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ABSTRACT
Use of calculation program START and modeling program P3D to produce
radiation patterns of antennas mounted on space station is discussed. Basic
components of two space stations in the early design stage are simulated and

radiation patterns for antennas mounted on the modules are presented.
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AIRBORNE ANTENNA PATTERN CALCULATIONS
By
Al1 B. Bagherian!, and Roland R. Mielke2
INTRODUCTION

The Program START has proven to be a powerful tool in computer genera-
tion of airborne antenna patterns for antennas mounted on the fuselage of
general aviation aircraft. The calculation Program START produces airborne
antenna radiation patterns that closely approximate the experimentally mea-
sured raafation patterns. See references (1-2). This approach has cost and
time advantages over experimental measurement procedures for generating air-
borne antenna radiation patterns.

The Program START is currently being modified to produce radiation pat-
terns for antennas mounted on space stations. The geometrical structure of
the space station is more complex than general aviation aircraft and it de-
mands more powerful calculation and modeling programs.

The proposed procedure to assemble the space station in the earth orbit
is first to place the main module and two solar panels in synchronous orbit
and then ¢o add other pacts by use of the space shuttle. Therefore, it is
important to study the antenna radiation patterns at various degrees of
completeness of the space station. That is, we first simulate the main mod-
ule of the space station using the modeling Program V3D and study the radi
ation patterns of antennas mounted on the main module. Next, two plates are
added to simulate two long solar panels and the above analysis is repeated.
We then gradually add more plates to simulate other parts of the space sta-

tion and calculate the resulting antenna patterns.

TGraduate Research Assistant, Department of Electrical Engineering, 0ld
Dominfon University, Nerfolk, Virginia 23508.

2Chairman and Associate Professor, Department of Electrical Engineering, 01d
Dominion University, Norfolk, Virginia 23508,
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At present the modeling projran P3D can handle one prolate spheroid to
simulate the cylindrical confijuration of the main module and a limited num-
ber of plates to simulata two solar panels and other parts. The calculation
program START can accept one prolate spheroid and up td.twenty-five plates
to produce antenna radiation patterns. At this point there is a need to im-
prove both the modeling and the calculation programs so that they can handle
more than one prnlate spheroid. There is also & need to increase the number
of plates that both programs can accept.

To investigate the feasibility of using the existing modeling program
P3D and calculation prograr START, a series .f simulations of basic compon-
ents of the space station are presented. The investigation includes axial
slot antennas Tocated on the main module of the space stationl

A description and derinition of input data required by Programs START
and P3D are given in reference (2). The discussion of the use of interac-
tive program P3D and an example of a modeling routine on the NASA/Langley

Research Center computer system are also presented in reference (2).

I1. SIMULAT(UN OF MAIN MODULE
The main module is first sinulated by a long jrolate spheroid and then
truncated at the appropriate location to obtain a cylinder which has nearly
straight edges. The solar panels are simulated by two plates. These plates
are either attached or not attached to the cylinder (main module) depending
on the design of the space station.
The foliowing frequency ranges are used for antenna radiation patterns:

.2 GHZ, .25 GHZ, 1 GHZ, 1.6 GHZ, 2.2 GHZ, 10 GHZ, 25 GHZ and 30 GHz. Figure



[1.1. shows the dimensions of the main module and the proposed antenna loca-
tions. Figure I[.2., shows the schematics of the long prolate spheroid used
on the graphics tablet to simulate the main module. The side, front and top
views of the simulated prolate spheroid are shown in f{gures I1.3, I1.4 and
[I.5. This prolate spheroid is truncated at ¢ 270' along the z-axis. The
side, front and top views of the resulting cylinder with straight edge bases

are shown in Figures II1.7, I1.8 and II.9.

III. TEST PATTERNS FOR PROPOSED SPACE STATIONS IN EARLY DESIGN STAGE
[II.1 INTRODUCTION

Two proposed space stations in thé early design stage ars simulated in
this section. The first simulation model consists of one main module and
two long straight solar panels. The second simulation model has three mod-
Jles, two diagonal solar panels and bottom truss platform.

For each preliminary design the model is simulated first and then radi-
ation patterns for antennas mounted on the module are presented. Next the
other parts of the space station are gradually added and then <imulated.

I11.2. Main Module With Two Long Solar Panels

The artist's conceptual drawing of tha first space station with two
long solar panels is shown in the next picture. As seen in this picture,
the geometrical structure is complex. However, the components that most af-
fect the antenna radiation patterns are the main module and two long solar
panels. Simulation of thrse components of the space station is presented in
this section.

The following simulation information concerning the dimensions of four

corners of each long solar panel is easily cbtained from dimensions of space






station shown in Figure [Il.2-1. This data is simply input as mathematical
model input data manually as required by the "PG:" command:

PG: Left Solar Panel

oF
0. 720. -360.
0. 4320 -360.
0. 4320. 360.
0. 720. 360.

Pa: Right Solar Panel

4F

0. -720. 360.
0. -4320. 360.
0. -4320. -360.
0. - 720. -360.

these dimensions are in inches.
The modeling program simulates the main module completely when the long pro-
Tate spheroid is truncated out % 270'. along the z2-axis. This is done by
"FC:" command as follows:

FC:

T T

270, -270.
Figure II1.2-1. shows the dimensions of the mai1 module and two long solar
panels. The side, front and top views of the simulation of the main module
with solar panels are shown in Figures [11.2-3,, II1.2-4 and 111.2-5.

The principal roll plane patterns for axial slot antennas on the main



inodule with and without two long solar panels are presented in this section.
Also, the principal roll plane patterns for axial slot antennas for the fol-
Towing multiple antenna locations are displayed:
one antenna on the top of main module, two antennas on éhe top and the
bottom of main module and four antennas around the main module,
III.3 Three Modules With Two Diagonal Solar
Panels and Bottom Truss Platform

Basic components of the second space station model shown in Figure
[I1.3-1. are simuiated in this section. The components that most affect an-
tenna radiation patterns are modules, solar panels and platforms.

The coordinates of each corner of the diagonal solar panels and the
bottom truss platform are easily obtained from th2 dimensions of the prelim-
inary design of the space station shown in Figure III.3-1. This information
is put in the mathematical model input data manually as required by the
"PG:" command.

The principal roll plane patterns for an axial slot antenna on top of
the main module with two diagonal solar panels are then presented. The sim-
ulation of the space station continuas with the addition of the bottom truss
platform. Then, two more modules are added by translation of the origin of
the coordinate axis as shown in Figure III.3-9. using command "RT:" and ro-
tation of the coordinate axis around the translated origin as seen in Figure
111.3-10. using command "PD:". See reference (2) for explanations of com-
mands "RT:" and "PD:". Note tnat geometrical structure is not rotated. f
Finally, principal roll plane patterns of axial slot antennas at various lo- .

cations are presented.
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——-
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Figure II.3. Long prolate spheroid. Side view,
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Figure II.4. Long prolate spheroid. Front view.
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/

Figure II.6.

Mathematical model input data for main module.
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Figure I1.7. Simulation of main module.

Side view.
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ORIGINAL PAGE 19
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Figure I1.8. Simulation of main module. Front view.
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Figure II.9.

Simulation of main module. Top view.
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S, .. B -

CRICINAL PAGE B

OF POOR QUALITY

EX:

FG:'MAIN MODULE UITH SOLAR PANELS. FQ:2.2 GHZ

84.0 1763 S 1763 S 122 1.

e o o EX"
FC. FQ: 25 GHZ

TT 125 1.

27¢ o -270 @ EX:
PG'LEFT SOLAR PANEL END OF FILE

4 F »

@. 720. -360.

©. 4320. -360

®. 4320 360

®. 720. 360.
PG RIGHT SOLAR PANEL

4F

@ -720 360

@. -432¢ 360

®. -4320 -360.

®. -720 -360.
$G'

e 0. A
1
e. 0. :
.01 .50. 0 1 s
1. 9 ’
FQ: 26 GH2

1 .26 1
PP

3.75 3
PDROLL PLANE

. 90.

$9 91 2

® 360 1

T 50000

F 3

Figure IIl.2-2. Mathematical model input data for main module with
two lona solar panels.
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e S

ORIGINAL PAGE IS
OF POOR QUALITY

SPACE STATION WITH THO LONG SOLAR PRNELS.
FUSELRGE PROFILE
(ELEVATION PLAND

‘- F. = 2!-@

Figure II1.2-3. Slot antenna on top of main module with two
long solar panels. Side view.
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ORIGINAL PAGE @
OF POOR QUALITY

SPACE STATION WITH TWO LONG SOLAR PANELS.
CROBS SECTION
(ROLL PLAND

8
8. F. = 208.000

Figure III.2-4. Slot antenna on top of main module with two lona
solar panels. Front view.
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ORIGINAL pagr g
F POOR QuaALTYy

8. F. = |208.Q00

Figure III.2-5. Slot antenna on top of main module with two Tonq
solar panels. Top view.
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GRIGIMAL PACE 19
OF POOR QUALITY

90 91 2
FG ® 360 1
84.0 1762 5 1763 S T 50000
. o o F3
PP EX
3.75 3 PD ELEVATION PLANE
FC S0. 90.
TT 90 91 2
270 @ -2792 o @ 360 1
sG: T 50000
e o : F 3
1 EX"
e o FQ:30 GHZ
81 5@ o 1 1 30. 1.
1 o PD ROLL PLANE
Fa: 2 GHZ °. 90
1 .21 90 91 2
PD-ROLL PLANE @ 360 1
e Se T 50000
90 51 2 F3 '
® 360 1 EX" ;
T Se000 PD:ELEVATION PLANE :
F 3 s0. 99, '
EX: so 91 2
PD ELEVATION PLANE @ 360 1
se 9o T 50000
90 91 2 F3
® 360 1 EX:
T Seeee END OF FILE
F3 ?? E..RL
EX: §5123  REPLACED
FQ'18 GHZ §5123 IS A LOCAL FILE
110 1 /
PD'ROLL PLANE
0. 90

Figure I11.2-6. Mathematical mode! input data of main module.
Antenna location 1.
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ORIGINAL pagg
OF POOR QUALn!v.

SIMLATION OF MR
NeoFILE IN MOOULE.
{ ELEVATION PLHE)

8. F. = 288.000

Fiqure II11.2-7. Antenna location 1 on the main module.

Side view.
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8. F. = 298.000

Figure III.2-8.

v 13

S v A
Calaia etk

~F POOR QUALTTY

Antenna location 1 on the main module.

Front view.
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ORIGINAL FaGs |
OF POOR Q('J‘:frrﬁ

8- F- 2 m-m

Figure TII.2-9. Antenna locaticn 1 on the main module.

Top view.
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R ~a ;WA
CiGNAL FALY 13

OF POOR QUALITY

%

</

Figure II1.2-10. Principal roll plane pattern at .2 GHZ. Axial slot
antenna at location 1, without solar panels.
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|
OKIGINAL PACE i$ E-THETA
OF POOR QUALITY €3 PLOT

L

Figure II1.2-11. Principal elevation plane pattern at .2 GHZ.
Axial slot antenna at location 1, without
solar panels. )

26



ORIGINAL PAQE E-PHI
OF POOR QUALITY 08 PLOT
P e

]

Figure I11.2-12. Principal roll plane pattern at 10 GHZ.

Axial slot antenna at location 1, without
solar panels.
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L Py SEoeg . -
o Foon g5 3 E-THE TR
08 PLOT

Figure I11.2-13. Principal elevation

Axial slot antenna
panels.

plane pattern at 10 CHZ.
at locatien 1, without solar
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ORIGITIAL FOUL 7 |
OF POOR QUALTWS E_PHI

0B PLOT

™~
y
|
\ \
/
S~
e

Figure III.2-14. Principal roll plane pattern at 30 GHZ.
Axial slot antenna at location-1,
without solar panels.
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E-THETH
ORIGINAL PAGE 18 08 PLOT
OF PCOR QuUALITY

46‘\

| 7

Y

Figure II1.2-15. Principal elevation plane pattern at 30 GRZ.
Axial slot antenna at location 1, without
solar panels.
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FG:
84 @ 1763 5 1763 .5
. 0. 0
PP
3.75 3
FC
TT
270 o -270 @
SG-
@ -150.

O re

0 .
.5 o 1

Q.

1.6 GHZ

1.6 1

o1
F
P

SO D+

90

90 91 2

© 360 1

T S0000

F 3

EX:

PD:

$@ 90.

90 91 2

@ 360 1

T Se000

F 3

EX:

END OF FILE
?? E

§6123 IS A LOCAL FILE
/

Figure I11.2-16. Mathematical model input data of main module.
Antenna location 2.

comamial paGl K

07 FOOR QUALITY
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.

PROF1
ELEVATION PLAND

8. F. = 288.000

Figure III.2-17.

CRIGINAL PAGY [T
OF POOR QUALITY -

ITMLATION OF QIN MODULE .

Antenna location 2 on the main module.

Side view.
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CRIGINL PaGe 1]
OF POCR QUALITY

SIMLATION OF MAIN MODULE.
CROBS SETION
(ROLL PLAND)

8. F. = 288.000

Figure II1.2-18. Antenna location 2 on the main module.
Front view.
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’. Fo s acm

Figure II1.2-19. Antenna location 2 on the main module. -
Top view,
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ORIGHNAL PG{;E 1S F-PH]
oF POOR Q 0B PLOT

Figure III.2-20. Principal roll plane pattern at 1.6 GHZ.
Axial slot anterna at jocation 2.
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ORIGINAL PAGE IS

OF POOR QUALITY E-THETA

CB PLOT

Figure III.2-21.

Principal elevation plane pattern at 1.6 GHZ.
Axial slot antenna at location 2.
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ORIGINAL PAGE 13

OF POOR QUALITY

FG.

84 @ 1763 5 1763 5
. 2 o
PP.

3.7 3
FC:

TT

270 .0 -27¢ ©
sG:

o -222.

1

CI)

@1 50 o 1
]
1 GHZ
1.1
PD'ROLL PLANE

°. S0

90 91 2

® 360 1

T S0000

F 3
EX:
PD:ELEUATION PLANE
90 90

9@ 91 2

@ 380 1

T S0000

F 3
EX:
END OF FILE
77 €
§6123 IS A LOCAL FILE
/.

1
Fa
1

Figure 1I1.2-22. Mathematical model input data of main module.

Antenna location 3.

———
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%7 4

ORIGINAL PAGE I8
OF POOR QUALITY

SIMLATION OF MAIN MODULE.
FUSELRGE PROFILE
(ELEVRTION PLAMD

8. F. = 2008.000

Figure III1.2-23. Antenna location 3 on the main module.

Side view.
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8. F. = 288.000

Figure I11.2-24.

CrRGINAL PnGE ]
OF POOR A

Antenna location 3 on the main module.
Front view.
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ORIGINAL PAGE 1g
OF POOR QuALITY

’O FO = m-m

i in module.
i I1.2-25. Antenna location 3 on the ma
Figure III. Fon vien:
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AL PAGE 18
g::“ep‘g‘OR QUAUTY E "PH [
CB PLOT

A

Figure I11.2-26. Principal roil plane pattern at 1 GHZ. Axial
slot antenna at location 3, without solar panels.
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ORI n ,
F VAL PAGE 1g -THETA
O0R QuaLrry 08 PLOT

Figure II1.2-27. Princ.pal elevats

on plane pattern at 1 GHZ. Axial
slot antenna at |

ocation 3, without solar panels.

42

0



Ny

ORIGINAL PASL !5
OF POOR QUALNY

1
FG MAIN MODULE UITHOUT SOLAR PANELS. @. O.

84 0 1763 S 1763 8 01 S0. 0. 1
. 0. 0. 1. 0.
pe. £X:
3.7 3 PD:
FC: 0. o
TY 90 91 2
270 0 -270 © 0 360 ¢
$G T 50000
o o F3
1 EX:
0. 0 END OF FILE
01 S @e. 9 1 " E
1. o, SLTVL I$ A LOCAL FILE
: FQ: 26 GHZ ’
; 1 .26 1
-~ ’D.
°. 1
90 91 2
® 360 1
T 50000
F3
EX.
sP.
TL o
PD.
o 179 8
90 91 2
0 360 1
T S0000
F3
£x:
$G:
90. 0.

Fiqure 11I1.2-28.

Mathematical model input data of main module without
solar nanels for muitiple antennas.
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ORIGINAL PAGE IS
OF POOR QUALITY

MAIN MODWLE (F SPACE STRTION.
FUBELAGE PROFILE
(ELEWRTION PLAND

S- '- = aom

Fiqure II1.2-29. Axial slot antenna on top of main module without
solar panels. Side view.
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Fiqure I11.2-30.

ORIGINAL PAGE IS
OF POOR QUALITY

Axial slot antenna on top of main module without
solar panels. Front view.

45

¢

mre. e aees A



.o R a-@

Figure III.2-31.

ETS
ORIGINAL PAG
OF POOR QUALITY

Axial slot antenna on top of main module without
solar panels. Top view.
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ORIGINAL PAGE IS E-PHI
OF POOR QUALITY 08 PLOT
Top
right left
solar solar
panel panel :
side side -
pottom

Figure IIl.2-32. Principal roll plane pattern at .26 GHZ.
Axial slot antenna on top of main module
without solar panels.
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right
solar
panel
side

hGE 9
<NAL PR
o!;*G SR VALY
° E-PHI
0B PLOT
Top

left

\

( ] panet
side
“.,,,¢d"!!!!I!I’;’.

)
/
4

pottom
Figure I11.2-33. Principal roll plane pattern at 2.2 GHZ. Axial

slot antenna on too of main module without solar
nanels.
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L A

right
solar
panel
side

ORIGINAL PAGE IS E-PHI
OF POOR QUALH‘Y 0B PLOT

\

top

Figure I111.2-34,

bottom

Principal roll plane pattern at 25 GHZ.
Axial slot antenna on top of main module
without solar panels.

left
solar
panel
side
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E1S
ORIGINAL PAG

MRIN MODULE OF THE SPACE STRTION.
FUBELAGE

PROFILE
(ELEWRTION PLAND

'o F. 5 28-@

Figure II1.2-35.

Two axial slo
bottom of mai
Side view.

t antennas on the top and the
n module without sclar panels.
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ORIGINAL PAGE IS
OF POOR QUALITY

MODLLE OF THE 8PRCE STATION.
SECTION
MLAD

i

s. F. = 288.000

Figure I111.2-36. Two axial slot antennas on the top and the bottom of
main module without solar panels. Front view.
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. wiGE 19
NAL ?FGG
g?%oon QUALITY

:
5
5

S. F. = 2885.000

Figure III.2-37. Two axial slot antennas qn the top and the

bottom of main module without solar panels.
Top view.
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right
solar
panel
side

3§

ORIGINAL PACT I
OF POOR QUALITY E-PHI
08 PLOT

‘3.\ Y‘V‘Q\
o

left
solar .
panel 4
‘ side 3
bottom
Figure I11.2-38. Principal roll plane pattern at .26 GHZ. 11
Two ax:al slot antennas on the top and the
bottom of main module without solar panels.
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o ?

ORIGIAL é"';'i‘.-ili.
OF POOR QUA.ﬂ'\'

E-PHI

0B PLOT
top
right
solar | = 19{" )
panel = 3 a;‘
side g?g: '\
—_ :
f
bottom S
Figure I11.2-39. Principa’ roll plane pattern at 2.2 GHZ. Two
axial slot antenna
of main module without solar panels.
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right
solar
panel
side

of 13
GRIGINAL PR E-PHI
oF POOR QuALITY DB PLOT
top

bottom

Figure [I11.2-40. Principal roll plane pattern at 25 GHZ. Two
axial slot antennas on the top and the bottom
of main module without solar panels.
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oy tap it R
ORIGINAL FARGE T

OF POOR QUALTTY

IOUN ACULLE (F THE SPRCE STATION.
(ELEWATION PLAND)

S. F. = 28.00

Figure II1.2-41. Four axial slot antennas around main module without
solar panels. Side view.
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ORIGINAL PAGE IS
OF POOR QUALITY

Fie
L
S
a
3
B

SO F. = 288.000

Fiqure I11.2-42.

Four axial slot antennas around main module
without solar panels. Front view.
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'o F- - a-@

Figure I11.2-43.

: i3
ORIGINAL PAGE
OF POOR QUALITY

Four axial slot antennas around main module without

solar panels.

Top view.
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t“ % T

ORIGINAL PAGE IS
OF POOR QUALITY E-PHI

DB PLOT

top

right Teft
solar solar
panel panel
side side
bottom
Figure I111.2-44. Principal roll plane pattern at .26 GHZ.
Four axial slot antennas around main module
- . without solar panels.
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right
solar
panel
side

L PAGE 19
ORIG e QUALITY E-PHI
OF DB PLOT
tOp

Figure III.2-46.

bottom

Principal roll plane pattern at 25 GHZ.
slot antennas around main module without

Four axial
solar panels.
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pAGE il
OF POOR QUALITY
EX:

FG 'RAIN MODULE WITH SOLAR PANELS. FQ'2.2 GHZ
84.0 1763.5 1763 S 1 2.21.
e. 0. 0. EX:

FC: FQ 25. GHZ2
TT 1 285. 1.
870.0 -27% .0 EX:

PG:LEFT SOLAR PANEL END OF FILE
4 F ?? £

9. 72¢. -360.

Q. 4320 -360.

Q. 4320 360

@. 720. 360
PG RIGHT SOLAR PANEL

aF
-720 366.
-4320. 360
-4320. -360.
-720. -360.

(7]
Gesoo

1 S5 9. 0. 1

"
PO -0

.86 GHZ
.26 1.

h
b

3.7 3
PD'ROLL PLANE

@. So.

90 91 2

9 360 1

T 50000

F3

SOL1 IS A LOCAL FILE
Id

Figure I11.2-47. Mathematical model input data for main module
with two lona solar panels.
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top

ORIGINAL FLCE IS
OF POOR QUALITY

E-PHI

08 PLOT

left solar panel

S
F

— @,

<)
\ %
‘4 (E:
‘
' e
\—F"
right solar opanel
Figure II1.2-48. Principal roll plane pattern at .26 GHZ. Axial slot ‘
antenna on top of main module with two long solar
panels.
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A~ g

top

g:_“G'NAL PACE 19 E - PH I
POOR QUAUTY 0B PLOT

left <ola~ nanel

=~

NN
1

e
(=]
1 :
/
right solar panel
Figure I1I1.2-49. Principal roll plane pattern at 2.2 GHZ. Axial
slot antenna on top of main module with two long
solar panels.
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top

ORIGINAL pACE W

oF POOR QUAL\TY E_PHI

DB PLOT

left solar panel

£
(=
=
i
right solar panel
Figure I11.2-50. Principal roll plane pattern at 25 GHZ. Axial
slot antenna on top of main module with two long
solar panels.
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FG: SPACE21
84.0 1763 5 1763.5
0. 0 0o
PR,
3.7% 3
FC:
TT
§52.0 -552.0
PG LEFT SOLAR PANEL
arT
®. 84 -420.
-1299 .6 834. -420.
~1299 6 834. 420.
©. 84. 420

PG RIGHT SOLAR PANEL

47T
0. -84 420.
=1299 6 -834. 420.

~1299 6 -834. -420.

0. -84. -420.
$G

¢ 9.

1

0. o

.91 .5 0. @ 1
1. 0.
FQ' .26 GIGAHERTZ
1 26 1.
PD'ROLL PLANE
e. 0.

90 81 2

® 360 1

T S0000

F

ORIGINAL PAGE 1T
OF POOR QUALITY

EX:

FQ'2.2 GIGAHERTZ
1 2.21.

EX:

FG:25 GIGAHERTZ
125 1.

Ex:

ENP OF FILE

7 E

SPACE21 IS A LOCAL FILE

7/

Figqure I11.3-2. Mathematical model input data for main module with
two dianonal solar panels.
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Figure 111.3-3.

ORIGINAL PAGE I8
OF POOR QUALITY

Axial slot antenna on top of main module with two
diagonal solar panels. Side view.
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- 1% L |3
orGitAL PAG
OF POOR QUAL\TY

'o 'o - acw

Figure II1.3-4. Axial slot antenna on top of main module with two
diago~al solar panels. Front view.
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AN "% Y.

ORIGINAL PAGE 19
OF POOR QUALITY

$. Fo = 208.000

Figure III.3-5.

Axial slot antenna on top of main module
with two diagonal solar panels. Top view.
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right
solar
panel

-~ EXILE LI DR s
:'R';\‘.A.\.*.L. A0 ST 1

JF POOR QUALITY.

top

E-PHI

0B PLOT

Figure (11.3-6.

Principal roll plane pattern at .26 GHZ.

\-—J_
bottom

Axial

slot antenna on top of main module with two
diagonal solar panels.

left
solar
panel ;
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right
solar
panel

ORIGINAL PLo: ;]
OF POOR QUALITY E'PH I

0B PLOT

top

p— .

Figure III.3-7.

left
solar
( ’ ]pane]
//
bottom :
Principal roll plane pattern at 2.2 GHZ. Axial §
slot antenna on top of main module with two
diagonal solar panels.
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solar
panel

%

i€ 1S
ORIGINAL PAGE 1
OF POOR QUALITY F-PHI

0B PLOT

\

left

Figure II1.3-8.

X7 o
K

e aantl

bottom

Principal roll plane pattern at 25 GHZ. Axial
slot antenna on top of main module with two
diagonal solar panels.

solar
panel

VEa w
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ORIGINAL PAGE IS
OF POOR QUALITY

CROBS SECTION
(ROLL PLANE)
origin hefore
translation
+ origin after
translation
S. F. = 2088.000

Figure 111.3-9. Oriqin of coordinate axis before and attier
translation.
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RIGINAL PAGE 18
gF POOR QUALITY

A- Coordinate axis x' and y' after 120° rotation around
z axis, used for simulation of right module.

B. Coordinate axis x' and y' after 240° rotation
around z axis, used for simulation of left module.

Figure III.3-10. Coordinate axis before and after rotation
around z axis after translation of oriqgin.
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FG: SPACE2?
84.0 1763 S 1763.5
e 0 o
PP.
3.75 3
FC:
TT
552 @ -552 ©
PG:LEFT SOLAR PANEL
4T
@ 84 -420.
~1299 .6 834. -420.
-1299 6 834 420.
@. 84 420
PG RIGHT SOLAR PANEL
4T
Q. -84. 420
-1299 6 -834. 420
-1299 6 -834 -420.
@ -84 -420 .
PG BOTTOM TRUSS PLATFORM
4F
-1299 6 834 420
-1299 6 834 -420.
-1299 6 -834 -420.
-1299 € -834 420.
$G
. o
1
2. 0.
1 5S9. 0 1
1. 0.
FQ' .26 GIGAHERTZ
1 .26 1.

ORIGH

NAL PAGE 13

OF POOR QUALITY

PD'ROLL PLANE
Q. 0.
90 91 2
@ 360 1
T S0000
F 23
Ex:
SG
-45. Q.
i
e. o.
.01 .5 0. 0. 1
1. 9.
SP
T1. 9.
RT:
-649.8 0. ©.
0. 0. Se. 0.
PD:ROLL PLANE
0. 120.
90 91 2
© 360 1
T Soee0
F 3
EX:
END OF FILE
?? E

SPACE27 IS A LOCAL FILE
/

Fiqure I11.3-11. Mathematical model input data for main module,
two diaconal solar panels and bottom truss

Two axial slot antennas; one on

“he main module, the cther on the right module.

platform.
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SPRCED?

R
gl“."v\' (‘.'Lr‘.'h t". ,.‘. A
((;:\ ;’OOR QUF«L\‘

FLEELACE
(ELEVATION PLAND)

8. F. = 288.000

Fiqure II1.3-12.

Axial siot antenna on top of the main module with
two diagonal solar panels and bottom truss platform.
Side view.
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8. F. = 288.000 ‘{i

Figure III.3-13.

g RIGINAL ppy,. ...
F PooR QUAL:T;J

Axial slot antenna on top of the main module with

two diagonal solar panels and bottom truss platform.
Front view.
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8. F. = 208.000

Figure 1I1.3-14.

ORIGINAL PAGE 1S
OF POOR QUALITY

Axial slot antenna on top of the main module with
two diaqonal solar panels and bottom truss platform.
Top view. .
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CRManAL AR 13

OF POOR QUALITY E-PHI
DB PLQT
top
Vi a
'/I \
// \
right| | left
solar

I I solar i

panel ,////// | Ppanel '
Sl

\ 4 ‘

\ .

“\

\.
N

bottom

Fiqure II1.3.15. Principal roll plane pattern at .26 GHZ.

slot antenna on top of main module with tw
diagonal solar panels and bottom truss pla

Axial
0
tform.
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ORIGINAL PAGE (3 E-PHI
OF POOR QUALITY 0B PLOT
top
]
r'ight( \lggr

solar ]
panel ‘ panel
4 \\ /

bottom

Figure III.3.16. Principal roll plane pattern at 2.2 GHZ. Axial
slot antenra on top of main module with two
diagnnal solar panels and bottom truss platform.
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solar
panel

cE I3
QR\GNAL PA
OF POOR QUALITY E"’PH I
08 PLOT
top
T
\
left
,solar
panel
l' ~—— l'
AN
\_——
bottom
Figure III.3-17. Principal roll plane pattern at 25 GHZ. Axial
slot antenna on top of main module with two
diagonal solar panels ard bottom truss platform.
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SPRCEY]
FUBELAGE PROFILE
(ELEVATION PLAND
p.
.
8. F. s 200.000

Figure 111.3- 8.

> DA

ORIGINAL PAGE 'S
OF POOR QUALITY

Two axial slot antenras; one on top of the main
module, the other on the right module, with two
diagcnal solar panels and bottom truss pla’:orm
Side view.
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ORIGINAL PAGY T
OF POOR QUALMY

:

rigure I111.3-16. Two axial slot antennas; one on top of the main
module, the other on the right module, with two
diagonal solar panels and bottom truss platform.
Front view.
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ORIGINAL PAGE i§
OF POOR QUALITY

SPRCEY)
HEFOING PROFILE
(QZIMUTH ALAE)
2
S. F. 2 290.000

‘

%

g Figure I11.3-20. Two axial slot antennas; one on tnp of the main

t module, the other on the right m.:u.le, with two .
E? diaqonal solar panels and bot:»: ¢russ platform.

E? Top view.
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CRIGINAL PAGE &3
OF POOR QUAL
E-PHI
08 PLOT

top

NN
\
!
f k left _
e : | solar 4
panel 5

|
T~

—/

bottom

=

Figure III.3-21. Principal roll plane pattern at .26 GHZ. Two axial
slct antenna; one on top of main module, the other

on the right module.
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ORIGINAL PAGE 15 E-PHI

OF POOR QUALITY 08 PLOT
to
-
==
right e left
solar o — solar
panel —— panel
/
\
bottom

Figure II11.3-22. Principal roll plane pattern at 2.2 GHZ. Two
axial slot antennas; one on top of main module,
the other on the right module.
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0B PLOT
top
right left
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Figure III1.3-23. Principal roll plane pattern at 25 GHZ. Two axial

slot antennas; one on top of main module, the other
on the right module.
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Figure III.3-24.

Mathematical model input data for main module, two
diaqonal solar panels and bottom truss platform.
Three axial slot antennas; one on each module.
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Figure II1.3-25. Three axial slot antennas on each module, with two
diaqonal solar panels and bottom truss platform.
Side view.
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Figure III.3-26.

Three axial slot antennas on each moduie, with
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two diagonal solar panels and bottom truss

platform.

Front view.
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Figure I11.3-27. Three axial slot antennas on each main module, with
two diagonal solar panels and bottom truss platform.
Top view.
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Figure II1.3-28. Principal roll plane pattern at .26 GHZ. Three
axial slot antennas on top of each module.
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Figure 111.3-29. Principal roll plane pattern at 2.2 GHZ. Three
axial slot antennzs on top of each module.
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