L ——am a - - _—— - - - - g

.
K i
el
[ 3 8 ¢

s LULIIU OTITPR
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INTRGDUCTTION

lamediately after 1liftoff of the 300 ton Saturn vehicle
a vast global complex of tracking and comminications sfiaftions
will play a vital part in our lunar landing mission. This
network of ground stations, shipS and aircrait, the so called
"Manned Space Flight Network" (MSFN), will constituie the
only link between the earth and the three men occupying fhe
Apollo Command Module.

The purpose of this network is te kcep ":.-.ck" of the
spacecraft during its entirc lunar aission except for those
portions of the flight where the spacecraft is occeuiied by
the moon (approximately for one hnonr during each iwo hour
lunar parking orbit). The word "track" her~ .anilv means
more than just tracking in the uvsunl sense; it menns the
establishment of a rather cumbersome "link" beiween the
spacecraft and the Main Control Center at the Manned Space-
craft Center in Houston, Texas. Tlis link consisis of the many
information, tracking, voice, tzlemetry and data channels
necessary to keep up with the events of the flight.

In addition to providing communicaticns between the
Zontrol Center and the s...reccraft, the network has to fulfill
another c¢xtremely vital fuction, namely that «f space
navigation., The decision to use the MSFN as a :.imary

system for navigation wgs made some time ago. Tiis was
i



based upon many analyses which showed éhat the position and velocity
(trajectory) can be determined more accurately in a very short time
(in the order of minutes) by using ground based tracking information,
such as range, range rate and two angles (azimuth and elevation or
equivalenf) than by using on board tracking information. However,
tﬁis statement should not be misconstrucd as downgrading the on board
tracking and navigation system. Both systems are needed and thus
will be used to capacity when appropriate to fulfill the navigation

and guidance requirements of the mission.

The advantage of the ground system for more accurate trajectory

determination lies in the station geometry (strategically located
worldwide), as well as in the quantities measured,whiéh form an
inherently stronger solution from z mathematical point of view.
The on board system, measuring angles only between selected points
on earth, planets or stars, lacks two important quantities for
trajectory determination, namely range and range rate. In summary,
a space trajectory can be determined with more accuracy by using

range, range rate and two angles than by using angles alone.

The on board system is on the other hand much less

complicated than the vast ground complex called the MSFN.



Therefore, the question of which system is "better" for space guidance
and navigation, raised many times during discussions, cannot be answcred
unequivocably.

In order to follow the normal and logical scquence in
describing the MSFN, we will start with a brief description
of the tracking and communicationssystem of the Saturn V
and the Apolle. The major purpose .. the MSFN is to support
the vehicle during the mission. A detailed description of
the network,with all of the land, sea and airborne stations,
is presented. Finally, the major tracking and communications
function of the network will be given for each of the major
‘phases of the lunar landing mission. Completeness is not
planned here since a thorough description of the MSFN with
all of the stations, equipment and functions to bé fulfilled
would increase this paper to a formidable number of pages.
The graphs presented show spaceccraft velocity errors, which
rre in most cases more important than position ¢rrors. ‘This
-as done in order to keep the number of graphs at a minimum.
‘'ork in this area will of course continue, and it is hoped
;hat a better picture of the tracking and comnmunicotions
Jroblems involved will be obtained as time prograsses.
Neverthel ess, a rough overall picture of the Apciio network
and the trdcking and communicatioms functions will be .

presented.
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LAUNCH VEHICLE AND SPACECRAFT SYSTEMS

FOR TRACKING AN COMMUNICATIONS

Even though the Saturn V with the Apollo spacecraft is
capable of "flying" independently, numerous types of tracking
and telemetry systems are carried on bcard to track, check
and test all vital systems during the flight. The Unified
S-Band System (USBS)* (reference 1 and 2), carried on board
the Instrument Unit (1IU), the Carmand and Service Modute (CSH)
and the Lunar Excursion Module (LEM), will be used as the
primary communications, telemetry and guicance system during
the major phases of the lunar landing mission. The purpose,
to be more specific, of these on board electronic systems
ié to enable the Launch Control Center at the Cape and the
Mission Control Center in Houston via MSFN and the NASA
_ Ground Communications System (NASCOM) ‘to:

‘l. Track the vehicle.
2. Command abort for crew safety as well as for
protection of life and property.

3. Record engineering data.

*USBS stands for Unified S-Band System. This system,
as indicated by the name, combines tracking, telemetry,
voice and TV transmission and reception - thus simplifying

the spacecraft electronics.



L, Record biological data.

5. Record scientific data.

6. Operate displays for flight control in real time,

7. Communicate by‘voice with the astronauts.

8. Transmit guidance and navigation data.

9. Receive television signals from the spacecraft

and the lunar surface.

Table I presents all ;f the tracking and telemetry systcms
used with the ’“-‘0llo and Saturn V for each of the different
stages depicted in Fig. 1. As a tracking system for the

Saturn V, either the Azusa or the Mistram system will be

used, but not simultaneously.
THE MANNED SPACE FLIGIIT NETWORK (MSFN)

The MSFN.(references 3, 4, and 6) is a complex of

ground, sea and airborne stations strategically located around

- the world in order to support the Apollo during all of the

flight phases, It represents the counterpart of the systems
carried on board the spacecraft as shown in Table I.

All of the wr cldwide network stations that will be used
for the lunar landing mission are shown in Table IT. (In
reference 4, only the stations and systems that are important
to the space navigation tasks are listed; that is, the primary

Apollo sites.). The stations are listed in sequence by
[
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longitude starting with the launch site, Cape Kennedy

(~ 80° W.). This has a certain advantage if one wants to
'follow the stations that will "see" the spacecraft as it
circles the earth going eastward from the Cape. Some of the
stations are important only because of the launch phase.
These are the ODOP receiver stations at the Cape, Merritt
Island, Tituéviile, Playalinda, Grand Bahama, Walker Cay,
Little Carter Cay and the transmitter stations at the Cape
and Little Carter Cay. The ODOP system is a continuous wave

electronic tracking system that utilizes integrated Doppler

fto, obtain range sums and range differences. The ODOP stations

2.

are hot listed in Table II,since only the S-IC stage carries
an ODOP transponder. This means this system is in operation
only a very sﬁort time compared to the other systems. For

insténce, the impact of the first stage takes place 650 km \
down range along the trajector& (see Fig. 2) approximately _

12 minutes after liftoff. The burning time for the S$S-IC

‘is aﬂﬁﬁt 150 seconds tsee fefefénééﬂégq‘.iﬁe éame is true fﬁr the'
Mistram stations at Valkaria and Eleuthera, as well as for the Glotrack
stations at the Cape, (C-band radars) and the range rate stations at
Chgrry Point, Antigua and Grand Turk (see reference 7, p III-71).

The major stations of the network (asterisk in Table II) are:
Cape Kennedy, Grand Bahama Islands, Grand Turk Island, Bermuda, Antigua,
Atlantic Ship év 49° W, 28° N., insertion) Canrry Islands, Madrid,

Ascension, Indian Ocean Ship (~ 38° E,,'18° S., post injection)
. . i



Carnarvon, Guam, Pacific Ocean Ship (~174° E,, 8° N,, post
injection), Canberra, llawaii, Goldstone, Guaymas, Corpus
Christi, eontry ships (two, Hawaii and Samoa area) and finally
eight modified C-135 jet aircraft, .

Only the areas that arc direclly conneclted with the
MSFN and thus with the Goddard Space Flighi Center are
considered and discussed in this paper. Neilher the launch
nor the recovery phase (opening of drogue parachute) as such
are treated in detail. The prelaunch and 1 unch phase will
be handled by the Launch Control Center at Cépe Kennedy,
Obviously, the Cape tracking and communications stations
‘will be used for checkout of ail systems before, during and
shortly after liftoff. Accurate 1liftoff tracking will prov .de
data for postyflight analyses, |

The recovery phase starting with the openiung of the
drogue parachute (~ 25,000 feet) will be haudir i by the
iir Rescue Service which will use 63 propeller driven
IC-lBOH recovery aifcraft. Skin divers will, after‘locating
che landed Command Module, parachute from the aircraft in

order to assist in the final recovery.
THE NASA COMMUNICATIONS NETWORK (NASCOM)
L “

In order to make the Apollo Network function, that is
"connect" all the statiqns scattered around the world into a

"network of stations," another network was established

4.
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(sce references 4 and 8). This system is shown in ' ,
| Fig. 3 (referonce 4, Fig., 5-1) and is a logical extension of.
~ the original Mercury communications network. The major
stations of the network ms well as the voice, telemetry and
data links are indicated in this figure. The following
list of letters with the technical meanings are used in

Fig. 3 (references4 and 8).
™Y - Teletype 60 words/min or 45,5 bits/sec
v - Voice 300 to 3000 cps
V/D - Voice or data, 300 to 3000 cps

HSD High speed data, 2400 bits/sec

TV - Television channel, 500 kc¢/sec bandwidth, (Goldstone

via commercial TV; Madrid and Canberra possibly via NASCOM)

Full duplex, b-wire voice circuits will be uscd from
a2ll of the remote sites of the MSFN to the Manned Space
*light Control Center (MSCC) in order to communicate with the

spacecraft.

Full duplex teletype transmission and recepltion facilities

will be used at all sites for tracking and telemetry data,
updata and message traffic.

Wide band (40.2 k bits/sec) and video circuits will be
used between the Cape and MSCC for reception of prelaunch and
launch telemetry data for support of the SIV-B/IU orbital

operations.
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As can be seen, this someowhat "separate" nelwork plays
a vital part since the MSFN c¢nn obviously not operate and
support a mission without NASCOM,

In‘the following, since this paper is mainly concorned
with the MSFN and its role, it is assumed that NASCOM is
operating and all necessary information is received at the

MSCC ot the proper time in the correct format.

MAJOR TRACKING FUNCTIONS OF THE MSFN

DURING THE APOLLO LUNAR MISSI1ON

The main purpose of the MSPFN is to provide tracking,
communications, telemetry and voice capability in real time
between the spacecraft ziuid the MSCC in Houston, Toxas.

Both, the telemetry data wd voice capability have been
mentioned, including the stations and capabilitins‘(see Fabile
Tracking from the Cape and the down range stations (in case
of a firins with @ ) 90°) using ODOP, Azusa or Mistram,and
the FPS-16 radars will yicld spacecrafi position and velocity
;to'an accuracy effectuated by these high precision missile
tracking systems in tue order of a few cm/s to 50 cm/s in
velocity, as can be sec . frorn the Range Instrumentation
Survey (reference 7).

Leaving this launch and l1iftoff phase as a special ca-nc,
we shall nov concentratg more on the MSFN, its use and its

e , { "
capabilisy ur tracking the spacecraft, frua here on,
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"tracking” shall mean the delzrmination of the spacecraft
position and veloeity, (or the six osculating elements of
the orbits) or even better, the estimation of the errors
Sased upon the data taken by the MSFN,

Based on pre=sent information, the errors shown are believed
to be realistic. The graphs are self explanatory, and ail
pertinent information is presented with the curves to make
a comparison with other calculations and methods possible,
'Random errors, bias errors, and errors in the location of
the tracking stations are most important and thus cannot be
neglected in an anzlysis of this kind. The errors assumaed
are on the pessinmistic side to méke sure that unplilcasant

surprises do not occur in the future (referencc 4, Table

5-1).
Tracki..g the Insertion and Earih Parking Orbit Phase

One of the first tracking tasks of the MSFN will be
the verification of the orbital capabilisy (Go, No-Go)
achieved by the spaéecraft shortly after the cutoff of the
SIV—B stage. V

As can ve seen from Fig. 2, only the insertion ship
will be able +. "track" the spacecraft after insertion (burn
.out) into the earth parking orbit: (shown in Fig. 4), Present
~sians call for a dgily maximum variation of the launch azimuth

o of =zpproximately 26° or 2 launch window of 2% his.per day.
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If, during this time the launch can not be accemplished for
séme reason, no further attempts i1l11 be made gnd the launch
will be delayed until the following day. Three ccnsecutive
days are required for a "lunar launch attempt" by definition.
Fig. 2 shows that a launch azimuth variation from 73° to 100°
can be covered by the ship stationed as indicated. For

one variation of @, one ship position is assumed, If the
launch is delayed by one day, the ship is moved slightly as
shown in Fig. 2. A ships velocity of 10 knots can be assumed
during a 24 hr period covering 240 nautical miles or 4°
which is adequate in this case.

Fig. 5 shows the velocity errors one has to cope with
when this ship is used with an FPS-16 radar type tracking systemn.
For all error plots, position and velocity errors means the
square root of the sum of the sguare of the components. This
gives a maximum error and at the same time reduces the number
of necesséry graphs., Thesr and all the other errors were
calculated based upon the error egucetions given in referepces
9, 10, 11 and 12, Please note conditions as printed on
Fig. 5 and all other curves. As can be seen for instance,

a "perfect" ship's navigation system (no errors in ships'

location, curve B) would have, after 90 seconds of tracking,

no influence on the spacecraft velocity error as compared to onewith
; total error of-crror of 450 meters. The position errors

fellow a similar trend but are not . ..own since they are

secondary in importance (3.5 km for 1 min, 1 km for 13} min of
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tracking, all errors included as per curve C of Fi&. 5).
Similar results were obtained in a previous study (reference 13).
Another very important parameter for the so-calle§.~
hGo. No-Go"decision is the error in perigeeheight,since‘it is
directly related to the spacecrait orbital lifetime. Fig., €
depicts this error, again as a function of ships tracking time.
Assuming a 200 km earth parking orbit, a perigee height error -
of 0.4 to 0.5 km as showi in this graph will cert¢ainly not
alter the assumed orbital life time; and thus a'"Go, No-Go"
decision check can be made using the ships navigation and
tracking data indicated on Fig. 6. Please note the available
tracking times foxr ¢ = 5° above ihe horizon on the left
corner of Fig. 2 for the cases considered. Dufing the
parking orbital phase this tracking is improved and depicted
in Fig. 7. This graph shows the spacecraft velocity errors
for the purtion of the first earth parking orbit. The
steps shown igdicate the projection of the velocity error to
the next tracking Qtation,which in turn improves the situation
(a similar curve applics for position). For this graph, a
free flight was assumed. The influence of the venting of
the SIV-B on position and velocity is given in reference 14

and is not included in Fig. 7.
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Tracking at Injection, Post Injection and Liunar Transfer

No mattor where injection occurs, the Apolio must bhe
covered since this is a mission requirement. This is possible
only wﬁen the aiicraft can fly fast enough to cover the
injection from tre three earih parking 61"1)1 ts, which depends
on the declination of the mooa ai that time. The reguircd
coverage includes those sysiems Tuaciloers listed at the end
of Table II. An example for a vory uuifavorasle coverame
situation is shown (hatched toriioas) in fig. 4 !z lunar
declination of -159, <Coverzze is needed one wiauin belore
ighi%ion of the SiV-B in the earth parking orbit iuring the
burn and three minutes alter engine cutoff in the iLunar
transfer trajectory. This covers approximaicly 33500 km
(3000 nautical miles) along the parking o:rbit cuosen for
transfer. Please note that this is an examplc only. The
trajectory chosen (reference 6) is tnat of September 17, 1969
and i3 used in this paper. For that particular case, tho
injection burn starts over the eastern Paciiic and ends over
the western part of the United Scates. Therefore, as shown
in Fig. 4, the injection coverage for =zll thrée parking orbits
is simpler, since the orbits .re closefytogethef than
for injeﬁtion near the equatcrial region‘as shown on the
previous example. Yet, cerrage mast be provide. zand enough

aircraf't must be on hand to cover the most unfavorable

. N Vi Y H



The socond parking orbii{ is chosen for injection since
the probability for deing so is 70%, The probabilily far
injection during the first orbit is 10% and during-the third
orbit it is 30%. The reason for this is that time is necded
Lo wmake a complete systems check in earth orbit before starting
the transfer maneuver,

it is further required that, seven minutes aficr engine
cutoff in the lunar transfer ofbit, tracking and communications
can be accomplished independently from the particular injection
point along the three earth parking orbits., Fig. 8 shows the
outlines of all possible injection points for orbits 1 through
3 having a launch azimuth between 72° and 108° covering a
range of lunar declinations from +28}° to -281°. The coverage
circles (approximzte circles only near equatorial regions)
are those with a height h =1100 km and a minimum tracking

3 on

*
(3]

clovatiian angle off ¢ = 37 {radius o this circile is
the earth surface). This requirement is almost fulfilled
with the network‘and the Indian and Pacific Ocean Ships as
shown on Fig. 4. Communications via VIF and HF can be
obtained for ¢ = 0%xr even negative, In this case, the {otal
injection area in Fig. 8 is covered by the network.

The first portion of the lunar transfer (from second
parking orbit) is shown in Fig. 9, together with %:me and height
points along the trajectory. Using these points a.d the visibility contours

in Fig., 10, one can deduc2 when and where the 1 ..gc¢ dish

facilities located at Goldstone, Madrid and Canberra can "see"
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the spacecraft above an elevation angle of 50, 7Tt is
assumed here that "radio"” visibility is identical with
"optical™ visibility. This of course is not always true,
For certain spacecraft positions {attitudes), the on board
antenna pattern precludes "radio® visibility (holes, side
"lobes). This is particulariy true curing the earth parking
.orbit‘uhen omni-directional aﬁtenﬂas ara used. Maagrid will
be able to contéct the spacecraft First at ~ 15 min atf a

- hedight of ~ 3700 km. The carih coordinctes o L.z 13 min
{3715 km) point of the lunar transfer trajectory siwown in
Fig. 9 are approximately 20° x, &nd 43° VW, From fM3.10 _tmayledetemmined
that this polnt lies within the 4000 k. visibility rogion of

TTMadrid and therefore is in that stuiions Tieia of fow and

will stay there for a few hours. As can bH¢ scen {vom Fies., 10,

e three large dishes cove. almost the toual iw o nare
of declinations of + 285°, The notches which occu. it Lotbh

sides of the visibility contours are due to the aslonne
keyhole, a mechanical obstruction of the X-Y mo.:..vcd antennas,

Fig. 11 shows the errors in total spacecra’! ~.-loccity
for the referenced transfer trajectory using Boouiaia,

_Ascension and Madrid tracking data (see refereci.ces 15, 16

and 17). Again, in order to be "realistic" and sure durir, this

analysis phase before imstallation .ad testing of havcwar. ..irly

"
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large noise and bias errors, particularly in range rate, have been

 assumed for a sampling rate of six measurements per minute. It

R v —

ié interestiﬁgmis’ﬂzfe that déséite pégsi;istic assumptions
about the tracking systems, random and bias errors, the space-
craft position and velocity can be determined fairly accurately
during the first 30 minutes of the transfer flight. These
figures improve during the flight toward the moon as far as
velocity is concerned. Position errors go through a minimum

and increase sliéﬁtly with time to a few km,on arrival

. at the moon.
‘Lunar Orbits, Landing and Takeoff

During the flight towards the moon, three midcourse
maneuvers are planned to gorrect the spacecraft trajectory to
bring it within the specified lunar orbit of 150 + 8 km height
(reference 4 ). Thé initial lunar orbital phase starts with the
shut down of the service module engine at 150 km circular
lunar orbit., The geometry of the lunar tracking phases is
shown in Fig, 12, During the lunar stay time, the CM will
make one or two orbits before the LEM descent begins. During
that time, the ground network will again be called upon to
-help in the checkout and lunar orbit determination phase. .
Fig. 13 gives an example of how accuratelythe spacecraft

velocity can be determined usirg the scheme shown in Fig., 12
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iﬁée also reference 16). One prime station and twe (or mqre)
#8lave stations will be used for the determination of the

urier orbit.

The prime station ewploying a large di?h will send a CW signal

2%6 the spacecraft transponder. The signal (actual frequency ttans;ated); ;l
4s returned and mixed with the similarly translated version of the |
f'insmitted sighal to extra¢t the Doppler shift, which is, to the

"“rst order proportional to the range rate. The transmitted signal

#rom the transponder will also be received by each of the two (6r more)
lave stntions,to be mixéd.witﬁ its local rubidium osciliators
off by say 6:cl01°) to extract a kind of pseudo Doppler
orrasponding to a pseudo, but calculable,range rate. All
three of these values are then used for the trajectory
_%»ééterminatiou. From Fig. 13 it is evident that the spacecraft

?'%&Iocity can be determined to within 5 cm/s to 50 cm/s.

‘fngﬁe cy¢lic behavior of these errors is expected since they
Bave to increase near the center of the moon, where the runge
5o %Ate is a very emall component of the velocity; whereas

ﬁ;g;ar the lunar periphery the range rate increases and is

“8lmost equal to the spacecraft velocity. Since range raie
iié?n be measured very accurately, the errors in spacecraft
:kéélocity should be small, Throughout the lunar operations,
?ﬁbccuitationa excluded of course) both the C and the LEM will
§¢ within the beamwidth of one of the large aniennas, making

simultaneoua communications from both spacecraft possible,
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Similar considerations apply to the LEM descent and ascent phases.
For example, see Fig. 14, which shows the LEM position and velocity errors
during the LEM ascent phase, using three-station range rate tracking only.
Again, all data assumed necessary are shown in Fig. 14. The starting
conditions are blown up position and velocity injection errors of the
LEM zuidance system.

Please note the difference in the assumed errors of
3 cm/s and 6 cm/s of the master and slave stations,respectively.
Rubidium clocks are planned for ali of our statioms,

10 (over L to 2

with a short time stability of 4 x 16
seconds). Again,this figure is larger than that given in
the specifications of the manufacturer for safety reasons gs
mentioned previously. Assuming a frequency of 2 Gc/s,a shift
of 4::1510 corresponds to 0.8 cps or 6 cm/s for a two way
Dopplexr mode., This means that even if the slave station is off
frequency as much as 4 % 161() this analysis is still
valid.

It should also be pointed out that it is not a must
to utilize a three station solution. A one station solution
using a large dish with the specified errors in range, range

rate and two angles {X-Y mount) shown on the graphs, may

be used in a similar manner. Iie position and velocity errors in this

case are to be increased by a factor of ten when compared to the three

station solution mencioned.
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arth Roturn Flight

This portion of the mission is similar to the lunar
ranasfer pliase as far as the ground nefwork functions 1iun
neral are ¢oncerned. Again, three midcourse maneuvers are
Pplanned, the ground netwprk being the primary system for
avigation before and after those maneuvers. Figure 15 shows
he position and velocity errors, as a function of tracking
‘time, for the first portion of the lunar return trajectory.
he starting covariance mairix is that of the blown up
‘Burn out condition. The reason for this procedure is to
‘@Bsure that the values shown have not been influenced undely
Py the starting condition thus making them optimistic.
To makeé conditions extremely bad for the ground systioem,

' ?iﬁsume for example that contact was lost with the spacecraft

‘ifhen it left the moon, Only 8 hours before entry into the earth

yéiimOBphere,contact éand thus tracking was restored. Assuming

ﬁiﬁﬁat orie ground station and one ship can track the spacecraft

(3a§ one sample per minute, the entry velocity error is
ﬁpproximataly 1 to 1.5 m/8 and the position error is

_,agproximately 1 to 2 km. These figures include range ratc
.-gnd angular measurements *-ien cnce every 60 soconds using
;andom and bias errors: (or = 3 cm/s, Ty = o= 3.10 4 rad,,
é% = 2 cm/s, M = bc = 16.10“5 rad., see also reference 4)

iﬁfﬂ*ions Gaﬁbérra, Carnarvon and Guam can track this particular

PR T n':-" P b D alphwmes SR

CERAE



. 21 -

entry, Even if "last" minute midcourse maneuvers are madao

it will not influence this situation very much {san refeprence
18, Pig. 14, 17 and 18 respectively;. DPlecase noie that the
use of a re-entry interferomoter as indicated in this
reference is no longer planned at this time.as was owilined

in reference 18. Radar type acquisition methods are now being
studied in some detail., In reference 19 the detection
probabilities, best rader scan and optlimum ship locaiions

are investigated and outlined for numerous Apolilo entry

trajectories,

Atmospheric Entry \

For this referenced mission (reference 4 ), an lawaiian
entry was planned. The spacccraft, nearing the carth, flies
over the Pacific Ocean, the southern part of New Cuinea,
the southern part of Java, east of Ceylon, crosses over
Burma, Chinua, and scuthern part of Japan and enters the
earth atmosphere near Midway Island and finally
lands in the area of Hawaii. The end portion of the
atmospheric entry is shown in Fig. 16 (reference 18, Fig. 1,
2 and 3). Also, during the last phase, thc ground network
will play a iaxrge role., Ships apd aircraft w.:1 be deploved
to track and communicais wi#h the spacecraft dur:ng those
portions where no radio blackout exists (see reference 18,

Fig. 1 and 5, and reference 20 for more detail),

}
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Using a tracking time of 90 seec with the entry shiph
Z. instrumentation yiclds a spacecraft pesition error ol 1h00
.. meters (at point C). Pr. .. ilng this error (over a baltistie

path point #2 to #3 in Fig. 16) to the second entry point

- . #3 yields an error of 10,000 meters. This includes a

: - ships position error of 1 km in latitude and longitinide,

-’ Under tlie assumed conditions, the crew can therclore compare
- and check the on board ecuipment and make correciicis,if

‘%necessary,during this last critical phase of the flight.
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TABLE 1
APOLLO-SATURN V

TRACKING AND TELEMETRY SYSTEMS

o e
STAGE SYSTEMS FUNCTION AND CHARACTERISTIC
oboP Tracking Transponder — Range Rate only Frequencies = 890 Mc
{receiver), 960 Mc (Triusmitter)
§-1C UHF Command (Abort Comimand Transmit, Range Safety) Frequency =
450 Mc (receiver) Sensitivity = —90 dbm (mis .)
VHF Telemetry, Frequency 6 225-260 Mc, Modulation: PAM/FM/FM,
SS/FM, PCM/FM
MISTRAM  Tracking
or
AZUSA
MISTRAM Transponder, Frequency = 8,148 Ge/8 (receiver), 8,216 Ge/s
{transmitter) Power = 0.2 to 0.5 W per channel
s-I
AZUSA Transponder Frequency = 5,060 Mc (receiver), 5,000 Mc
{transmitter), Power = 2,5 W
Command  See S-IC
VHF Telemetry, See S~IC
Command  See S-IC
S-IVB .
VHF Telemetry, See S-IC
MISTRAM  Tracking transponder, See S~II
or
AZUSA
=~ C-band Frequency = 5,690 Ge/s (receiver), 5,765 Ge/s (transmitter)
Radar Power = 500 W (min, Peak), Single pulse, Bdw = 10 Mc/s Pulse
Trans- Width = 1/4 or 3/4 sec.
v ponder
oDOoP Tracking transponder, Sce S~IC,
..o - "'SBS Tracking (range and range rate), Frequency = 2,1018 Ge/s
SN R {receiver), 2,26825 Ge/s {(transmitter) (¢ 15 Mc)
VHF Telemetry, Sce S-IC
USBS Tracking “-anygc, r:m;:o- rate) Voice, voice-biomedical Telemet.y,

e

U~data, 1vlevision, Frequeney  2,1064 Ge/s (veeciver), 2,2725
Ge/s (transmitter), Normal made: 51,200 bits/see, Minimum
modc: 1,600 bits/sce, (U will be separated when LEM is trans-

LEM ferred), Extra vebicular telemetry, Link for transmission of suit
tefemetry and voice from back-,-ack of astronaut during lunar
surface operation. Frequency  296.8 Me, Power 0.1 W, Linx
from LEM to CSM: Data rate 1,600 bits/scc.

USBS Sce LEM
csM VHF Telemetry, Voice, Froquency: 225 to 260 Me/s
Hr Voice during carth orbital missions, Recovery operation,

Froequency: 10 Mc/s, Power 5 W (AMY and 20 W (SSB)
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MANNED SPACE FLIGHT NETWORK FOR THE APOLIO LUNAR LANDING MISSIONS

i SIATION TRACKING | COMMUNICATIONS starys  |OFERATIONALE  s7anion TRACKING | COMMUNICATIONS starys  OPERATIONAL
i FPS-16 Operational Now Il Pretoria MPs-26 Considered Now
AZIGA Operational w
.\:LSTRAM‘ Operational ~ow VHF « Voice, TM ~ Operational Now
onop Operational Now Tananarive recejve
Cape Kenredy® [USBS dual 30° Planned ‘. Mar. 67 HF - Volce
{Mernit luland) UHF - Up-data Operational Now
VHF - Voice, T™M Operational Now Indian Ocean
HF - Voice2 i Operational Now Shlp‘ same a8 Atlantic Ship Planned Nov. 88
Digital Command Operational Now
PCM - data aeparation FPQ-6 % Operational Now
USBS dual 30* | USB Planned Dec. 66
Patrick AFB [ FPQ-8 Operational Now R UHF - Up-data Operationalé Now
Carnarvon' VHF -~ Vcice, TM Operational Now
. Waliops Island | FPS-18 Operational Now HF -~ Volce ’ Operational Now
; - Dimital Command Operational Now
. Cucrry Potnt  |GLOTRACK Operational Now PCM ~ data separation |Opcrational Now
' FPs-16 Operational Now USBS dual 30° {USB Planned Jan. 67
! USBS UvsB Under con- VHF ~ Voice, TM Planned Aug, 66
sideration Guam HF - Voice Planned Aug. €6
i Grand Bahama® UHF - Up-data Operational Now Digital C d Pl d Aug. €6
i VI F - Voice, TM Operational Now PCM - data separation | Planned Aug. 66
HF - Voice Operaticaal Now
[ PCM -~ data separation] Operational Now Pact:lc Ocean Same as Atlantic Ship Planned Jan. 67
l FPQ-18 o Operational Now
: GLOTRACK Operational, Now USBS dual 85' {USB Planned Jul. 67
1 Grand Turk UHF - Up-data Operational Now DSIF dual 85° jUSB Planned Jul. 67
| VHF - Voice, TM Operational Now Canderra® Standby
. HF - Voice? Operational Now Digital Command Planned Jul. 6%
l —— Operational Now PCM - data separation | Planned Jul. 67
25~ T
i FPQ-6 Planned Jul. 66 FPs-16 Operational Now
! GLOTRACK3 Operational Now USBS dua} 30° }UsB Planned Feb. 67
. Sermuda® uses 30° UsB Planned . Jan, 67 UHF - Up-data Operationalé Now
. UHG - Up-data Operational N'ow Hawait® VHF - Voice, TM Operational Now
i VHF Volcs, ™ Operaticnal Now HF - Voice2 Operational Now
| HF - Voice Operatioaal Now Digital Command Operational Now
! PCM ~ data separation} Operational Now PCM - data separation {Operational Now
i FPQ-6 3 Operational Now USBS dual 85 {USB Planned May 67
] CLOTRACK Operational Now ! DSIF dual 85" |USB Plaaned
! UsSss 30° usB Planned Oct. 67 Goldstone* Standby
| Aatigua® UHF - Up-data Operational®]  Now Digital Command Planned May 67
H X;ﬂ‘ —v \:oic;, ™ &r::imoml NWNO' PCM - data separation { Planned May 67
- Voice rati -
! PCM - data separation i Point FPS-16 Operational Now
' FPQ-8 Planned Aug. 66 [} Arguello e _vvmc;' ™ (o);mahomu :\\-W
1 USB dual 30° {USB Planned Aug. 06 HEF - Volee peratioal i
1 UHF - Up-data Planned Aug. 66 .; USBS 30* Planned Apr. 67
; Atlaaue Suip* VHF - Volcg, ™ Planned Aug. 66 ! Guaymas® VHF - Volce, TM Operational® Now
! HF - Voice Planned Aug. 66« mas Digital Command Operational Now
! gg;:ﬂ ﬁ::: separation g:::ceg 2:.! gg . Pem- °e fon [Operati Now
: - 3 3.
AP3-26 Extsting May 65 | White Sands ! FPS-16 Operational Now
Usss 30' Planned Sep. 67
: UHF - Up-data Operational4 Now USES dual 30" {USB Planned Mar, 66
Canary Istands® VHF - Voice, TM Operational Now Co UHF - Up-data Operational® Now
iF - Vz_lcem g;w‘rmmoml :'W c,u.' pm“. VHF - Volcze. ™ Operational Now
Digital Com peratt Now HF - Voice Operational Now
PCM - data geparation] Operational Now PCM - data separation Opérauonal Now
FPsS-16 Operational Now . R
TDQ-18 Existing Oct. 64 || Eglis AFB FPsS-16 Operational Now
USBS dual 30° | USB Planned . Jun. 67
VHF - Voice TM Operational Now FPS anned F
Ascens.on HF - Voice 2 Operational Now is P .; :.;: g;
teland® atal Command Operational Now Entry Ships y
- ‘S UsB 13* Uss Planned Apr. 67
PCM -~ data separailon | Operational Now (:x“?z VHF - Voice, TM Planned Aor. 67
- . M BF - Voice Planned Apr. 67
USES dual 85'{USB Planned Oct. 67
; DSIF duad 85° | USB Planned PCM data separation {Planned Apr. 67
L hiaien® Digital C 4 :(s.“"‘“’,’) oct. 67 1§ CSQ. RKV VEF - Voice, T™ Planned Jul, 65
(Standby) Ships HF = Voice Planned Jul. 65
PCM ~ data separation Injection USB - Voice, TM Planned Jan, 63
; VHF - Voice, TM ~ Operational Now (A;rcralt‘ VHF - Voice, TM Planned Jan, 68
D aw ievejve Modified HF - Voice Planned Jan. 68
L HF = Voice Oporational Now C-~135) Playback via VHF

LRSI N
3 N -

o™ miva o At

»~ L2 0o ne

nay

Hrom

S, or Mot .ound siotions

v e Mistrom of Azuea, not both will be flovm)

For Gemans, mot all links for Apollo, alf will be operational together with the USSS
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ORBITAL PARAMETERS
T=Sept. 17, 1969

0.5

853 = 0 meters

o [njection errors

Acquisition occurs 30 sec.
<

after spacocraft reaches
elevation of 5°

c
-,
-— A
-~ bl =y ey S,

|
z
Ao

A - Measurement noise only

B - Measurement noise and bias

C - Measurement noise and bias
and station location error

X1 = -4138.21240 km
Xy = 3671.81888 km
X3 3531.37646 km

1

13" 01™ 85 468
-5.11453915 km/sce
~5.92771131 km/sec

X
X2
X3 = (.16835017 km/sec

I I

HORIZON
€259
SAMPLING RATE
1 meas/ sec
TRACKER
Ship 26°N
46°W

TRACKER UNCERTAINTIES
8r = £ 10 meters

Sa=8e=t2x10"%*qauians
Ar = * 20 meters

Aa= A€ = +4x 1074 radians

TRACKER LOCATION ERRORS
851 = 852 = * 354 meters

Tracking Time (minutes)

GODDARD SPACE FLIGHT CENTER

SYSTEMS ANALYSIS OFFICE
VELOCITY ERRORS AT INSERTION USING THE ATLANTIC SHIP

June [965




300 }—

200 p—

100 |—

€2 5°
400 |— SAMPLING RATE
1 meas/ sec

ORBITAL PARAMETERS
T=Sept. 17, 1969

X} = -4138.21240 km
| Xp = 3671.81888 km
Ny, X3 = 3531.37646 km

. 137 01M 83468
X1 ==5.11453915 km/sec
X2 ==5.92771131 km/sec
X3 = 0.16835617 km/sec

n

HORIZON

TRACKER T _
Ship 26°N St
46°W

TRACKER UNCERTAINTIES .8
Sr = £ 10 meters

Sa= 8e=%2x10"% radians

Ar = * 20 meters

Aa= Ae=24x 1074 radians B

IRACKER LOCATION ERRORS :

851 = 852 = * 354 meters
_ 853 = 0 meters

® Injection errors

Acquisition occurs 30 sec.

after spacecraft reaches
elevation of 5¢

"
.
.
-
[
[
.
.
.
*
-
.
.
L]
.
»
.
5
%
[}
.
*
*

L A ~ Measurement noise only
TN &, B - Measurement noise ond bias
K C - Measurement noise and bias
., and station location error

L

0.5 1.0

1.9 2.0 2.5 3.0

Tracking Time (minutes)

GODDARD SPACE FLIGHT CENTER
SYSTEMS ANALYSIS OFFICE
Jung 1965

PERIGEE £RRORS AT INSERTION USING THE ATLANTIC SHIP




LISYO ONIN¥VA HL¥VI LSUld -~ OT1OdV YO4 SYO¥¥I ALIDOTIA

§9ey unp
301340 SISATYNY SW3LSAS

¥3LN3D LHOITS 1DOVdS a¥vaaooO

(seinuw) uoyyrasu] wosy ‘swiy

-~

oy 44 [A4 \/\ Ge £e 1e \/\ 01 8 9 14 4 0
T T _ °
_ 595 /soow m 3jqo4 Ul UBAIB a1 $I0113 UOY§PDO]
41V ONITdWVYS pup UOLIPOO} UOHyD}s Bupssoly
, ." o§ €3
’ NOZIYOH
i
UoAIDUIDY w | sio113 uolgdsliy oN — o1
Aq Buryoosp | i uolypys yxou Aq Buiooy} jo 1bJs of pajosloid
w 3 uolins Aq BuIsODI 1O PUS JO SIONT wemesem
/ \\ s \ pepn|oul s10149 UOIDO0] UOL{DYS
. diyg uosdQ uoipuy PuD $DIq PUD B510U JUBWAINSDIY
: Aq Bupsopay !
1 7 ] oS J0 uoljpAsja
: / $9YoD031 §3010000ds 13440
: *985 g s1n220 uolyisinboy 0°z
SUDipoI O X ¥ = 5V =Dy
/ s19joW OZ 5 = 4V
\C % 5] 3 = -
oes/uny £195£891°0 = €X .“ PURD A BUPPRILY  suolpos p-0LxZ3 =8 =08
oes/uyy g11££26'G-= TX W 100t 7 = 1%
29s/wy GleESHLL G~ = J.A ] SIILNIVLIYIONN ¥INOVed
u oposeLese = €x
un} 88818° 1492 = X m ‘ ~Joe
U3 OvZIZ 8elr= = X . e ———
89758 wl0 yEl \
6961 ‘L1 *ideg=} / diys uoyysasuy
SYIIWVEVL 1VLIgI0 . \ Aq Bupyoosy MN,E
/3




o

[
1
'
1
T

T

1

| I
3

1

| TN

dowa-a
i
1

.

L]
SRR S
¥
;
)

A b

H
!
1

i)
P
~N

RN SUNPNPY

&
RS

1

PRSP
1

o W,

+

]
s
H
.

———

s S

T~

1

+

.

¥ -
+

ek AT T
20

s hhas
]
Aot

D3

[

et

]
+
.

I e

- AU Sy S

- —— ittt g
PUPIINE S v

a8t (11 08 $¢ 09 $€l 33 $91 ot
Rt M R IR L l»\.\ - IR ER R
MESERAR S 1§ 1] . . IS JY R A SHY 2 NOILIGY S:&w:m 30 #3S dYA ANEY AOUJ
LehE SNTISAS ” “ R W H ‘ o Soo.c —eﬂ,»c—..ﬁ.w A 2 ¥ 1 AL
[P _._.: 150D e .ﬂ. Lt o -...“ e .1 : i w “f4.....
. Lo i ! ! f
\\.\.,_ ”pl./ ! _> u ’ . .* . “.. .M.. w!-.
: V. : . . L. '
Lo b . N [V R S Y S O I
| _ ¢ | *. |
et eoe ¢~ R T T e [T P
' ¢ 1 L
H \ o !
H . P I EEE RN ]
1 M 1 '
.- b} ' H
! ' ' '
—p— g~ - t..wu.n_. it
— Sl 4.0 40
" ] m .
+ [}
I
)

3

7

N .. I
PR e .o g
1o Vot
H ¥
-ln-.. ST MR
' [ M
‘ t ot
- & 4 odes deq-
1
q
S \MA [
pios DS ISR
Y
1 " i
H

! .
- )
| m
o - g W op - ) e -
! w H .P * ! m | )u\u y
I N R PN I . o 4. U “ i, S N
s IR eEes E e S
s 4 RNER P ] . R 5 A0k a7 YR
S : et 3 ( g =g Pl
bR STV : \th “ m | “:wf. e r:auv _ * * I I
R, W A SIS s iy O A 4 A RS g 72T O THOL VO SO TLA ST
s B ST e b_, R 52 Il 1
A R I B RVl IR e N 2 clid
HE ! i ! i R SNt [ o 3 | t :
i1 ' L7 A B 4 QG L, LN v Lo b * 1 ‘ ~,
BER 1 "1 " TR L . .
| T | e RRRARAEEN
b ! { + ! P | P v ” : 1 Lo {
051 $ci 13 $i ©9 s Y ] sct o5t set 0

(v} QOLL=Y 'uoltsolur toyn ~upw z)
PASV FHL 20 OVUIAOD MOLLDUrNME 1end

-

———. o



i

oy
=

o5, o8t S o S0l 06 §¢ 09 gy of 5t 0 0F Sv. 0% SCy 06 SOL  om  set o5t st
-~ g T X | o 3 ™ .\\.‘JJ\ . e . . . _ m ; ™
—4 Tpsetsn JTHAD Ny -»..T!.;\.\_\ J 7.._f¥l { . ‘ I _ { I P

. _ .
- +

1

i

081

HAFENIGT T T, 300030 dv i AREY ROYS
o T3 envnda gy 3v08

R . . ....wlnll..O‘

SR
n !

IR i

3050 L LATNY T LSAS
Y IR TIAE PIFTIGRE I IR G Doty |

[

-
SO S W

PR S

|
o
AL
|
_
L

i
et AL Ny _ .
pl m *. M _ Bt Sl _ 11
- . . 9 m __ w u __. : -t
,-.W.?n.c.y.}ﬂﬂv _ ATy
. r_._x H _ m L
o I w

———a— e

oK
N\
\ i
4
‘/‘

nenne at . .
N _ LU N & S A A ﬂ./».-. :
weaalg w 0 vd

. -
i
. ‘

H

2
- ERAY0) S S

PR . C e war L B gfi .
AR RN b L] N o
YT o | | I o N e 4 A hemm D Tt 1 .Mx —
A MERERN B CT U e by adweisiaady ‘owavin vonraa } o p N St e —+
I A NM.\ I O RO o W IO N g ' T T hens IND1Sa109 120YHA0 Lviduy
SRS 1] AN ST e SRS RSN
Syp—e - - ﬂ..._..l - _ ﬂ e .tﬂ...... = .IYM OIS ‘ M ! I s»
_ﬁ... , - ! -l - S N g E R _ i i *$3503 QHYH9 3 S
TR I R 1 1 m N
woaes gy- % L AR TN L “ w 100171717 . k..vﬂ\v.mh\ .Mrvml ¢ -~ _ M : 11 L _L z
ELRE RV DR s ey anage gl : .\.f. L | 7
Q? L] LR AR aeh atend ~-t- mJUwM - g £aal ¥/ .l.nv e
ol vtmoeme % I I L ! U TR U0 O T I P g M»u AL g = i ~ | ,nn
S "”. sasaus uuu ‘ , Q\Nm&}r \ R | e !..AUV Sial
- iy v - vy iyt S | > St )
i S .u..._.ncimw.wuw.....r I .ow mﬁl. P N . . R S ,){QLIPILLLN. 3
T 0% 438 ORI R B h\b; 1) S0t v‘\D _ |
s¢ Gl 323 i) TETRZY 1 I JRCN P B R . o v. % . "
- Y S it i—\ w\s_\\‘J XD— N # »«N. v ‘
) | .of W Do
B ! A Lo \.....wt‘&ﬁ@ -1 - . o 20 R T . “ ;
VR LD | _\ _ ﬂ 4T s A
L Ty | | L
ol s 6% A [1A] 501 06 s 09 1 0 [73 06 $0t  out sel ost s o8t

€420 'LITUO ONDIUY |
ANODAS ZHL WO¥S VTSNV UL SYNAT




ot

o8t N oSt wn_A.. oLt $0t omi. [ , (14 09 $2L 4 06 §OL ou sty 054 $91 o1
TT T LT T T =11 v [ B AN ERERRAREE LY e
! { s5tava TR el L LT USRI S SRR
J [ TN ; . S IROUNRILONI S 415 122 is arminsy n il
INAIBE TN IS m SOty L .~ q woe. X 0CI L0 L eviviud .y 3y
- m.. — -t HHH‘.“#IGI. s [ SpND 3 N ! : LY - i d A A
y ) .ur.N&l.lll.uu_ o, . AN V I Te _ A-- 7 Jol 0%
“ . oy u,: p h ‘u .m LY !.so !
H y : 1t 3 ST P ﬁ
[ DO NI A
a . «. o ‘_I
! = i
\ RN A |
’ e Sl Y 7
. . ”/ .Jl.v/// . .
.’/ M.—.////r.'
~N SN RY -0t

an

g,
0’0y !
| Ak Rdh i ST
»c.a.u... \ . Y I,
b gy w4 900002 LRt 0 ./_r - e
N Q.o.oa B LY YRS Sy ey |
o . = CCHA YD P Pg ACHY T3 e
e <] 535000 ANBISIA 143 4D NOHWWIDHG Bt

VN poo) W) 0] A D N
Bl po 4,000 84 P pRAM

L Wt 1
VI 0D 9O HON YN

oy mpuojy
M _0h_ih g

N @ww

. L./
1221 30.60.80.6¢1, S 025 81.5¢ gzm..&w 8¢

e5

£ M 0:.00.0v.£0 'NQICO.SZ.07 Qiyavdi
M095.06.911 NOIEZ.€2.58 INOISAI0D

%m ¢ ot <t e ue § =
N ] 30AL980T | 30NV noivis
. A T oty . e .

oo set oft el ot 13 o9 (Y3 o6 $01 OLL . ®EL 081 §01 o8t

(=2 ) .
SVYNNILINV ,$8 OT10dV IHL ¥Od4 SUNOLNOD ALITIGISIA




s v e oo i A e e e TS mn cm oS &s s s S mmomETec e . -

- ORBITAL PARANMITERS
{m/s) | — h=x s
. T=Sept. 17, 1269 150 55M 14452
— Xy = -3685.269860 km % = -8.51524454 km/sec
Xn = 4311.,738986 km Xgo = ~6.56681023 km/sec
— Xg = 3563.090604 km X3 = 1.49850836 km/sec
S HORIZON
e€25°
1.0 SAMPLING RATE
* ::_'; q 6 meas/minute
Y TRACKER UNCERTAINTIES
r--::“i;'-‘;_ S3r = £ 20 meters
=al St =+ 0.1m/s
_: “\ Sa=8e= * 8x10™ 7 radians
: o = t 40 meters
L= At = £ 0.07 m/s 3
0.]':_'_-:.'
— TRACKING STATIONS B
| woilTule Lo::.;.:..:.k.
germuda 35°3473 N G4Y833E W
L Ascension 729720 S SRy ARV A
Madrid 4004167 N 326667 W
. \ STATION LOCATION ESRORS (meters) |
0.0l =" 8, 8%, 353 :
— \ germuca 39 41 39 r
. ual e, Ascension 43 103 105
— .., Madrid 39 31 ¥
| A ~ Medsurement noise only ...""-““"""---... ._
B had Mecsurement nOise Gﬁd bics ........t.Illdlll.llll..lé\;
| C - Maeasurement noise and bias 1
and station location error
- | g | | | |
o 0.5 1.5 i.5 2.0 2.5 3.0

Tracking Time (hours)

GODDARD SPACE FLIGHT CENTER
SYSTEMS ANALYSIS OFF {CE
June 1965

VELOCITY ERRORS FOR APOLLO LUNAR TRANSFER TRAJECTORY
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Mvel — | ORBITAL PARAMETERS
(m/sec) — Eq sator of date coordinates - Moon centered
— T = Sept. 20, 1969 sh 1om 125176
— i Xy = 306.76408 km Xy = -1.5875100 km/sec
L b Xy = -1702.6861 km X, = -0.24903475 km/sec
Xg = = 770.17548 km X3 = -0.081752615 km/sec
| IRACKER LOCATIONS
A Tracker Name Latitude Longitude Ht (m)-
102231 Canberra  -35° 18141950 149° 08* 09400 50
—— {1 Carnarvon -24° 53* 50148 113°% 42t 574984 64
— 1 ¢ Guam 132 35% 00Y00 144° 55* 30*00 20
— 1§ Howaii 22° 09' 30¥96  -159° 40° 03143 1142
— HORIZON
- €25
SAMPLING RATE
— X, 1 meas/min,
\ Canberre, Canb
. anberra,
- Carnarvon, Guam _—\/— Carnarvon, Hawaii
1.0 — ,/ ~ € v~
— \ e~ > rd y
— W A -~/
. v g AR\ FARN 4 /
| \ 5 N \ U T AR \ S /
\ 4 yooow oy w
- \\I”; l'; E%‘i o n o
y i B A v o
iy i
INJECTION ERRORS i 5
+ 01— Toos = £ 173.2km, £5.2 km 4 Y
— Nyel = *1732.1 m/s,210.4 m/sec H !
- TRACKER LOCATION UNCERTAINT IS TRACKER UNCERTAINTIES
. Name Lat. Long. Ht {m) S Sa= B¢
: Canberra 1.9 2.2¢ 66.0 * 3 cem/sec * 0.8 mrad
- Carnarvon 1.9" 2.2¢ 66.0 t46 cm/sec + 0.8 m rad
_ Guam 6.4 6.6" 32.0 t6 cmfsec  * 0.8 mrad
= Hawaii 1.4% 1.6% 43.0 4 cmfsec  *0.8mrad
‘ Tracking Occulted Tracking Occulted LEM Descent
X —————— z L
0 1 2 3 4 5 6

Time from Lunar Orbit Insertion (hours)
GODDARD SPACE FLIGHT CENTER
SYSTEMS ANALYSIS OFFICE

Juae 1£35

VELOCITY ERRORS = THE CSM DURING LUNAR OR3BIT



C— ———

UIpos | vl { ORBITAL PARAMETERS
(km) | (m/s)1 T = Sept. 21, 1969 21h 13™ 243 96
iy Moon centered equinox of date
NI X, =-383.68404 km X, = 1.65525258 km/sec
i Xy = 1560.4722 km X, = 0.369731788 km/sec
g\ X3 = 705.9882 km X3 = 0.140091118 km /sec
Y TRACKERS
9 Latitude Longitude Ht (m)
6l— 15E-% Madrid 407416667 N 32666667 W 50
LS Canary ~ 272735522 N 157600006 W 29
i ‘%% Ascension 72972994 5 142401694 W 143
AN TRACKER LOCATION ERRORS
'\'\ A Lat*tude longitude  Ht (m)
5/ \\ Q}% Madrid % 1.0" £1,2" %43 °
\ (N Canary t4,6" 5.1 £32
, Sy, Ascension £3.4" +3.5" £32
\ Vg,
“. %‘\; o~
41— 10— \ Ty
\ So
\ v
\.\ S
\ S
\ AN
3— e p
\ TRACKER UNCERTAINTIES  ~e{fss.
' ' \ Macrid Sr=*3cm/s Q’%",‘:'
i Canary U as _
Ascensionf °° 6 em/s
2 5
INJECTION ERRORS X
8X; = 8X, = 8Xg = e
SX.‘ =8X2 = 8X3 = 21lm/s
1— HORIZON
€x 5°
SAMPLING RATE
1 meas/min
- I N R A
0 O i ‘ { i ] 1
0 3 6 9 12 15 18 21 24 27

Tracking Time {minutes)

_ GODDARD SPACE FLIGHT CENTER
SYSTEMS ANALYSIS OFFICE
June {1965

ERRORS IN POSITION AND VELOCITY OF LEM DURING
LUNAR ASCENT USING EARTH TRACKING DATA




Toos = Mvel = ORBITAL PARAMETERS
(km) l: (m/s) - Moon cenicred cquinox of date
— — T = Sept. 22, 1969 1" 597 12525
— — Xy = 1764.48081 km X =-0.83083420 km/scc
- — X2 == 616.71087 km  Xp =-2.0655393 km/sec
B B Xq =~ 308.23143 km Xs =-1.0042193 km/sec
TRACKER LOCATIONS
' ‘ Tracker Name Latitude Longitude Ht (m)
1000 — 10— Madrid 409415667 N 3266667 W 50
— = Canberra 358311523 S 1499135833 E 50
- K Goldstone 352389639 N 116784878 W 1031
"_“_ : ~ TRACKER LOCATION ERRORS
L. . Name Lat. Llong. Hi (m)
— — Madrid 1.0 1.2 43
= "‘-1 Canberre 1.9 2.2% 66
. X Goldstone 1.1 1.2" 40 ‘
TRACKEr. UNCERTAINTIES
100 — 1.0— 8r= t3 em/fsec
- - < ) I e
o5 HORIZON —mm
— —J €2 5° I
- __57 o SAMPLING RATZ \
g - %Q‘b 1 meas/min N \ Velocit
] =3 elocl
3 S BT T IS N Yooy
10— 0.1 -:“-—' e\ Position
— = INJECTION ZRROZS W o e S S B
— - Xy =8X, = 6Ky = £11m/s
_— L Goldstone Tracking r
' ,Canberra Trccking‘ ) :
! l‘L_\{i rzd Tracking
i |
11— o.01 , : ' ’
0 4 8 12 16 20

Time from Trans-earth Injecrion (hours)
GODDARD SPACE FLIGHT CENTER

SYSTEMS ANALYSIS OFFICE
June 1965

POSITION AND VELOCITY ERRORS ~OR THE APOLLO RETURN TRAJECTORY
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