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Spacecraft and SIV-B During Post
Injection from a Communications

and Tracking Antenna Viewpoint.

Case 215

FRoM: H. Pinckernell

SUMMARY

Communication between the space vehicle and the ground
stations during the post injection interval can be impaired by
the deployment of the LEM adapter panels. (The exact deploy-
ment of these panels is currently being investigated.) This
memorandum discusses three proposals that consider different
attitudes of the Apollo space vehicle during the post injection
phase of a lunar mission. One of the alternatives is chosen
based on maximum exposure of the space vehicle antenna to the

ground network.

The deployment of the LEM adapter panels necessitated
an attitude positioning strategy o6f the space vehicle that would
permit the feasibility of uninterrupted communications with the
MSFN sites. The objective of this strategy was to maximize the
space vehicle antenna utilization and at the same time minimize
the number of attitude changes. Three alternative post injection
attitudes were examined graphically. These were studied using a
representative altitude profile beginning with the end of the
injection burn and lasting for approximately 60 minutes.

The positioning strategy chosen required the space
vehicle attitude to be reoriented two times during the 60
minute post injection period. The first change occurred
immediately after termination of tThe burn interval, the second
change 18 minutes later. These attitude changes are based on
the LEM adapter panels beling deployed to a position normal
the roll axis of the vehicle.
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1.0 INTRODUCTION

The communication and tracking objective after the
econd burn of the S-IVB is to provide communications (voice
nd telemetry) between the spacecraft and crew and the MSIL

a

t

s0, tracking for trajectory data of the space vehicle will

d the MSCC in making the decision of affirming the attempt
transposition.

The following discussion 1s concerned with that part
f the nominal Apollo mission that begins with the termination

o
of the second burn of the S~-IVE and ends with the completion
of the transposition maneuver. Throughout most of this oh“
of the mission it will be necessary rfor elther the soacecwa:u
or the S- I”B/IU to communicate with the MSFN. This objectlive
is made difficulf to achieve by the physical constralnts im-
posed by the vehicle on the various antenna patterns and the
interference imposed on portions of the antenna patterns with
the deployment of the adapter that surrounds the LEM during
the launch, earth parking orb‘* and injection burn phases.
These difficulties can be ameliorated by orlentating the space
vehicle to a position that will minimize the interlerence
portions of the antenna patterns and maximize tne erffective
coverage.

This memorandum discusses various aliternative post
injection vehicle attitudes and suggests one wnich will engble
the communications and tracking objectives to be met from tThe

viewpolint of antenna covera cge.

2.0 ANTENNA COVERAGE CONSIDERATIONS

The Apollo space vehicle, just prior to and during
the CSM/LEM transposition maneuver, must be inertially sta-
bilized. Prior to this, changes in attitude are anticlpated.
These events in addition to tn€ deployment of the LEM adapter
during transposition could affect the space vehicle total

antenna coverage and thus limlt the communications objJectives.

4

tes, and to telemeter status information of the space vehicle.
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The orientation of the space vehicle belfore trans-
position will have a direct effect on the effectiveness of
the antenna coverage Steerable type antennas could provide
more coverage at almost any attitude, however, thls solution
would require an extensive redesign and is therefore not
considered feasible at this time. The main coverage v01c
Tor the fixed position antennas will occur along the rol
axis of the vehicle. Other pattern interference will be ex-
perienced because of the change in diameter of the vehilcle
from the CSM to the S-IVB/IU. This will cause the null
towards the aft of the vehicle to have more effect on the
CSM patterns than for the S-IVB/IU antenna system.

During the transposiftion operation, the adapter
between the S- IVB/TU and CSM will be deployed. It 1is
assumed that the adapter sections will be pivoted back
towards the a“t end of the vehicle to a position which is at
90° to the roll axis. (The exact deployment of these adapters
is currently beling envestigated)a These ueD¢O ed adapter
sections can cause significant changes 1n the rixed antenna
coverage patterns of the CSM antenna systems. Similar effects
can be experienced in the coverage patterns of the S-IVB/IU
antennas., It is also assumed that the high galin steerable
antenna on the SM will not be avallable until transpositicn
1s complete.

These limitations and obstructions to the antenna
patterns will necessitate a posiftioning strategy that will
permit the feasibility of uninterrupted communications with
vhe MSFN sites.

3.0 TERNATIVE POST INJECTION ATTITUDIES
The purpose of the [ z strategy
‘maximlze the space vehicle a a zatlon an
same Time minimize The numbe a ude changes
alternative post injection = 1d ere examine
cally. These were suvé ed ui a representative
profilel beginning with the end of burn of the S
lasblpg for appro;um ely 60 minutes. A plot of

is shown in Figure 1.

1)

TNa & o
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One alternative that was studiled considered the
space vehicle to be pitch stabllized in the direction of
the velocity vector to a time just prior to the start of LEM
transposition, The pitch staebllization correction can be
applied elther continuocusly or intermitfently depending on
the RCS fuel consumption limitations. When the vehicle reached
the transposition phase the corrections were terminated. The
attitude of the vehicle over the entire interval of concern
always had line of sight contact with the tracking network,
The look angles between the vehicle and the MSEFN sites always
were below and to the rear of the space vehicle,

During the post injection Interval, communications
between the S- Ivﬁ/LU ard the MSFN sites 1s feaqiblp with
use ol a cosecant square antenna coverage characteristic
sufficient gain for the longer ranges Tme assumed deplo
of Tthe LEM adapter sections should not significantly deg
the effectiveness of the S-IVB/IU antennas Lgsuming ©th
RCS of the S-IVB is also effective after the separation

spacecraft, communication contact between the S-IVB/IU a:
MSEFN sites should continue.

Communications between the CSM and the MSFN sites
during post injection will be alfected by the orientation of
the CM antenna system. As the space vehicle proceeds on 1Ts
trajectory, the C3M contact is further degraded. When tTrans-
position starts communication contact with the MSIFN sites
snould improve because of the turn-a nd of the CSM, This
contact Wlll again be degraded as tn ocking procedure is
completed. AT this polint in th n, the deployed LEM
adapter and the S-IVE cause dis in the CM antenns
radlation pattern. Improvement 1 CSM communication
contact should occur when separat the spacecraefit Trom
the S-IVB/IU takes place.

Another alternative that sumed tThe

pace vehicle to be 1lnertially stab tude at
the end of burn. This alternative man
on the RCS fuel usage although the ¥
becomes less deslrable as the vehicl urse

After approximately ten minutes b
burn, the majority of the M ite =i
end of the space venhicle. ttitu gulre

two antenna systems on th U, o wer
radiating volume of the vehicle and on ume
above and to the rear. Although con ; rough
LEM transposition could be realized wi n proper ancbmnu gains,
implementation of a two antenna SJstem on the S-IVB/IU would
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necessitate system regulrement changes such as a transmitter

During the ftransposition phase, communications
between the CSM and the ground stations will be doubtful.
This condition is expected to versist through transposition
until such time when the spacecraft separates from the
S-IVB/IU After separation, the high gain steerable antenna
on the SM should provide all necessary contact.

The third alternative post injection attitude in-
vestlgated considered two changes of space vehicle attlitude.
Immediately after the end of burii the space vehicle is pitched
downward to approximately 16° below the normal to the local
vertical. This orientation is held inertially fixed until
approximately 18 minutes after the end of burn. At that time
the space vehicle is pitched downward to approximately 18°
below the normal to the local wverticsel. This orientation i
held inertially fixed for the remainder of the post injection
phase. These two attiftudes approximate an average broacside
positicning of the space vehicle with respect to the earth
durlny the early and late segments of the post injection
event.

Communications contact from the S-IVB/IU to the
ground sites can be made continuous Throughout the post in-
Jection flight with & shaped beam antenna. Figure 2-a shous
the reguired antenna radiation pattern., This figure ig based
cn the profile shown in Figure 1 with ftwo attitude changes.
For the early phase of the flight, the slant range does not
exceed 4000 n.mi. The antenna gain zreguired for this phase
can be equal to that of zan o i system. As the slant
range increases the gain require reases in order ToO
sustaln communications contact. he geometry 1In Fig
150 degrees of coverage 1s needed e pitch plane for

early phase of the post 1injeciior T; this coverage a
reduces to about 80° for those slant ranges at 60 minutes
gfter the end of burn This gzeneral coverage angle reguire-
ment, when consideri e change I1n range oOver the course
of rlight, define neral shape of the antenna pattern
for this post lQTG 1ternative. Also, that part of the
radliation pattern : to the pattern shown 1in Figure 2-a
1s shown in Figure —o. A 150 degree coverage angle 1is
necessary for the low slant range cases while the coverage
angle decreases To about 20 degrees 2 nt ranges 60 minutes
after the end of burn Deployment of Vi adapter should
not significantly affect the average overage Ifor
the S-IVB/IU.
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POST INJECTION ALTITUDE PROFILE

STL REFERENCE TRAJECTORY
ISSUE 2, SEPT. 1963
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FIGURE 3 GENERAL CM ANTENNA RADIATION PATTERN




