«C2067
.0267
0431
<0431
«C235
«0235
.0113
.0113
.C252
«0252
04489
«CU449
G247
- 0247
.012¢%
.C126
0237
.0237
.C4b8
«0468
+02€0
.0260
«0140
.0140
.0221
.0221
+Qu8o
+CU86
.0273
0273
«0154

«CCCC7866
«00013790
«CO034E 34
.20106078
«20016138
«50028327
20034879
«30063055
.C001C289
.0C018606
«00088780
.00150707
«.G0025376
«00045947
«CCO27466
«000562910
.0C013110
«00024469
«C0CE2234
.30153822
.00025536
«GCC66525
.C0040227
«00077518
«CC016340
«00031498
(3075435
«80145542
+CC0u6725
.00090186
.C0043153
.00C859283
300153886
.00039339
.C00EE224
-00136011
.00058681
«00117041
«00046242
.00095200
«30024C55
.20049536
.0060833
.00125383
«0C0U71370
«501471783
«00049481
0105299
«00028544
.C00608C6
.000653400
«C0113E48
.00084693
«30180674
.00052891
.LG11658C
.000333453
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1.0cce
+4532
1.0200
«4529
1.C0G0
«4381
1.5000
«4383
1.6C00
<4377
1.GG6C0
<4374
1.500C
<4229
i1.CC00
<4223
1.GGCOo
«4225
1.C0000
<4222
1.3C000
« 4080
1.C0000
<4079
1.C06C
<4076
l1.CcCo0C
+4073
1.0000
«3935
l.CCoC
«3934
1.0000
«3931
1.06600C
«3928
1.CCCO
«3793
1.60090
«3792
1.¢600C
«3789
1.300C
«3786
1.Ccoc
+«3654
1.500C
«3653
1.000C
«3651
1.0CC0
+3648
1.C0C0
«3519
1.0000
«3519
1.0008

3.1243
244202
244202

«8582

«3582
1.5528
l1.562C
J.1240
34124C
2.5122
203122

«9532

3.12412
2.6950
20350
1.1329
1.31329
1.5621
l1.5821
3.1241
3.1241
27857
27857
l.2237
1.2237
1.5620
1.5620
3.1241
3.1241
2.8760
248760
1.3140
13140
l.55619
1.5618

31238

2.1238
249557
2 .%8657
1.4038
1.4C38
15615
1.5615
31230
3.123C

0154
-.0205
-.L0205
~-+G504
-.0U504

.G287

.C287

+0168

.Cl68
-.0188
.C188
«0521
-C521
«0302
«0302
«0184
«3184
~+C171
0171
.0538
-£538
« 0317
«G317
«0139
«0199
~.0153
«0153
«0555
«0555
«0332
0332
«G215
.0215
-«.0135
«0135
‘-0571
'-0571

« 0347

«G347

« G231

.0231
'00116
-.C1l16
-.0587
G587
«0361
.0361
<0245
«+0246
.3098
.00%8
-+0603
0603
.0371
«0371
<0258
«£258

t

1
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.0GG 73756
.00046044
.£0161597
03098541
.00217575
60056435
.C012E808
.G0038775
.50088524
.00038834
.C00888EY
00112801
.00257910
.0006G108
.C0142132
.00044494
.001C5238
.00032063
.C00 75892
00127360
.00301€87
.00063388
+C0156584
.03050582
00124001
30025656
30062954
.00142096
60348863
.C0067711
.00172C91
.00056962
.C0144 804
.00013818
.C0050414
00156889
.003994483
00071387
00188225
20063406
.00167217
.00014652
.000B38667
«00171614
.00453297
.C0074452
.00203742
«00069334
.CC189776
20010330
.C0028234
.00186146
.G051C310
.00075569
00215603
00073185
«CC2079€8




33 4 «3517 3.0543
33 4 1.06600 3.0543
33 5 «3513 1.4928
33 5 1.860C8 144926
34 2 «3383 1.5684
34 2 1.6060 1.5504
34 3 .3388 301237
34 3 1.00C¢C 3.1207
34 4 +3386 J.1411
34 4 1.000C 3.1411
34 5 «3382 1.5807
KE i.0C0C 1.5807
35 2 3261 1.3461
35 2 1.00C0 1.3481
35 3 «2260 2+6%8062
35 3 1.0000 2.c962
35 4 3258 2+6362
35 4 i.6CCa Z.€852
35 5§ «3255 1.5383
35 5 1.GC0C 1.5383
35 & 3255 <0584
35 6 1.CCGo <0584
36 2 3171 «7545
36 2 1.6G060 « 7543
38 3 .317C 1.5C78
36 3 1.08000 25079
36 4 «3168 1.5078
36 4 1.0000 1.5079
36 5 + 3164 «8377
36 5§ i.000C «8377
36 6 «3164 0838
36 b 1.0002 .0238

hUE RMS ERRCR = .CC8C HUE AREA
HUE WEICHTING FUNCTION «51222

-.0081 .00007092
-.0081 '.00020168
-.0518 .00260342
-.0618 LCa57C274
.0369 .20072016
.G369 .£0212541
.G259 .20071057
.C259 .C0209754
-.G071 .00005359
-.G071 +G0G15629
-.0633 00214023
-.C633 .C0632815
.G336 .00049504
.0336 .C0151801
.0232 00047450
.0232 LC0145584
-.00789 .00005429
-.G078 .C0016662
-.0602 .00187336
-.0602 .G0575543
-.0647 .00007948
-.G647 .C0B24419
L0262 .C00163174
.0262 .30051641
L0167 .00C13294
L0167 .00041934
-.0118 +COGOBESY
-.C118 .C0021004
-.0592 .00093C43
-.0592 .00294033
-.0657 «CCO11435
-.0657 .00036144
T 12.42753
@

ZI\Listed here is the area of the rigid dish in the RMS error computation. It is the
area that lies between the hub radius (RI) and the primary blockage radius (DHUBR).
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ANTENNA RMS ERRGOR = ,227336-01

WE ICHTED RMS ERROR= .202682-C1

FINAL RECALCULATED ANTENNA RFS ERROR = .227768-01
FItAL RECALCULATED WEIGHTEL RMZ EEBROR:=  .202625-01 N
RIB CPTIMIZATION VARTABLES A{1) TO A(3) T —.7636856-01 -.432169-03 +317769-03

CFTIMIZED AKTENNA MESH SHAPE Z-CCORCINATES

NOCE NUMBERS

I J 2 3 4 5 & 7 8 9
36 24,4202 24.4718 z4.6268 Z24.E8878 24,9235
35 24,2756 24,2747 Z24.2718 24.2663 2442557
34 22,3914 23.38S8 z3.3848 23.376C
33 22.5161 22.514%1 22.5(83 22.4989
32 21.6521 Z21.6500 2148438 21.c346
31 2C.80C6 20.7935 2C0.7¢€21 20.7834
30 19.9623 1%.9%6C1 1%.9536 19.9455
23 19,1374 19.1352 19.1286 19.1211
28 18,3262 18.3240 1843174 18.3105
27 27.5291 17.5269 17.5202 17.5139
26 16.74c3 1G.7841 16,7372 16.7317
25 15,9781 15,9758 15.8690C 15.9640
24 15.22486 15.2222 15.2155 15.2111
23 14,4863 14,4840 14.4770 14.4733
22 13.7632 13.7608 13.753%9 13.75C8
21 13,0558 12,0535 13.Cuc4 13.0439
20 12.3642 12.3619 12.3548 12,3529
19 1.,6888 11.6864 11.6793 1.6788
18 11.6298 :1.C274 :1.C2C1 11.C19%
17 1C.3874 1C.3349 10.37756
16 9.7619 9.75% 9.7527
15 89,1537 9.1512 9.2u49
14 gE.5628 8 .58C4 « 5540
13 7.28498 7.3373 7.%5220
12 7.43406 T.4321 74274
11 6.8978 65,8952 6.8¢10
10 ©.3784  C.3768 6.3731

9 5.8797 5.8772 5.8739

8 5.35¢1 5.33965 5.3936

7 4.9376 4,.9350 4.3326

() 45957 4,4930 hebtyll

5 4,0734 4,0728 400892

4 3.671C 3.6684 3.0673

3 3.2888 3.2861 3.2854

2 2.9266 2.9242 2449239

1 2.5829 2.5829

y

E;_The final recalculated RMS error is determined using the final rib shape and making
a final mesh shape calculation which is then used for the RMS error calculation.
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*+3sCORE PATTERN=*=*%

LENGTH WIDTH
.CO00 3.532
1.767 3.759
3.535 3.986
5.303 4.212
7.071 4.428
8.838 4,663
10.606 4,887
12.374 5.111
14.142 5.334
15.310 5.556
17.€7% 5.778
19.447 5.998
21.215 €.218
22.984 6.433
24,752 €.657
26.520 6.875
28,283 7.091
30.058 7.307
31.826 7.523
33.595 7.737
35.363 7.550
37.132 8.163
28.501 8.375
40.670 8.585
42.438 6.755
44,207 9.004
4%.976 9.212
47.745 9.419
49.514 S.625
51.283 9.830
53.052 1CG.034
54,821 10.238
56.580 1C.440
584359 10.541
60.128 1C.842
bl.420 10.988
UPPER BCUNDARY
COOR CURVE

. C0C 1.0CC
1.766 «897
3.532 .587
5.298 .070
S. 494 .GoC
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coordinate

curve
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X-COORDINATES

NODE NUNMBERS

I
36
35
34
33
32
31
30
29
28
27
26
25
24
23
22
21
20
18
18
117
16
15
14
13
12
11
i0

9

N WFEFOOD 4

J

2

.C000
«GGCO
+0000
.goce
.0000
.CCLo
.0000
.COCO
.0000
«CCG00
sfsielel
«3CC0
.C000
«CCC0
.Coug
. 00CG
.0000
«GCCC
.0000
.goce
.0000
.CCCO
.0cco
«CCCC
«5000
.Ccoce
.0300
.C0CO
.0000
.00C0
.000C
«00CC
.0C00
« G000
.00300
.CGao

3
1.7659
1.7659
1.75583
1.7€583
1.,7859
1.7659
1.76593
1.7€59
1.7659
1.76519
1.7659
1.7659
1.7659
1.7€59
1.7659
1.76E9
1,7659
1.7659
1.7658
1.7659
1.7659
1.7658
1.,7659
1.7€59
1.7659
1.7659
1.7659
1.7€59
1.7659
1.76589
1,7659
1.7659
1.76593
1.7658
1.7659
1.7659

y
35313
3.5318
3453138
3.5318
3.5318
3.5318
345318
3.5318
3.5313
3.5318
3.5318
3.5318
3.5318
3.5318
345218
3.5318
3.5318
3.5318
3.5318
3.8457
3.4273
3.3284
3.2192
32395
2.8%385

2.€880

2.7782
2.6070
2.5555
2.4438%
2.3214
2.5189
2.1061

«S930

1.879

5
542977

5.2977

5.3207
5.22C0
5.1189
5.0172
4,9151

4.8125

4.7095
4.6060
4.5020
4.3875
4.2926
4.1873
4.3814
3.9752
3.8685
3.7613
3.6537
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Y-COORDINATES

NODE NUMBERS

I
36
35
34
33
32
31
3C
23
28
27
2E
25
24
23
22
21
20
19
18
17
16
15
14
13
12
11
ic

P NWEUONDW

J

2
82.95¢c0
82.7077
81.1786
79,6423
78,0988
76,5481
74,99C2
73.4251
71.852¢
76.2735
€8.€87C
67.0934
€5.49289
£3.8853
62.2709
50,5495
5%.0621%
57,3867
85,7452
54,0973
52.4428
50.7821
49,3151
47,4429
45,7829
44,0780
42.32874
40.6912
38.983¢€
37.2827
25,5702
33.8541
2z.132¢
30.4067
28.E765
26,8422

3
83.048E¢%
82.7077
21.1780
79.6423
78.0CE8
76,5481
74,9502
73,4251
71.8528
1C.2735
€8.687C
57.0934
€c.4929
62,8353
02.2705
6C.6U426
£5.0215
57.3867

5.7452
£4,09873
S2.4428
50.7821
49,1151
47,4420
45,7€29
44,0780
42.3E74
4C.6°12
36.9896
37.2827
315.570G9
33.8541

241326
30.4Co7
28,6765
26,9422

4
£3.2139
22.7C77
£1.1i78%
79.6423
78.(988
7645481
T4.%9C2
73.4251
71.8529
7021735
68.5870
67.0534
£5.4529
63.8853
t2.27089
50eC496
£8.LZ15
57.3867
55,7452
54 .G¢S73
L2.4428
5C.7821
49.1151
47.4423
45.7528
44.C0783
4Z2.32874
4C.5S12
3€.9396
27.2327
35.57C9
23.3E41
32.1326
30.4C67
c8.G7065
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5
83.7997
82.7077
81.178%
79.6423
78 .0988
765461
74 .89C2
73.4251
71.8529
70.2735
68.887C
67.0934
65.4929
63.8853
62.27C9
60.6436
59 .0215
57.3867
55.7452

6
63.8201
82.7077
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CATENARY CABLE TENSIOH CATENARY CABLE LLNGTH
.48180 1122560

+++«INPUT PARAMETERS FOR RI5 CEFLECTION ANALYSIS*ss {7

ANTENNA RADIUS = 24,0000
HUB RADIUS = 27.C0C0
Al = -.C76269
A2 - = -.00C432
A3 = .{0G318
MESH TENSICN BASE = «12C0
MESH TENSION TIF = «120C
FOCAL LENGTH TO DIA = «42C0
EALF ANGLE = 3.75C0
FIN WIDTH = <1875
FIN HEIGHT = «0450
RIB BASE GUTER RADIUSZ «5625
RIB BASE INNER RADIUSE «5425
RI3 TIP GUTER RADIUS = «5625
RIE TIP INNER RADIUS = «5425
ALLOWABLE DEFL ERRUGR = «CC10
RIE MCDULUS E»2C#¢s-6 = 1. 00C0
CABLE SAG = 1.CCC0

Qé) All the following sections are listed only when NTEN = 1 and SAG # 0.0

(ZD There are two iterations of the rib deflection analysis, one with 160 elements
along the rib and the second with 320 elements. The deflections obtained from
both should be within 5%.
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NODE LENGTH FROHN

RIZ TIP

.0G00C
.82779+00
.16537+01
L247794C1
.33C02+401
.41208+C1
.49395+51
.57565+01
«65716+01
.73853+01
.81970+C1
.90071+01
.98154+01
.10622+02
«11427+02
.12230+02
+13032+02
.13832+02
«1463G+02
.15427+02
.16222+02
.17016402
.17808€+02
.18598+02
.19387+02
.20174402
.20960+02
021744402
.22527+02
«233G8+C2
.24G88+02
L24867402
.25644+402
«26419+02
.27193+52
«27966+02
. 28737402
.29507402
.30276+02
«31043+402
.31802+02
+32574+02
.33337+02
.34029402
.34860+02
.356194352
.36377+02
«37134402
.37890+02
.38645+02
.39398402
.40151+02
40902432
.41652+02

RIB MCMENT
CF INERTIA

«131767-01
«131757-C1
«131767-C1
.131757-01
«131767-C1
«131767-01
«131767-01
.131767-01
«131767-C1
«131767-01
«131767-C1
«131767-01
«131767-01
.131767-01
«131767-C1
«131787-01
«131767-C1
.131767-01
«121767-01
«131767-C1
«131767-01
«131767-C1
«131767-C1
«131767-0C1
«131767-01
«131767-C1
.131767-01
«131767-01
«131767-01
«131767-C1
«131767-C1
«131767-01
«131767-01
«131767-C1
«131767-21
«131767-01
«131767-01
«131767-C1
«131767-21
«131767-C1
«131767-01
«131767-C1
«131757-01
«1317617-C1
.131757-C1
«131767-C1
.131767-01
«131767-C1
«131767-C1
«131767-3C1
«131767-C1
«131767-C1
«131767-01
«131767-C1

MCMENT
OGN RIS

. G00C0C

«297551-01
«640117-01
«103035¢03
«146817+C0C
«195323+00
«248485+C0
«300210+00
«368411+00
«4243972+00
«505805+0C
«530799+0C
«65384C+00
«742825+0C
«8298642+0C
«920184+0C
«101434+C1
«11120C+01
«12130&+C1
«131740+01
«142493+01
«153554+401
+1643911+401
«176555+01
«138847T4+01
«2C00657+01
«213095+01
«225775+C1
«2385689+01
«251825+01
255173401
«278724+01
«222465+01
«3C6387+01
«320479+¢01
«324731401
«343132+01
«363672+0C1
«378342+01
«35313.+401
.403029+01
«423025+01
«438109+01
«453272+C1
«458502+01
«483791+01
«499123+01
«514503+01
«529906+01
«54532€+01
«580757+01
«575184+01
«5215938+01
«655994+01
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RIB
DEFLECTION

.862676-C1
«845311-01
«£25984-01
«8136956-C1
«787449-01
«781246-01
«765C88-01
«748977-01
«732916-01
«716903-01
«700957-01
«6385C065-01
+6E9235-C1
«653471-01
«&37777-Ci
«522155-01
«.606611-C1
«591149-01
«575772-C1
«560485-01
«545292-01
«530197-01
«515206-01
«500323-01
«435553-01
+4703CC-01
«456371-01
+441968-01
«427599-01
+413567-01
«399573-C1
«385739-01
«372052-01
+358525-C1
«245i61-01
«3319%66-01
«3183949-01
«33811i-C1
«233460-01
.280295-C1
«258735-01
«256674-01
«244821-01
«223181-01
«221760-01
«213563-01
«1995%86-C1
»188865-01
«178373-01
«16812¢€-01
«158134-01
«148397-01
«138922-C1
«129714-01

RALIUS
COCRDINATE

«840439+02
«833304+02
«826168402
«819033+02
«811897+02
«304761+02
«757626+402
«790430+02
«783255402
«776220+02
« 769085402
«751950+02
« 754815402
«747630¢0C2
«7405464C2
«733411+02
«726277402
«719143+02
«712CC9+02
«704875+02
«6387741+02
«6806C7+02
~683474+02
676241402
«663207+02
«662074+02
«654942+02
«EU4T7ED9+02
«640676+02
«633544402
«626412+02
.£12280+02
«512148+02
«605016+02
«5973834+02
«580753+C2
«583022+02
«ST7E645C0402
+5569359+02
«562229+02
«555098+02
547568402
«54C337+02
«533707+402
«526577+02
515447402
+512318+02
.505168+402
«498059+02
«480930+02
«483801+C2
«476672+02
469544 +C2
«462415+02

2
COORDINATE

«24E8433+0C2
«244292+02
«24C126+4C2
«235997+02
«231CS04+C2
«227847+02
«222825+C2
+219840+02
«215891+02
«211978+02
.208101+C2
«204260¢02
«200455+C2
+196586+02
«122853+02
+189256+02
+1685595+C2
«181970+02
178381402
«174828+02
«171311+02
«167830+02
«164385+¢02
«160975+(02
«157602+02
«154265+(02
«150963+02
«147698+02
«144468+02
«141274402
«138116+02
«134S94+02
«1319C8+02
«128858+C2
«125843+02
122865402
«119922+02
«117015+4C2
«114144+02
«111308+02
»108510+02
«105746+C2
«103018+02
.10C326+C2
+376701+01
«95C497+C1
«924650+C1
«89¢€162+C1
-874030+01
«84€257+C1
.824840+01
«800782+01
«77708GC+C1
«753736+01
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109
111
113
115
117
119
121
123
125
127
129
131
133
135
137
139
141
143
145
147
149
151
153
155
i57
159
161

«H2u01+02
«43143+02
+43885+02
L 44641+C02
«453864C2
+4612%+02
«46872+4C2
« 47613402
+48354402
«49094+02
.48832+02
«50570+02
«513G7+02
«52042+C2
«527774C2
«53512+C2
«542454C2
«54377+02
«55709+C2
«56440+02
«5717C+02
«57899+02
«58€27+32
«59355+02
.60082+02
«56083€+02
«61534+02

«131767-81
«131767-C1
«131767-C1
«13:1767-01
«131767-01
«131767-C1
«131767-01
«131767-C1
«131767-01
.131767-0C1
«131767-01
«131767-91
«131767-C1
+131767-01
«131767-01
«131767-01
«131767-C1
«131767-01
«131767-C1
«131767-01
«132767~C1
«131767-01
«131767-C1
«131767-C1
«131767-01
«131767-01
»131787-01

.622357+01
«637679+01
«552950+G1
.668159+01
.683298+01
.598357+01
+713325+01
.7231394+01
.742954+01
«757594+01
.772106+01
.786480+01
.8C0707+01
.814776+01
.828677+01
.842402+01
«85534C+C1
+859233+01
+8€26421+01
.895345+01
.908044+01
«920508+01
+932730+01
«344697+01
.956393+01
.957804+81
.978880+01

«120778-01
«112120-01
«103745-01
«356584—-02
«878644-02
«333683-02
«731752-02
«662899-02
«587174-02
«534623-02
«475293-02
«419233~-02
»366487-C2
«317100-02
»271117-02
+228583-02
«.189539-02
+154028-02
«2220383-02
«937723-C3
.691072-03
#+481364-03
.30826C-03
+174293-03
«776666-0C4
«194544-04
.00CC0C
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455287402
«448153+02
4431031402
«433903+02
2426775+02
«419548+02
«412520+02
«405333+02
+»188266+02
«391139+02
»384012+02
«376886+02
3691759402
+362633+02
«255507402
.348380+02
«241254+402
»334129+02
«327003+402
«319877+02
«2121751402
+305626+02
«288EC1+02
«291375+02
«284250402
«277125+02
«270CC0+02

«73C749+01
«708119+01
«685847+01
«663931+01
£HU423734C1
«621171+01
.60C32€+C1
«579838+01
«558707+4C1
»539932+01
«52C514+C1
«501453+01
432748401
«464400+01
~446808+01
«428772+01
«411493+C1
«334570+C1
«378004+01
+361793+01
«345939+01
«330441+C1
«315299+C1
«300513+01
«285C83+C1
«2720C9+01
«258291+01




NODE LENCTH FRONM

RIE TIP

.gococ
SH414224050
WB82779400
L 12413401
«16537+01
.20650+C1
775401
.28833+0C1
«32032+71
«37137+G1
«41Z08E+C1
L435304+01
L42395+351
«53483401
«57565+31
«EH1E4L4+01
«55718+01
«698787+01
«73853+01
«77ES1L403
.319705+01
«860Z22Z+C1
«SCC71+01
«S41144012
«98i54+01
«10215+C2
.10622+02
«11025+02
« 12427402
«11829+32
«1223C+C2
«12031+02
«313C032+02
.13
«12832+02
«14231+02
«14E30402
«15023+352
«15427402
«15825+02
«1682224C2
«18615+C2
«17015+G2
«17412+02
«17808+C2
«1£2C3+C2
.18598+C2
»18983+C2
»19387+02
«19781432
«20174+C2
+2C5674C2
«20960+02
«21352+0G2

RIB MCMENT
GF INEARTIA

«131767-C1
.133767-C1
+1217€7-C1
W131707-C1
«131707-0C1
«131767-21
«131767-C1
.131787-C1
«131767-C1
.131767-01
«121767-Ci
.132767-01
.131767-01
«13%2767-01
«131767-C1
«131767-01
«131757-C1
«131767-81
«131767-01
«122767-C1
.131767-01
«131767-C1
«131767-01

«132767-01
«131767-C1
«131707-C1
«131767-C1
«131767-01
«12176¢7-01
«131767-U1
«131767-C1
«131767-C1
+131757-C1
«1317617-C1
«131767-01
«131767-C1
«131767-01
«1331767-{1
.131767-01
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MCMENT
ON RIBE

<I5C600

«143513-01
«296415-01
«454937-01
«543127-C1
.833173-01
. 1035254560
«124923+00
« 147496400
«171251+00C
+126182+00
£222277+C0
«249521+00
+277908+C0
«307426+00
+338062+0C
+369803+0C
C4G2Z63E+C0
436548+00
«471527+00
.507558+0¢
«544563C+0C
«532727+00
v 621836400
.661945+00
. 703032+0C
+745105+00
.788123+00
. £32095+GC
.875993+0C
.82281C+CC
.95953C+00
« 101714401
.106562+401
«111487+C1
.116517+01
«121622+01
.126806+01
«132G72+01
«137419+01
« 142843401
«1482444G1
.133920+01
.153571+01
.133294+01
.171G8S+01
.176954+01
.152888+01
.1838935+01
«1949574C2
.23109C+01
.207285+C1
«213544+01
« 219662401

RIS
DEFLECTLION

.463528-01
«355333~01
«E47147~-01
.338970-0C1
«330804-01
«822647-01
«8145CC-C1
«336363~-01
«719E237-C1
«790.21-01
«782017-01
«773924-01
«765342-01
«757773-C1
«749715-01
«741E73-01
«733633-01
«712562C-01
«717615-01
«709€24-01
«701648-01
«09368&-01
«585739-01
.c77ECE-0C1
»5638233-01
«661985-01
«654113~-01
«646249-01
«£38403-C1
«530575-01
«c22766-C1
«014877-01
«€07207-C1
«53%457-C1
«581729-01
«534022-01
«576336-01
«568674-01
«561034-01
«553418~-01
«545828-C1
.538256-01
«530716-0C1
«523200-C1
«515710-01
«208247-C1
-500812-01
«49340€-C1
«486028-01
«478575-01
«471351-01
«464C73-01
«456816—-C1
«449582-01

RALCIUS
COORDINATE

+840440+02
«836873+32
+833205+02
«829737+C2
«8261691402
«322601+02
.819033+02
«315465+02
«811€97+02
«8083239+02
«8CH 162432
«8G1194+02
«797526402
«794CEB02
«790491+02
«786823+02
«783355+02
«7721738+0C2
«776220+02
« 772653402
«769085+02
«765£18+02
«761950+02
«758383+02
«754815+02
«751248+02
«7T47581+02
«744113+02
«740EU4B4C2
«736979+02
«733412402
«722344+02
«726217402
«722710¢02
7121243402
«715576+02
«712GT9+402
«708442+C2
«7C4 875402
.7013358+02
«697741402
«634174+02
«6306G8+02
«6870Hu1402
«683474+02
«£795L8+0z
«576341+02
«672774402
«5669208+02
+€65541+02
«662375+02
658558402
«654942+02
«651275+02

Z
COORDINATE

«248482402
«246387+02
+244291 402
+242204402
+24C1264C2
.238057+02
«235996402
«233945+02
+231S034C2
+229870+02
+227846402
.225331+02
.223825+02
+221828402
.219840+02
.217860+402
.215890+02
+213929+02
«211977+02
«21CC344C2
.208100+02
«2G6375402
.204253+402
+202352402
<200454¢02
+138565+02
«196685+02
«194815+02
.19229534(2
.131100402
.1892564C2
.187421+02
+1855954C2
.183778+¢02
.18197C+C2
«1380171+02
.178381402
.176500+02
.1748284C2
«173065+02
«1713104C2
«165565+4C2
.167829+02
.1661024+C2
<164384402
.1626754C2
+160975+02
«152284 402
«157602+02
+155€28402
«154264+02
.152€G94C2
.150963+02
.1423264C2
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121
123
125
121
129
131
133
135
137
13¢
141
143
145
147
149
151
153
158
157
15¢

.lel

162
1865
167
169
171
173
175
177
179
131
183
185
187
189
1912
193
195
197
19¢
201
203
205
207
209
211
213
215
217
219
221

L21744+C2
«22136402
.22527+02
.22918+4C2
.23308+02
+23699+02
.24088+02
\24476+C2
<24 8ET+02
.25255+02
«25644432
.26031+02
.26419+G2
<2E8064C2
<27193+C2
.2758C+02
.2796E+02
.28352+G2
£28737+02
.29122+C2
.29507+02
.29892+C2
.3C27€+02
+3C66C+C2
.31043+02
.314264C2
.31809+402
.321914C2
.32574+02
+32955+02
.33337+02
$32718+C2
.3403¢2+02
$IU479402
34860402
«25240+02
.35613+02
+35998+02
.36377+C2
«367564C2
.37134+52
«37513+C2
.37830+02
<38268+C2
.38G45+02
.32C2z+02

© +439398+02

«38775+C2
L40151+02
«40526+02
. 40902+02
+412774C2
«41652+02
42027402
«42431+02
«U2775+402
«431438+C2

.131767-81
.1321767-C1
.131767-31
.131757-C1
«131757-C1
.131787-01
«131757-21%
«1317c7-G1
.131767-01
«131767-C1
.131767-01
«131767-C1
«131707-C1
«121767-C1
.131767-01
«131767-C1
«131767-C1
«121767-C1
«131767-21
«121767-01
«1317c7-41
«131767-C1
«131767-01
«131767-C1
.131767-31
«121767-C1
.131767-C1
.133767-01
.131757-01
«131767-C1
.131767-01
«131767-C1
«131767-C1
«131767-C1
.131767-01
«131767-C1
«131767-C1
«131767-C1
«131767-01
«121767-C1
.131767-C1
«131767-01
«131767-01
«131767-C1
«131757-01
«131767-C1
«1317567-C1
«131767-C1
«131767-C1
«121767-C1
.131767-C1
«131767-C1
«131757-01
«123767-CL
.131767-0C1
«222767-C1
.131767-31

«226241+01
«2320677+C1
«<39171+01
«245572C+01
+252323+01
«2-698C+01
«205583+01

£72446+401
«279254+01

£286139+01

o *

293010+01
.293957+01
3U6948+01
.313981+01
.321055+C1
.328169+01
«335323+01
.342513+€1
. 349733+01
. 357001401
«354295+01
.371622+C1
.373930+01
.3586266+01
.393784+01
LH01227401
.473635+01
L 416190401
.423707+01
C4312454G1
.438805+01
L445385+01
.453982+01
JHELDIT4L)
.463227+01
476672401
43453001
L4222006+01
.49988G+01
LEG7571+01
.515269+01
.522974+01
.53G685+01
.533400+01
L546119+01
.55334C+01
.551551+01
+569282+01
.577001+01
.584716+01
«5924306+01
LE00136461
.607836+01
LE15525+C1
.623212+01
.630885401

+0238545+01

<442400-01
«435241-C1
<428115-01
L423C26-01
«413371-01
.406952-C1
+399969-01
.393C022-01
.386115-01
+37924€-01
.372415-01
+365€25-C1
+358874-01
.252165-C1
«345493-01
.338873-C1
©3322932-01
«325754-01
+319261-01
+212812-01
.35641C-01
.3C0054-01
.293745-01
.287485-01
.281273-01
.275111-C1
.268938-01
.262936-01
+255925-01
+25GS66-01
«245050-01
.23920¢-C1
.233409-01
+227666-01
.221977-01
.216345-C1
.210770-G1
.205252-01
.193792-01
«194391-01
.189050-01
.183765-01
«178549-01
.173350-01
.168294-01
+16326G-01
.158230-01
.153384-01
.148544-01
.143768-01
.139059-01
L136417-01
.129842-01
.125336-01
.120898-01
+116535-01

«112232-01

JPI. Technical Memorandum 33-518

«5472309¢02
«844242402
«b40a76+02
637115402
+633544¢032
.£2987640C2
«6525412+C2
.6228461402
.519230+02
«£157141402
«5612148+¢02
.608E82+02
«605316+32
«&C14EC+02
«597834+32
<584 218402
«590753+¢02
«5E7187402
+583622+02
«580C56+402
«5764731+02
«572¢25+402
«563350+02
«£657384 432
«+562229+C2
«+558663+C2
«£550398+02
+£51E33402
«547968+02
544403402
«540837+02
«£372724+02
«5337u7+02
«530142+02
«526577+C2
«523C012402
»519448+02
«5158€3+02
«512318+02
«E087534C2
«505189+0C2
«SC1624402
«438053+02
424425402
«490930+02
«H873E6402
+483801+02
2480237402
«U476572+02
«473108+02
«469544+02
«465979402
«452415+02
L458351402
«455287+02
«451723+02
+448153+02

«147597+02
«1456C78+C2
«1l44458+02
<14 2806 +L2
«141274+02
«13¢69C+02
«133116+02
.136550+C2
«134994+02
«13344¢6+02
«1313908+C2
130278402
«.128858+02
«127345+C2
«125843+402
+1283494C2
«1228865+02
+121389+C2
«113922+02
«1184644C2
«117015+02
+118575+02
«114144+02
«1127224C2
«111309+02
.102¢05+C2
»108509+02
.107123+4C2
«105746+02
«10u378+C2
«1C3018¢02
.101668+C2
«100325+02
«88c€35+(1
«976699+01
«363552+C1
- 950495401
«9317527401
«9324649+01
«911859+01
«8991560+01
.88E655C+01
«874029+01
«861597+C1
«849255+01
«837CC2+C1
«824339+01
«812765+C1
. 8CC780+C1
«TEE3854+C1
«777C79+01
.765262+C1
«753735+01
«T42137 401
«730748+01
«71c389+C1
+7C8118+01




223
225
221
229
231
233
235
2317
239
241
243
245
247
249
251
253
255
257
259
261
263
265
2617
269
271
273
275
2717
279
281
283
285
287
289
291
293
295
297
299
301
303
305
3C7
30¢
311
313
315
317
318
321

«H43522+C2
+ 43895402
«44258+02
+44641+32
45014402
+45386+052
«45T758402
+4E129+02
«4E6501402
JH45872+402
A4 T72424(02
247613402
«4 7284402
+483544+02
«UBT24402
430394 +C2
+4384635407
«49832+02
«50201+4C2
«508570+02
«509384C2
«513074+02
«51675+02
«52042+02
«52410+02
«52777+02
«531454G2
+53512+02
«53878+402
«54245+02
«54511402
« 54977402
«55343402
+55709+02
«56C7u4+02
. 56440+02
« 56805402
25717032
«57534+02
+57899+02
«58263+402
«58627+02
«5g8991+4C2
«59355+02
«558718+02
. 60082+52
«60445+02
«.60828+02
-61171402
«61534+0

«131767-0C1
.131767-31
«131767-C1
«131767-01
«131767-01
«131767-C1
«131767-C1
.131767-91
«131767-01
.131767-21
«131767-01

.131767-01
«131767-C1

.131767-0U1
«131767-01

«131767-G1
«131767-C1

«131767-01
«131767-01

.131767-01
«131767-C1
«1317567-01
«131767-C2
.131767-31
«1317672-C1

«131757-01
«132767-C1

«131767-31
«131767-C1

.131767-01
«131767-31
«131757-C1
«131767-G1

+131767-212
«131767-C1

«131767-C1
«131767-01
«131767-01
«131767-C1

«131767-21
«131767-C1
«131767-G1
«1331767-C1
.131767-01
«121767-C1
«131767-01
«131767-C1
«131767-01
«131767-3C1
«131767-01

«646125+01
+653829+01
«661443+C1
+662051+01
«675636+01
«584202+01
+558174S+01
«623273¢01
«7086775+C1
714254401
«721707+01
«729135+01
« 738535401
«7439956+01
.751247+01
«7538558+01
+ 765836401
.773081+01
« 7802224012
«7274656+01
«724604+01
«8G1704+01
.80876%+01
«815783+01
«822760C+012
«329634+C1
836585401
«343429+01
+850227+01
855978401
«863630+C1
«87033i+01
« 876531401
+383473+01
.889972+401
«336411+01
«G02794+01
«339112+01
«91538&+401
«921594+01
«82774C+0C1
«933824+01
«839844401
«J45798+01
«951687+01
«957508+01
«8632544+01
«958922+01
«974510+01
«323018+01

JPL Technical Memorandum 33-518

.108CC5-C1
«103343-01
«597654~-02
«957543-02
.%18165-C2
«879527~-02
«841635-02
.30443%4-02
«768111-C2
«732493-02
«897645-C2
«2563574-02
«c30284-02
«537784~-02
«566277-02
«535172-02
«5CEC72-02
«475784-C2
H47315-02
«419658-02
.392852-C2
«366870-02
«341729-C2
«317434-02
«283882-02
«27140c-02
«2496863-0¢
«223329-02
.20884€-02
«289745-02
«171525-C2¢
-154193-02
«137765-C2
«122230-02
.107c01-C2
«3388065-03
.510752-C3
«631294-03
«58228C5-C3
«481959-C3
«39CS97€-02
«309384-~-03
#237224-03
«1743542-03
«121364-C3
« 77755704
«438188-04
«195004-04
«HETSTI-05
«2300C0

<444 585402
«441031+Q02
437467402
«433303+02
«430239402
«420775+02
+423212402
«419648+02
«416G84+02
«412520+02
408857402
«435393+02
«401E30+C2
«338266+02
«294 703402
«391139+02
«287576402
«384012+02
«280449402
«376886¢02
«272323402
+369759+02
«36€156+02
«362633+02
«358C76+02
«35551u7+¢02
«251¢44402
»3483803+02
«244817402
«341254¢02
«237691402
«334123+02
»330566402
«327003+02
«223440+02
«319877+02
«2162144C2
«312751+4C2
«309189+02
+«305026+02
«302C63402
«298501+0C2
«2S4538+02
+291375¢02
«287813402
«284250+02
«280c88+02
«277125+02
«273563402
«270000+02

«696837+C1
«+685846+01
+674843+C1
«653930+01
.653106+C1
«b42372+C1
«631726+C1
«621170+01
«61C07034+C1
«600325+01
+58CC37+401
«573837+01
«56S7274+C1
«553706+01
«SHSTT4+C1
«539932+01
«53C178+C1
«520514+01
«51C¢39+C1
«501453+01
492C56+C1
«482748+01
473522401
«464399+01
455352401
«445408+01
4375454 C1
428772401
420088+(C1
£411493+01
2402887401
«394570+01
«386242+01
»373004+01
«3688544C1
«361793+01
«352822+C1
«345939+01
«3381464C1
«330441+01
«322825+01
«315299+C1
»3078614C1
«300513+01
«2932534C1
«286083+01
«272CC1+01
«272009+01
.265105+C1
«258291+01
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INITIAL RIB SHAFEICURVE FITTINE){ED

CURVE FIT ZURVE FITTING
NODE RACIUS Z-CCORUINATE ERR CR
1 34,04403 25.02521 -.17698
3 83.£2729 24.81421 - .17547
5 83.33049 2445307 -417395
7 82.9735% 24.39283 - .17244
9 82.616%9 24.18359 -.17092
11 82.26009 22.97507 ~.16941
13 81.90330 23.76754 -.16790
15 81.54651 22.56C092 -.16640
17 1.18972 23435520 -+16489
1¢ 80.832%4 22,15038 -.16339
21 80.47616 22 .94€47 -.16189
23 8C.11938 22.74346 ~.16038
25 79.76260 22.54136 -.15889
27 73.40583 22.34016 -.15740
29 79.04905 22.13986 ~415591
31 78.65%229 21.94047 - 015442
33 %.33553 21474197 -+15293
35 77.57877 21.54439 -.15145
37 77.62201 21434770 ~+14996
23 77.26525 21.15193 ~.14848
41 76 .3C850 20.957C5 ~.14701
43 76.55175 20.783G8 -.14554
45 76.19501 20.57C0L ~.14407
47 75.83826 20.37784 ~.14260
49 75.48152 20.18658 -.164113
51 75.12479 19.99622 -.13967
53 74.,76805 19.80877 -.13822
55 74.41132 19.61821 -.13676
57 74 .05459 19.43C57 ~e13531
59 73.62787 S.243862 -.13387
61 73.34115 19.05728 ~e13242
63 72.28443 18.8730H -.13098
65 72.52772 18.68201 -+12355
67 72.27101 16.50588 -.12811
69 71.91430 18432365 412669
71 71.55760 18.14232 -.12526
73 71.20090 17.96190 -.12384
75 7C.54420 17.76239 - 412243
77 T 70.48751 17.6C377 ~+12101
79 G.13082 17.42606 -.11961
81 69.77413 17.24¢€25 ~.11820
83 69.41745 17.07335 -.11580
85 69.086077 16.8%835 -e11541
87 6€.70409 16.72425 -.11402 his section is the curve
89 63.34742 16.551C6 -.11264 ;

fitting section where a curve

21 57.59075 16.37_876 -.11126 is fit through the node loca-
33 °7'§31‘09 16'2_‘?]33 ~.10988 tions calculated in the last
35 67.27743 15"0{"89 -.10851 section. This allows the rib
37 66.92077 15.86731 —+10715 to be presented in both equation
29 66.56412 15.69863 -.10578 form and as a discrete set of
101 66.20747 15.53C80 —+13443 ;
- . mp o~ points.
103 65.85C¢82 15.36398 ~«10208
105 65.43418 15.19301 —+10173

JPL Technical Memorandum 33-518



1c7
109
111
113
115
117
i18
121
123
125
127
123
131
133
135
137
139
141
43
145
147
149
i51
153
1585
157
159
161
163
185
167
169
171

17%
177
179
181
1€3
185
187
189
1381
193
18¢
197
139
201
P4 )
205
207
209
211
213
215
217
219

65.13754
64 ,78091
E4.42428
64 ,C5765
€3.71103
63.35441
€2.52779
62.04118
62.28457
631.92797

1.57137
61.21478
tC.8c819
60.,5015¢C
65Ce14502
53,78844
58.43186
59.075293
5E8.71873
534362156
58.C0561
57.54905
£7.2925G
50.3359%
56.57¢942
$6.22233
55.E6634
50.,5C932
55.15329
54,7977
S4.44325
54 .,63374
53.72723
« 37073
«L1423
.565773
« 203124
« 34476
«28827
1.23179
5C.€7532
50.51835
5C.1623¢8
49.,3C592
4S5.44546
49,59301
48.73€56
48.,38012
4e.C2367
47.60724
47.21080C
45,954 37
4C¢.£57¢5
46,24153
4t.e8511
45.52870
45.172289

R PPN U WN G

o ;m;mat
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£.03295
14.86279
14.76553
14 .54 317
14,3171
14.22116
l4.0el151
13.8C277
1274493
13.5873%39
13.431S5
13.27682
12.1225¢
12.96¢20
12.81683
12.66531
12.51469
12.,36487
12.21€16
12.C6825

i.82124
1..77513
11.62993
11.45563
11.34223
11.15¢73
il.Cse14
16.391745

9.29€52
5.1706%6
9.C%4250
€.91534
2.78¢02
E.6E372
8.53¢527
B.l11572
&.25207
6.17132
8.C5CH7
7.83053
7.8.148
7.69324
7.57€10
7.45976
7434433
7225783

i

i

[

«10C4C
.09%06
08773
.C3641
«095C9
«09378
3247
«G9117
08988
.08859
08731
-08603
.08476
.08350
08224
.08099
.G7875%
«07851

-.071728
--075605

t

t

'

i

t

t

t

i

«CTHES
«07362
07242
«07122
.CT7CC3
.06885
+CE767
«06650
06534
+Gbu18
.0E 303
.05189
06C76
«05363
L5851
«05740
05030
«35520
85412
.55304
5186
.05080
L4984
«34273
L8775
«34672
04568
.04468
LG8267

-.J4267

04168
«C40683
L3572
.C3875
03779
.03684
03580

59



60

221
223
225
221
229
231
233
235
237
23¢
241
243
245
247
249
251
253
255
257
259
261
263
265
267
269
2712
273
215
277
218
281
283
285
281
289
251
293
295
297
2399
301
303
305
307
309
311
313
315
317
318
321

44 ,31538
44.45548
44 ,10339
42.74669
43,3903¢C
42,3392
42,57754
42.3211%
41 ,S6478
41.6CE4L
41.25295
4C.285568
40,53932
40.182S
39.82602

S.47027
39,11392
38.75758
33.40124
28.C4491
37.58853
37.33225
36.97593
36.61960
36.26329
35.90697
35.55006
35.15435
34.83805
J4.48174
34,12544
23.7€8915
33.41285
33.05656
32.708027
32.34399
31.88771
31.€£3143
31.27515
30.21887
3C.56250
3C.20633
29.35006
29.4938C
29.13754
2€.78128
28.42502
28.06876
27.71250
27.250625
27.30000

7.11615
7.00342
5485159
t.758656
oe67LE3
«5815G0
« 45327
«34595
«23252
«134GC
5.02¢38
5.92566
582283
£.72391
$.61¢90
%.51578
€.420L506
$e32224
522483
£.12831
S.63270
4.92799
4.234417
4.75126
4.55925
4.5c814
447792
4.38Eb61
4.3CC20
4.212689
4.12508
4.04037
3.85557
3.8716606
378865
3.70654
3.52E533
2.54502
3.40561
3.36711
3.30%53
3.2:279
3.15698
2.08207
3.0CC806
2.92486
2.86275
2.79144
2472103
2.65152

258291

(oA <2 NN AN o B o]

INITIAL RMS ERROR FUNCTICAKN =

.0 3437
«03405
«03313
-.03222
«03133
-.02950
-.02E69
-.42782
-.02e27
«02612
-.02529
-.02446
-.02364
-.02283
- 02203
~e02124
-.02C46
-+019569
.01893
«£1317
L1743
-.016569
01597
«01525
-.01455
.51385
01316
«01248
01181
«01115
.C1C50
»009336
.00S823
.00861
.008goc
« 00740
-.00681
«00622
-.005065
-.0C509
-.C0483
~.00393
-.30346
—~+00293
- <0242
-.00192
- +C0142
-.00094%
~+00C46
«0C303

[

v

t

«13487C+CO
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RIB SHAPE CURVE FITTING ITERATLES

WO WO s W WM

ic

a

ERRCR
FUNCTICN
«124753+C0
«796426-01
«796426-01
«756426-01
.796426-C1
.702252-01
.684256-0C1
«551981-01
.551981-01
.537880-01
.49C719-01
«315€58-01
+3156586-01
»315658-01
+315658-C1
.3100%6-01
«217281-C1
«217281-01
«1C4055-C1
.104C85~-01
.1040385-01
«1040¢S5-C1
.301882~-02
«301882-02
«.301882-02
.301882-02
.301882~-02
.301882-02
.3€1882-02
.201882-02
.301882-02
«232917-32
«232917~02
«232917-02
.184€01-C2
«169314-02
«168314-G2
«141270-02
«14187C-02
«14187C-C2
«141970-C2
«13801i5-02
«13691C-02
«135246-02
«1345614-02
.134508-02
.134314~-02
«134314-02
«133635-32
«133685-02
.133685-C2
.133685-02

OPTIMIZATION VARIAELES

(1)
.09C0cCece
-«1500CCLC+30
-.1500CCLC+CO
-+1500C0CC+CD
—+15G0CLCC+ED
~.7560185C-¢1
-« 177351¢5-21
—+97788058-C1
-«97788CE8-L1
-+17692614+00C
-«18275128+330

~e134255L00+C0

-«134255C0+030
-.134255C0+C0
-.134255C0+00
-.15579u°21+090
- el8562359+00
-.14662359+03
-.15656309+02
-.156503C9+00
-.156503C9+30
-.1565C3C9+4C0
-+415795328+4CO
-+15795328+00
-.16795328+20
-.16795228+20
-.18795328+33
-.16795328+C0
-.16725228+00
-.16795%28+00
-.16795328+00
-.16171588+30
~.16171€88+C2
-.16171528+00
-.16603G670+00
-.165555641+00
-+16556641+30
-.16374848+00
-.156374£48+00
-.16374848+30
-+16374243+00
-.16472428+00
-.156414353+0D
-.16458656+00
~.16412830+CC
-.16454€£21+00
-+15455577+C0
~.1B6455577+C0
-.16428508+C0
-.16428506+00
-.16428508+30
-.15428508+65

JPL Technical Memorandum 33-518

(21
«52000000-G1
«56866065-C1
+65666665-01
« 5665066501
«49356995-C1
«595378933-G1
«74874237-03
«74874237-03
«11203896-02

—+23886624-C1
»22134137-01
«22134137-31
«221358137~01
«22134137-01
«14477022-01
«1469L878-22
+14595878-02

—+72750526-02

« 73975062602

«7975C626—-02

«73753626-02

«158038036~-C1

«15808035-01

.15803836-2

«15802C35-01

.12808036-01

»158083036-G1

.158080356-31

.158036036-31

.15808035-C1

«12840887-01

«1284£887-GC1

—~+12643887-C1

+14949116-C1

«15149104-01

+151491304~-C1

«1%109119-01

«14103119-01

—-+14109119-01

~+14108115~-01

—+15C005910-01

—e1%7521256-01

—«14790704~-C1

~.14475344-C1

-.148343885-01

-.18487£955-C1

-«14678955-C1

-.1458207¢-01

-.1458307<-C1

-.1458207¢-C1

-+145E82079-C1

t

{

4

i

t

(3)
«05003300¢C
«565656606-01
«566566566-01
«66656666-01
«666565666-01
+53936625-01
»4%49123387-01
«68644235-02
«68644285-02
«39665579-C1
«47293883-01
«9055L669-02
«90550669-02
«9056366¢%-02
»9C3506869-02
+33182137-01
«45837011-02
«45897011-02
+15265265-01
«15205255-01
«15265255-01
«15265255-01
«24513989-02
«24513989-02
«24513989-02
+24513983-02
«24513989-02
«24513989~-02
+24512389-02
+24513989-02
«24513939-02
»49113655~-02
«439113665-02
«49118665-02
«36713329-02
«43243081-02
«43248081-02
«42227169-02
«42237169-02
«42237163-02
«42237159-02
«37847374-02
«41596779-02

.e40979792-02

«41214242-02
.22555482-02
«40076312-02
+4G07€372-02
«UC4 764177-02
«HCY 76412702
LU0 76417-02
«4Cu764137-02

61




62

53
54
55
56
57
58
59
60
6l
61

.133621-0C2
+133621-32
«133621-02
.133579-02
.133575-02
.133575-02
.133571-02
«133550-32
«133560-02
+13355C-02

t

«1644
-1644
<1344
«1843
1643
«1843
-1643
<1643
«1643
1643

C257+C0
80257+CC
0z57+CC
3023+CC
3566+00
3S€6+00
7877+20
5C689+C0
SCe3+(00

C65+C0C

-.14537c60-C1

.399€E48038-02
«393%64809-02
«39%&4803-02
JA4C4C5603-02
404 2C472-02
L4084 20479-02
+4018229C-02
~4G3E5469-02
«4C3554€69-02
«403EE469-02

»14667158-01
+1466715€-C1
+1466715&6-C1
«158618345-C1
«14637660-0C1

-14852191-C1
«14633425-C1
«148632425-C1
«14€32425-01
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NODE RACIUS
1 84.044032
3 83.08729
S 82.33049
7 8Z.97369
9 €2.8168¢
11 22.25009
12 81.5U330
15 81.54651
17 €1.18972
19 8C.83294
21 2L.476106
23 80.11938
25 79.7626C
27 79.4G583
z9 75.04506
31 78.69229
33 76.33553
35 77.97877
37 77.82201
33 77.25525
41 76.9085C
43 76.55175
45 7¢.19501
47 75.838286
49 75.48152
51 75.12479
53 74.768C5
55 T4 ,41132
57 74.05459
59 73.59787
61 73.24115
63 . 72.98443
65 72.62772
67 72.27101
69 71.%143C
71 - 71,557580
73 71.20G690
15 70.34420
77 7C.42751
79 7¢.13082
75 N €2.77413
83 69.41745
8% 6%.06077
87 68.70409
88 68.34742
91 67.99075
g3 67.63499
as - 67.27743
97 66.920677
99 66.56412
ic1 6G.20747
103 55.35082
105 65.45418

JPL Technical Memorandum 33-518

"CURVE FIT

Z-

COURDINATE
Z4.85127°
24 .64 CU9
T4 43560
24.22162
26401357
23.8CG43
23.65021
23.39491
23.19053
22.987C5
22.T€450
22.58286
22.36214
22.18233
21.98343
21.73544
21.56836
21.39220
21.1$694
21.00260
26.80518
20.61664
25.42502
20423431
25.08451
19.85¢861
19.66762
13 .45C54
19,29436
19.15208
18.92471
18.74125 -
16.55668 .
18.37702
16.19827
18.Cig41
17.83746
17.65¢41
17.48226 -
17.3C601
17.13066
16.95621
16.73267
16.61C02 -
16.43827
16.26741
16.05746
15.92841
15.76G25
15.59299
15.425663
15.26116
15.09659

FINAL RIZ SHAPC(CURVE FITTING)

CURVE FITTING
ERRGR
~ 00233
-+00175
~.C0148
~.C0123
-.C0C93
~.0C078
- +.20C57
-.00C39
- .00C22
-.00006
-00CG8
«30021
«GOC33
« 00043
«GCCB3
+0006&1
«GC(088
«C0074
003580
«C0384
.060C8s
- 00090
.60092
«00293
.CCG94%
« 08094
.00C383
-QQ091
.00090
«00387
.C0085
.CCO81
00078
«00074
.0C069
+0CC65
.CCO6C
«00055
-00CS0
«COC44
.3CC39
00033
«CC027
«00321
-COC15
.C0009
«CCGC3
-.0CC03
-.00009
- .OUCZO
-.00026
-.00032

63



64 .

BT Ve
21T \
s

107
109
111
113
115
117
119
121
123
125
127
129
131
133
135
137
139
141
143
145
147
149
151
153
155
157
159
161
163
165
167
169
171
173
175
177
179
181
183
185
187
189
191
193
195 -
197
199
201
203"
205
207
209
211

213

Y -
S zEnlla

65.13754
64.78091

64.42428
64.C6765

63.71103
63.35441
62.99779

62.64118

62.,28457
61.92787

61,57137
1.21478 -

60.85819

60.50160 -

60.14502
59.78844
59.43186
$9.07528
58,71873
58.36216
58.,00561
$7.64505
57.29250

§6.93596 "

56.57942
56.22288
55.86634
$5.50982
55.1532S
S4,79677
54.44025
54.,08374
53.72723
$3.37073
53.01423
52.65773
52.30124
51.94476
51.58827
51.23179
50.87532
50.51835
50.16238
49,80592
49.44346
49,09301
48.73656

48,38012

4%8.02367
47,66724%
47.31080
46.95437

.46.59795

46.24153

. 45.88511

45,52870

45.17229

14.93292 -.00C37 .

l4.80827 - -.000438 .
14.44728 - - .CC053
14.23720 -.00057
14,1800 - .C0CB2
13.96¢°71 -«00C067
13.81230 -.0CC71
13.65580 -.0007S
13.50018 - .00C79
13.34546 ’ -.00082
13.1%168 - - .00086
13.03271 -.0C089
12.88667 . -.00092
12.73553 -.00094
12.58528 - .00096
12.43593 -.00098
12.28747 -.0C100
12.13290 -.00102
11.99322 ~«00103
11.84744 —-.00104
11.706255 -.C0104
11.55855 -«.500104%
21415495 -.20104
11.13192 -.00104
1C0.99149 -.00103
1G.85196 -.00101
10.71332 -.C0100
10.57557 -.00098
1C.30275 -+00C 94
10.C3350 —-+00088
S.90021 -.00085
9.76781 -.00082
9.63631 -.C0078
9.50£69 -.00074
9.24715 -+.00066
9.11921 -.00062
8.99217 . -.00057
8.8€601 -.00052
8.74L75 ~-.00047
3.45291 —.00036
8.37033 -.00030
8.12783 -.00018
8.CC793 ~-.00012 ..
7.88891 - .00C08& M
T.77C79 «00000
7.65356 .00C07
~Te853722 - -7~ 500013~ -~
T42)17 .00020
730722 - «00026

7.19356 .«00033 . . .. .
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.

221 44,81588 7.08079 .00040: . .

223 44,45948 6.96891 00046 .

225 44,10309 6.85733 . .00053 " .

2217 43,74669 6.74784 . .00059 - -

229 43.39030 6.63864 .00066 -

231 43.03392 6.53034. .00C73

233 42.67754 6.42293 .00079 - -

235 42.32116 631641 .00085 -

237 41.96478 6.21C79 «00092 - -

239 41.60841 6.10605 .00098 - -

241 41,25205 6.00222 .00104 -

243 4C.89568 5.89327 .00108 . .. .
245 40.53932.. . 5.79722.,.,, «00115,< ...
247 40.18297 5.65607 60121

249 39.82662 5.53580 .00126

251 39.47027 5.49644 00131 . . '
253 39.11392 5.39796 .C0135 - 5
255 38.75758 5.30038 .C0140 :
257 38.40124 5.20370 .00144

259 38.04491 5,1C791 .C0148

261 37.68858 5.01301 00151

263 37.33225 4.91901 .C0155

285 36.97593 4.82590 .00157 -

267 36.6196C 4.73369 00160 :
269 36.26329 4.64238 .00162 _ .
271 35.90697 4.55196 +G0163

273 35.55066 4.46243 «00165

275 35.19435 4.37380 .C0165

217 34,83805 4.28€07 .00165

279 34.48174 4.18923 00165

281 34,12544 4.11329 .00164

283 33.76915 4.02824 .C0163

285 33.41285 3.94410 .00161

287 33.05656 3.86084 00158

289 32.70027 3.77849 .00155

291 32.34399 3.69703 . .C0151

293 31.98771 3.61647 .00146

295 31.63143 3.53681 " .CO141

297 31.27515 3.45804 - 00135

299 30.91887 3.38017 - .00128

301 3C.56260 3.30320 .80121

303 30.20633 3.22713 00113

305 29.85006 3.15195 .C0104

307 29.43380 3.07768 00094

309 29.13754 3.C0430 .00083

311 28.78128 2.93182 .00C71.

313 28,42502 2.86C24 .00059

315 28.C6876 2.78956 .00046

317 27.71250 2.71978 +00031

319 27.35625 2.65089 - .00C16

321 27,00000 2.58291 .00000

RIS CURVE FITTING RMS ERROR = ..133560-02 .. _,:@g;s:hr;;:aﬁ;sggf;ﬁge:h;°8;§e

, Bl 3@ " machined rib shape that will
C produce the optimum rib when

the mesh and cable are applied.

BL1) - Bt2)

-.164350692+00 -,.146334250-01 -Q03654686-02
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