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ABSTRACT

The VHF Antenna Simulation Program accepts LEM and CSM antenna

pattern data (available on tape) and LEM and CSM position and attitude
data (also available on tape) and simulates the LEM-CSM VHF communication
links. All parameters involved in this simulation are printed as
functions of mission trajectory. The polarization loss, gain product,
CSM antenna gain, LEM antenna gain and range between CSM and LEM are
plotted as functions of time. This simulation neglects multi-path
effects (as might be caused by signal reflection from the lunar surface).

This program is written in FORTRAN V for use on the SRU 1108 system.
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1. PROBLEM DESCEIPTION

Both the ILEFM (Lunar Excursion Module) and the CSM (Command Service
Module have two VHF antennae each of which may be used at any time
to establish a communication link between the two vehicles. The radiation
patterns generated by these four antennae depends upon the frequency
of the communication link ("High Frequency," 296.8 MHz and "Low
Frequency," 259.7 MHz). Since the geometry of the LEM is different in
the ascent and descent cases the LElM antenna patterns also depend upon

the ascent/descent status of the vehicle.

We wish to develop a computer program which will simulate the CSM-LEM
VHF communication links for Apollo missions D and E given the appropriate
CSM and LEM antenna pattern data and the CSM and LEM trajectory data.
A1l parameters involved in this simulation should be printed out as functions
of mission trajectory and the polarization loss, gain product, CSM antenna
gain, LEM antenna gain and range between the CSM and LEM should be

plotted as functions of time.



2. INPUT DATA

By a data case we mean the simulation of the four possible
communication links between the CSM and the LEM at one of the
two frequencies and for a particular LEM ascent/descent status.
Hence there are four possible data cases which we may consider.
Fach data case requires three input tapes and nine input cards.
Fach of the four data cases is selected by mounting the proper

input tapes for that data case and by input of the proper cards.

2.1 DETAILED DESCRIPTION OF INPUT TAPES

Three input tapes are required for each data case. A trajectory
tape giving the position and attitude of the CSM and LEM and various
time points is mounted on unit "C." The trajectory tape is independent
of the data case being considered. One of two CSM antenna patterns
tapesis mounted on unit "A" depending on whether a high frequency or
low frequéncy data case is being considered. One of four LEM antenna
patterns tapes is mounted on unit "B" depending on whether a high
frequency ascent, high frequency descent, low frequency ascent or

low frequency descent data case is being considered.

2.1.1 Trajectory Tape Format - The trajectory tape is assumed to

consist of one file. EFEach record within this file represents a
specific time point. Records are assumed to be ordered on the tape

by ascending time. Each record on the trajectory tape has the following

format:
Word 1 Time (in seconds)
Words 2 thru 4 X, Y and Z coordinates, respectively, of the CSM
Words 5 thru 7 X, Y and Z coordinates, respectively, of the LEM
Words 8 thru 16 Direction cosine matrix of the CSM

Words 17 thru 25 Direction cosine matrix of the LEM

2.1.2 CSM Antenna Patterns Tapes Format - The two CSM antenna patterns

tapes each consist of one file. Theres are 2160 records in this file

representing a total of twelve antemnna patterns, six for the first antenna



and six for the second antenna. Fach one of these twelve antenna
patterns consists of 180 records of 90 words each. Fach pattern is
specified in a (©,%) (spherical) coordinate system with gain measurements
made at two degree increments for 6 ranging from 0° to 1'78O and @ ranging
from 0° to 3580, hence each record represents a constant value of @

and each word represents a different value of © at that particular @.

Records on the CSM antenna patterns tapes are in the following order:

Records 1 thru 180 9+A50 pattern for first antenna
Records 181 thru 360 ¢+A5O pattern for first antenna
Records 361 thru 540 6 pattern for first antenna
Records 541 thru 720 ¢ pattern for first antenna

Records 721 thru 900 ILCP pattern for first antenna

Records 901 thru 1080 RCP pattern for first antenna

Records 1081 thru 1260 ©+45° pattern for second antenna

Records 1261 thru 1440 ¢+450 pattern for second antenna

Records 1441 thru 1620 © pattern for second antenna

Records 1621 thru 1800 @ pattern for second antenna

Records 1801 thru 1980 LCP pattern for second antenna

Records 1981 thru 2160 RCP pattern for second antenna

From each value obtained from any of the above antenna patterns
a "gain reference value" must be subtracted; the gain reference value
converts the normalized gain appearing on the antenna pattern tapes

to a gain in decibels.

2.1.3 I1EM Antenna Patterns Tapes Format - Each of the four LEM antenna

patterns tapes are in precisely the same format as the CSM antenna patterns
tapes (§2.1.2, above) except for the order of the records. Records on

the LEM antenna patterns tapes are in the following order:

Records 1 thru 180 1) pattern for first antenna
Records 181 thru 360 © pattern for first antenna
Records 361 thru 540 6+45° pattern for first antenna
Records 541 thru 720 @+45° pattern for first antenna
Records 721 thru 900 RCP  pattern for first antenna



Records 901 thru 1080 ILCP pattern for first antenna

Records 1081 thru 1260 ¢ pattern for second antenna

Records 1261 thru 1440 © pattern for second antenna

Records 1441 thru 1620 G+ASO pattern for second antenna

Records 1621 thru 1800 ¢+A5° pattern for second antenna

Records 1801 thru 1980 RCP pattern for second antenna

Records 1981 thru 2160 LCP pattern for second antenna

From each value obtained from any of the above antenna patterns a
"gain reference value'" must be subtracted; the gain reference value
" converts the normalized gain appearing on the antenna pattern tapes to

a gain in decibels.
2.2 DETATLED DESCRIPTION OF INPUT CARDS

2.2.1 Input Card One - Designates the frequency of the data case

being considered
Field 1 - Column 1, Integer
1 indicates low frequency

2 indicates high frequency

2.2.2 Input Cards Two thru Five ~ Identification cards. The first

card identifies the first link to be processed, the second card identifies
the second link to be processed, etc.
Field 1 - Columns 1-48, Alphanumeric

Description of the cases being processed

2.2.3 Input Cards Six and Seven - Gain referance values. The first

card gives the gain reference values for the CSM antenna patterns tape
and the second card gives the gain rsferance values for the LEM antenna
patterns tape. '
Field 1 - Columns 1-5, Real
Gain reference value for pattern 1, first antenna
Field 2 - Columns 6-10, Real
Gain reference value for pattern 2, first antenna
Field 3 -~ Columns 11-15, Real

Gain reference value for pattern 3, first antenna



Field 4 - Columns 16-20, Real

Gain reference value for pattern 4, first antenna
Field 5 - Columns 21-25, Real .

Gain reference value for pattern 5, first antenna
Field 6 - Columns 26-30, Real

Gain reference value for pattern 6, first antenna
Field 7 - Columns 31-35, Real

~ Gain reference value for pattern 1, second antenna

Field 8 - Columns 36-40, Real

Gain reference value for pattern 2, second antenna
Field 9 - Columns 41-45, Real

Gain reference value for pattern 3, second antenna
Field 10 - Columns 46-50, Real

Gain reference value for pattern 4, second antenna
Field 11 - Columns 51-55, Real

Gain reference value for pattern 5, second antenna
Field 12 - Columns 56-60. Real

Gain reference value for pattern 6, second antenna

2.2.4 Input Card Eight - Plot specification data. Determines

limits to be set up for the plots.

Field 1 - Columns 1-8, Real
Left-hand time (in seconds)

Field 2 - Columns 9-16, Real
Right-hand time (in seconds)

Field 3 - Columns 17-24, Real
Bottom range (in nautical miles)

Field 4 - Columns 25-32, Real

Top range (in nautical miles)

. Field 5 - Columns 33-40, Real
Bottom gain (in decibels)
Field 6 - Columns 41-48, Real

Top gain (in decibels)

2.2.5 Input Card Nine - Range specification data. Determines the

time points which are to be processed from the trajectory tape for this



2-5

data case.

2.3

Field 1 - Columns 1-8, Real

Minimum time (in seconds) desired.
Field 2 - Columns 9-16, Real

Maximum time (in seconds) desired.
Field 3 - Columns 17-24, Real

Time increment (in seconds). Minimum time increment between

time points,

MULTIPLE CASES

Since different tapes must be assigned for each data case (See

Appendix for current tape numbers), only one unique data case can be

run per job. Multiple cases using the same tapes (i.e., cases at the

same frequency and with the same LEM ascent/descent status) may be

run simply by including additional data decks.

2.4

RESTRICTIONS

A maximum of one hundred time-points are allowed per data case.



3. OUTPUT DATA

Data output for this program is in the form of printed output and
plotted output.

3.1 PRINTED OUTPUT

For the data case processed, four successive outputs appear, one for
each of the four possible communication links. Each output consists of
one page per time point. At each time point every parameter involved in
the simulation is listed, as well as the values obtained from the three

input tapes for this time point.

3.2 PLOTTED OUTPUT

For the data case processed, four successive series of plots appear,
one for each of the four possible communication links. FEach series of
plots consists of a plot of CSM gain vs. time, IFM gain vs. time, gain
product vs. time, polarization loss vs. time and range between CSM and LEM

vs. time.



L. SAMPLE CASE

One data case (low frequency, ascent) is included as a sample

case, - A restricted time interval was considered.

4.1 SAMPLE CODING FORM
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5. OPERATING PROCEDURES

This program is written in FORTRAN V for use with the SRU 1108
system., Presently this program is in production only for the SRU 1108
system. Three input tapes are required by this program in addition to

the standard input and output tapes required by the SRU 1108 system.

5.1 DECK SETUP

column 1

$JOB etc.

VAASG AA=(CSM antenna patterns tape number)
VAASGAB=(I1FM antenna patterns tape number)
VAASGAC=(Tra jectory tape number)
VAASGAX=(PCF tape number)

VAXQTACUR

ATEWAX

ATNAX

ATRIAX

VAXQTAHVO1LA

program data

VAEOF
where ¥ indicates a 7/8 punch and A indicates one or more blank spaces/

5.2 COMPUTER RUN REQUEST

In submitting the card deck for a computer run, the run time may be
estimated at approximately 5 seconds per data case per time point and the
print output may be estimated at 4 pages per data case per time point.

4 plot output of 20 frames per data case will be generated.

Since different tapes must be assigned for each data case (see
appendix for current tape numbers) only one unique data case can be run
per job. Multiple cases of the same type may be run (See § 2.3).

A1l tapes used by this program are operated in the 800 BPI density

mode.



5.2.1 Sample Run Request Form

TIME IN
INSTRUCTIONS FOR SCIENTIFIC COMPUTER RUNS LEEY T2
PRIORITY
RE-RUN D S (DO MOTFILL IN S~ ADED 2REAS
PROGRAMMEX i 820GE MO B0A NO. | PrONENO.L | ZaTE (MDY BTN TR
ARG1IA, C. T57659 | TRW | 2964 | 5/15/68 el
DIVISION CODE |PROG. NO. PIOL. NO EST. TIME (Mite] | MAR . TIME (MIR01] LINES OUTPLT | fE0. PaUNAZE | 1 3
TRW AO25 1135P 2 3 2
OPERATING SYSTEM TYPE OF RUN COMPUTER
1108 FORTRAN V X Fostaanear [] PROD. st [ nes [ w []
1108 FORTRAN 1V [:] 185YS E] Svsa D DTHEL (EXFLAIN JELOW) 7094 D
1168 CosoL D otHER IER
T T R e T ST = T
INPUT TAPES OUTPUT TAPES
; £ BIN NO. | DEN T i L % i
il REEE ][ ' [oesil g ioanno, o SAVE FEOCESHING,
A 1,224, 8
r H
B 6781 8
D R T T . L e 1.2
c | 2219 | al
X | 40179 | |8 |
WORKING TAPES | o
— e : - "
| ACTHAL TIME USA-éi

| it S

¥ 1
, "
| i
il il
|y |

L SRR (. ...~ X....

SYSTEMS 7011-m #3-13-571

| s
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8. APPENDIX

The following is a current list of the antenna paﬁternAtapes

for use with the program HVOI14A and their respective formats.

8.1 CSM LOW FREQUENCY ANTENNA PATTERN TAPE (MSC TAPE No. 42244)

Polarization Antenna Gain Reference Value
$6+45° B 5.41
P+L5 B B Al
e B 5.45
B 5.45
ICP B Sl =T
RCP B 3.74
6+45° A 5.48
g+45 A 5.48
e A - 5.52
@ A 5 52
ICP A 3.76
RCP A 3.76
4h4io2.
8.2 CSM HIGH FREQUENCY ANTENNA PATTERN TAPE (MSC TAPE No. $&88)
Polarization Antenna Gain Reference Value
0+45° A 6.29
g+14,5° A 6.29
o] A 6.19
@ A 6.19
CP A 3.27
RCP A 3.27
o+45° B 5.12
F+145° B 5x12
a) B 5.10
@ B 5.10
ICP B 3.25
RCP B 3.25

8.3 LEM LOW FREQUENCY ASCENT ANTENNA PATTERN TAPE (MSC TAPE No. 6781)

Polarization Antenna Gain Reference Value
1) i 4 .25
o 1 L .25
o+5° 1 L .29
g+1,5° ] ;.29
RH 1 5.60
IH 1 5.60



Polarization Antenna Gain Reference Value

g 2 3 ol
o 2 3.44
O+L5° 2 3.08
G+1,5 2 3.08
RH 2 5.30
IH 2 5.30

8.4 LEM HIGH FREQUENCY ASCENT ANTENNA PATTERN TAPE (MSC TAPE No. 37052)

Polarization Antenna Gain Reference Value
¢ 1 3,51
o] 1 3.51
6+, 50 1 1.69
g+1,5° 1 1.69
RH il L .91
LH 1 L .91
g 2 3.06
a] 2 3.06
O+, 5° 2 3.2
gL 5 2 3.24

RH 2 L9
LH 2 L9

8.5 LEM LOW FREQUENCY DESCENT ANTENNA PATTERN TAPE (MSC TAPE No. 8356)

Polarization Antenna Gain Reference Value
¢ 1 6.79
o i 6.79
o+1,5° 1 3.56
@H4,5° 1 3.56
RH L 5.68
LH 1 5.68
¢ 2 7.6l
e 2 7.6L
e+4,5° ) 1.58
@+1,5° 2 1.58
RH 2 L.77
1LH 2 L.77

8.6 LFM HIGH FREQUENCY DESCENT ANTENNA PATTERN TAPE (MSC TAPE No. 11105)

Polarization Antenna Gain Reference Value
1) 1 2.47
o] 1 2.47
o+1,5° l 2.30
G+1,5° 1 2.30
RH 1 5.96
1H 1 5.96



Polarization

)

e}
O+57
g+15
RH

LH

Antenna

DOV

Gain Reference Value

6.04
6.04
5.10
5.10
6.28
6.28



