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MISSION PLANNING STUDIES FOR MANNED, CIRCULAR,
SYNCHRONOUS-ORBIT MISSIONS

By Charles T. Hyle
1.0 SUMMARY

General mission planning information, such as payload capability,
deorbit requirements, and hardware characteristics, was investigated
in this study of manned, circular, synchronous-orbit missions for the
Apollo Applications Program (AAP). Four circular, synchronous-orbit
missions were investigated in detail. Two of these missions were

equatorial and two were inclined. The results showed that the Saturn V

(8-V) designed for the lunar mission could place 39 543 1lb of payload
into the equatorial orbits and 71 360 1lb of payload into the inclined
orbits. Because it is so small, the payload for an equatorial mission
could not include a lunar module laboratory (IM 1ab).

2.0 INTRODUCTION

The AAP has been established to utilize the capabilities and
hardware developed during Project Apollo for investigations in space
medicine, the physical sciences, and advanced space technology.
Current AAP planning includes two types of synchronous-orbit missions.
Both are long duration missions--14 to 45 days--requiring a high
altitude circular orbit. One type has a 28.5° inclined orbit and
the other has an equatorial one.

- This report outlines four mission plans, two for the inclined
and two for the equatorial orbits, and demonstrates the S-V paylcad
capability for earth synchronous orbits. The report also includes
general mission planning information such as deorbit requirements and
hardware characteristics. Since no distinct guidance techniques were
used in the trajectory thrusting simulatlons, the report is considered
preliminary.

Many useful contributions, including some of the figures, were
provided by Charles E. Allday of tle Flight Analysis Branch.
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2.1 Mission Objectives
There are three primary objectives of an AAP synchronous-orbit mission.

a. The accomplishment of experiments contained in the command
module (CM), service module (SM), and LM lab.

b. The demonstration of the capabi;ity of the S-V to place a
useful payload into a synchronous orbit.

c. The demonstration of ground operations support of a manned
synchronous-orbit mission.

This report is primarily concerned with the second objective.
2.2 Definition of Synchronous Orbits

A synchronous orbit is one which has a period, T, equal to that
of the earth (T=23.9345 hr).

Several types of orblts satisfy the above definition: A synchronous
orbit may be elliptic or circular, inclined or eguatorial. Ground

tracks of typical inclined elliptic and circular synchronous orbits

are shown in figure 1. The ground track of an inclined circular synchronous
orbit appears as a figure-eight which degenerates to a point as

the inclination is reduced to zero. (See figure 2.) Figure 2 also

shows the interesting variation of longitude with time as affected

by inclination. Circular synchronous orbits are defined by the

following orbital elements:

Inertial velocity, Vi fPS. o v v v e e e e e L 10 088
Inertial flight-path angle, Yy 468y + o 0 0 o . 0
Radius from center of earth 16 satellite, R, ft . 20 925 738
Altitude, hy n. mi. . . & ¢ s o & ¢ ¢ ¢ ¢ o 5 o & 19 323

3.0 TRAJECTORY SIMULATIONS AND RESULTS

Computations for the four missiocns considered in this report
were made with the CO3E, three-degree-of-freedom, integrating,
particle trajectory program, except where noted. As stated previously,
the thrust phase simulations used no explicit guidance techniques.
In-plane thrust maneuvers were applied along the current inertial
velocity vector, and ocut-of-plane maneuvers were oriented with respect
to the inertial velocity vector. The simulated atmosphere used in
the reentry phase was the 1959 ARDC atmospheric model. The earth model
was the Fischer ellipsoid. As stated previously, the launch wvehicles
and spacecrafts for the AAP are those of the Apollo Program.
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3.1 Launch Vehicle

3.1.1 General description.-The propulsion capability to be used
to launch manned, synchronous-orbit missions is that of the S-V
plus part of the service propulsion system (SPS) capability. The S-V is
a three stage vehicle whose stages are designated S-IC, S-II, and S-IVB.
The launch configuration is shown in figure 3.

Stage one of the S-V is powered by five F-1 engines with a total
thrust rating of 7.5 miliion pounds. The S-II second stage is powered
by five J-2 engines with & thrust rating of 200 000 1t per engine.

The third stage S-IVB is powered by a single gimballed J-2 engine
rated at 200 00O 1b.

Pertinent launch vehicle and propulsion characteristics may be
found in table 1 and figure 4.

3.1.2 Performance.-Launch vehicle characteristics used for the
two equatorial missions described in this report were obtained from
reference 1, and those for the two inclined missions were obtained
from reference 2.

As indicated by the second mission objective, the demonstration of
the capability to launch and insert a useful manned satellite into
synchronous orbit is a feat in itself. As will be shown in the
following pages, a comparatively small experiment payload (in a circular
equatorial orbit) is all that is obtainable with the present S-V
configuration.

North American Aviation (NAA) has examined in detail an equatorial
synchronous-orbit mission (ref.l). They assumed, however, that costly
modifications to provide additional S-IVB restart capability would be
made to the launch vehicle. Because of the curreat fiscal situation,
costly modifications are highly undesirable. Therefore, a basic problem
to be solved by this study was how much payload can the current S-V
configuration insert into a circular, synchronous, equatorial orbit
and how much into an inclined, circular, synchronous orbit.

Since reference 1 established an inclined 100-n.mi. circular
orbit by a partial burn of the S-IVB prior to the use of the assumed
modified capability, this parking orbit was used as initial condltions '
for the two equatorial missions to be described.

Similarly, reference 2, in its outline of an inclined, circular,
synchronous-orbit mission, established a 100-n.mi. parking orbit,
which was taken as starting conditions for the two inclined missions
described in this report. ;



The two launch phases used for initial conditions are shown in
tables 2 and 3.

All four mission profiles were launched due east and resulted in
a 28.5° inclination at the 100-n. mi. orbit.

3.2 Spacecraft

3.2.1 General description.- The orbiting spacecraft, as initially
conceived for the AAP, is comprised of the CM, SM, and the IM lab.
This configuration is shown in figure 5.

The CM, as the primary crew station, contains life support equip-
ment and spacecraft controls. Since it is also the reentry module, it
contains the necessary landing and recovery equipment.

The orbit maneuver capability, including that for deorbit, is pro-
vided by the SPS of the SM. The SPS is also required for orbital inser-
tion for all missions examined in this report. An experiments pallet
is installed in one of the SM equipment bays and is expected to hold
much of the required experiment hardware.

Minor modifications, mainly removing unnecessery hardware, are
necessary to the LM lab. One of the main functions of the IM lab
in the synchronous mission will be to house a crew member who is making
astronomical observations.

3.2.2 Performence. SPS thrust characteristics and CM aerodynamics
are listed in tables 1 and 4, respectively. Deorbit propellant
requirements are included in the inserted payload.

3.3 Mission 1 - Equatorial

Since an equatorial synchronous orbit remains stationary with
respect to the earth, one of the prime considerations for this type
of orbit is seleoting the desired hover-point (HP).

- The rationale for selecting 101° E longitude as the HP for mission
1 was that this longitude was located at the first opportunity for
synchronous—orbit insertion.



Following the first of the two available S-IVB burns, the LV coasted
in the 1C00-n. mi orbit, almost to the node, then the remainder of the
S-IVB fuel was used to obtain an apogee altitude of the required synchro-
nous orbit and the inclination was reduced to approximately 7 .

Approximately five hours later, just prior to apogee, the SPS was
ignited to remove the remaining inclination and to circularize the orbit
to 19 323 n. mi. The total payload was 39 543 lb. (See table 5.)

Since no firm duration requirement exists, the mission was concluded
after about 14 days. Retrofire occurred at about 2 hours before the
14th day, and the direct descent landing occurred 5 hours later. The
landing point was in the Pacific, southeast of Hawail, at 154. 9° W, on
the equator.

A detailed description of the boost phas2 parameters for this mission
is provided by table 5 and figure 6. A ground track of mission 1 from
launch through reentry is shown in figure 7. Unified S-band radar
stations considered for this report are identified in table 6, and their
coverage of mission 1 is contained in figure 8.

Following SPS insertion into the sychronous orbit, only 1350 1lb
of payload may be considered useful for experiments. This weight includes
life support and deorbit requirements. Table 7 summarizes distribution
of the inserted payload.

Because of the comparatively small payload, this mission plan would
not include the IM lab, and the experiments hardware would be stored
in the CM and SM experiment pallet.

3.3.1 Mission 1 reentry.- A footprint about the nominal landing
point,as defined by various reentry lift-vector orientations, is shown
in figure 9. Time histories of pertinent orbital elements and reentry
parameters from retrofire to 50 000 ft are shown in figures 10 and 11.
Although no guidance was used in the reentry simulation, one half of
the value of the aerodynamic 1lift coefficients were used, which produces
the same landing point as a guided reentry. Because these half-lift
coefficients were used, the time histories in the figures from 400 000 ft
to 50 000 ft do not describe the actual conditions during a guided reentry.
They are included mainly to show trends. Tracking station coverage from
- retrofire to 50 000 ft is presented in figure 12. The CM heat shield
is more than adequate to withstand the atmospheric entry from a synchron—
ous orbit.

bt aibes e i




A heating rate of 216 BTU/ftz/sec and a total heat load of

25 628 BTU/ft2 are typical values (ref. 1) resulting from the direct
descent from a synchronous orbit. These values are about 30% lower
than those expected from a lunar flight.

3.3.2 Deorbit Requirements.- The descent from a synchronous orbit
is governed, of com course, by the amount and direction of the rstrograde
maneuver. A descent which produces a flight-path angle (Yi) of about

-6°% and an inertial velocity (Vi) of 33 835 fps is referred to the

smiddle of the entry corridor. Such an entry is considered most desirable
in that it provides proper ranging to allow for lift-vector control and
heat dissipation without exceeding untolerable g loading on the crew.
Deorbit requirements for the mission 1 spacecraft were established

with figures 13(a) through 13{d). The deorbit propellant required to hit

the desired Vi and \ at the 400 000 ft "reentry corridor" is 15 183 lbs.

Reentry'time is about 5 hours and 17 minutes, and longitude increment is
108°. These figures and figure 1/ show that the most efficient way to
make the deorbit maneuver is to maintain a 180° attitude with respect

to the inertial velocity vector.

The deorbit propellant required to hit the desired reentry corridor
are provided for various spacecraft weights, by figures 15 and 16.

The thrusting capability of the four RCS SM attitude control (quads)
to correct a nonnominal SPS deorbit maneuver is shown in figures 17(a)
and 17(f). These solid propellant rockets, rated at 100 1lb, are shown
to be useful for only small SPS thrust dispersions and theg only if the
corrective maneuver is made prior to a true anomaly of 245 . That is,
assuming 400 of the original 800 1lb of RCS propellant is used to produce
a 150 fps AV, only a 1% nonnominal SPS deorbit maneuver could be corrected,
and this cguld be done only if the correctlon is made before a true anom-
aly of 245~.

Use of the RCS as a means of deorbiting from a secondary orbit,
say 100-n. mi. circular, could be accomplished; however, the direct
descent is recommended.

3.4 Mission 2 - Equatdrial

Equatorial mission 2 is bésically the same as mission 1, including
payload, except for the location of the HP. The launch phase is ident-

- ical through the second S-IVB burn, which provides the synchronous




altitude requirement at apogee and reduces the inclination. However,
instead of circularizing the orbit at apogee, a maneuver is performed
to increase the perigee to 9783 n. mi. and, therefore, increase the
period. One orbit later, at the next apogee, the desired HP has
rotated beneath the apogee. The SPS is then used to complete insertion

into the synchronous orbit above the HP. This HP, 151° W, was selected
for the favorable tracking coverage and the proximity of the Brazilian
coast following a direct decent entry. The same HP could have been
obtained by using the same phasing maneuvers as were used for mission 1,
but the fuel saved by the method just described makes it the obvious
choice.

Very useful planning information is provided in figure 18. 1Its
utility can be illustrated as follows: Point A represents the space-
craft at apogee of the 19 323/100-n. mi orbit (the above intermediate
orbit). The incremental longitude between this apogee and the desired
HP is then read on the abscissa. The intersection of the slanted line
from point A and a vertical line through the delta longitude produces
point B.

Point B then indicates the required orbit period and inertial
velocity--left hand scale--that will produce the desired longitude
shift by the time the spacecraft gets back to apogee. Since the chart
was made using impulsive quantities, the answer diffeers slightly from
the integrated quantities shown in table 8. The right hand ordinate
shows point B to require a 9750-n. mi perigee, compared to 9783-n. mi.
integrated value. A good estimate of the AV requirement is also obtained
by subtracting the inertial velocity of the 100-n. mi. orbit from
the inertial velocity of the 9750-n. mi. orbit. This indicates that
3400 fps are needed. The actual value was 3600 fps. Figure 19 shows
apogees and perigees produced by various Vi and \ at 19 323 n. mi.

Insertion time histories, a ground track, and tracking coverage
are shown in figures 20, 21, and 22. Additional details of the launch
are itemized in table 8. Since the reentry phase is the same as for
mission 1, the entry sequence, shown in table 8, produced a landing at

45° W on the equator. This site is in the Atlantic just off the coast
of Brazil.
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3.5 Mission 3 ~ Inclined

The payload potential of the Apollo S-V is substantially more for
the inclined synchronous orbit then for the equatorial. In fact, the
payload inserted in the inclined orbit was 71 360 1lb compared to
39 543 1b for the equatorial mission. This payload increase is, of
course, provided by the removal of the plane-change requirement. The
insertion phase for the inclined mission is, naturally, different from
the equatorial.

Initial conditions of the 100-n. mi orbit, from reference 2, are
given in table 3. Thz S-IVB was not shutdown when the 100-n. mi.
orbit was obtained, but continued thrusting along the inertial velocity
vector for about five minutes. This produced the desired apogee of
19 323 n. mi. Shortly before arrival at apogee, the S-IVB--minus boil-off
losses--was relit to raise the 100-n. mi. perigee to 4975 n. mi.

Transposition and docking with the IM lsb was then performed, and
the final circularization maneuver was made with the SPS at apogee.
There was 25.6 minutes between S-IVB shutdown and the SPS ignition time.
As indicated, the increased payload capasbility means the LM lab would
be used on this mission. Details of the launch and payload breakdown

- are provided in tables 9 and 7 and figure 23. A trace of the launch

and a typical revolution are shown by figure 24. Radar coverage is
shown in figure 25.

As in mission 1 the shortest insertion time was the criteria used
to position the spacecraft with respect to the earth. As shown before,
inclined orbits produce a relative motion in the form of a figure eight
along the earth's surface. The name HP, therefore, does not apply;
however, the point of nodal crossing does remain fixed, and it is referred
to as the HP in the inclined missions. This mission, therefore,

has its HP at 52° E, and the motion takes place in a longitude spread
of about 7° about thls point.

3.5.1 Mission 3 Reentry.- Mission 3 required another deorbit study
to investigate the effects of spacecraft position in the orbit on the
location of the landing point. Again, a direct descent approach was
used. In general, it was found that a deorbit maneuver initiated
the Northern Hemisphere landed in the Southern Hemisphere about 108 E.
of the point of maneuver initiation.
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Various landing sites can be selected and the associated point of
retrofirs determined for the mission 3 orbit with figures 26 and 27.
Figures 26 and 27 and figure 28 provide the information to determine
the landing location from any deorbit point in a circular synchronous
orbit inclined 28.5°, A1l quantities described above are plotted
against "central angle", which is just the angular displacement in the
orbit measured from the descending node. Tracking station coverage
from retrofire to 50 000 ft is presented in figurez9.

The landing point selected for mission 3 is located just off
Brisbane, Australia, at 26. 13° S and 163.3° W. Because the entry
parameters are essentially the same as for mission 1, figures providing
this information arn not repeated. However, a detailed history of the
mission 3 reentry is provided by table 10.

3.6 Mission 4 ~ Inclined

The inclined mission 4 is basically the same as mission 3 except
for the location of the HP. Again, this was accomplished by phasing
prior to synchronous orbit insertion because of the fuel savings. The
boost phase was identical through S-IVB jettison, but the spacecraft
coasted for one orbit before circularizing. During this phasing period,

the earth's rotation caused the second apogee to occur over the desired
point, and the SPS was used to raise gerigee from 4975 n. mi. to 19 323.

The stationary or nodal point was 152° W, which is very close to the
mission 2 HP. The 71 360 1lb payload, which is detailed in table 7,
describes a figure-eight with respect to the earth. (See fig. 30.)
Additional boost phase details are available in table 11 and figure 31.
Radar coverage is provided in figure 32. As for all the other missions,
this mission was terminated after about 14 days. A suggested landing

point is 28. 3 N and 47. 1° W. The required deorbit maneuver would then
take place at 28. 5° S and 152° W,

4.0 CONCLUSIONS

Using Apollo S-V hardware, a payload of 39 543 1b can be placed
in an equatorial, circular, synchronous orbit and a total of 71 360 1lb
can be placed in a 28, 5° inclined, circular, synchronous orbit. Both
payloads include a useful allotment for experiments to be conducted

during a manned synchronous orbit mission. The size of the first
payload, however, precludes a IM lab for equatorial missions.
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Useful mission planning information for such synchronous missions
is provided in tables and plots. Included are launch, payload, phasing,
tracking, deorbit, and entry requirements.
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.:‘% TABLE I. - APOLLO-SATURN V PROPULSION CHARACTERISTICS
‘; (a) S-IVB
§ [Thrust = 205 000 1b, flow rate = 480 1b/sec)
A
. Weight of
-3 . Dry weight, propellant
> Mission Maneuver 1b used,
; 1b
: g —
1 and 2 Plane change —_— 179397.
and synchronous
apogee
3 and 4 Continue first
! burn — 128905.
o 3 and 4 Raise perigee ——— 23093.
8 (b) Service module
[Thrust = 20 000 1b, - flow rate = 67,5526 1b/sec])
7% | | Weight of
! Mission Maneuver Dry weight, propellant
= : 1b used,
‘ 1b
1 Circularization 24857,
1 Deorbit 11550. 15183.
2 Phasing | 18796.
o 2 Circularization 11550. 6061 .
'If 2 Deorbit 15183.
! 3 and 4 Circularization | - R1583.
: 11550.
3 and 4 Deorbit f 17197.
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TABIE TI.- SATURN V ASCENT TRAJECTORY TO 100-N.MI. CIRCULAR ORBIT FOR EQUATORIAL MISSIONS 1 AND 2
Velocity Tlight-path Azimuth
Latitude fps angle, deg relative Load
Time, |geccentric,| Longitude,|Altitude, geocentric,| factor,
| Event sec deg deg fi Relative|Inertial] Relative [Inertial deg g
- |Liftoff 0.0] = 28.49 279.36 0 0 1 3k0 - 0.00 - 1.191
. |Inboard engine 155.1{ 28.48 280.1kF 187 959 7 259 8 517 23.40 | 19.78 c0.79 4.537
 eutofs
S-IC burnout 159.1 28.48 280.22 199 586 7 627 8 890 22.60 | 19.25 90.84 3.317
. [s-IT ignition 162.9 28.48 280.30 210 519 7 581 8 851 21.87 | 18.61 90.89 0.000
|change 165.4 28.48 280.00 217530 | 7608 | 8881| =21.47 | 18.27 90.9% 0.709
o jmixture ratio
|Ullage cases 189.1 28.47 280.89 279 601 7 962 9 263 17.97 | 15.38 91.28 0.832
Jjettison
|LES  jettison 194.1f  28.47 281.01 291 714 8 046 9 352 17.27 | 14.81 91.35 0.847
Change k2.7 27.96 289.56 568 746 | 16 215 | 17 591 1.12 1.03 96.19 1.708
|mixture ratio ‘
|§-IT burnout 535.9] 27.36 | 29%.71 | 5% 377 |21127 | 22 503| 0.87 | 0.8 98.82 | z.041
s-1v B’ignitign 541. 4 27.31 295.06 594 034 | 21 125 | 22 501 0.77 0.72 99.00 U.000
100-n.mi. circular| 693.4 25.45 305.20 607 612 |24 205 | 25 582 0.000] 0.00 104.02 0.705
'lerbit

44
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TABLE III. - SATURN V ASCENT TO 100-N MI CIRCULAR ORBIT FOR INCLINED MISSIONS 2 AND 4

Flight-

Everit Time, g:zg:;;’;g Longltude, | Velocity®, | Altitude, | path | Azimutn®,
sec ’ deg fps ft angle8, deg
deg deg

Lift-off 0.0 28.65 ~-80.64 1340 0 0.0 ——

End vertical rise, begin 12.00 28.65 -80.64 1343 512 3.84 90.0
zero-1ift fiight

Shutdown of S-IC inboard | 154.57 28,6/ -79.85 8648 191838 20.10 90.7
engine D 1.

Shutdown of S-IC out- 158.57 28.64 -79.76 9093 203885 22,94 90.7
board engines, begin
coast

Jettison of S-IC, S-II 162.37 28.64 ~79.68 9053 215281 18.99 90.8
ignition, begin pitch-
up maneuver®

End pitch-up maneuver, 172,37 | 28.64 =79.45 9188 243846 17.58 91.0
change mixture ratio

Jettison S-IC/S-II inter- | 188.57 28.63 -79.07 9459 287004 15.67 91.2
stage adapter section

Jettison launch escape 193.57 28.63 -78.95 9550 299613 15.11 91.3
system

Change mixture ratio 386.28 28.33 -72.77 15302 572189 2.15 94.9

Shutd:wn of S-II, begin | 534.19| 27.51 -65.19 22446 606342 0.52 98.9
coas

Jettison S-II, S-IVB 538.99 27.47 -64.89 22445 607204 0.44 99.0
ignition

End integrated trajectory | 694.13 25.59 ~54,.69 25582 607293 0.00 104.1

(100 n. mi. circular
parking orbit)

8nertial quantities
bRelative quantities

cPitch—up of one-deg/sec for 10 sec approximates optimum trajectory, after which a pitch-
down rate of 0.0993 deg/sec is maintained to first S-IVB burnout

L e T A et
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TABLE IV.- COMMAND MODULE ENTRY CHARACTERISTICS

CM weight, 1b

Reference ares, ft2

Entry aerodynamics

M L p
0. .2368 .9608

.7 2368 . 9608

.9 246} 1.0733
1.1 L4526 1.2349
1.2 4318 1.2129
1.35 468N 1.3367
1.65 5300 1.3419
2.00 .5520 1.2815
2.40 483k 1.3086
3.00 4630 1.2635
%.00 1289 1.2350
6.0 - 25. 4169 S 1.2h47

s



TABLE V. - MISSION 1 - CIRCULAR SYNCHRONOUS EQUATORIAL ORBIT WITH A HOVER POINT AT 101.1° E

: Inertial
Geodetic ; Inertial flight~ | Inertial } Inclin-
Event da °h3%:§;-°e latitude, Long:tude, Al:it:ge, velocity, path azimuth, | ation, | Weight,
y:ariin: sec deg € oo fos angle, deg deg 1b
asg
Lift-off 0:00:00:00 { --—- | -—- —_—— _— _— _— -— —
100-n. mi.
circular 4
orbit 0: 00: 11: 33 25.3 -54..8 100.0 25582 0.0 104.02 | 28.57 284458
Restart S-IVB
near first
descending
node 0:00: 23:13 7.16 -11.4 100.0 25582 0.C 117.8 28.57 |283815
S-IVB '
burnout 03008 29: 27 -1.9 13.9 164.0 33291 6.5 96.9 7.1 1104418
Circularize
with SPS— 0:05:37: 26 0.0 101.1 19323. 5264 1.07 82.88 7.1 644,00
{ SPS cutoff 0:05:43:57 0.0 101.1 19323, 10088 0.0 90.0 0.0 39543
Start |
retrofire | 13:21:42:33 0.0 101.5 19323, 10088 0.0 90.0 0.0 3953
End |
retrofire 13:21:46:33 0.0 101.24 | 19323, 5183 -0.55 90.0 0.0 24390
400 000 ft 14:02:52:08 0.0 -171.5 65.83 33825 | -6.40 90.0 0.0 —
50 000 ft 14:02:59:16 0.0 . =154.9 - 8.23 23688 i -17.00 90.0 0.0 —

i 56 o oI . T v i 0 i R e T e T L D T T T R i s e
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TABLE VI. - GROUND STATIONS USED FOR SYNCHRONOUS ORBIT STUDY®

Latitude , Longitude,
Station Name Call Letters deg deg
Cape Kennedy CNV 28.48 -30.58
Grand Bahama GBI 26.62 -78.35
Antigua ANT 17.14 -61.79
Ascension Island ASC -7.97 -14.40
Bermuda BDA 32,35 -64.65
Canary Island CYI 27.73 -15.60
Pretoria® PRE -25.94 28.36
Tenanarive’ TAN -19.02 47.31
Carnarvon CRO -24.90 113,72
Hewail HAW 22.12 -159.67
Canton Tsland® CTN -2.79 171,65
Guaymas | GYM 27.96 -110.72
Corpus Christi TEX 27.66 -97.38
Guam GUA 13.58 14k.93
Canterra CAN -35.31 149.00 "
Johanng%burg JHB -25.88 27,717
Madrid MAD 50. 42 -3.67
Goldstone GST 35 39 -116.85
Cherry Pointc CPT 1 34, BQ' -T76.88

)

All statlons are unified S-band stations except Pre, Tan.,

Can., CPT, and JHB.

b

A & Tel - Acqulsitlon & Telemetry.
T - Tracking.
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;g TABLE VII.- SYNCHRONOUS ORBIT WEIGHT DISTRIBUTIONS
- Missions 1 and 2: ' j

; Command module, 1b . . . &« ¢ ¢ o 4 « « s & o o s o o o o o 11800. ;

i Command module experiments, 1b . . . . « ¢« o ¢ ¢« o« « « o« & 200.

. Service module, 1b . . . 4 ¢ 4« 4 e 4 e e e 4 e e e e e 11550. N
- Service module experiments, i 693. i
o Deorbit propellant, 1b . « « ¢ & ¢ & ¢t ¢ o &+ « o o o & o 15183, é

?‘E ReSErve fuel, lb L] L) * . L] L] L] . . L] . L] . L[] L] L] L) [ ] L] . L] ll’?' _E’
Total weight in orbit, 1D v + ¢ o « o v o o o v o o o o o 30553 3
P !
£ 9 :
‘{% Missions 3 and 4:
= Command module, 1b « « v & ¢ v ¢ 4 o o 4 4 0 e 4. e 11800.

S Command module experiments, b . . . . . . . « « ¢ « .« 500.

. Service module, 1b . . . . . c m s e s 4 s n s s s s 11550. |

A Service module experiments, lb t s e 6 e e e e e e e e e 3500. ]
Lunar module laboratory, 1b . . . . N 11249, 5
Lunar module laboratory experiments and/or maneuver Y

‘ propeuant, lb . . e . LI} . . « . . . . . e s . e« o . 153360 ;

, Deorbit propellant, 1b « o v v v & o « o o o o o 0 o o " 17197.

] Reserve fuel . . . s e 4 5 s s+ s e e s s e e e s e 228. ’

. Total weight in orblt, lb e s s e o s e 4 s e o 8 & o o s » T1360.

i
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TABLE VIII. - MISSION 2 - CIRCULAR SYNCHRONOUS EQUATORIAL ORBIT WITH A HOVER POINT AT 151.3° W

Inertial
, S Geodetic . . Inertial flight- | Inertial | Inclin- .
Event d -hgfgfg-sec latitude, Long:tude, Alzltzge, velocity, path azimuth, | ation, Wéight,
ay: s deg g * fps angle, deg deg
deg
100-n, mi.
circular
orbit 0:00:11: 33 25.3 -54.8 100.0 25582 0.0 104.02 28.57 284458
Restart
S-IVB near
first des- |
cending node| 0:00:23:13 7.16 =11.4 100.0 25582 0.0 117.8 28.57 |283815
S-IVB
burnout 0:00: 29: 27 -1.9 13.96 164.0 33291 6.5 96.9 7.1 104418
Raise perigee
for phasing
orbit 0:05:37:26 0.0 101.1 19323, 5264, 1.07 82.88 7.1 644,00
- End first
8PS 0:05:42:22 0.0 100.7 19323. 8676 0.055 90. 0. 45604,
Circularize
with SPS 0:22:27:45 0.0 -151.3 19323, 8676 0.06 90. 0. 45604
| End of
~ second SPS 0:22:29: 20 0.0 -151.3 19323. 10088 0.0 0. 0. 39543
Start - ‘
retrofire 13:18:30:00 0.0 . -151.3 19323. 10088 0.0 90. 0. 39543
End retrofire{ 13:18:34:00 0.0 -151.3 19323. 5183 -.55 90. 0. 24,360
400 000 ft 13:23:39: 35 0.0 -64..8 65.83 33825 -6.40 90. 0. —
50 000 ft 13:23:46:43 0.0 -45.2 5.23 23688 -17.00 90. 0. ——

8T



TABLE IX. - MISSION 3 - INCLINED CIRCULAR SYNCHRONOUS ORBIT WITH THE NODAL POINT AT 52° E

grae T

s S R ol T o . Inertial
v |1 Lo Geodetic A . Inertial flight- | Inertial
o . Time, - R Longitude, | Altitude, N 1} ; s o Weight,
I : ; S latitud ~ . 2 1 velocit th th,
“, | ¢ iEY§nt~ : day:hr:mln:sec | ad:gu e deg n, mi. | e g;;,Y’ aﬁZle, az;g; h, 1b
] o B deg
B Continue o j Lo 7 N
| S;IVB’burn“i ©0:00:11:34 | 25.25 -54.7 100. 25582, 0.0 104.02 | 289930.
o s} |
f - cutoff ‘ 0:00:16: 03 : 18.70 =34.5 136.2 33446. | 4.73 112.05 | 161025,
Lo Restart S-IVB | 0:05:15:16 -23.08 57.50 19240. . 5276.. 4.64 72.55 |156913.
e Second S-IVB | . , ;
F " cutoff 7 0:05:16:04 | -23.04 57.43 ;9244. 7461. YA 72.5 133820.
I | Circularize S L , “
] | with SPS 0:05:41:40 | -21.54 . 55.85 19323. 7412.3 445 70.67 92943.
fﬁ ~ End SPS 0:05:47: 20 -21.13 55.67 119323. 10088. 0.0 70.22 71360.
§; ' - Next node A 1 |
E ‘ crossing - -
) (hover : i L ; o
; - point) 0:09:01:17 | 0.0 51.96 | 16323, 10088. 0.C 61.46 —
1  Retrofire 13:15:07:52 27.67 - 53.82 19323. 10088. 0.0 97.9 LLT75.
' ‘ retrofire ©13:15:12:22 27.54 53.67 = | 19323. 10088, 0.0 98.35 | 27578.
4 : 400 000 ft- - | 13:20:22:50 -28.68 139.2 65.84 33833. -6.26 89.58 _—
;g 50;0@0 £t - 13:20:29: 22 -26.13 163.3 - -— _— -— —_—
H&ﬁﬁiﬁ-.ﬂﬂ..ﬂﬂliﬁlﬁﬂnﬁﬁi-iL____ o

6T
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. TABLE X.- DESCENT TRAJECTORY FROM CIRCULAR SYNCHRONOUS

Ve .
PRI L& ke

INCLINED MISSION 3

| Geodetic o ~ Inertial Tnertial | Inertial
~ Time, | latitude, Longitude, Altitude, velocity, flightfpath ? azimuth,
: séc | deg deg n.mi. fps 83?;; deg
0. 27.67 53.82 19323. 10088. 0. 97.9
270.6 | 27.54 53,67 19%22. 5181.8 .63 8.4
= h565.6:‘ 25.88 ‘46.u5' 18532. 5847.9 -23.3%6 102.79
8y61.6 | 23.14 1042 16135. TT46. -38.93 107.37
- ‘12557;6 17.97 | 38.30 11793. 11289.0 -46.69 112.64
. 16653.6 | 2.23 53.43 4595. 19994.0 _42.78 118.46
| 18837.6 | -28.68 139.21 65.8 33833, -6.26 89.57
o 19265.7 | -26.83 159.61 82y 1837.3 -21.67 87.59

0e
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" TABLE XI. - MISSION 4 - INCLINED CIRCULAR SYNCHRONOUS ORBIT WITH THE NODAL POINT AT 152° W

, Inertial
IPT Inertial flight- | Inertial
Altitude, velocity,| path azimuth,
fps angle, deg
deg

k Geodetic $ $arid
Time, | 1atitude, ‘.:Longltude,

Weight,
day:hr:min: sec deg deg n. mi.

78 ",Ev’ent , 15

; - circular e . E . B : :
orbit’ 0:00:11:34 | 25.25 =54.7 100. 25582. | 0.0 104.02 | 289930
1| eutorr | 0:00:16:03 | 18.70 -34.5 136.2 | 33446. | = 4.73 | 112.05 | 161025
é I Restart | | L | :
T .- S-IVB 1 0:05:15:16 =23.08 57.5 19240. 5276. | 4.64 72.55 156913,
~ Second i ‘ : :

S-IVB 3 SN [ R

entorf || 0:05:16:04 [ -23.04 57.43 | 19244. U6l | hebd 72.5 | 133820,
(CGlroularize | 0:19:15:38 | -21.52 -18.17 | 19323. 712, | 445 | 70.65 | 92943.

SPS . 0:19:21:18 =21.11 -148.35 19323. T 10088. 0.0 70.20 71360.

Next node o o
crossing 0:22:35:00 0.0 -152.0 19323. ~ 10088. 0.0 61.46 71360.

Suggested -
deorbit

_ point 13: 22:40: 00 -5.0 ~159.1 —_ | - — — —
50 000 ft 14:04:01:30 | 2.0 | -43.6 | -— — | - — —
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Geodetic latitude, 04. deg

Geodetic latitude, @, deg

Geodetic latitude, .d' deg
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Figure L. - Typical synchronous orbit groundtracks.
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LAUNCH ESCAPE
SYSTEM \ A

COMMAND MODULE

SERVICE MODULE
LM LAB

J-2 ENGINE (1)

~364.6'

S-1l
STAGE

J-2 ENGINES (5)

LOX TANK

STAGE
FUEL TANK
“‘ , A

F-1 ENGINES (5)

Figure 3.- Launch vehicle to be used for the AAP synchronous
orbit missions.
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Figure 6, - Circular synchronous equatorial mission 1 ascent.
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Resulting perigee after deorbit maneuver, n, mi.,

L4l

300

200

1oo£%

-100

-200

-300

-400

— - Y 13 t
> 2R 1 R i i
1 1 T ¢ SEX T 14 T - 1 1 11
: 5 x { { i i i
| B i |
- 1 .- !
;7: >
' i i i
t i ; i =
$ § $ $
t $ { :
i . i 1 { ! B S
- - e f - f f :
O O D O O T o R S G 0 BE 0 T : z : i
| ; | Vg L z i : { i | ! : :
- - - - e e i’ - T TR 3 ! - .
] e : R \K[\ i Attitude referenced| :
g | P P | g \1’/ to local horizontal |
i XE | SERRCRER = =
| ' 3 * R ; \\T\ - : sl
i ; ——
’ ~ ' NG : ;
= ; 3 eE .
e == EEE S S o, Bl =
EEE RN s
: s : S :
H B R g i T S =
% - i
| A e
i I i : { i % { 1 :
i A B il i N { i i { : 8 e O !
| i { Attitude referenced to the
T 4 1 1 1 1 . . .
5 I B g 3 : | i \%me.mal yeloc!ty vector o R §
| 1 i i : : i : | i O , ‘ '
| ! H ! H | ! 1 ! ! {
: : ' e e o R e + : E .
11 f s :
e e S e R S e e S Tl e S S S e R . S T Tt
i ! o2 H i i i H i i i i

-500 k-

4880

g e

4920

4960

5120 5160 5200 5240

AV, fps

5000 5040 5030

Figure 14 .- Deorbit requirements for various attitude references.

5280

5320

5360



Spacecraft weight, Ib

LR T BTl L T T

46 X :
re =
808 ot
IS8aE o
IS 188 10854 5
1SS A9 |SERS s ot
Ab" e RS B
S S b 88 ISEPE &

441 L4

+

44 |223

Time of burn, se

182 1PE60 PRERE SRODE PP

6T

42

i
= 270.6—

40

SRS RS Sue!
S84 4 us
I3

38 ISR ey FEw

3
il 14 i : :
HiH 14 v pis e +
L + AP A .
5% sgant + -
i 24 H :
4 + -
senE o3 .-
- ) s
i s g
e ’
i AI I
19f rnEn i
123 188!

14.2

14.6 15.0 15.4 15.8 16.2 16.6 17.0

Required retrofire propellant, Ib

Figure 15.- Deorbit propellent required to hit the reentry corridor for various spacecraft weights.

17.4%10°



280

- . 1 PTRES SRarng P B -t . -tr sbrsfebee IR PO IPEY $E R | OSRY [F T I 1 e gL ' TRET
s Ao S gl |l v B sy f5 o SeRes (N ES3 bsaudca580d yasow sse i TANGT BIG §) tusa: 19 9 869 Ih: HERd ERBES PRegd TBE N R4 us 388 @8 SRN S
1
. - . : 3 tSahs rbopd ionse pRoRe (RERL janud 3gb00 fubee sE 4 5] (PR + LEITTd S SRS S FRERY )81 SE8E Reasd seast foaad (RES] IR RS SRuss
— s e p bk 4 4 - SRS SESSS S000d S0nas Lo0nE sasad Sndns o 19 24 @24 § OB " 4 e 8 R AT
- e et Eh e B B R I . B RS R T - IR EmEe Y - T It et oy Py »v
v s Sl gs PeR ey Buin - oy o8 REBEE RRe B2 ebass aeas e s, 2 RGBS PPy 34 8 o 19 s &) . AR A s b
—— - - . .. e T e . (2 SRR AR Bl B Dl R .- . e ‘. IRaE R L R EE T EEE NS R r 4 e ’
- .- - . D s .- .o .v* e - .. . . e .. . e r. e Bl £ + by
e 54 i} tneay Mabes sosas dbpeq seqdl T, Jed fe 3¢ pdmad gSas s of pm rY g8 PEBBS hnnda 2a 8 v RER LRI
— o ool IE3E3 Siues ek Bal S IS INTSS AERHS FRERES PINIS b8 S S ARESS 1500t I e - ~ vifrert
: 81 phods sosws rundy réa. S0 8¢ Foash Fooma 291 % 4 Foog! b .- coaseppes Rdldssedl m.w
6 & I SRt EEnat saves east el L N S 45 tre ' 133 ot 53 iiaad Baaas BESRS SE o iBa g% o8 hw pH ..ﬁ«' (e ]
.. .- N T S P - 222 zaaas SRBGE SEREE MMM ‘e i T B (88 Ul e »hf 11+4141 ~mw
—— —re ol os DaS yESSY pues ) PR 83 SRSET OU RS IRSPS FEBES| ‘odr R . IRS SRR SRR Snuas soam N~
g oo -ig s LR n EETae e 4 Ppee e IS SRR ERRE P & “h e JHY. 'R B T e s anand At v»,-q 2
— - - N BRI Sas B -~ 4 B B TS R T - .y il P - RS Ry .NA.; g
(S s o s o Soase fusgs ssogy - ..v*. e e N e 1.1 I8 Sagnd 888 e 382 Soes SR aE 20s:
= S b IS QUSNS SREES FAE S FRAHE S8 B8 ISSUE SSSUE S5 E & ’ SRR 1290 IR SR BET ¥ % o v 314 6 H.n *
<t g o e s Sueis SHB9 sat 1889 saunt ERD TEes 183 0 2 HAE Qmuu AU $RO6E 8 LR A s e 3
—_— 0é S0Ans Pnani RO FEERs IQUL sRsaa 13000 185Es LATEY IBARY TRay 0% boBae bug s PR S sSues i o sWdns Bhae 4uvws tPuy:
Suges 9ot fauve srant SOR30 Sesss Masns Rpand seusy s o 1989 5 § 94 2053 PP §2159 abee: [§288 s5ugs 8 IS 4RAEE FRENG Fupue 1508 pe
a3 o es E33s FERES 0T ISBRE 237 58 23053 E30Rs 130 3333 52351 BR3S3 IRSSE 35384 58288 B282s 2 2As S088! 53 15 «tMA
 saoy gESad sue G 56 S8SPE OB S pETRT SN AR 06§ B8 PR ISS08 pe it G985 88 §ud FRgN | e ¢ : } . +
20§ BB ST 00 04 SSDES $6Pwe $44 g TSN B RTE s8R 88408 Baut [ 88es 18824 SS80 1955 Jases 1825 ...ﬂxx.rTf : ,.Wﬁ THH
SURSS SSRGS SR B L e O B e e S SRS Dee 1888 SESSE PRRES 351 h [ S00s 8¢ Nuiv“o,»l e omuH M“ b M
S04 SBBAS STADE PELLN SSEEY AN SES OB FE PONS B4 |SSSS aae 4 PN SSRST Suans s e RS peue +4+454++ 8 o0 + FAS] R=ae aans
12500 sPEDE JAESE PREDY JANEE 240L IEAsassany §anas asu sE dans ISe8s Sopt 2 O T T O i H SR H. mv 8 8 mn 1880 pouds pusen
SSSES SHGEE SESRE SHSTN SOBSE PEDES SRE SN SRESS QESAS BB 54 SEREL FRERS S0S PETS FREES IS Hii T 11t IS8S pReSs Hrtabnd] ©
SPEGSS SHENE ShREE SSRGS SERAE pETEY tAste FEEE ISR ORESS SESEE SOGHE SHE v 1S 68 SRS 58 P v ++14141t + Y».r& e gy e +
mome rooss tass: racas = T e b S e e P B L 3388 S32s1 S853S S250 PELs! o]
DRSS SREDS SO0 PN B LR s SRS S B .;w. et RRa s iy | f*.» e .ﬂw »'H ISR Eaaad 8 e e hes it +
PG @ R 1§ B [RS8 RRESS SRESS S8 58 S350 S5001 L80es sanas toabe Fo0es 1028 s 88882 0 FEEE $8s a4 PRAES S0 54d $UUL REAA FRSES B ol
—— —roofoiocholl . bo IESEE EERRS EESE SRs S DRSS SR ER SRR BE |8 ISSES Fan: (08 SRS SE588 S350 noas ISSSE Santd [ aansl SRS 0] SEea!
- - : +
i Ba e s MR GOSN SRS GEN - 0 il S EBSE PESEE JUSRS 08881 IS8 SO NS Irny ML EESRN fRas saass sasan |SSE B |SERS 84 WA 181
o mau B Laston ) Gl 8 s U S 18 B8 SPORS IES44 urEs laswe bubas pERNE § B a R Hwoﬂ a8 09 P8 pud § 8 u o e oﬂo» jaass ' & 18288 85 HHHT 5 A80Y
e : GRS SOGEH QEPGE 00004 S4 0% PRRER FQVAR VEH UE CHFRI SO NG IBOUE PUE R 9% DEREs RSRE SRR FRaRs pons ot Seas sugREieas 08, = ¢ ITITIT
s el EPAHR e i JRSSE PO SNE SO ass v 18 SHSSS 2E0E0 SAUES SHRAS YGRS YSRGS SROAS SER ST MRS (aead b H. 4 bt IS8 SEi 1Hrf..: vy :n;
e et § oot LSS SOPYY FSRS S Fwas SRS SHESE SERES SS49) SS54S SENES NSNS MENEY FRAS) RESES SERY + [RSES 08858 Mt w IS a8 aaaEe
Y 55358 F3555 eegs sasdi reusa 12530 10882 05 85 FIasi et asnas aadn shaaa ERa dasadgan: SRR e HR TR T
vu e 04 PEsE) PRedd S08 55 t2ESE 16 PR MHTRS ST OGN FHS S0 SOURE S04 HEESE FEERE SESRS FRETN $ST Y U BAN 1 P! edas s 5ags eva) S8 sal vunn:
TS [ SNy {ESE CR SGH TOUSS YARES SE T, '.w. PRt R R S e e R RSt T T
a0 = on o IS3E RSS2 Soout Soons XSS IRERY SSR0S SO1 5T SOFRE SO0ST S2203 SRSF RS2 TROTS CRDRS S2208 SRS SRns: 15333 $3233 B3233 §20%4 108
& aa et sude P SPBAS SUBAS FRENE S84S5 ¢ 53504 20450 HESAL SS8GS SRS NRRS IA830 CNRA SHRVE R Ess ADERY SSl A es8ds Seass hEAn 84 291 o
DU S B E o R S B S B RS IRESE RERTS SR S o wo.vt .y o.Wo ebodor i SRS cniet RERE wo. by
It SRR SEEeS SRS SRS SSSES LISES SESES SENEE 550 08 F0Sd savas s n-‘r - S s hises s Saas Lie .;. 18888 o8 boe sSES 188 Snad
- s sm TS TGRS PEDa TUEES £ s FEYE s 24T @se s sanns 080 DemE: 13533 S35 8] 1232223 Smms son! 13533 33383 §38%% $3831 fRass n
=0 SEBDe o s DRFE SR RS sud O PTIee san 0 ISR S SARGH SOEAE 858! S RO SaE San 8586 68008 REERY § 9 3 2
558 puass copua tesus samay Seuse sases semas anas: 33 Praad swes s888e suus, % HETHT 8ass swssalnas W.“. Sest IOV
'S 358 SOBES SRELHS LOBET SEBAY TUD B SHE ST SFWRE TP ST 0SS LS00S S5008 2000t S0000 S00 0 HE4+ ST OGN il Sosas satns S0 3
rgess sagns su o 2 sus a0 B8P0 gruge 323 5 - 1 e 9828
PR S b D4 s Y SEN4s S8 S HOGNT Fveus SES 81 4444 + M.¢. sbdsRis s fiila e o o + ® e
dog Sty o ot bofatel — — g IS ARY §BET LBA M M SB8SEERTRS IRENE S 8E B DG 188 3 |
S e S S e P IRET I o o FRSE A PO &N 3y O I rpee T T . 1 Y
reee: M I PR SN SRGSS SHEDE PRERy Smwm PSS FRORG TB 5 RS Seupes crrhetr et - I P R 4 ‘e
= 84 o Sl eROWY PRgd sodsa e NSE] JPGHT § DPe § 2 D1 IBgS fua i< 48 0ad pRo o | Sops Loy ; thrrts
< 4 ! :
i e ¢ il 9 piEams SeRGY (PSS SPUSE TYHTE DyB o pozowg PP poo =
e S —— i 1 .- peawy PO 806y bna s IPEEY Das 3|
S8 5 geon R Lo seves ppemn pw g RS SH P pag sassd RAPE FRETY LA S Saany hese:
o '
- ok B as v a9 IS TT TPPE YEVPS BT ET § IPFT PEWE: = gasas fREES EITES 352 b4 RS 3RS 9 s
w100 ol o U OMREU arnud FUeds firdea e § SORE S3 883 $8RES rOREd FEEI9 HOS N 16 a8 bk condd FRous ba b+ Pue ol ug dn Tu e
— - i ron | Eambe Wy e ¥ 95138000 tesus bangy g Sanet g §55us redey 2SRt 18 Rs SRR Rt e
N B EEmmaoaES T T220% ER200 PEENE I RS R IRSS ISR 1y by D s M M T I TR R IR ranee $ae
128 B8 FEREY FHOGE FRIGS JEOSY YOS5 SYPuRn sRBe s6S B § [geas tagus saces sssdy s94 M FRPei g POATE IR 8 94 1604 adhal 1oaef haass snun: THIS
8808 Saend IS SRS H8 SERSN S000s IPEHE MEERY PPOPS DS LHBSE ORI FYI DS SHEA | Hi e IS TR254 FORRS PRRIY MEE § SEDEE ISIES tR 91 .“ + 8 S8 as
3 PSS Cogsd 9 S0 $500¢ (PENE 554 54 SRELY SEDER PERRE 1OMDS 100 R4 FAS I fU 09U FBY 4 SSa0e S - B 2000S SERts S80S S0 0ns Pl
- ——s ISPRY FUSRE Suy RS FPESE S4E 08 SOALE STRRE FRERS LESRS FODEE PEDE e PR ARG SETHE PUBEE N6 58 F 3 ¥ 1231 IRRRL SRR RS ._h_ 1
ﬁo.. ofos ol voosd oad DS EE Eo oS Tae BN Soee e R B B D ERREE T . B R S S B e B v .
el - Jio e Smmaa DR RN D RSN SRass SOERE SE IS ¢4 000 SRGNT §SEEY FESEE RN GE SR8 ST 8 Boa5s saPys Sule FEREY Lebes sueas saiad jausd sge: 3 [ o
e h— - v S POAORS 98 ¢ RS ISR Shans sETES soits shads 00T 52008 IS0 san b 1S Senas IEE0S SRS FRSE b4 m.. SESE $8aes aBa 11
e @ = om0 RO FERS e TwawT EEET T NwE 2o IBEUN SENRS DRI CRRNE PAPEY § S AP 190 §EREE SHESY PRFTE IEITO FERSE SSRNN FIREE BAE NG SRS IE ¥ 1 N
r ﬂ T A H 1
3 ! EDPe roeed I8 894 53 80 SRS ERUDE e i3 SRS SORAE sRBEE FESWS PORAY I8 SED S aB itk [RON SHE8E INEBE SRS 04 ++4+ | SO 2
s w 9 = 188As s WR B LB B3 SoUeE SS28 an: NS % GRMus aRWes kBhsd suNPR O RS 198 SRR A 1RSSR BEERA SR NN FUD R H.avf"wi 10 &s oy B
+1 & S [SES SEaES SoTSs SES cnt o bans IS8 58 IS 2eae 1133 1+ B08 SS88e + ...w IE0E SESes 81 bhes 1888 &4 4 .MH. 4 e *-.u
s offf, _Jiis 2800 sasws swge P L e e - IERSS suass sp¢ pone BES S2985 SESES pe0 S SRSRE REEE SR eee So Rl ReY 888 gaees
+ 8 5253 S00s SRus s0508 sasgs Feass sang Suuns reans suual sARnA0sss IEURs suoas avas SBEs SATRN ARESS TR NN FHERS gLUSuaRE bu S tH
F IRSes sudee sans) sao8s Lo ass sases 804 888 sasus e sas L + HEPE 444 jens fasne sas 288 badte
8 Ho Einf i e H e e R R H T T HHHR T
(38 [ = Bosuss sassc svnas sunus jE35S JRoee 4 2 3 + 22282 228 : Seas caERe IR N
Q OSSN 0888 84 +H + + + RS H L 1 2% ghan byt
O 3 T ey 3 N Seess sanss e8 HHH 328 Sa0ns 128 L hz Iﬂx
- “ H et I SRASS S888S 884 14 +{ . 888 86 + o8 SR8 1M. 1oy '.w 4
pus et PSS + - -1 B S SN0 PSS ERDNY SN o8 a8
- + 4 +-+4 . =8 8 + v 188 B
a ~ 1L Ww&m 1 A»m 888 4« vm. HH _IIJH. HAET 1 tH as
10 S22 sanss Su81 HERBET 1 1 SRR eey saangenand snoge eupls ghude dgndu sgunn shu
e saNes cRw/ 208 s s Il 188 and REEES NN SE B8 1 1L

-4 Eﬁ
220

? " 2 ?

bop + A00V L 45 6ue yyed-3yb1| 4

spacecraft weights,

Time of bum, sec
Figure 16.- Deorbit burn time required to hit reentry corridor for various



Pitch angle, B, deg

80

60

40

20

-20

-40

-60

-80

AV, fps

900

800 —

700

AV

600

500

400

300

5 4 P 4

200

100

SR SEm——

180

190 200 210 220 230 240 250 260 270 280 290
True anomaly of correction maneuver, ©, deg

7 (a) 1% SPS overthrust.
Figure 17 .- RCS requirements to correct a non-nominal SPS deorbit maneuver to the middle of the entry corridor.

300

310



Pitch angle, B, deg

-90

-100

-110

-120

-130

-140

-150

-160

AV, fps

900

800

700

600

AV

500

490

300

AV

200

100

180

1¢

~
v

200

210

220

230 240 250 260 270
True anomaly of correction maneuver, 8, deg

(b) 1% SPS underthrust.

Figure 17 .- Continued.

280

290

300

310

) !



Pitch angle, B, deg

80

60

40

20

-20

-40

-60

Av, fps

1800

1600

1400

AV

1200

N

1000

800

600

400

AV

200

0
180

190

200

210

220

230 240 250 260 270
True ancmaly of correction maneuver, ©, deg

{c) 2% SPS overthrust.

Figure 17 .- Continued,

280

290

300

310



-100

-104

-108

-112

-116

-120

Pitch angle, B, deg

-124

-128

-132

-136

R A T T A VAT

b L lal el

2000

1800

S SR RSN

1600

1400

1200

AV

1000

AV, fps

AN
N

800

600

400

AV\

— ﬁ/,’ L/

200

V.

0
180

190

200

210

220 230 240 250 260 270
True anomaly of correction maneuver, ©, deg

(d) 2% SPS underthrust.
Figure 17 .- Continued,

280

290

300

310

TS



Pitch angle, B, deg

80

60

40

N
o

o

-40

-60

AV, fps

it RE I i e

2000

Av

1800

1600

140C

1200 |—

\
RN

1000

\
&
\

800

600

400

AV

200

190

200

210 220 230 240 250 260 270
True anomaly of correction maneuver, 9, deg

(e) 3% SPS overthrust.
Figure 17 .- Continued,

280

290

300

310

26



-112

-116

-120

-124

-128

Pitch angle, B, deg

-132

-136

-140

-144

,~—;\sy:m:..».swraﬂb.‘shp.mmw..;wme----s.A Mo RALARS

AV, fps

2000

1800

/AV

1600

1400

1200

A\

1000

800

28 B
A\

600

A\

AL

400

AV

_—
L~

200

190

220 230 240 250 260 270 280 290 300 310
True anomaly of correction maneuver, ©, deg

(N 3% SPS underthrust.,
Figure 17 .- Concluded.

19



Period, hr

32

26

24

18

16

14

12

10

Inertial velocity at synchronous altitude, fpsXx 103

AV, fpsx 1073

[
&

10.8

10. 6 i

104 Bt

10.2 i 1

10.0

8.0

1.5

7.0

6.5

6.0

5.5
50

8.5 =

Longitude to be traversed in one orbit, deg

Figure 18, -Synchronous orbit phasing guide.

("W U €2€ 61 = 3pMje 33biad)
¢-01 "W “u ‘apnynjje aabody

(“IW U €2€ 61 = apMye 3abody)

¢-01X "W U “apmyye aabliag



b ha' n. mi.

Apogee altit

w
~N

w
o

®

26

24

22

18

f15: i5431 181

5 2506 00016 500+ 7 000 -+ 7 500~
: ¥ g

2

Hripy

=18 000 ##18 500 78 750 # 9 000749 250 7 9 500 =
e 'mﬁ-gﬁ 122
i S8 FETES 0TS IS0RS 4900 EReSd SO0
4 6 8 10 12 14 16
Perigee altitude, hp, n. mi.

Figure 19. - ee altitude and perigee altitude versus inertial velocity and inertial
' Aoog flight-path apnegl'g?t?a 19323 n. mi. altitude. »



Inertial azimuth angle, q , deg

160
150
140 |
130
120
nof-

100 |-

Inertial flight-path angle, y; deg

T PR T ni , e P
+ y— et i e -  CRMSL Sooace ) Bl BN | ‘———‘r—‘—r—— o ~—-—‘I-—-v
I g ; =1 o R !
70 44+ j*—*“"r—":' = i A B —*'——"*k
et e 1
' ' + i 1 ; : ]
0 “ % IL 1‘ i | I
1 i H i +
+ Pttt . - o= —4‘4*3
S i AL | ! | -
50| 36 | Flight-path angle ' ! - 4 ' B
o R s e I M S0 IR A T S Y R T S el | |
e 32 g \ S 4 S AR 39 e AT T B T Y T e T 7 T S RN (RS TR N —
| | ! i ! ,_k ' = |
a £ TR 1Y A ] ] | |
=3 e |
n- Lo» - et : | Y .
- s i R o iy o e s o~ f l |
Z AL R - z ; T f
0 8 2 \4 | | N T | — —1
2 ' ' s ) E 3 AT S50 B ]
= ! | ! |
- 5 ot \ i | / 1- . .
1 i = : . t ; e S | * .
0l 16 \ \\ / ‘ 1_ i \ Y
R R AR SR :
0w 8 % R ‘ | A Y
N i3 SR OV N L O | Vi
$ i ’ M' , | | ‘ i
-20 - 8 X 4 .—-—-Ar 4 - ; 1 10 | - - T—
0 s | 11 [ B | » i N
4 — Velocity | B bl [ o bl % e
o o t ! i " Circularize with SPS '
se perigee with SPS-1~—— e e S R ekttt
iglil‘l Doy sl el e T e obe o ) e it {1
0 2 4 . 8 10 12 14 16 18 20 2 14%0"

Time from lift-off, hr

(a) Time history of inertial velocity, inertial flight-path angle and inertial azimuth angle.

Figure 20. - Circular synchrenous equatorial mission 2 ascent.



, h, n.mi.

Altit

18

14

12+

Longitude, A deg

Geodetic latitude, od. deg

S = &

—
o

—
~

4

T e o N e

10 12 14 16 18 20 2
Time from lift-off, hr

(b) Time history of geodetic latitude, longitude and altitude.

Figure 20. - Concluded.

3

i T T
| 8
411 ’ e oagiial | EW il |
i : . d i i
g amM T i
. - -
v g = % L -4 - .- ] h
1"‘-1? i | i | e T t 1
T R bt 4+
S ] = . - ‘ + + 4t gt
,.Alﬁlude:n i ige ‘ ! —
i 4 W =1 . 4 s ;
| T 4 j { ! —_—
il THEBNN H T B 1 x 11
' L x|
AN W S S
- 1 e o' 4)
: y, Y, | 1 ‘r |
+ 4 . - i - 3% 4 ' | |
/ i - & .
2!
Longitude . 8 8l 5 5 ;
o -
- +
{ 4 )
B - £ |
! ! ——1t- S —
- 10, 1
rette gt o . SN s ~t -
, aNEEE —— S
Raiseperig.eg with :Ps S ) 6 : . bt
1 | i | i i | ] i
; iE S 8 A G 1 Circularize with SPS !
"-eodehc latitude ‘ 11 1 r ; o | !
P T A [ |
6

(



Geodetic latitude, deg

APOLLO TRACKING NETWORK

All stations operational July 1967
90 100 110 120 130 140 150 160 170 £:50W170 160 150 140 130 120 110 100 9 8 70 40 S0 40 30 2 10 woE 10 20 30 4 5 6 70 8 %

! | 1. ’ i J
A
~ =3 PJ -
80 | | Y
- fer 4 ‘ R ‘[ 3 i
AR § % ; T '
70 Hﬁﬁ”’g" e NOLH b || 4 ﬂ["m
P a NQ X 1 f | 4 .
) ‘:i [ | ~di /[
-4 =3 T g
o AL | [ F 7 Pl | N | || "
G a¥ | | | rl
5 HEAS |
™1 -
50 b Modoe b1 %u | l 1| IT /( ¢ 50
» v Li | Tl | 5 | = Mi"l &
=3 el [ ‘ A [
4 117 | -JJ‘ )
@ | [ W0omile | | | L
" / * 1 —J 2 circular orbit | @ X = %
» NEEREP Y 1T 1] : A (WSCS B he s SUNE SEAF B
| Maal BN ¥ 1 1 }
10 |— " 2 .4{ | ! % e : . lL 10
1 Hover point 1 — —
0 » Y, )7 BRIl 111] Y r4uEREREEEN
. .o P o { )~ | I I | — | | | | I
10 _»"F's: L. N ; - % 1110 S G B G G e i 1)
g o | ' Ll ” A 1
" | : T PN T,
N v XY 1 Bl /ENEEEEEE
30 L 1 1 jx Rl id ._;__,‘, , 30
AT 43 {1 HEE 1 [ [ ] i‘]
@ A | AN % Ll ~—A*o—1-—i—,'—¢'—10
o ! SNEEERANEEREREREER
| | | | | | |
50 |4 4 }-1- e s HE hL Pt 5
| NS RN
' ‘ | [ ]
60 '_0_ - % % 1 ﬁL TL ’ w
! | ‘
—4- »T%»ﬁr — _— - - + % ! <»-+4p»4>7 | | - -
70 l‘ - ] d .3 1] 1 70

90monommuolsoleouomownomxsowuom’no?mo96aomaosooaozomwo:wzoaoosom 0 8 %

Longitude, deg

Figure 21. - Groundtrack for circular synchronous equatorial mission 2.
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Figure 26 .- Latitude and longitude at retrofire versus central angle from descending node.
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