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1, SUMMARY OF CONCLUSIONS AND RECOMMENDATIONS

As a result of the analysis performed in this report, the following

conclusions and recommendations are made:

a) Except when specifically stated otherwise, (trans-
position and docking, lunar orbit, and reentry phases)
the analysis presented in this report uses the opera-
tional trajectory for mission AS-505/CSM-106/LM-4,
which assumes a nominal launch date of 18 May 1969,
The analysis of launch and earth parking orbit phases
is presented for three typical launch trajectory azi-
muths: 72, 90, and 108 degrees, A launch date other
than 18 May 1969 will have a minor effect on predic-
ted launch and earth parking orbit circuit margin per-
formance. However, a change in launch date will
affect subsequent phases of the mission. The 18 May
1969 trajectory data for the transposition and docking,
lunar orbit, and reentry phases were not available at
the time of publication. The predictions for these
phases will be updated in an addendum. Should the
trajectory change significantly, the predictions pre-
sented in this report and its addendum can be updated
in near real time by means of the ISD/MSC computer
aided analysis system.,

b) During the transposition and docking phase, color
television (TV) pictures of good quality can be provided
using the CSM omni/85-foot MSFN antenna combination,
CSM omni antenna A and the GDS 85-foot MSFN station
are recommended during this time period, The CSM
HGA (NBW)/85-foot MSFN antenna combination will
provide good quality color TV pictures during color
TV transmission periods from near-earth distances
during translunar and transearth coast periods, The
CSM HGA (NBW) antenna must be used with the GDS
210-foot antenna in order to obtain good quality color
TV pictures during color TV transmission periods
from near-lunar and lunar distances,

¢c) Saturn V mission data indicate that the total received
power at MIL during the Saturn V launch phase is
degraded by 40 to 50 dB as a result of flame effects
during staging and approximately 1,5 seconds after
interstage jettison, It is anticipated that degradation
will be rapid enough to cause loss of receiver lock,
Total received power will also be degraded by approxi-
mately 20 dB as a result of launch vehicle shadowing.



d)

g)

It is recommended that GBM be used as the primary
S-band receiving site subsequent to 5-degree AOS at
approximately 2 minutes after lift-off,

During the launch phase, CSM omni antenna B should
be used for lift-off, Antenna D should be selected
approximately 6 minutes after lift-off for the 72- and
90-degree launch azimuth and approximately 4 minutes
after lift-off for the 108-degree launch azimuth,
Selection of these antennas will provide positive mar-
gins for S-band communications during the entire
launch phase. Station handover for the 72- and
90-degree launch should be MIL to GBM to BDA to
VAN, Station handover for the 108-degree launch
should be MIL to GBM to ANG,

CSM omni antenna D will provide goof communication
coverage for all station passes of greater than

5 degrees elevation for the entire earth parking orbit
phase except for the first pass over HTV for a
72-degree launch azimuth., Antenna C should be
selected for this pass, Antenna D should be selected
by ground command prior to TLI, and the spacecraft
antenna switches should be set for subsequent ground
command selection of antenna A for the CSM/S-IVB
separation maneuver during the transposition and
docking phase. Antenna A should be used from S-IVB/
CSM separation until LM spring ejection at which time
antenna B should be selected.

The CSM. VHF/AM system will provide voice communi-
cations with positive circuit margins for all MSFN
station passes during the launch and earth parking
orbit phases, The LEFT CSM VHF antenna should be
selected for these phases. The VHF/AM system
should be used as the primary voice communication
system during earth parking orbit for station passes
below 5 degrees elevation, After CSM/S-IVB separa-
tion during the transposition and docking phase, the
VHF/AM received carrier power at the MSFN stations
will drop considerably below the 90-percent word intel-
ligibility threshold and may not be usable,

Voice phasing interference can occur in the spacecraft
when one crewman listens to both VHF and USB, simul-
taneously., It is recommended that, during the launch
phase, one crewman listen to VHF and one to S-band,
with volume control thumb wheels somewhat higher




h)

i)

j)

k)

than normal to override booster noise, It is also

. recommended that the USB uplink voice be turned

down in the spacecraft during mission phases when
the VHF voice is the primary mode of communication,

During most of translunar coast and transearth coast
and all of lunar orbit, CSM downlink modes 1 (voice
and 51, 2-kbps telemetry) and 2 (voice, 51, 2-kbps
telemetry, and PRN) will not be available using the
omni antennas with the 85-foot MSF N stations because
of negative circuit margins, However, utilization

of the GDS 210-foot antenna will provide positive
margins for these modes with the CSM spacecraft
omni antennas out to lunar distance. Downlink PM
mode 15 (51.2 kbps telemetry and PRN) will be
available on the omni antennas to approximately

145, 000 miles from earth with the 85-foot MSFN
station. It is recommended that reliance be made
on low bit rate telemetry when omni antennas are
used during the near lunar portions of these phases.

During the translunar coast and transearth coast crew
rest PTC periods, it is recommended that CSM omni
antennas be used with ground command switching
instead of the CSM HGA whenever possible. This will
lessen the possibilities of not being able to dump the
contents of the DSE if difficulties are encountered in
HGA reacquisition.

During translunar coast and transearth coast crew
active PTC periods, it is recommended that the CSM
omni antenna switching be accomplished by ground
command or the crew be advised of the optimum
switching frequency with respect to the MSFN receivers.
If the crew performs the antenna switching on the basis
of high head set noise levels, the received carrier
power at the MSFN will usually fall below threshold
levels prior to each antenna switch.

FM test data analysis indicates LM FM mode 9 (voice
and telemetry) will be satisfactory with LM steerable/
85-foot MSFN antenna combination at lunar distance.
FM capability will also exist for the CSM using the
HGA (NBW)/85-foot MSFN antenna combination. All
standard CSM FM modes using the HGA (NBW)/
85-foot MSEF'N antenna combination will have positive
circuit margins at lunar distance. The CSM color TV
mode, however, requires the use of the HGA (NBW)/
210-foot antenna combination for satisfactory picture
quality.
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1)

m)

n)

New phase lock loop FM demodulators will be used at
85-foot MSFN stations for Apollo 10 and subsequent
missions. The demodulators have selectable two-
sided loop bandwidths of either 3.6 MHz (narrow) or
10 MHz (wide). It is mandatory that the demodulators
be configured correctly for the various CSM and LM
FM modes for proper demodulation of the FM signals.
Section 9 of this report contains the required config-
urations for the various CSM and LM FM modes.

Reacquisition of range code may be required follow-
ing antenna switching operation during all mission
phases. '

Selection of backup voice and/or low bit rate telem-
etry in the LM disables the ranging channel. In order
to provide a ranging capability when using the LM
S-band inflight antennas, it is necessary to provide a
special ranging only mode designated LM PM mode 11.
Mode 11 is selected by setting the voice and PCM
switches to the off position and by turning on the
ranging channel. At lunar distance, LM PM mode 11
will have a positive circuit margin of approximately

4 dB when using the LM S-band inflight/85-foot MSFN
antenna combination.

1-4




2. INTRODUCTION

This report predicts the communications coverage for selected
phases of the Apollo 10 mission (AS-505/CSM-106/1.M-4). The Apollo 10
mission will be the first lunar mission to include both CSM and LLM oper-
ations. The mission consists of up to three earth parking orbits, a trans-
lunar coast, a lunar orbit period that includes approximately 31 revolutions
and a LM descent orbit to 50, 000 feet, a fast return transearth coast, and
reentry. Communication predictions are provided for the major events

and time periods listed in Table 4-1.

The analysis in this report is based on the operational trajectory
for mission AS-505/CSM-106/LM-4. For trajectory simulation, launch
was assumed to occur 18 May 1969 from launch complex 39B on a nominal

launch azimuth of 72, 90, or 108 degrees from true North.

The report consists principally of a series of signal stength versus
elapsed mission time plots for the MSFN, CSM, and LM receivers. The
plots contain signal strength predictions for the spacecraft S-band and
VHF/AM systems. The plots were produced by a computer program
which combined the spacecraft trajectory, measured antenna patterns,
transmitter and receiver performance characteristics, and system math-
ematical models to make a simulation of the communication system per—-
formance during the mission. The results are shown in Sections 5 through
11 of this report. When available, measured spacecraft parameters were
used in the predictions; otherwise, worst case specified values were used.
Worst case specified MSFN para.meter; values were also used. The
antenna gain patterns were obtained from fractional or full-scale mockups
of the CSM or LM and were made at the test facilities of the Space
Electronics and Systems Division (SESD) at the Manned Spacecraft Center.

The receiver thresholds, keyholes, times of major events, 5-degree
elevation look angles, and points of closest approach to the MSFN stations’
are indicated on each plot. The values for slant range between the space-
craft and the MSFN station and the MSFN antenna azimuth and elevation

angles at the point of closest approach are printed on each plot.



The voice thresholds are defined as the values of received carrier
power that will produce the required predetection signal-to-noise ratios
for 90 percent and 70 percent word intelligibility (WI). The voice thresh-
olds are indicated by a horizontal dashed line. Only the 90 percent WI
voice threshold is shown on the VHF /AM received carrier power plots,
The updata link threshold is defined as the value of received carrier power
for a message rejection rate of 1 per 1000 or a bit error probability of
6.6 x 10-6. The downlink telemetry thresholds are defined as the value
of réeceived carrier power which will produce bit error probabilities of
10

are indicated by a tick mark in the right-hand margin. The carrier

and 10_3 in the PCM telemetry output data. Telemetry thresholds

threshold for the S-band system is the required received carrier power
for receiver lock. Thresholds for PRN ranging are not shown. In cal-
culating threshold values for MSFN sites, it was assumed that all stations
employ uncooled parametric amplifiers except Ascension, Carnarvon,
Guam, Hawaii, Madrid, Canberra, and Goldstone, which have cooled

parametric amplifiers.

Keyholes and terrain obstructions are indicated by the same dot
pattern since both cause the same end result of antenna coverage lim-
itation. The MSFN antenna keyhole results from limitations placed on
the antenna rn'otion. These limitations are imposed by a cam on the
antenna which cuts off unified S-band transmitter radiation and disconnects
the servo motors from the antenna when it is below 14 degrees in elevation
and within :El4 degrees of the north-south axis of a 30-foot antenna and
within £14 degrees of the east-west axis of an 85-foot antenna. The above
definition of keyhole applies to all MSFN S-band sites except Bermuda
and Antigua where the elevation constraint has been reduced from

14 degrees to 6. 6 degrees by modifying the antenna mount.

The times at which the CSM high-gain antenna scan warning limits,
electrical scan limits, and mechanical limits are exceeded are indicated

on the high-gain antenna plots as W BY7A & B and W% B respectively.




The 5-degree elevation look angles (5 DEG), spacecraft point of closest
approach to a MSFN station (PCA), and times of major events are indicated
by a vertical dashed line and mnemonic code at the top of the plot.

Section 4 presents a list of mnemonics used to identify major events.

The report contains several appendixes which provide detailed
information on the communication systems mathematical models, perfor-
mance characteristics and capabilities, used in the preparation of this
report. Detailed MSFN station AOS/LOS data and real-time operational
aids information are also supplied in the appendixes. The real-time
operational aids augment the communications coverage contained in the
various sections of this report in that they may be used to derive useful
PM and FM S-band modes at particular spacecraft ranges from a MSFN
station during those mission phases (such as translunar and transearth
coast phases) where coverage predictions are provided for only represen-
tative portions of the phase. The operational aids illustrate S-band modes
slant-range capabilities (or range limitation) for various antenna combi-

nations.

All RF coverage plots in this report are based on trajectory data
fér an 18 May launch date except the transposition and docking, lunar
orbit, and reentry phases. Plots for these phases were generated from
17 May launch date trajectory data because 18 May trajectory data were
not available at time of publication. Updated plots for these phases will
be supplied in an addendum when the required trajectory data become
available. Doppler shift plots will also be provided in an addendum when

18 May trajectory data for all mission phases become available.



3. MISSION COMMUNICATION OBJECTIVES

The communication objectives for the Apollo 10 mission include the
demonstration of LM S-band communications with MSFN at lunar distances
with both the omni and steerable antennas and the evaluation of the

integrated communications necessary to support a lunar landing.
3.1 LM COMMUNICATIONS AT LUNAR DISTANCE

This mission will demonstrate at lunar distance LM/MSFN S-band
communications via the steerable antenna. Test objectives include
evaluation of manual and automatic acquisition performance and evaluation

of tracking performance.
3.2 LM OMNI ANTENNAS AT LUNAR DISTANCE

The Apollo 10 mission will evaluate LM/MSFN S-band communica -
tions at lunar distance via the omni antennas using the 85-foot MSFN

stations. . -

3.3 CSM HIGH-GAIN ANTENNA REFLECTIVITY

The CSM S-band spacecraft reflectivity with the CSM/ LM docked
will be assessed by using the CSM high-gain antenna in the narrow beam
width, the medium beam width, and the wide beam width while commun -
icating with 85-foot, with 30-foot cooled, and with 30-foot uncooled

receiving antennas at selected ranges.
3.4 LM/CSM/MSFN VOICE AND TELEMETRY COMMUNICATIONS

The Apollo 10 mission will demonstrate the integrated communication
systems of the CSM, the LM, and MSFN. Integrated communications test
objectives will include the following:

a) Simultaneous voice communication between the LM and
MSFN via S-band and between the LM and CSM via VHF

b) Voice conference communication between LM, MSFN,
and CSM utilizing the LM S-band steerable antenna and
the CSM high-gain antenna with MSFN acting as a voice
relay



Voice conference communication between the LM, CSM,
and MSFN using VHF voice communication between the
LM and the CSM with the CSM providing voice relay to

- MSFN via S-band

Voice communication between the CSM, LM, and MSFN
using VHF voice between the CSM and LM with the LM
providing voice relay via S-band

Demonstrate the capability to transmit LM voice and
low bit rate telemetry simultaneously to the CSM, to
record the LM telemetry and voice data simultaneously
in the CSM, and to dump the LM telemetry data and then
the voice data to MSFN.




4. MISSION SUMMARY

4.1 MISSION TRAJECTORY

The analysis presented in this report assumes the Apollo 10 launch

will occur 18 May 1969 from launch complex 39B on a nominal flight azi-

muth of 72, 90, or 108 degrees from true North, Computer plots pro-

vided for the transposition and docking, lunar orbit, and reentry phases

are based on a 17 May launch date. Plots for these phases based on a

18 May launch date will be supplied in an addendum.

Table 4-1 lists the major events for a 72-degree launch azimuth,
first injection opportunity mission profile. The launch vehicle will insert
the spacecraft into a 100-nautical mile circular earth parking orbit.
Translunar injection will be over the Pacific with ignition of the S-IVB
stage occurring on the second revolution. The nominal injection will pro-

vide a free return to earth if lunar orbit insertion is not initiated.

Within 2 hours after translunar injection, the CSM will separate
from the S-IVB, transpose, dock, and initiate ejection of the LM.
Passive thermal control will be initiated after the first midcourse correc-
tion and will be maintained throughout the translunar coast except when
other activities (such as midcourse corrections) require different

attitudes,

The SPS will insert the spacecraft into a lunar orbit of approximately
60 by 170 nautical miles. After system checks are completed, the orbit
will be circularized at approximately 60 nautical miles. Two astronauts
will enter the LM and check out the LLM for separation from the CSM.
After separation, the LM will perform a simulated descent orbit insertion
burn resulting in an orbit of approximately 60 by 8 nautical miles. After
the descent orbit pericynthion has been reached, a DPS phasing burn will
be performed to set up the LM active rendezvous. The LM RCS will be
used for staging, and a simulated APS insertion burn will be performed.
The LM will perform various rendezvous maneuvers that will bring it to a
position below and behind the CSM. After LM active docking and crew
transfer, the LM will be jettisoned. The LM APS engine will then be

ignited again and burned to depletion.
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Transearth injection will be accomplished with an SPS burn. The
return flight time will be approximately 55 hours. During transearth
coast, passive thermal control will be used, and midcourse corrections

will be made if required.

Prior to aﬁnospheric entry, the command module will be separated
from the service module using the service module RCS. Splashdown will

be in the Pacific 8 days after launch.
4.2 MSFN COVERAGE SUMMARY

Table 4-2 lists the geodetic locations and communications capabili-
ties of the MSFN ground stations. A bar graph summary of the MSFN
coverage for each mission time phase covered in this report is included
in the section covering the mission phase. Table 4-3 lists ship locations

for a 18 May 1969 launch.




Table 4-1. Sequence of Key Events for 72-Degree Launch Azimuth,
18 May 1968 Launch
Time from Lift-off
Event Mnemonic (Hr:min:sec) (day:hr:min:sec)
Lift-off LAUNCH 00:00:00 00:00:00:00 ]
Staging STGING 00:02:32 00:00:02:32
First S-IVB ignition IST -1G 00:08:45 00:00:08:45
Earth orbit insertion INSERT 00:11:21 00:00:11:21 -
Translunar injection burn 1TLI-IG 02:33:33.19 00:02:33:33.19
ignition (first opportunity)
Translunar injection burn 1TLI-CO 02:38:40. 08 00:02:38:40. 08
cutoff (first opportunity) J
CSM/S-IVB separation SIVSEP 03:00:00 00:03:00:00
Television transmission CLR TV 03:00:00 00:03:00:00
{(color)
CSM/'LM docking DOCKNG 03:10:00 00:03:10:00
LM spring ejection LMEJET 04:06:00 00:04:06:00 i
CSM/LM SPS evasive EVADE 04:28:47 00:04:28:47
maneuver
S-IVB slingshot maneuver 2ND-IG 04:39:00 00:04:39:00 ‘
First midcourse correction MCC-1 11:33:00 00:11:33:00 A
Begin PTC mode BEGPTC 12:05:00 00:12:05:00
Begin 8-hr rest period BEREST 13:00:00 00:13:00:00
End rest period ENREST 21:30:00 00:21:30:00
End PTC mode ENDPTC  24:45:00 01:00:45:00 [
Second midcourse correction MCC-2 26:30:00 01:02:30:00
Begin high gain antenna HGAOPS 26:50:00 01:02:50:00
operation
S-BAND 26:50:00 01:02:50:00 J

S-band reflectivity test

Odd Pu® youner
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Table 4-1,

Sequence of Key Events for 72-Degree Launch Azimuth,
18 May 1968 Launch (Continued)

Time from Lift-off

E_V(it Mnemonic  (hr:min:sec) (day:hr:min:sec)
Television transmission CLR TV 27:15:00 01:03:15:00“
(color)
Begin PTC mode BEGPTC 27:25:00 01:03:25:00
Begin 94-hr rest period BEREST 34:00:00 01:10:00:00
End rest period ENREST 43:00:00 01:19:00:00
End PTC mode ENDPTC  44:50:00 01:20:50:00
Begin PTC mode BEGPTC 45:15:00 01:21:15:00
End PTC mode ENDPTC 52:45:00 02:04:45:00
Third midcourse correction MGCGC-3 53:45:00 02:05:45:00 LE
Television transmission CLR TV 54:00:00 02:06:00:00
(color)
Begin PTC mode BEGPTC 54:20:00 02:06:20:00
Begin 10-hr rest period | BEREST 58:00:00 02:10:00:00
End rest period ENREST 68:00:00 02:20:00:00
End PTC mode ENDPTC 69:35:00 02:21:35:00
Fourth midcourse correction MCC-4 70:45:00 02:22:45:00
Television transmission CLR TV 72:20:00 O3:OO:20I:OOJ
(color)
Lunar orbit insertion burn LOI-1 75:45:00 03:03:45:00]
Lunar orbit cil;'cularization LOI-2 80:10:00 03:08:10:00
burn
Television transmission CLR TV 80:45:00 03:08::}5:00 ’%
(color) @)
LMP intravehicular transfer IVT-LM 81:50:00 03:09:50:00
to LM
LMP intravehicular transfer | IVTCSM 83:45:00 O3:11:45:00J

to CSM




Table 4-1. Sequence of Key Events for 72-Degree Launch Azimuth,
18 May 1968 Launch (Continued)
) Time from Lift-off
Event Mnemonic  (hr:min:sec) (day:hr:min:sec)
Begin 8-hr rest period BEREST 84:45:00 - 03:12:45:00]
End rest period ENREST 92:15:00 03:20:15:00
LMP intravehicular transfer IVT-LM 94:30:00 03:22;30:00
to LM '
CDR intravehicular transfer IVT-LM 94:55:00 03:22:55:00
to LM ‘
Secondary S-band T/R and. SECCHK 95:05:00 03:23:05:00
power amplifier checks
S-band steerable antenna STEERA 95:10:00 03:23:10.:00
checks
LMP intravehicular transfer IVTCSM 95:15:00 . 03:23:15:00
to CSM
ILMP intravehicular transfer IVT-LM 95:45:00 03:23:45:00| t
to LM > U
@)
Switch to S-band steerable SWSTEE 96:55:00 04:00:55:00
antenna
Undock UNDOCK 98:10:00 04:02:10:00
Television transmission CLR TV 98:15:00 04:02:15:00
(color).
CSM separation CSMSEP 98:35:16 04:02:35:16
Rendezvous radar (RR) and RR/VHF 98:51:00 04:02:51:00
VHF ranging checks ’
Landing radar test LDGRDR 99:25:00 04:03:25:00
LM DPS descent orbit DPSDOI 99:33:59 04:03:33:59
insertion burn
Initiate RR tracking RR-ON 99:37:00 04:03:37:00
Terminate RR tracking RR-OFF 99:45:00 04:03:45:00

o




Table 4-1.

18 May 1968 Launch (Continued)

Sequence of Key Events for 72-Degree Launch Azimuth,

Event

LM descent orbit
pericynthion

LM DPS phasing burn

Initiate RR tracking and
and VHF ranging

Terminaté RR tracking
Initiate RR tracking
Terminate RR tracking
Initiate RR tracking
Terminate RR tracking
LM RCS staging

LM APS insertion burn
Initiate RR tracking
LM RCS CSI

LM RCS plane ch_ange‘
LM RCS CDH

LM RCS TPI

First LM midcourse
correction (RCS)

Second LLM midcourse
correction (RCS

LM TPF
Rendezvous

LM active docking

Time from Lift-off

Mnemonic (hr:min:sec) (day:hr:min:sec)
PERICN 100:31:13 04:04:31:13
DPSPHA 100:46:21 04:04:46:21
RR-ON 100:52:00 04:04:52:00
RR-OFF 100:57:00 04:04:57:00
RR-ON 101:15:00 04:05:15:00
RR-OFF 101:26:00 04:05:26:00
RR-ON 102:09:00 04:06:09:00

"RR-OFF 102:21:00 04:06:21:00
RCSSTG 102:33:18 04:06:33:18
LMNSRT 102:43:18 04:06:43:18 E
RR-ON 103:01:00 . 04:07:01:00
LM-CSI 103:33:46 04:07:33:46
LM-PC 104:01:42 04:08:01:42
LM-CDH 104:31:44 04:08:31:44
LM-TPI 105:09:00 04:09:09:00
LMCC-1 105:24:00 04:09:24:00
LMCC-2 105:39:00 04:09:39:00
LMTPF 105:48:00 04:09:48:00
RENDEZ 105:54:00 04:09:54:00
LMDOCK 106:20:00 04:10:20:00




Table 4-1,

18 May 1968 Launch (Continued)

Sequence of Key Events for 72-Degree Launch Azimuth,

Event

Time from Lift-off

Mnemonic (hrimin:sec) (day:hr:min:sec)
CDR intravehicular transfer IVTCSM 107:09:00 04:11:09:00 )
to CSM
LMP intravehilcular transfer IVTCSM 107:24:00 04:11:24:00
to CSM
Jettison LM JETTLM 108:09:23 04:12:09:23
Television transmission CLR TV 108:35:00 04:12:35:00
(color)
LM APS burn to deplétion LMAPSD 108:39:00 04:12:39:00 ’_%
Begin 9-hr rest period BEREST 109:00:00 04:13:00:00 ©
End rest period "ENREST 118:00:00 04:22:0.('):00
Begin landmark tracking BELDMK 121:00:00 05:01:00:00
(four revolutions)
End landmark tracking ENLDMK 128:00:00 05:08:00:00
Begin 3 1/2-hr rest period BEREST 128:40:00 05:08:40:00
End rest period ENREST 131:50:00 05:11:50:00 J
Transearth injection burn TEI 137:20:00 05:17:20:00 ]
Television transmission B&W TV 137:45:00 05:17:45:00
(black and white)
Begin PTC mode BEGPTC 138:50:00 05:18:50:00
Begin 5 1/2-hr rest period BEREST 140:30:00 05:20:30:00 rt:]1
End 5 1/2-hr rest period ENREST 146:00:00 06:02:00:00 a
End PTC mode - ENDPTC 150:20:00 06:06:20:00
Fifth midco.urse correction MCC-5 152:20:00 06:08:20:00
Television transmission CLR TV 152:35:00 06:08:35:00 J

(color)




Table 4-1.,

18 May 1968 Launch (Continued)

Sequence of Key Events for 72-Degree Launch Azimuth,

Time from Lift-off

" Event "Mnemonic (hr:min:sec) (day:hr:min:sec)
Begin PTC mode BEGPTC 152:50:00 06:08:50:00 |
Begin 9-hr rest period BEREST 154:00:00 06:10:00:00
End rest perioci ENREST 163:00:00 06:19:00:00
End PTC mode ENDPTC 164:53:00 06:20:53:00
Begin PTC mode BEGPTC 165:30:00 06:21:30:00
End PTC mode ENDPTC 167:13:00 06:23:13:00
Begin PTC mode BEGPTC 168:00:00 07:00:00:00
End PTC mode ENDPTC 171:03:00 07:03:03:00
Begin PTC mode BEGPTC 171:45:00 07:03:45:00 rg
End PTC mode ENDPTC 174:15:00 07:06:15:00 o
Sixth midcourse correction MCC-6 176:50:00 07:08:50:00
Begin PTC mode BEGPTC 177:20:00 07:09:20:00
Begin 8-hr rest period BEREST 179:00:00 07:11:00:00
End rest period ENREST 186:00:00 07:18:00:00
End PTC mode ENDPTC 186:30:00 07:18:30:00
Television transmission CLR TV 186:50:00 07:18:50:00
(color)
Seventh midcourse MCC-7 188:50:00 07:20:50:00
correction
CM/SM separation SM SEP 191:35:00 07:23:35:00
Entry interface ENTRY 191:50:32 07:23:50:32 ] .
Enter S-band blackout period BLKOUT  191:50:58 07:23:50:58 ¢ 0
0.05 g 0.05 G 191:51:02 07:23:51:02‘5




Table 4-1. Sequence of Key Events for 72-Degree Launch Azimuth,
18 May 1968 Launch (Contlnued)

Time from Lift-off

Event Mnemonic (hr:min:sec) (day:hr:min:sec)
Peak g = ~ PEAK G 191:51:56 07:23»:51:5(;
Exit S-band blackout period BLKOUT 191:53:58 07:23:53:58 s
Drogue chute deployment DROGUE 191:59:04 07:23:59:04 .§
Main éhute deployment MAIN 191:59:54 07:23:59:54 5
Sp‘lashdown SPLASH 192:04:47 08:00:04:47
’ y
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5. LAUNCH

5.1 INTRODUCTION

The launch phase covers_the period from lift-off through orbital
insertion. Communications predictions and recommendations ére pro-
vided for nominal launch azimuths of 72, 90, and 108 degrees for an
18 May 1968 launch.

The following communications recommendations are contained in

this section:

a) One crewman listen to S-band voice only and one crew-
- man listen to VHF /AM voice only.

b) Use S~-band antenna B at lift-off. Select antenna D at
approximately 6 minutes after lift-off on 72- and 90-
degree launch azimuths and at approximately 4 minutes
after lift-off on 108-degree launch azimuth.

c) Use GBM as primary S-band receiving site during
staging.

d) Use LEFT CSM VHF antenna for the entire launch
phase. i

e) Handover MIL to GBM to BDA to VAN on 72- and 90-
degree launch azimuths., Handover from MIL to GBM
to ANG on 108-degree launch azimuth

5.2 BASIC COMMUNiCATION CONFIGURATION

The basic communication configuration to be used during thé launch
phase is shown in Figure 5-1. This configuration consists of both VHF /AM
and S-band communications between the CSM and MSF'N.

The S-band system will provide full PM uplink and downlink com-
munications. Full uplink (PM mode 6) consists of voice, updata, and
PRN ranging. Full downlink (PM mode 2) consists of voice, HBR teleme-
try, and PRN ranging. The S-band system FM downlink will also be avail-
able for playback of the contents of the data storage equipment (DSE) which
will be in operation during the launch phase and may be dumped at a later

time.
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CSM

) PM Y
UPLINK |DOWN DOWN
VOICE VOICE DSE 296.8 259.7 MHz
UP DATA |TLM MHz VOICE
PRN PRN VOICE

- e e e P oun e iy ey e omn mew e

/ [ N\ ’ \
usB 4 ) VHF
! ! !
MSFN

1. ALL AUDIO CENTERS HAVE VHF AND S-BAND VOLUMES UP

2. S-BAND SQUELCH ENABLED

3. VOICE TRANSMITTED SIMULTANEOQUSLY ON S-BAND AND VHF
4

VHF DUPLEX B WILL BE SELECTED FOR LAUNCH OPERATIONS

NOTES:

Figure 5-1. Basic Communication Configuration for Launch Phase’




The VHF /AM system will be operated in the Duplex B mode; i. e.,
uplink voice will be transmitted on 296. 8 MHz, and downlink voice will be

transmitted o-n- 259..7 MHz.

Voice will be transmitted simultaneously on S-band and VHF /AM.
All audio centers will have VHF /AM and S-band volumes turned up. In

order to avoid voice phasing effects within the spacecraft, it is recom-

mended that one crewman listen to S-band voice only and .one crewman

listen to VHF /AM voice only.

5.3 RF COVERAGE SUMMARY

-A bar graph summary of RF communications coverage for the three
launch azimuths is given in Figure 5-2. The bar graph shows AOS/LOS
times, recommended spacecraft antenna selections, and recommended
handover sequence.  The spacecraft recommendations are based on the
following criteria and in this order of precedence:

a) Antennas Which'provide the largest positive .circuit
margin (carrier power above the 70-percent WI voice
threshold and 10”3 BEP telemetry threshold on S-band

downlink and carrier power above 90- percent WI voice
threshold on VHF /AM downlink). .

b) Antennas which allow minimum spacecraft switching.

Gomputer plots of received carrier power versus elapsed time from
lift- off ('Figﬁiteé. V5-3‘through 5-18), for the three launch azimuths are
furnished for each station providing S-band or VHF./AM coverage. A plot
is provided for each pair of diametrically opposite CSM S-band omnidirec-
tional antennas (i.e., A and C, B and D) for bdth uplink and downlink
signals. A plot is also provided for the two CSM VHF /AM scimitar
antennas for both uplink‘ and downlink signals. The letters L and R are
used on the bar graphs and VHF /AM plots to designate the CSM VHF LEFT
and RIGHT antennas. The plots are shown in the order of station coverage
and the- VHF /AM and S-band plots are grouped for each station. Section 2
presents a complete description of the RF coverage computer plots pro-

vided in this document.

Uplink mode 6 (PRN ranging, voice, and updata) and downlink mode 2

(PRN ranging, voice, and 51. 2-kbps telemetry) were used for the S-band

computer plots during the launch phase of the mission.
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5.4 S-BAND PERFORMANCE

The S-band received carrier power versus elapsed time from lift-off
plots for the three launch azimuths indicate that the received carrier power
6

can be maintained above the 90 percent WI voice threshold and the 10~

BEP telemetry by selecting the antennas shown in Figure 5-2.

A problem during the launch phase is the degradation of the received
carrier power resulting from the flame attenuation during staging and
approximately 1.5 seconds after interstage jettison. Flame attenuation
occurs when the radio signal passes through the rocket engine plume and
is attenuated by the ionization produced in the exhaust plume. Based on
the postflight analysis of previous Saturn V flights, the maximum amount
of degradation resulting from flame attenuation is expected to be approxi-
mately 40 to 50 dB, and it is anticipated to be rapid enough to cause loss

of receiver lock.

Another problem is the degradation of received carrier power

" due to launch vehicle shadowing. Shadowing occurs when the MSFN to
spacecraft line of sight falls within 7 degrees of the launch vehicle - X axis.
The amount of degradation expected based on previous Saturn V flights is
approximately 20 dB. Received carrier power levels on the computer
plots do not reflect flame attenuation or shadowing. These areas are

indicated by shading on the plots for the affected stations.

Flame attenuation and shadowing will affect the MIL station only;

therefore, GBM is recommended as the primary S-band receiving site

during staging. Handover from MIL to GBM- should be attempted prior to

staging. No antenna keyhole or terrain obstruction will be encountered

during the launch phase.

5.4.1 72-Degree Launch Azimuth

S-band communication coverage for the 72~degree launch azimuth is
provided by MIL, GBM, BDA, and VAN. Antenna selections for these sta-
tions are shown in Figure 5-2, and the received carrier power will be

above voice and telemetry thresholds if the indicated antennas are selected.



During the launch countdown antenna C can be expected to exhibit
pattern distortion due to close proximity to the white room. This pattern
distortion is not reflected in the received carrier power plots. Antenna B
should have the least pattern distortion due to launch tower proximity and
will provide good communication coverage at lift-off; thereforé, antenna B

should be selected for the S-band coverage during launch countdown and at

lift-off. Antenna D should be selected at approximately 6 minutes after

lift-off and prior to handover from GBM to BDA. Antenna D will provide

good communication cdverage for the first S-IVB ignition. The selections
of antennas B and D for a 72-degree launch azimuth have proven satis-

factory on previous missions.

5.4.2 90-Degree Launch Azimuth

S-band communication coverage for the 90-degree launch azimuth is
provided by MIL, GBM, BDA, ANG, and VAN. Antenna selections for

these stations are shown in Figure 5-2.

Antenna B will provide good coverage for lift-off. It is recommended

that antenna D be selected for BDA and subsequent stations. The hand- » ‘

" over and antenna switching should occur at the same time as for the

72 -degree launch azimuth.

5.4.3 108~Degree Launch Azimuth

Communication coverage for a 108-degree launch azimuth is pro-
vided by MIL, GBM, BDA, and ANG. Antenna B will provide good com-
munications coverage at lift-off. Antenna B exhibits considerable signal
fluctuation on the received carrier power plot for GBM (Figure 5-16f)

between 4 minutes and 6 minutes. Antenna D should, therefore, be

selected at approximately 4 minutes after lift-off and used for remainder

of launch and EPO phase.

Above threshold communication performance can be maintained by
handover from MIL to GBM to ANG. In order to avoid terrain obstruction
problems, handover from GBM to ANG should be initiated approximately
8 minutes after lift-off and before the look angle at GBM {falls below

5 degrees.
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5.5 VHF/AM PERFORMANCE

Figure 5-2 indicates the recommended VHF antenna selections for
the stations covering the three launch azimuths. The carrier power will
remain above the 90 percent voice word intelligibility threshold for the
entire launch phase for all three launch azimuths. The LEFT CSM VHF
antenna will provide the best coverage throughout the launch phase for the

72-, 90-, and 108-degree launch azimuths.

The VHF/AM signal levels at MIL and CNV will be affected by

flame attenuation an.cih-'sh'adow—i-h'g‘ during the launch phase.
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6. EARTH PARKING ORBIT

6.1 INTRODUCTION

The earth parking orbit phase (EPO) of the mission covers the time
period from orbital 1nsert10n through three revolutions and includes the
translunar 1n_]ect10n burn (TLI) for two p0551b1e 1n3ect1on opportun1t1es,
occurring on the second and third revolutions, respectively.
Communications analysis and recommendations are provided for three
typical EPO trajectories resulting from 72-, 90-, and 108—degree launch
azimuths on an 18 May 1969 launch:

The following communications recommendations are contained in

this section:

a) Use CSM omni antenna D for the entire EPO phase
except for the first pass over HTV on 72-degree launch
azimuth when antenna C should be used.

b) Use the LEFT CSM VHF antenné. for the entire EPO
phase.

c) One crewman listen to S-band voice only and oneé crew-
man listen to VHF /AM voice only. ‘

d) ‘Initiate ground command of antenna D prior to:TLI; then
set CSM S BAND ANTENNA switches for selection of
antenna A. Ground command antenna A at start of
CSM/S-IVB separation maneuver (during T and D phase).

e) VHF/AM voice should be primary on all station passes
when below 5-degree elevation. ‘

6.2 BASIC COMMUNICATION CONFIGURATION

' The .l‘aasic communication configuration to be used during the EPO
phase is shown in Figure 6-1. The communication configuration is the
same as that used during the launch phase with the exception that the VHF/
AM system ‘will be used in fhe Simpléx A'mode; i. e., both uplink and
downlink VHF /AM voice will be transmitted on a carrier frequency of
296. 8 MHz. The DSE will be used to record CSM LBR telemetry during
LOS periods. The contents of the DSE will be dumped during each pass
over the U.S. and over CRO just prior to TLI.
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Figure 6-1. Basic Communication Configuration
for Earth Parking Orbit.
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Voice will be transmitted simultaneously on both-the VHF /AM sys-
tem and the S-band system. All audio centers will have the:VHF /AM and
S-band volumes turned up. In order to avoid voice- phq.sing ‘problems

within the spacecraft, it is recomrnended that one crewman listen to

S-band voice only and one crewman'listen to VHF /AM voice only.

6.3 RF COVERAGE SUMMARY

A bar graph summary of RF communications for the-three EPO tra-
jectories is given in Figures 6-2 through 6-4. The bar gré,phs' show MSFN
AOS/LOS times and recommended épacecraft ‘antenna selég:ti‘ons for each
MSFN station. The spacecraft antenna reéornmendations :aré- based on the
following criteria and in this order of precedence: »

a) Antennas which provide the largest positive circuit
margin (carrier power above 70 percent WI voice |,
threshold and 10°3 BEP telemetry threshold on S-band

downlink and carrier power above 90 percent WI vo1ce
threshold on VHF /AM downhnk) :

b) Antennas which allow m1n1mum spacecraft antenna
switching

Computer plots of received ca;rrier power versus elapsed;t_im"e from
lift-off (Figures 6-5 through 6-109) for the three EPO trajectoriés are
furnished for each MSFN station providing S-band or VHF/AM" coverage
The plots are presented in the orbital order of MSFN statlon coverage.

A plot is provided for each pair of dlametmcally oppos;te .CSM S-band
omnidirectional antennas (i. e., A and C, B and D) fpr both dpiink and
downlink signals for each S-band station. A plot is also p'rovided for the
two CSM VHF scimitar antennas for both uplink and downlink signals for
each VHF /AM station. The letters I and R are used on the bar graphs
and the VHF/AM plots to designate the LEFT and RIGHT VHF antennas.
(Section 2 presents a complete desci’iption of the computer plots.) The
TLI burn times for the 72-, 90-, and 108-degree launch a'z‘imuths covered

are listed in Table 6-1,

Uplink mode 6 (PRN ranging, voice, and updata) and downlink mode 2

(PRN ranging, voice, and 51. 2-kbps telemetry) were used for the S-band

computer plots for the EPO phase of the mission.
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6. 4 S BAND PERFORMANCE

. The S band recelved carr1er pvower versus elapsed t1me from lift- off
.plots for the three EPO traJector1es indicate that the rece1ved carrler
power can be ma1nta1ned above the 90 percent WI vo1ce thre shold and the
10 =6 BEP telemetry threshold by selectmg the antennas shown in

F1gures 6-2 through 6-4.

. The S-IVB, w1ll ma1nta1n a local hor1zontal attitude throughout the
earth park1ng orb1t phase except for an inertial hold of approx1mately
) ‘10 seconds 1mmed1ately after EPO 1nsert1on The local horxzontal attltude
 will ma1nta1n the CSM -Z ax1s po1nted d0wnward along the local vertlcal
A(heads down); therefore, omni antennas C and D will provide the best com-
munications. Antenna D will prov1de good communications for all stat1ons
for all three EPO 'traJectorles with one exception which will be discussed
in the analysis of the 72-degree launch azimuth EPO. Antenna D will also
providé good communications after TLI and until shortly before ‘CSM/S-IVB
'separation ‘during the transposition and docking phase at which time
antenna ‘A must be selected. " To simplify antenna switching during the EPO
phase‘and transposition and ‘docking maneuvers, it is recommended that. -
(a) antenna D be selected by ground command during EPO; (b) S BAND -
ANTENNA switches S-40 and S-41 in the CSM be set to OMNI and OMNI A,

respectively, prior to TLI; and. (¢) ground command antenna A at start of

.CSM/S-1IVB separation maneuver (during T and D phase).

6.4. 1 72'—Degree Launch Azirnuth

S-band communlcatlon coverage for the 72- degree launch az1muth
EPO is provided by all USB stations except MAD and GWM. Above thresh-
old signal levels can be maintained at all stations for the entire 72-degree
launch azimuth EPO by. selecting antenna D with.the exception.of the first
pass over HTV at approximately 1 hour 9 minutes during which time
antenna C should be used. Switching from antenna.D to C should occur

after loss of signal at HSK and:prior-to acquisition of signal at HTV.
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Antenna D should be reselected prior to acquisition of signal at GYM and
used for the remainder of the EPO phase and until CSM/S-IVB separation
during the transposition and docking phase. Ground command for antenna
D selection should be sent prior to TLI to allow the CSM S BAND |
ANTENNA switches to be set for the previously recomm'ended'_aqfo:matic
selection of antenna A at the start of the CSM/S-IVB separation rné.rieux}er
(during T and D). - '

The coverage for the major part of S—IVB préi_gnition secju’ence for

the first opportunity TLI will be provided by.CRO MER will proVide cov-

erage for TLI ignition and a portion of the burn time. The remaining burn :

time and TLI cutoff will be covered by RED,. Antenna D will prov1de good

cornmunlcatlons at each of these stations.

CRO will provide coverage for the final 2 minutes of the S-1VB pre-
ignition sequence for the second opportunity ’_I‘LI ignition and most of the

burn time. Limited coverage during the burn can also be provided by

MER; however, the antenna elevation at MER will be below 5 degrees dur- -

ing the entire pass. The second opportun1ty TLI cutoff may not. be. ade— '

quately covered since 0O-degree acqulsltlon of signal at RED ‘will not occur -

until approximately the same time as TL] cutoff.

Kevyholes of less than 1 minute duration will limit 'coveragelat CRO

at approximately 55 minutes and at GBM at approximately 1 hour 39 min-

utes. A short duration keyhol_e will alsovbe experienced at HAW at 2 hours '

52 minutes if TLI does not occur on the first opportunity. Coverage will
be limited by terrain obstruction at GDS on the first pass over the U.S.;

however, GYM will provide the initial coverage over the U.S.

6.4.2 90-Degree Launch Azimuth

The 9v0—degree launch azimuth EPO will be covered by all stations
except CYI, HTV, HSK, and MAD. The received carrier power-c.:an-be
maintained above the 90 percent WI voice threshold and the 10‘_—6,BEP
telemetry threshold during the entire 90-a_eg_ree launch azimuth ' EPQ phase

by selecting antenna D.
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. No USB station will provide coverage for the first opportunity TLI

ignition and during the S-IVB preignition se'quenc,e.* CRO will have

0-degree acquisition of signal approximately 50 seconds after TLI ignition
-and . will provide coverage-for the remainder of the burn including TLI cut-
off... Coverage at CRO,  however, will.-be subject to antenna keyhole limi-

tations. Postburn coverage will be provided by RED. No USB station will

st

provide coverage for the second opportunity TLI burn...

A keyhole will occur at HAW at approximately { hour 19 minutes. If
TLI does not occur on the flrst opportunity and a thlrd revolution is
requ1red, keyholes will occur at MIL (approximately 3 hours 11,m1nute,s),
GBM (approximately 3 hours 13 minutes) ANG (approx1mate1y 3 hours

18 m1nutes), and ACN (approxnnately 3 hours 31 rnlnutes)

"6 4. 3 108 Degree Launch Az1muth

S-band coverage -for the 108-degree launch-azimuth- ' EPO is provided
‘by MIL, GBM, 'BDA,;-ANG, ACN, CRO, GWM, HAW, GDS, GYM, ‘and’
TEX. - Selection of antenna D will provide received carrier levels above
the 90 percent WI voice.threshold. and 10~ -6 BEP telemetry threshold for

‘the -entire 108-degree launch azimuth EPO..

The fii'st{gpportun'ity TLI and S-1VB Eeignition's'e.quen:ce will not be
covered by an'y'MSFN ground station.” The last USB station to 'prqvide

above 5-degree elevation coverage 'pi'ior'to'the first opportunity TLI will
be ANG, which will acquire at approximately 1 hour 41 minutes. = ANG will

.experience coverage limitations caused by antenna keyhole at approxi-

- mately 1 hoif 44 minutes. ACN-will acquire at approximately. 1 hour

56 minutes 30 seconds and will remain below 5-degree elevation for -the

.entire pass: There will be no S-band coverage by MSFN ground stations

for. the second opportunity TLL" The last USB station to provide coverage

. prior to the second opportunity TLI will be TEX at approximately 3 hours

5 minutes. The maximum antenna elevation at TEX will be approximately
4.9 degrees, and coverage will be limited by terrain obstruction from

3 hours 8 minutes to LOS. (TAN will provide VHF /AM voice coverage
during TLI ignition. )*

“ARIA are expected to provide TLI support.



Coverage will be limited by antenna keyhole at CRO (approximately ‘
56 minutes), HAW (approximately 1 hour 20 minutes), MIL (approximately -

1 hour 39 minutes), and GBM (approximately 1 hour 37 minutes). If TLI
does not occur on the first opportunity, the communication coverage for
the third revolution pass over -HAW will be limited by keyhole and terrain

obstruction.
6.5 VHF/AM PERFORMANCE

. VHF antenna selections and _AOS/LOS times for each MSFN'sta'tion_ .
covering earth parking orbits for 72-, 90-, and 108-degree launch azi-

muths are shown in Figures 6-2 and 6- 3.

The LEFT CSM VHF antenna (L) is recommended for each VHF/
AM station covering the three EPO trajectories. The LEFT VHF antenna .’
will drop rnofnentarily to the 90 pei‘cent WI.voice threshold over VAN
at approximately 1 hour 45 minutes on the 72-degree launch azimuth
EPO., The LEFT VHF antenna will momenta.rily drop slightly below the -
90 percent WI voice threshold over MER (56. minufes) CRO (2 hours

27 minutes),. and RED (2 hours 37 minutes) on the 90-degree launch az1—'.

'muth EPO. The LEFT antenna will momentarﬂy drop slightly below the
voice threshold over CRO at approximately 54 minutes on the 108-degree
launch azimuth EPO/ The LEFT antenna, however, will provide the best

overall coverage for the stations mentloned above.

VHF /AM communications system coverage for the first and second
opportunity TLI burns will be provided by the same stations that provide
S-band communication system coverage with additional VHF /AM coverage
support provided by TAN. The VHF /AM communication system wﬂl
usually provide adequate vo1ce communication during the times when the
'S-band coverage is limited by low elevation. The initial voice contact.at
AOS will usually be through the VHF /AM system at low elevatlon angles
After S-band acquisition, the system providing the best voice communica-
tion performance.w111 be used as the primary voice communication sys-

tem. It is recommended that the VHF/AM system be primary on all

station passes when below 5-degree elevation.
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7. TRANSPOSITION AND DOCKING

7.1 INTRODUCTION

This section discusses the communications coverage during the
transposition and docking phase(T and D) of the Apollo 10 mission. The
T and D phase covers the time period from translunar injection to the

S-1VB:slingshot maneuver.

Commuzﬁcatioh analysis and recommendations are provided for the
CSM S-band and VHF/AM systems. Trajectory data for a 17 May 1969

launch date mission were used in the generation of received carrier

power versus elapsed time plots for this phase of the mission.

- . The following communications recommendations are contained. in
this section: -
a) GDS should be prirnary.'S-band receiving station,

b) Handover sequence should be from HTV to HAW to ‘
GDS as soon as possible after acquisition of signal at
each station.

c) HAW should be p_rirnary VHF/AM station,

d) Maintain ground command selection of CSM omni
" antenna D until handover to GDS. Ground command
antenna A at start of CSM/S-IVB separation maneu-
ver, Manually select omni antenna B just prior to
LM spring ejection.

e) Use omni antenna A and 85-foot GDS antenna combina-
tion for color TV transmission scheduled during T and
D phase. :

" f) Use LEFT CSM VHF/AM antenna prior to CSM/S-IVB
separation. Use RIGHT antenna from CSM/S-IVB
separation and until termination of VHF/AM
communications,

g) The bar graphs and computer plots reflect a 72 -degree
’ launch azimuth and a first opportunity TLI. The event
times shown on the computer plots are for a 17 May
launch date. The event times for the 18 May launch
date are given in Section 4 and on the bar graph.




7.2 COMMUNICATION CONFIGURATION

The communication configuration for the T and D phase is shown in
Figure 7-1. This configuration consists of both VHF/AM and S-band
communications between the CSM and MSFN. The S-band system will use
uplink PM mode 6 (full uplink) and downlink PM mode 2 (full downlink),
An FM downlink is also available for dumping the contents of the data
storage equipment (DSE). The VHF/AM system will be operated in the
Simplex A mode; i.e., uplink and downlink VHF/AM voice will be
transmitted on a frequency of 296.8 MHz.

7.3 RF COVERAGE SUMMARY

A bar graph summary of RF communications for the T and D phase

is provided for a 17 May 1969 launch date and for an 18 May 1969 launch

date in Figures 7-2a and 7-2b, respectively. The bar charts show station

coverage, recommended spacecraft antenna selections, and recommended
handover sequence. The spacecraft antenna recommendations are based
on the following criteria and in this order of precedence:
a) Antennas which provide the largest positive circuit
margin (carrier power above the 70 percent WI
voice threshold and 10-3 BEP telemetry threshold

on S-band downlink and carrier power above 90
percent WI voice threshold on VHF/AM downlink)

b) Antennas which allow minimum spacecraft switching
c) Maintenance of ground command antenna switching

Computer plots of received carrier power versus elapsed time from
lift-off (Figures 7-3 through 7-14) are presented for each station providing
S-band or VHF/AM coverage. A plotis pfovided for each pair of
diametrically opposite CSM S-band omnidirectional antennas (i.e., A and
C, B and D) for both uplink and downlink signals. A plot is also provided
for the two CSM VHF/AM scimitar antennas for both uplink and downlink
signals. The letters L and R are used on the bar graphs and VHF/AM
plots to designate the CSM VHF LEFT and RIGHT antennas. Plots have
not been provided for the CSM high-gain antennas since it is not normally

activated during this phaée of the mission.




CSM

ﬂ PM
UPLINK IDOWN FM DOWN
VOICE VOICE DSE 296.8 MHz
UP DATA | TLM VOICE
PRN PRN :
-,--——.-l-----\
USB )
! |
MSFN

NOTES: 1. ALL AUDIO CENTERS HAVE VHF AND S-BAND VOLUMES UP
S-BAND SQUELCH ENABLED '

VHF SIMPLEX A WILL BE SELECTED FOR TRANSPOSITION AND
‘DOCKING OPERATIONS

wWw N
. .

Figﬁre 7-1. Communication Configuration for
Transposition and Docking Phase
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The plots are shown in the order of station acquisition of signal. ’
The VHF/AM and S-band plots are grouped for each station. Section 2
presents a comple.te description of the RF coverage computer plots

provided in this document.

Uplink mode 6 (PRN ranging; voice, and updata) and downlink

mode 2 (PRN ranging, voice, and 51.2-kbps telemetry) were used for the

S-band computer plots during the transposition and docking phase of the

mission.

The bar graphs and computer plots reflect a 72-degree launch azi-
muth and a first opportunity TLI. The event times shown on the computer
plots are for a 17 May launch date. The event times for the 18 May launch

‘date are given in Section 4 and on the bar graph.

The AOS times at the MSFN stations on the 18 May launch date will
be from | to 4 minutes different than the acquisition times shown for the

17 May launch date. The differences in AOS times and the resulting

differences in MSFN to CSM look angles do not invalidate the antenna

selection or station coverage recommendations made in this section.

7.4 S-BAND PERFORMANCE

S-band communication coverage f01; the T and D phase is provided by
HTV, HAW, GDS, GYM, TEX, MIL, GBM, BDA, ANG, and VAN.
Acquisition of signal will occur at HTV first, followed by HAW and GDS,
in that order. Since the acquisition sequence is from a 12-foot station
(HTV) to a 30-foot station (HAW) to an 85-foot station (GDS), handover
from HTV to HAW to GDS should be accomplished as soon as possible

after acquisition of signal at each station. GDS should be the primary

S-band receiving station for the remainder of the T and D phase. CSM

omni antenna D will provide good communications during the handover

sequence and until shortly before CSM/S-IVB separation.

Antenna A will provide the best communications after the attitude
changes associated with S-IVB/CSM separation begin and until shortly

before LM spring ejectidn.
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In the earth parking orbit discussion, it was recommended that
antenna D be selected by ground command prior to TLI and the S BAND
ANTENNA switches S-40 and S-41 in the CSM be set to OMNI and OMNI A,
respectively, to allow subsequent ground command of antenna A at the

start of the S-IVB/CSM separation maneuver,

A CSM attitude change at LM spring ejection results in omni B pro-
viding the best coverage during and after the LM ejection. Switching to
CSM omni B should be accomplished just prior to the LM spring ejection.
CSM omni B will provide good communication coverage for the remainder
of this phase of the mission which includes the CSM/LM SPS evasive man-

euver and the S-IVB sling shot maneuver.

Color television transmission is scheduled to begin at approximately
3 hours after lift-off and terminate approximately 25 minutes later. The
CSM/S-IVB separation and CSM/LM docking events will occur during this

time period. Omni antenna A will provide sufficient signal strength at

GDS during this time period to produce a good quality color TV picture (a

minimum total received power level of -95 dBm is required at an 85-foot

station to obtain a good quality color television picture),
7.5 VHF/AM SYSTEM PERFORMANCE

The VHF/AM communication coverage for the T and D phase is pro-
vided by HTV, HAW, CAL, GYM, TEX, MIL, CNV, GBI, BDA, ANT, and

VAN (with acquisition of spacecraft signal in the order listed).

Prior to CSM/S-IVB separation, the LEFT CSM VHF antenna pro-
vides the best communication coverage for HTV, HAW, CAL, GYM, and
TEX., After CSM/S-1VB separation, the RIGHT VHF antenna provides
better communication coverage for all the VHF/AM stations covering this

phase of the mission,

After CSM/S-IVB separation, however, the received carrier power
at the MSFN stations will be considerably below the 90 percent WI voice
threshold using either CSM VHF antenna, and therefore, may not be

usable. This is due initially to the unfavorable spacecraft attitude and



later to the slant range of the spacecraft from the MSFN stations. (The
maximum fange capability, based on 0-dB antenna gain, for 90 percent
WI voice on the VHF/AM system is approximately 8,555 nautical miles,
Greater range capability can be obtained with the higher antenna gains

provided by favorable spaceéraft attitudes.)

HAW provides the best overall uplink and downlink VHF/AM cover-
age and should be the primary VHF/AM station,

7-8




CSM VHF/AM
17 May Launch
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CSM S-BAND
17 May Launch
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8. TRANSLUNAR COAST

8.1 INTRODUCTION

This section discusses the communication coverage for the trans-
lunar coast phase. Communications analysis and recommendations are

provided for.the CSM S-band communication system. -

The following.communication recommendations are provided in this
section:

a), The CSM omni antennas should be used as the pr1rh'a:ry
.- means of S-band communications. during passive
" ‘thermal control (PTC) periods.

b) Switching between CSM omni antennas should be
accomplished by ground command whenever possible.

c) The CSM HGA/GDS 210-foot antenna combination must
be used to obtain color TV pictures of satisfactory
- quality during the scheduled transmission periods from
near lunar distances because the maximum range
(170, 000 nautical miles) for satisfactory color TV .
pictures from the CSM HGA/85-foot MSFN antenna-
combination will be exceeded.

8.2 COMMUNICATION CONFIGURATION

During the translunar iaeriod, the CSM will be docked with the LM.
The LM S-band communication system will not be activated during trans-
lunar coast The Spacecraft will be in the PTC mode except when other
activities require different attitudes. The S-band communication con- -
f1gurat10n for crew active periods is shown in Figufe 8-1. This conﬁgufa-
tion wiil iarovide full uplink communications (PM mode 6) for transmission
of voice, updata, _ and PRN. Full downlink commumcatlons (PM mode 2)
are ava11ab1e with the CSM h1gh -gain antenna (HGA) for transmission of -
voice, HBR TLM and PRN Downlink PM mode 2 may also be ava11ab1e
at near earth dlstances w1th the CSM omni antennas if favorable antenna
patterns exist. In most cases, however, downlink communication with the
omni antennas at near earth distances will be limited to PM mode 3 (voice,
LBR TLM, and PRN). Downlink communications with the omni antennas
from near lunar distances can be accomplished with PM mode 8 (low bit

rate telemetry and backup voice). S-band FM downlink communications



are available by means of the HGA for 1:1 playback of CSM voice and
HBR TLM (FM mode 1), 32:1 playback of CSM voice and LBR TLM
(FM mode 2), and television (FM mode 4).

CSM
S-BAND UP S-BAND PM DOWN (OMNI ANTENNA) S-BAND FM DOWN (HIGH-GAIN ANTENNA)
voice | MODE 2) " VOICE, HBR TLM, PRN MODE 1) 1:1 PLAYBACK OF CSM VOICE
MODE 6 { UPDATA 3) VOICE, LBR TLM, PRN ~ AND HBR TLM
PRN’ " 8) BACKUP VOICE, LBR TLM ‘ 2) 32:1 PLAVBACK OF CSM VOICE
> AND LBR TLM
4 TV : ‘

S-BAND PM DOWN (HIGH-GAIN ANTENNA)l

MODE 2) "VOICE, HBR TLM,

MSFN

NOTE: HIGH-BIT RATE TELEMETRY CAN BE USED WITH OMNI ANTENNAS WHEN FAVOkABLé AN]TENNA PATTERNS EXIST A

Figure 8—1.. Basic Communication Conf1gurat10n for Tra.nslunar
Coast Phase (Crew Active)

The communication configuration for crew rest periods is shown in
| Figure 8-2. This configuration is essentially the same as the crew active
. configuration except for the absence of downlink voice comrnuhication.

Downlink PM mode 2 will continue to be used with the HGA except that the
voice subcarrier will be unmodulated. Downlink communications with the
CSM omni will be by means of PM mode 9 (LBR TLM a;nd’PRN). PM
mode 15 (HBR TvLM and PRN) is available (based on 0-dB omni gain) to
approximately 144, 000 nautical miles for the 85-foot MSF_N stations.
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CSM

. S-BAND UP .~ S-BAND PM DOWN.(OMNI ANTENNA) S-BAND FM DOWN (HIGH GAIN ANTENNA)

VOICE . MODE 9) LBR TLM, PRN . MODE 1) 32:1 PLAYBACK OF LBR TLM
MODE 6 {UPDATA ) MODE 15) HBR TLM, PRN .

PRN :
' S-BAND PM DOWN (HIGH GAIN ANTENNA)

MODE 2) HBR TLM, VOICE SUBCARRIER, PRN |-

MSFN

NOTE: DURING CISLUNAR CREW REST PERIODS, THERE ARE THREE OPTIONS FOR MAINTAINING COMMUNICATIONS :
(1) COMMAND SWITCHING BETWEEN TWO OMNI ANTENNAS AND S
(2) HIGH GAIN AUTOMATIC'REACQUISITION MODE .
(3) COMMAND SWITCHING BETWEEN HGA AND OMNI D

Figure 8-2. Basic Communication Configuration for Translunar .
~Coast Phase (Crew Rest)

The downlink mode availability for various CSM/MSFN antenna
combinations for the translunar coast phase is presented in Table 8-1.

Appendix' C .prbvides ‘detailed data on the S-band system capability.

For the }g’:rew-.__rest communication configuration, there are three
options. for 'rnairitaigﬁng cbmmunications during PTC periods. The first is
to. command a;_ltenng switching between two omni antennas, the second is to
operate the spacecraft HGA in the automatic reacquisition mode, and the '
third utilizes the spacecraft HGA and omni D. The automatic reacquisition
mode would require recording ‘LBR data on the DSE when the HGA exceeds
the tracking limits and dumping the contents of the DSE after reacquisition.
The third option will not be used because of the possibility of HGA insta- -
bility on reacquisifipn. |
8.3 S-BAND COVERAGE SUMMARY

A bar graph summary of the MSFN station coverage during the
translunar coast phiase is given in Figure 8-3. Received carrier power
piots versus elapsed time are shown in Figures 8-4 through 8-21 for two

1-hour passive thermal control (PTC) periods, one beginning at approxi-

mately 55, 000 nautical miles (near earth period) and one beginning at

8-3
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approxii‘nat’eiy 172, 000 nautical miles (near lﬁ_nér period). CSM omni
anténna plots are provided for all stations having line of'sight' dﬁring
those perlods CSM HGA plots are provided for typ1ca1 30 -foot uncooled,
30-foot cooled, and 85-foot MSFN stations since all stations of the same
type W111 receive approx1mate1y the same level of carrier power with the
HGA. For calculation of received carrier power, quiet sky pointing
conditions are assumed from TLI until 1 hour prior to LOI, after which
moon a"c‘ zenith poin{:in'g conditions are assumed. (When the moon is within
thé beam width of the ground station, the noise éontribution of the moon

degrades the ground station receiver sensitivity. )

Uplink PM mode 6 (voice, updata, and PRN ranging) and downlink

PM mode 2 (voice,- HBR telemetry, and PRN ranging) were used for the

HGA for both near earth and near lunar PTC periods.

Uplink PM mode 6 was used for the uplink omni antenna plots for

the near earth and near lunar PTC periods. Downlink mode 2 was used

for the near earth PTC period, and downlink PM mode 8 (backup voice,

and LBR telemetry) was used for the near lunar PTC period for the down-

link omni plots

8.4 S-BAND PERFORMANCE

PTC will be used during translunar coast except where other
act1V1t1es require different attitudes. The intent of the PTC mode is to
achieve thermal cycling by means of continuous spacecraft rotation.

Since the omn1 éntennas will be operating at ranges where attitude is
critical, the continuous rotation of the spacecraft will have an adverse
effect on communications, and frequent antenna and/or mode switching will
be feéluired for 100'percent coverage. This continuous rotation will also

periodically block the HGA line of sight to the MSFN stations.

- It is'recommended that the CSM omni antenna switching be accom-
plished by ground command whenever possible during crew active periods
or the crew be advised of the optimum switchiﬁg frequency with respect
to the MSFN receivers. If the crew performs the antenna switching on the
basis of high headset noise levels, the received carrier power at the

MSFNW111 usually fall below threshold levels prior to each antenna switch.



It is recommended that the omni antennas be used as the primary

means of communication during all PTC periods. Communications using .

.the HGA are subject to shadowing by the LM and CSM structure and gimbal
Alirrllitations. (Additional information on usability of HGA during PTC roll.
periods is givén in Appendix E.) When the HGA antenna is used during the
PTC periods, LBR TLM is automatically recorded in DSE when HGA

exceeds gimbal limits. The contents of the DSE are dumped after reacqui-

sition. Difficulties in reacquisition could result in loss of data. The com- '

mand switching of HGA and omni D option is not recommended because. of

possible HGA instability on reacquisition.

Color TV transmission will be provided during the translunar coast
phase. Two 10-minute broadcasts are scheduled over GDS at 27 hours. .
15 minutes and 54 hours (elapsed time from lift-off) and one 15 minute

transmission over GDS at 72 hours 20 minutes.

The HGA (NBW)/85-foot MSFN antenna combination will provide a

TV picture of adequafe quality during the first transmission period. In

order to obtain adequate quality color TV pictures for the remaining

transmission periods (near lunar distance) periods, the GDS 210-foot

antenna must be used.

8.4.1 Near Earth PTC Period

Adequate communication coverage for PM downlink mode 2 is‘pro.-.
vided by the 85-foot MSFN stations and the spacecraft omni antennas
during the near earth PTC period covered by the plots by using the
switching sequence D -C - B - A -D... . This switching should occur

approximately every 15 minutes. This method of switching can be

accomplished only during crew active periods. The 85-foot MSFN stations

will provide 100 percent coverage with downlink PM mode 3 b-y.sv:vitching'

between two diametrically opposite omni antennas. The switching

sequence would be A- C- A...orB-D- B...and the switching should
occur approximately every 30 minutes. The B-D- B ... switchiAng<

sequence can be used for crew rest periods by ground command switching.

The coverage provided by the CSM omni/30-foot uncooled MSEFN
antenna combination with downlink PM mode 2 and by switching between
the four omni antennas will be below threshold. The coverage provided by

the CSM omni/30~-foot cooled MSFN antenna combination with downlink PM_

8-8




mode 2 and by switching between the four omni antennas will be marginal.
Adequate coverage should be provided by the CSM omni/30-foot cooled
MSFN antenna combination with downlink PM mode 3 and by switching

between the four omni antennas.

The CSM HGA in either WBW or NBW mode will provide good cov-
erage for downlink PM mode 2 during the near earth PTC perioci at the
85-foot MSFN stations. Adequate coverage will be provided by the HGA
in NBW mode at the 30-foot cooled stations; however, the coverage will be
marginal in the WBW mode. The: HGA /30-foot uncooled station combi-
nation will prox}ide é.dequate coxxiéragé in the NBW mode but below thresh-

old coverage in the WBW mode.

8.4. 2 Near Lunar PTC Period

The CSM omni/30-foot uncooled MSFN antenna combination provide
marginal communications with downlink PM mode 8 during the near lunar
PTC period by switching between the four omni antennas. The CSM omni/
30-foot cooled MSF'N antenna combination will provide adequéte commu-
nications with downlink PM mode 8 by switching between the four omni
antennas. The switching sequenceis D- C- B - A-D.... The switch-
ing should occur approximately every 15 minutes. The 85-foot MSFN
stations will provide higher received carrier power levels for the same
switching sequence. This method of providing communication coverage

can be used during crew active periods.

For crew rest periods, ground command switching between diamet-
rically opposite omni antennas will provide received carrier power levels
well above the 70 percent WI voice threshold at the 85-foot MSFN stations.
The sequence of switchingis B -D - B.. ., and the switching occurs
approximately every 30 minutes. Switching between two diametrically
opposite omni antennas would also provide adequate coveragé at the

85-foot stations during the crew active period.

The HGA NBW mode will provide adequate downlink PM mode 2
coverage at the 30-foot uncooled, 30-foot cooled, and 85-foot MSFN
stations during the near lunar PTC mode covered. The HGA WBW mode
is marginal for the 85-foot stations and below threshold for the 30-foot

stations.

8-9
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9. LUNAR PARKING ORBIT

9.1 INTRODUCTION

This section describes the communication coverage during the lunar
orbit phase of the Apollo 10 mission. Lunar orbit begins with insertion of
the spacecraft into lunar orbit and ends with initiation of transearth
injection. Communications analysis and recommendations .are provided

for the CSM and LM S-band communication systems.

The following communications or considerations are contained in

this section:

a) The GDS 210-foot antenna must be used for color
television at lunar distances to obtain satisfactory
picture quality. '

b) Recommended station covera'ge is shown in Figures 9-5
through 9-7.

" ¢) Received carrier power versus elapsed time from .
. lift-off plots are based on a 17 May 1969 launch. The
levels shown for the CS5M high-gain antenna and the

LM steerable antenna are the levels that will also be

received during the mission launched 18 May 1969.
The levels shown for the CSM omni antennas and LM
S-band omni (inflight) antennas are representative of
the general capability of these antennas at lunar
distances. The differences in MSFN to spacecraft
look angles that will exist during the 18 May mission,
however, preclude the use of these plots in providing
detailed spacecraft antenna recommendations for the
18 May mission.

9.2 BASIC COMMUNICATION CONFIGURATIONS

The basic communication configurations for the CSM and the LM~
while in lunar orbit are depicted in Figures 9-1 through 9-4. The basic

configurations are
a) Command Module Communications (Crew Awake)
b) Command Module Communications (Crew Asleep)
c) Lunar Module Communications (Steerable Antenna)

d) Lunar Module Commurications (Omni Inflight Antennas)

9-1



During the lunar orbit period, the undocked CSM and LM spacecraft o

will also be configured to test'the following conference modes:

a) Simultaneous voice communication betwveenAthe LM and
MSFN via S-band and between the LM and CSM via VHF

b) Voice conference communication between LM, -MSFN,
and CSM utilizing the LM S-band steerable antenna and
the CSM high-gain antenna with MSFN acting as a voice
relay

c) Voice conference communication between the LM, CSM, |
and MSFN using VHF voice communications between the
LM and the CSM with the CSM providing voice relay to
MSFN via S-band

d) Voice communication between the CSM, LM, and MSFN
using VHF voice between the CSM and LM with the LM
providing voice relay via S-band

9. 2.1 CSM Communications (Crew Awake)

The communication configuration for the CSM when the crew is
active is shown in Figure 9-1. S-band full uplink (PM mode 6) communi-
_ca’tions are available by use of either the CSM high-gain antenna or the =~ .

recommended omni antennas for the transmission of voice updata and PRN.

~

SIMPLEX A VOICE'

CSM VHF B LBR DATA tM

S-BAND UP S-BAND PM DOWN S-BAND FM DOWN
VOICE (HIGH-GAIN ANTENNA) | (HIGH-GAIN ANTENNA)
MODE 6 {,L,’,{’SATA ~ [HBR TLM MODE 1) 1:1 PLAYBACK OF VOICE (CSM OR LM)
MODE 2 {VO’CE 2) 32:1 PLAYBACK OF VOICE (CSM OR LM)
PRN AND CSM LBR TELEMETRY
S-BAND PM DOWN 3) PLAYBACK OF LM LBR SPLIT

PHASE TELEMETRY (51.2 OR 12.8 kbps)

(OMNI ANTENNAS) 4) TELEVISION

2| LBR TLM
MODE 8 1 BACKUP VOICE
PRN
]
MSFN

‘VHF VOICE AND RANGING CAN BE USED DURING RENDEZVOUS (CSM DUPLEX B)

2THIS MODE HAS BEEN MODIFIED TO INCLUDE PRN

Figure 9-1. Basic CSM Communication Configuration for Lunar Orbit
(Crew Awake)
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Full downlink (PM mode 2) communications are available for the trans-

mission of voice, high bit rate telemetry, and PRN.

During periods in which the CSM high-gain antenna is unable to see
the MSFN, the omni antennas may be selected to provide limited downlink
~ communications, Omni antenna D will usually provide good coverage

during the periods of CSM/HGA blockage.

When communication between MSFN and CSM is not possible, CSM
and LM voice, CSM and LM low bit rate telemetry, and LM split-phase
telemetry are stored in the digital storage equipment for subsequent play-
back to MSFN via the S-band FM system.

_ Voice communications between the CSM and LM are by means of the
VHF 296. 8-MHz channel; LM low bit rate split phase PCM data are trans-
mitted to the CSM via the 259. 7-MHz VHF channel.

9.2.2 CSM Communications (Crew Asleep)

Figure 9-2 depicts the communications configuration during the crew
sleep period. During periods of simultaneous sleep for the crew members,
the CSM will be referenced to a landing site and placed in an inertial hold
mode with the attitude fixed to allow the high-gain antenna to see MSFN
without interference. MSFN real-time command will select high bit rate
telemetry (HBR/TLM) when the spacecraft is on the earth side of the
moon and will select low bit rate/digital storage equipment prior to lunar
occultation. Stored data will be dumped on command after AOS via FM

downlink mode 2.

9.2.3 LM Communications Configuration

Figure 9-3 shows the primary configuration for lunar orbit com- ‘
munications between the LM and MSFN when the steerable S-band antenna
is in use in tracking MSFN. The MSFN will acquire the LM steerable
antenna for each tracking period unless otherwise specified by the flight
plan. Uplink information (voice, updata, and PRN) are transmitted by
MSFN S-band system. Downlink S-band PM consist of high bit réte telem-
etry, PRN, and voice.



CSM

'S-BAND UP S-BAND PM DOWN S-BAND FM DOWN

. { VOICE (HIGH-GAIN-ANTENNA) - (HIGH-G AIN ANTENNA)
.MODE 6 { UPDATA HBR TLM : : 32:1 PLAYBACK
PRN MODE 2 { VOICE SuBCARRIER | MOPE 2 {1 oF LBR TELEMETRY
PRN : : S
Y
MSFN

NOTE: HIGH-GAIN ANTENNA WILL BE UTILIZED IN THE AUTOMATIC REACQUISITION MODE
WITH LOW BIT RATE DATA BEING RECORDED BEHIND THE MOON AND PLAYED BACK
DURING MSFN COVERAGE.

Figure 9-2. Basic CSM Communication Configuration for Lunar Orbit
(Crew Asleep) :

VHF SIMPLEX A!

LM VHF B CSM

LBR DATA

S-BAND UP | S-BAND PM DOWN

ok VOICE VOICE
MODE { yppATA MODE { pgR TIm
6 PRN 2 PRN

MSFN

‘VHF VOICE AND RANGING CAN BE USED DURING RENDEZVOUS (CSM DUP!.-EX B)

Figure 9-3. Basic LM Communication Configuration for Lunar Orbit .
(Steerable Antenna)



The inflight antenna communication configuration depicted in
Figure 9-4 will provide backup capability for communications duringA ,

periods in which the tracking of the steerable antenna is restricted by the

stops.

VHF SIMPLEX Al
M VHF B2 ‘ CSM
LBR DATA
$-BAND UP | s-BAND PM DOWN
VOICE LBR- '
- MODE | {50t [MODE] TeLEMETRY
3
RN 4 ] BACKUP-
VOICE
HL BIOMED
\LBR -
DE
MOg TELEMETRY
BACKUP-
| voice

MSFN

NOTES: NO PRN CAPABILITY EXISTS SIMULTANEOUSLY WITH DOWNVOICE AND TELEMETRY.

1. VHF VOICE AND RANGING CAN BE USED DURING RENDEZVOUS (CSM DUPLEX B).
2. LBR DATA WILL BE RECORDED DURING LUNAR OCCLUSION.

Figure 9-4. Basic LM Communication Configuration for Lunar Orbit
(Inflight Antenna)

The CSM S-band emergency backup modes will not be tested during
the mission; therefore, the LM S-band system will be the backup for the
CSM S-band system. In case of failure of the CSM S-band, the LM S-band
with the steerable antenna will becofne the means of communications

between the MSFN and the spacecraft.

Communications between spacecraft will be by means of VHF
Simplex A (296. 8 MHz) with LBR data transmitted by the LM on .

259.7 MHz. An analysis of spacecraft to spacecraft VHF communication

is presented in Reference 17.
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9.3 RF COVERAGE SUMMARY

Computer plots of received carriér power versus elapsed time from
lift- off are provided for the CSM and LM S-band communication systems.

The 17 May 1969 launch trajectory data were used in the generation of

: these plots. Computer plots of received carrier power versus elapsed
time from lift-off fdr the CSM énd -LM S-band systems based on an

" 18 May 1969 launch date will be published in an addendum to this report
when the new trajectory data become available. The computer plots
contained in this section, however, are still appli;:ébie in inany respects
and are useful in determining spacecraft communication systefn perfor-
mance for an Apollo 10 mission having an 18 May 1969 launch date.
Conclusions and recommendations with respect to the 18 May launch will

be given later in this section.

Figures 9-8 through 9-59 are plots of downlink received signal power
 versus elapsed time from lift-off for the CSM and LM spacecraft. (An = .

explanation of the computer plots contained in this document is presented
ir; Section 2.) CSM omni antenna plots are provided for one typical 85-foot
'station for each lunar revolution. CSM HGA plots are provided for one ‘
typical 85-foot station and one typiéél 30-foot cooled station for each lunar
revolution. Plots for the LM inflighf and steerable antennas are chosen

' sifnil’arly. CSM downlink omni antenna plots are for PM mode 8. LM
downlink inflight antenna plots are for PM mode 4. | CSM HGA and LM

steerable downlink plots are for PM mode 2.

" 'Figures 9-5a, 9-6a, and 9-7a provide a bar graph éuinm;ry of the
MSFN stations which have the opportunity of communication with the space- -

craft and the times of posmble acquisition and loss of s1gna1 based on

MSFN 0- -degree antenna elevatmn for an Apollo 10 m1ss1on hav1ng a
17 May 1969 launch date. Dur1ng the lunar orbit, the loss 'of communica-
tions that will occur during periods of lunar occultation are indicated by

the breaks in the station coverage. -

The bar graphs also 1nd1cate the recommended MSFN stat1ons for

each lunar orbit. A bar graph summary for an Apollo 10 mission hav1ng

an 18 May launch date is provided by Figures 9-5b, 9-6b, and 9-7b.
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Table 9-1 presents a listing of CSM omni and LM anteﬁ_na recom-
mendations along with the recommended times for antenna switching
and the recommended stations for omni or inflight communications on a
per revolution basis for thé 26 revolutions planned for the 17 May 1969
missionﬂ Choice of omni or iriflight antenna and réceiving'station is based
on maintaining-a positive circuit margin with a miniml;.m of antenna switch-
ing. Omni and inflight recommendations are made for backup purposes in
case the HGA or steerable antenna malfunction or in case spacecraft atti-
tude makes the use of the HGA or steerable antennas impossible. Where
available information indicated that use of either the HGA or the steerable
antenna was 1mpos sible over a s1gn1f1cant per1od of time due to spacecraft

attitude, that period of time is ‘listed in Table 9-1.

The analysis throughout this section assumes moon at zenith. Due
to the range of the spacecraft from the MSFN during this part of the
mission, only ce.rtain of the downlink modes are available with a positive
circuit ma;'gin when using the om@i and inflight ént_enﬂé.s on the CSM and
LM, r,espeéti-vély. All . CSM PM modes, however, will exhibit positive
circuit margins using the high—'géin antenna (NBW). Table 9-2 presents
pertinent PM ‘mode availability data taken from Appendix C. FM mode-as-
a-whole analysis shows that the CSM FM modes will also be available
using the CSM high-gain antenna (NBW). LM PM modes 1-5, 7 and 8 are
available using the LM steerable antenna. FM test data analysis indicates
the LM FM mode 9 (voice, telemetry) will operate satisfactorily at lunar
distance with the LM steerable/85-foot MSFN antenna combination.
Appendix C I;resents the capabilities of the CSM and LM PM and FM

modes.

The time between events and maneuvers during the undock to dock
period remain the same for a mission launched on 18 May 1969. The time
of events during this period o“ccur approximately 20 rhinutes earlier than
they would have on a mission launched on 17 May 1969. The AOS and LOS
times for each lunar orbit occur approximately 23 minutes earlier for the
18 May mission. ' The time of major events for lunar orbit for a 17 May
launch date mission are given in Table 9-3. The times of major events

for the 18 May launch date mission are given in Section 4.
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Table 9-2. S-band Downlink Mode Availability f_or'Lunar Parking Orbit

Modes Which Meet Required Performance Levels

‘ 30-ft.Cool§d MSFN Stations

cSM o

‘e
[ J
LM X
[}

Omni antennas:
.PM mode 10 only

High-gain antenna (WBW):

PM modes 5, 7, 8, and 10
. High-gain antenna (NBW):

PM modes 1 through 5 and
7 through 10, 15

Inflight antennas:
PM modes 3 and 5

Steerable antenna:
PM modes-i, 2, 3, 4, 5,
7, and 8

85-ft MSEFN Stations

Omni antennas:
PM modes 5 through 10

High-gain antenna (WBW):
PM modes 3 through 10

High-gain antenna (NBW):
all PM modes

FM modes 1, 2, 3, and 4

Inflight antennas:
PM modes 3, 4, and 5

Steerable antenna:
PM modes 1, 2, 3, 4, 5,
7, and 8 :

FM mode 9 .

Note: Derived from data in Appendix C. All omni and inﬂi'ght' information
shown is based on 0-dB gain for the omni and inflight antennas.



ranging checks

Table 9-3. Lunar Parkmg Orb1t Sequence of Key Events for.-72- Degree
S ~ Launch Azimuth, 17 May 1969 Launch
o o -. T1me from Lift-off _
" Event Mnemonic Lr min: sec) (day:hr:min:sec)

Lunar orbit insertion burn  LOI-1 76:08:18 . 03:04:08:18
Lunar orbit circularization  LOI-2 © 80:32:12 03:08:32:12
_burn :
Intravehicular transfer to IVT-LM 82;0‘7:0_0 03:10:07:00
LM ‘
Intravehicular transfer to IVTCSM 83;,:55:00' 03:11:55:00
CsSM
Begin 8-hr rest period -BEREST ' 86:00:00 03:14:00:00
End 8-hr rest period ENREST 94:00:00 03:22:00:00
LMP intravehicular trans- IVT-LM 95:00:00 +03:23:00:00
fer to LM ' e e . T
CDR 1ntraveh1cular trans- IVT-LM 95:08:00 03:23:08:00
fer to LM
S-band steerable antenna STEERA 95:27:00 03:23:27:00
checks
Secondary S-band T/R and SECCHK 95:31:00 03:23:31:00
power amplifier check
LMP intravehicular trans- IVTCSM 95:34:00 03:23:34:00
fer to CSM
LMP intravehicular trans- IVT-LM 95:50:00 03:23:50:00
fer to LM
Switch to S-band steerable SWSTEE 97:15:00 04:01:15:00
antenna
Undock UNDOCK 98:30:44 04:02:30:44
CSM SEP CSMSEP 98:55:44 04:02:55:44
Rendezvous radar and VHF RR/VHF 99:04:00 04:03:04:00
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‘ - Table 9-3. Lunar -Parl‘cing Orbit Sequence of Key Eventé for '72-Degree
Launch Azimuth, 17 May 1969 Launch (Continued)

Time from Lift-off

Event Mpemonic (hr:min:sec) (day:hr:min:sec)
Landing radar test LDGRDR 199:39:00 04:03:3§:00
LM DPS descent orbit DPSDOI 99:54:12 04:03:54:12
'insertion burn '
Iﬁitiate_ rendezvous radar Rf{-ON 99:56:00 04:03:56:00
tracking : :
Terminate RR tracking. RR-OFF 100:20:00 04:04:20:00
"LM descent orbit. PERICN 100:51:31 04:04:51:31
pericynthion
LM DPS phasing burn DPSPHA 101:06:35 04:05:06:35
Initiate RR tracking and RR—Ci\I 101:10:00 04:05:10:00
VHF ranging :
‘ Terminate RR tracking RR-OFF 101:18:00 04:05:18:00

‘ FInitiate RR’ tracking RR -ON 101:38:00 04:05:38:00
.Terminate RR tracking RR-OFF 101:53:00 0'4:05:53:00 |
Initiate RR tracking RR-ON 102:30:00 04:06:30:00
Términate RR tracking RR-OFF 102:49:00 04:06:49:00

v LM RCS staging RCSSTG 102:53:00 04:66:53:00 '
LM APS insertion burn LMNSRT 103:03:29 04:07:03:29
Initiate RR tracking RR-ON 103:21:00 04:07:21:00
LM RCS CSI LM-CSI 103:54:40 04:07:54:40
LM RCS plane change LM-PC 104:23:54 04:08:23:54
LM RCS CDH LM-CDH 104:52:41 04:08:52:41
LM RC.S TPI LM-TPI =~ 105:28:59 04:09:28:59
First LM midcourse MCC-1 105:43:59 04:09:43:59

correction (RCS)
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Table 9-3. Lunar Parking Orbit Sequence of Key Events for 72-Degree

Launch Azimuth, 17 May 1969 Launch (Continued) -

Event

Second LM midcourse
correction (RCS)

Rendezvous

LM active docking

-Bégih LM S-band omni tests
-End LM S-band omni tests

Begin LM S-band steerable
tests

- CDR intravehicular trans-

fer to CSM

LMP intravehicular trans-
fer to CSM

Jettison LM

LM APS burn to depleltion
Begin 8-hr rest pefiod
End 8-hr rest period

Transearth injection burn

Time from Lift-off

TEI

Mnemonic (hr:min:sec) (day:hr:min:sec)
MCC-2 105:58:59 04:09:58:59
RENDEZ  106:15:30- = - 04:10:15:30
LMDOCK 106:40:00 04:10:40:00
OMTEST  106:50:00 04:10:50:00
107:00:00 04:11:00:00
STTEST  107:20:00 04:11:20:00 -
IVTCSM  107:30:00 04:11:30:00
IVTCSM  107:40:00 © 04:11:40:00
JETTLM  108:34:00 04:12:34:00
LMAPSD  109:04:00 © 04:13:04:00
BEREST  109:49:00 04:13:49:00
ENREST  118:00:00 04:22:00:00
L 129:50:00 05:09:50:00 .
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’ Analysis of the RF coverage data contained in this section results
in the following conclusions and recommendations for the 'lﬁﬁar'parking

orbit for an 18 May 1969 launch:

a) The station coverage recommended for the first 26
revolutions will apply with the exception that HSK should
continue providing prime station coverage through the
seventh revolution and MAD should begin providing -
prime station coverage on the eighth revolution. The
same general sequence of prime station coverage will
apply for the additional revolutions planned for the
18 May 1969 mission.

b) The received carrier power predicted for the high-gain
antenna and the steerable antenna will remain the same
for like stations.

c) The frequency and time duration of HGA limitations
given in Table 9-1 are representative of the limitations
to be expected on the 18 May launch. The time that
the HGA exceeds its €lectrical or mechanical limits
with respect to a maneuver associated with a particular
event will remain essentially the same.

. ‘d) The general performance of the omni antennas indicated
in the received carrier power plots is representative of
the performance to be expected on an 18 May 1969 launch.
The plots show the relative changes in carrier power
- and the frequency of antenna switching that would be
required to maintain positive circuit margins during
the various maneuvers. Due to differences in MSFN
look angles for the two missions, the carrier power
levels shown for the individual antennas will not neces-
sarily remain the same. A particular omni antenna
shown in the plots as providing the best coverage for a
particular station and event may not necessarily provide
the best coverage for the 18 May launch.

e) Antenna D will normally be usable when the HGA is not
available. The omni antenna recommendations for the
times the HGA is not usable will not necessarily apply
due to the differences in MSFN station look angles.

9.4 CSM S-BAND PERFORMANCE

! The 85-foot MSFN stations will normally be used for all lunar dis-

'~ tance CSM communications. During lunar orbit, CSM/LM docked, crew
awake, coasting flight operations, an inertial attitude will be maintained
. that will allow MSFN to acquire either the CSM HGA or LM steerable
antenna without crew assistance. During the sleep periods the spacecraft

will be oriented so that HGA faces MSFN without interference from the
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SPS engine bell. During the sleep period, the HGA will be in the auto | .
REACO mode and the S-band system will be controlled by RTC to __sele_ct :

TLM - HBR on the lunar earth side and LBR/DSE recording,on thé lﬁnar

far side. This procedure will provide for playback of LBR data recorded ;

on the lunar far side when the spacecréft after acquisition on the earth
side. Due to spacecraft attitude, the CSM HGA will not be in view of
MSFN during any CSM landing site tracking period.

All CSM HBR data at lunar distance will require the use of the CSM
high-gain antenna in combination with either a 30-foot cooled or 85-foot
MSFN station.

Lunar multipath may cause poor communications for periods of less
than one minute duration at times of reacquisition after lunar occu‘itation;
This may cause large errors in data transmission and possibly erratic |
aﬁtenﬁa tracking. Normal acquisition procedures should not be affected.

because of the short duration of the lunar multipath effects.

FM mode-as-a-whole analysis (excluding color TV) shows FM avail-
ability from the CSM at lunar distance only when using the CSM HGA
(NBW) antenna in combination with an 85-foot MSFN station. The CSM

FM modes will normally be used for DSE playbacks and CSM real-time .
TV; however, the CSM FM transmitter can also be used for real-timé
TLM and voice backup.

Color TV will be transmitted during the post-LOI period and during
undocking. Black and white television is also available during the lunar
parking orbit phase. The maximum range of the CSM HCA/SS—foot MSFN
antenna combination for excellent color TV picture quality is approximately:
170, 000 nautical miles; therefore, the 210-foot antenna at GDS must be |
used for color TV reception. A detailed analysis of CSM FM modes for
the Apbllo 10 mission is presented in Appendix F. |

On Apollo 10 and subsequent missions, 85-foot MSFN stations will
have new phase lock loop FM demodulators with selectable two sided loop
bandwidths of 3. 6 MHz (narrow) or 10 MHz (wide). To assure proper

demodulatibn of CSM and LM FM signals, the demodulators mus_f be con-
figured as follows: ' o '

a) CSM FM mode 1 - narrow
- by “CSM FM mode 2 - narrow-
c) CSM FM mode 3 - narrow
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d) CSM FM mode 4 - wide
e) LM FM mode 9 - wide
f) LM FM mode 10 - wide

If these configurations are not used, CSM and LM data will be
severely degraded (especially CSM mode 4 and LM mode 10 which have TV

with large frequency deviations).
9.5 LM S-BAND PERFORMANCE

The 85-foot antenna MSFN stations will normally be used for all
lunar distance LM communication. During CSM/LM lunar orbit, docked,
crew awake, coasting flight operations an attitude will be 4maintained that
" will allow MSFN to acquire either the CSM HGA or LM steerable antenna
without crew assistance. All LM HBR data at lunar distance will require
the use of the steerable antenna in combination with either a 30-foot cooled
or an 85-foot MSF'N station.

Hard line biomed data are available from the LLM at lunar distance
only on the steerable antenna in combination with either a 30-foot cooled
or 85-foot MSFN station LM downlink PM mode 11 (PRN only) will be

available on S-band inflight antennas.

Due to the broad ground station antenna beamwidth at lunar distance
(approximately 1100 nautical miles), there is only a remote possibility
that during separation activities the LM (CSM) will not be within the
ground station antenna beam that is tracking the CSM (LM). Should this
occur, however, use of a JPL wing site will enable the same station to
talk to both spacecrafts simultaneously. The steerable antenna will be in

free track while on earth side of moon.

Prior to LM jettison, the LM S-band steerable antenna will be set
at a fixed position for the APS burn to depletion, DATA will be in the HBR
position. MSFN will attempt to track the LM and obtain TLM data after
the APS burn to depletion. Received carrier power versus elapsed time
are provided for the time period from LM jettison to one hour after the
APS burn. The LM S-band system, however, will remain in operation

until onboard power is exhausted.
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RECEIVED CARRIER POWER(DBM)
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