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l n r m e d i  atoly af tar  1 i f to  t*$ or tlro 300 to11 Sa f 1 1  t - r l  v c b l t  1 c- 1 r8 

a vast global complex of +.rack i tip: nncl comrnrrnicztti otl.u~ts s f ;I 1 i at13 

w i l l  play a v i ta l  part i n  orar 11tnnl- larkding m i s s  iotr. Tlt i s  

network of ground s t a t i o n s ,  ships and aircraft, the so cztlled 

~ ' H w r e d  Space Flight N s t . 9 0 r k n  (FISFN) , will cons t i  i .ule the* 

only l ink bettueen the earth atlrf the t l~rec men occr~pying ffle 

Apollo Command Module. 

The purpose of this network i s  to keep "; ..-.-.ckl' of the 

spacecraft during its en t i ro l u x c r  ; ~ Z ~ S S  i on e >. c ..'I) I for those 

portions of the flight wt~cx-e  tile spacecraft is o ~ e t l t  1 c r l  t ~ y  

tile moon (appr~ximatcl~ far one !-logrr <lu~-int; ~ n r * 1 1  t :'*o l io~xt~  

lunar parkfng orhi t) . The  ~t~nrcI  '* f l.acke* l~cr.-. .-.-:, i 1 y means 

mare than just tracking in t - I re  i ~ . s ~ i ; ? l  s e n s e ;  t. i s  t t1c8 

es tablisllment of a ;rather cun~bersonrc " l i r x l r "  br l ween the 

spacecraft and the Main Cot~trol Coral-cr  at. the Fianrlct? Space- 

craft Center in Houston, Tcxas ,  TI is l i n k  consis t.s of the many 

Anformation, tracking, voice, telcnle l;ry and cfa f n c-ilnnncls 

necessary to keep up with .the events of the f l i g i ~ t ,  

In addition to providing conmiuni catiuns betxcten the 

3ontroi Center and the 5,-.,:-.ccrafC-, the network !:as to f u l f i l f  

/ 

another extremely vital i"tl:.ztion, namely that t,f' space 

navigation. The decision to use tho NSFN as a :'A-Lnlary 

system for navigation w4s made some time ago, T l i i s  was 
i 



based upon a n y  analyses wlrfcti sItm~ed that  t h e  p j s i  t i a n  and velocity 

(trajectory) can be determined omre accurately in  a very short  t i m e  

(in the order of minutes) by using ground based tracking fnformat inn, 

such as range, range r a t e  and two angles (azimuth and elevation or 

equivalent) than by using on board tracking information. However, 

t h i s  statement should not be misconstrued as downgrading the an board 

tracking and navigation system. Both systems are needed and thus 

w i l l  be used to capacity when approprlaee t o  f u l f i l l  the navigation 

and guidance requirements of the mission. 
I 

The advantage of the  ground system for more accurate t ra jectory 

determinatiw lies i n  the s t a t i on  geometry (strategLcally located 

worldwide), as w e l l  as i n  the quant i t ies  mea~ured,uhieh form an 

inherently stronger solution from c mathea t i ca l  point  of view. 

The on board system, measuring angles only between selected points 

on earth, planets or stars, lacks two .important quant i t ies  for 

trajectory determination, namely range and range ra te .  In summary, 

a space t ra jectory can be determined with more azcuracy by using 

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

T h e  on board system is on the other hand much less- 

complicated than the vast g~ound complex ca l led  the MSFN. 
- -  - - - .  



l'herefore, the question of which system is "better" for space grtitfance 

and navigation, raised many times durfng discussions, cannot be answered 

unequ Pvoca b ly . 
In ardar to follow tho normal and logical  scqrrcltcc i n  

describing the PISFN, we w i l l  s Cart with a brief  d c a c r i p t  ion 

of the tracking and cormtlunicat.ions s y s t e m  of tho SnC~zrrl V 

and the Apalla. The major purpose L A '  ttre MSFN is ta srtpport 

the vehicle during the mission, A detailed description of 

the n e t w o r l c , w i $ h  all of the land, sea and airborne stations, 

is presented, Finally, the major tracking axic'I commttnica t ions 

function of the network will be given f o r  each of the major 

phases of ttro lunar landing mission. Comptot;criess is not; 

planned here since a thorough description or the MSFN wif.11 

all of tile stations, equipment and rfunc lions to be f t z l f  f Lled 

would increase this paper to  a formidable number of pages. 
. . 

C'he graphs presented show spacecraft velocity errors, r~hich 
. . 

' !.re in most cases more impel-lant than position txr-rors, This 
. . 

. . =as done i n  order to keep tire number of graphs a t  a m i n i m u m .  

'ork in this area w i l l  o f  course continuo, and i t  is hopud 

;hat a better  picture o f  the tracking and conrnunicn.iions 

2roblerns involved will be obtained as time progresses, 

Never t h e l e s s, a rough overall picture of the Apo; < u network 

and the $rrickfng and comrnunicationsfunctions w i l l  be . 
prea en t ed . 



LAUNCIf VEJt TCI,G AND SPACtFCR AFT SYSTgMS 

FOR TRACKING AN11 COMMUNICATIONS 

Even though the Saturn V with thd Apollo spacecraft is 

capable of "flyingn independently, numerous types of tracking 

and telebletry.systems are carried on bcard to track, check 

and t e s t  a11 v i t a l  systems d u ~ i n g  tlie flight. 'I'lxe IJnif i t?d 

S-Band System (USEIS)* (reference 1 and 2), carrier1 an t~onrd 

the Instrument Unit (117). the Ccwmand and Service Moduf ,e ( c s ? ~ )  

and the Lunar Excursion Module  will be used as the 

primary communications, telemetry and gui~ance  sys tern ditri ng 

the major phases of the lunar landing mission. The purpose, 

to be more specific, of these on board electronic systems 

is to enable the Launch Conkrol Center at the Cape and the 

Mtssion Control Center i n  ffouston via EISFN and the NASA 

Ground Communications Sys ten1 (NASCOM) ' to : . , 

1. Track the vehicle. 

2. Comniand abort for c r e w  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 t r ~ c k i n g ,  telemetry, 

voice and TV transmission and reception-thus simplifying 

the spacecraft elec tron4cs. 



, Record biolag3 cal data, 

5 ,  Record s c i e n t i f i c  data. 

6 ,  Operato displays for  ff ight control in real f.iala. 

7. Communicate by-voice with tho astrona~rts  . 
8 , T r a n s m i t  guidance and navigation data. 

9, Receive television signals from tile   pace craft 

and the lunar surface. 

Table I presents a l l  of the tracking and i.elomctry sys terns 

' used with the ):.olio and Saturn V for each of the dif'ferrtnt 

6 i:age s d e p i c t e d  F i g  1 As a tracking system f o r  the 

Saturn V, either the Azusa or the M i s t r a m  system will be 

used,but not simultaneously, 

THE MANNED SPACE FLIGfIT NETIJORIC (MSFK j 

The MSFN. (references 3, 4, s n d 6 )  is a cornpiex of 

ground, sea and airborne s t a t i o n s  strategically . located itrot~nd 

the world i n  order t o  support the Apollo during all of the 

flight phases. It represents the countarpar t o f  t.he sys L c m s  

carried on board the spacecraft as shown i n  Table I. 

A l l  o f  the wr .-ldwide network stations tha-k wi 11 be tisod 

for the lunar landing mission a;.e shown i n  Table IT. ( J ~ I  

reference 4 ,  only the stations and systems tha t  are important 

to the space navigation tasks are l i s t e d ;  that; i s ,  the prinlary 

Apollo sites .) . The atat ions  are l i s t ed  i n  sequence by 

I 



l o n ~ i  t..rtde starting wi t t t  the launch s i  t o ,  Capo Konrtr?rly 

(* 800 w.) .  This has a certain advantage if one wants to 

follow the stations that w5ll "soot' the spacecraft as i t 

circles the earth going eastward cram the Cape. Sotna of the 

-stations are important onXy because of the launch phase, 

Those are the ODOP receiver sCations at the Cape, Merrikt 

q Island, ~i t,usville, Playalinda, Grand Bahama, Walker C a y ,  

.. 
tittle Cartier Cay and the transmitter stations at the Cape 

and L i t t l e  Carter Cay. The ODOP sys tern is a continuous wpve 

., elec'tronic tracking system that utilizes integrated Doppler 

' . t o  obtain range sums and range differences, The ODOP statlons 

I " ,.. are not listed i n  Table 11, s ince  only the S - I C  stage carries 

an mop transponder. This means this  system is i n  operaf;ion 

only a very short time compared to the other systems. Far  

instance, the impact of the first stage takes place 650 lcm 

down range along the trajectory (see Fig. 2) approximately 

12 minutes after liftoff. The Burning time for tlte S-IC 
. ...* - - - . . . . ... -* - .. . -. . . . .... 

is about 150 seconds (see reference 6). The same is true for the 

Mistram stations at Valkaria and Eleuthera, as w e l l  as for the Glotrack - 

stat ions at the  Cape, (Cdband radars) and the range rate  stat ions at 

Cherry Point, Antigua and Grand Turk (see reference 7 ,  p 111-71). 

The major stat ions of the network (asterisk i n  Table 19 are: 

Cape Kennedy, Grand Bahama Islands, Grand Turk Island, Bermuda, Antigua, 

Atlantic Ship (- 49' W., 28' N;, insertion) Cnnrry Islands, thdrid,  

Ascension, .Indian Ocean Ship (- 38' E., ' 18' S., post injection) 
, 



'Cnrna.1-votl, Guam, Pacific Oconri S h i p  ( 1740 E, , N., pt~st;  

indection), Canberra, llnwni f , Golds tano, Guayntns , Ccrrplra 

Chris ti, ontry ships ( t w o ,  1lawcli.i and Samoa area) and f i t l a ?  l y 

eight modiffad C-135 j o t  ajrcraft .  

Only the areas that arc d irec t ly  cannccterl w i t i l l  tho 

MSFN and thus with tfre Goddard Spaco F1ie;flt Con tor  are 

consfdorod and disr:ussed 9.n tlils pnpor, N c i l . l l e r  t;he latriich 

nor the rekovery phase (openine; of drogue paracllutc) as siich 

are treated in detail. Tho prelaunch and I -unch pllasc w i l l  

be handled by the Launch Control Center at Cape Kennedy. 

Obviously, the Capo tracking and communications s ta t i ons  

will be used for checkout of a i l  sys terns before, during alld 

shortly after liftoff, Accurate liftoff tracking  wif 1 pro1 &de 

data for post-flight analyses, 

The recovery phase starting with the opei-rii:~ of the 

drogue parachute (- 25,000 feet) will be 11ai1c:l f -1 by the 

Sir Rescue Service which will use 63  propeller driven 

IC-130~  recovery aircraft . Skin divers will, aTt er 1ocal:ing 

che landed Command Module, parachute from the aircraft i z i  

order to assist in the f inal  recovery. 

In order to make the Apollo Network function, that is 

tlconnectfi all the' stations scatkerod around Lhe wosld i n t : ~  a 
! 

$*ne%work of stations , " another network was ev tab1 i shed  



(see references 4 and 8). This system i s  strown in  d 

Fig. 3 (roferonce 4, Fig. 5-1) and is a logical  e x t o n e i o t ~  of. 

the original Mercury communications network, Tho major 

atationa of fhe network as well as the voice,  telemetry and 

data links are indicated in  this figure, The following 

liet o f  l e t t o r s  w i t h  the technical meanings are used in 

Fig. 3 (references4 and 8) .  

TTY - Telekype 60 words/min or 45.5 b i t s / s e c  

V I Voice 300 to 3000 cps 

V/D a Voice or data, 300 to 3000 cps 

HSD - High speed data, 2400 bits /sec  

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

via conrmercfal TV; Madrid and Canberra possibly via NASCON) 

F u l l  duplex, 4-wire v o i c e  c i r c u i t s  w i l l  be used f r o m  

all of the remote s i tes  o f  the MSFW t o  the Manned Space 

:"light; Control Center (MSCC) in order to communicate w i t l *  rho 

spacecraft, 

Full duplex teletype transmiss ion and reception facj .1it . i .e~ 

will be used at all sites for tracking and telemetry da.ba, 

updata and message traffic. 

Kido band (40.2 ;... k bits/sec) and v ideo  circuits w i l l  be 

used between the Cape m d  MSZC for reception of prelauncl~ and 

launch telemetry data for support of the SIV-B/XU orbital 

operafiona. 



\ 

As oan be seen, t h i s  samcwlrat; wsepaz*a.t;s?T nel,wor.lc ~ , l : r y s  

a v i t a l  part since Cho MSFN anrl o b v i o ~ t s l y  not oporato and 

support a mission without NASCOM, 

In the PollawSng, sinao this papor is mainly concorned 

with the MSFN and its role, it is assumad that NASCOM i s  

operating and all neasssary information is reccivcd a t  the  

MSCC at the proper t i n i e  in tho corrooct format. 

MAJOR TRACKING FUNCTIONS OF TIW 1EiSFN 

DURING THE AFO1,LO LUNAR MISSION 

The main purpoae of' the EISFN is to provide  t racking,  

communications, telemetry and voice cnpabil i t y  in rc?al t i m c  

between the spacecraft cxid the MSCC in I.Io~tst,c,ri, ' f ' r~x:~s.  

Both, the telen~ezry data ti;..d voice ca1)ab.i.l i t y fiave I,cr*~l 

mentioned, including the stations and capabif. i 1-i (8s ( s e e  Val31 c 

Tracking from the Cape and tho  down range statioixs (in c z s e  

of a firin;; with Cf ) 900) using ODOP, Azusa or M i  strant, arrd 

the FPS-16 Yadars will ySeld spacecraft position and velocity 

t o  an accuracy effec3;ateci by these high precision missile 

tracking systems i n  tiis ordos  of a f e w  cm/s to 5O cm/s i r z  

velocity, as can be see.: fror=, ihe Range Instrumentation 

Survey (reference 7). 

Leaving this launch and liftoff phase as a special c a x c ,  

we shall fiov concentrate more on the MSFN, i t s  use  and its 

I capabili-i;y Z o r  tracking %he spacecraft , i'qtti.1 he1.c) <)n, 



tracki new shall mean tho dc-:.zrmi;;;ai;ion of the spncct:r;t TI. 

posi t ion and velocity, (0 .  tho six osculat ing efemcnts of 

the orbits)  or oven bettor, the estimation of the errors 

based upon the data taken by the MSFN, 

Based on preacxa t inforn~atioa, - the errors shown are believed 

ko be realistic, Tho craphs are self  explanatory. and a.tl 

pertinent information is presen%srt wZ t f i  the curves k o  mul ic  

a comparison with other calculatfons and methods poss ib lo ,  

Random errors, bias errors, and errors i n  the location of 

the tracking stotfons are most important and thus cannot be 

neglected in as1 analysis of this  kind, The errors assumed 

are on the peesf~3istic s ide  t o  make sure %ha* uzisleasant 

surprises do not O C C U ~  in the future (ra~oroacs 4 ,  Table 

5-11 4 

Trtrcki,.g the Insert ion' and Earti-: Parking O r b i  .t: P I r a s c  

Ono of the first tracking Casks of the PSFN will be 

the verification of the orbital capzbiliGy (GO,  NO-GO) 

achieved by the spacecraft shortly after the cutoff of t-he 

S I V - D  stage, 

As car1 be seea from F i g ,  2,only the insertion ship 

w i l l  be able  --, *@trackwt the spacecraft after insertion (burn 

out) into -the earth parkug orbit (shown in Fig. 4). Prosent  

S;Pans ca l l  for a daily maximum variation of the launCh azizuth 

a of zt3p~-osi?nately 260, or a 'launch window of  29 hrs.per day, 



IF, during this %ime the launch can not be acccl~pl ished for 

some reason, no further attempts lll be made and the launch 

w i l l  be delayed until the followfng day. Three consecutive 

days are required for a "lunar la-mcii attemptw by def3nition. 

Fig. 2 shows that a launch aziszuth variaticn from 7 3 O  to 100" 

chn be covered bfr the ship stationed as indicated. Por 

one variatFon of Q,one ship position is assumed, If "ihe 

launch is delayed by one day, the ship is noved slighxly as 

shokm in Fig. 2. A ship's velocity of 10 knots ca= be assumed 

during a 24 hT period covering 240 naatical miles or 40 

w h i c h  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 system. 

For all error plots, position and velocity errors nevls the 

square root of the sum of the square of the components. This 

gives a maximum error mc? at the saxe tine reduces the nunber 

of necessary graphs, Thesr and a1 1 fha o--& ,,,ex- errors were 

calculated based upon the error e 5 u z e i oc s given in 'references 

9 ,  10, 11 and 12. Pleass note conditions as p~inxed on 

Fig. 5 and all other curves. As czn be seen for instance, 

a " p e r f e c t f t  ship's navigation system (no errors in ships' 

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

no influence on the spacec2aft velocity error as compared tooncwitb 

a total error 02-z~zos  of 450 meters. The position errors 

rollow a s i m f , l a r  trend but are not ._,own since they are 

secondary in importance (3.5 km for 1 rnin, 1 km for 1-1 min of 



tracking,  a l l  errors inclladcci as per curve C of F i g .  5 ) .  

Similar results were obtained in  a prcvtaus study {reference 13). 

Another very important parameter for  tho so-called 
'5 - a .  

nCo, No-Go"decision is the error i n  perigoeheight, since i t  i s  

directly -related t o  the spacecraft orbital  l ifetime. Fit:, 6 

depicts t h i s  errorsagain as a function of ship$ tracking time, 

Assuming a 200 fan earth parking orbit, a perigee height error - 

of  0.4 to  0 . 5  km as shown i r i  th i s  graph w i l l  certainly not 
\ 

alter the assumed orbital  life time;and thus atYGo, No-Go" 

decision check can be made using the ship% navigation and 

tracking data indicated on F i g o  6 ,  Please note the avaiJ.able 

tracklng times fop a = 5* above the horizon on the l e f t  

comer of Fig. 2 for the cases considered, During the 

parking orbital phase this tracking is improved znd depicted 

in Fig. 7. This graph shows the spacecraft velocity errors 

for the p ~ r t i o n  sf the first earth parking orbit .  The 

steps shown indicake the projection o f  the velocity error to  

the next tracking stz ie ion,  w h i c h  i n  turn improves the sittration 

(a similar curve applics f o r  posit ion) .  For this graph, a 

free flight was assumsd, The influence of the venting of 

the SIV-B on position and velocity is given in reference 14 

and is not included i n  F i g .  7,  



Traclcing a t In$aef;ion, Pas  t Tn j oc  f ;  ion tinct f,lannr 'l'rnr~s re r 

No &nt l o r  wl~orca 2x1 j o c  * 2 on occtirs, .t;ha April l n mtrs l: bc 

covered since l ' l i e  is a n3 ssion zsquil-enlent. T h i s  is possible 

only when the a.irc2aft; can f l y  f zs  t ena11f:il 4:s covet. tho 

injection f r o m  e t a  three ea~%lx pax-ki~.g oi-bi ks, wlsich depends 

on the declimra%icn of the s;loen a2 a I .  ?'I;* requf red 

.*. . 
COVerag62 f ncrudes those roys tarns 2 *..-tc f;io;.*:; 3. i.s : orj at t f ~ e  end 

of Table 11, An example f r 3 , r  a vary ux=iltzv0rs+S1 Q cavC?rbago 

sf tuatlon is shown (hatcl~ae ?or 2 i o . i ~  ) i A ? .  i 18ni.r 

. i&f tion of the SIV-B Ln t l ac  eertl~ par.?ci::e orbit  .?il?-izig the 

bum and three minu%es z~*-kaz- engine cutoff  in tkc Lus l~r  

transfer tragectory, Tizfs covers approsii:~aie.ly 5500 h : t  

(3000 nautical miles) zlonz tlte perking orbii.~ ciiose:: for 

transfer. Please noee that this is an examplz s n S y .  Titr? 

tra jeetory chosen (reference 6 )  is that of Scptenibnr 17. 1769 

. and is used in this paper, For  thak particular case,  tllo 

injection burn starts over tf:e eastern Pacific and ends over 

the western pare of the Vnited S t a t e s ,  Therefore, as sl~trun 

in Fig. 4, the injection coverage f o r  a11 three parking ocSbits 

is simpler, since the orbits L,-e close-r taget;hcr than 

for injection near the equatcri~l radian as sho;%-n an the 

previous example, Ye&, coverage mrxst  bo providc; rind encrugtt 

aircraft must bo en hand t o  cover the m o s t  unfavorable 



'Ttto socootct parking orb i t. is ctrasen for  iti,joct;ion Y t itc:e 

t-lie pralrnbf.li t:y for daina so i s  70%. T?IP ~ > r . c l I ~ t t l i  l t l y faa t .  

injoctintr during the first orbit is I($ and zluring.tllct t ldrd  

orbit it is 30$, The season for t i l t i s  is that; i ; i m e  is nr?c*tlcd 

to mnkr a complete systems check in earth orbit before startirig 

t-l~o transf or maneuver. 

It is further required t h a t ,  seven mfnui;es aftcf .  ct~{;ine 

cutoff in the lunar transfer orbit , tracking and c o m n t t r ~ ~  i c a t  i o n s  

can be accornpt ished f ndcpenclently from *.he part:icular irl,iec tion 

point along the three earth parking orbits, Ff g, 8 sllor\ls the 

outlines of a l l  possible inJection points for orb i t s  t tlirough 

3 having a launch azimuth between 72* and 1080 coverirtg e 

range of  lunar declinations from +28*0 t o  -28-go. The coverage 

circles (approximate circles only neaz equaf;oria;tl r ~ ~ i o t l s )  

are those w i t h  a height h elIOOkrn and a minimum -I -racki i~(~  

,. * R C .  
q x l c + ~ a C  $:>:I <t:is:1e ~f r' = 2- (x-riGius 0:- t Z l f ~  C ~ I - C ~ C  is A T .  00 

the earth surface). This requiremant is almost f u l f i l l e d  

with the network and the Indian and Pacific Ocean Ships as 

shown an F i g .  4 ,  Communicationis via VIIF and IIF can be 

obtained f o r  r = oOor even negative. In this case, tlke i otn3 

injection area in Fig, 8 is covered by the network. 

The first portion of tila lunar transfer (from second 

parking orbit )  is shown in Fig. 9, together w i t h  2:-c.e and h e i g h t  

points along the trajectory. Using these points: a,+ic! the vis ibi l ir~ccmm~rs 

in Fig. 10, one cs2 d ~ d u c e  when and where the l ~*i;.r: dish 

facilities located aC Goldstone, Madrid and Canberra can "see" 



tho spacecraft above an elcvrstfan a?~t:lo of 50. T t  r~ 

asaumed hero that "radio" vislbi.1 i ty i s  i ticxl t;;i cul  ~ 5 t h  

nopticaln visibility. T h i s  of cot:rsc i s  not: always t 1 . 1 1 ~ .  

t For certain ripacecraft post t ions \a r e  itudos), the on 1 , 0 , 7 ; - 1 1  

antenna pattern precludes nracif oft vf s f b i l i t y  (holo;-i, siclo 

' lobes).  This is partfculariy truz C a r i n s  tho  ear?::^ pn.i-kin{: 

be abl o to contact the spacocraf i: i3i,?s t ~t - ~5 5t: ir l  ::: 

. e height of - 3700 km. The ear-kh c s o r d f ; l z t ~ s  02 t.:,:: -1; :11i:l 

.(3715 1 ~ )  point of t2e lunar ti.ansl'c;r t r ~ j o e t o r g  si:o;.:tt i 
. .  

--. -. 
* ,O If. ,.;-~n .-\+,12 ' . Fig. 9 are approximately 20° X, a::d 1:" -+a - c  nsy !r de~eunlnzd 

. . 0 
..'. Hadrid and therefore is 1:- thz t  s ~ ~ i ; i o f i s  c;' -..: -xt-.? and 

?#ill stay there fop a r e v  ihours, 2;s can 3~ sz.3- % ,.- i--.- U , C  --.- " ,*I!;. ' 19, 

the three Xarge dishes cove; a l m o s z  the -LC.:;&: i;. . : r .  .:::.- .: 

. . 8: declinations of - + 285°. The notc'nes w h i c h  occi;. , : : i  :;o!ij: 

sLdes of the v i s ib i l i ty  contours are due t;o t i x  ::.:. :,::::!..* 

keyhole, a mechanical obstruction of the X-Y ZiG.::. :- r:ct ;:I: f .  t : r r ~ : ~ s .  

Fig. 11 shows the errors in total spacscrz.': .-.-: cc4. ty 

f o r  the referenced transfer trajectory using DC;;..:.;~:: : 

Ascension and Madrid tracking data (see refere;:ces L S .  1.6 
- . * - . - . .  - - - . - .  . - - -  - - - .  - 

a d  17). Again, in order t o  be "realistic" and sure Zuri:., tIlis 

analysis phase before installation a d  testing of hal-Lx*~r.~ - .. :zly 
! 

i 1 

I 



large noise and bias errors, particularly i n  range rate, have been 

assumed for a sampling rate of six raeasttrenrents per minute, It 
. . - .. . . - - -. . -- . - - * - . - -- . . . - --- . --. -..-- 

is interesting to note that d o s p i t e  pessimistic asbumptions 

aboutthe tracking systems, random and bias errors, the space- 

craft position and velocity can be detarnined fa ir ly  accurately 

during the first 30 rninutos of tho transfer flight;. Theso 

figures improve during the flight toward the moon as far as 

velocity is concerned, Position errors go through a minimum 

and increase slightly wf t l r  t i m e  to a few bt. on arrival 

- at the moon, . . 

-Lunar Orbits,' Landing and Takeoff . 

During the flight towards the moon, three midcourse 

maneuvers are planned to correct the spacecraft trajectory t o  
\ 

bring i t  within the specified lunar orbit of 150 2 8 km height 

(reference 4 ). Tfie i n i t i a l  3.-unar orbital phase starts  w i t h  the 

shut down of the service module engine at 150 km circular 

. lunar orbit. The geometry of the lunar tracking phases i s  

shown in Fig, 12. During the lunar stay time, the CPI w i l l  

make one or two orbits before the LEM descent begins. During 

that time, the ground network w i l l  again be called upon to  

help in the checkout and lunar orbit determination phase. 

Fig. 13 gives an exampre of how accuretelythe spacecraft 

velocity carr be determined usirig the scheme sixown in  Fig, 12 



.- . 
.i. =- =-  .-z-.+g;; . -.- 
-5. -+;::-- 

- .5::;i.Igsee ;-i=-' ,? also reier\enae 16). One prirne s f a t  ion oncl two (or twre) 
. =:..;- ;>sz: 

ve 'cltntiena wit1 be ttetrd for t.trs c?ot;arm.inntion of the 

. TIxe grime iltation employbg a large dtsh will send st CW signal -.  - .  . 

the epacearaf t transponder. The signal. (actual frequency translated) : --. 

r returned and dxed wf th  Che rsM1e;rlp translaeed vetsion of the 

etghcil te extract the WppZer sh i f t ,  which is, t o  the 

proportional t o  the range rate. The tranaxttted signal 

wtL1 also be uleetved by each of the two (izr wore) 
. .. . 

be mixiitd iJith its local. rubidium oscfliatGpB 
--*. -. 

-:;%.:. xu .:$.jlbff ..:..Lg - - by ray 4 x %0 ) to extract a kind of pseudo Doppler 
~ -32.:: - .-. . - 
, >-:-e<-*=.y 
-. -- 
i~g&~er6spondieg < .  A..:~-%. t o  & poeudo, but caloulable,iange rate. A l l  

.< - ::..*.--: 
- :._. . :=- --. .<..?, . . , --. -- 

*7-z?gmee . -, . .. of %&tee valuae are tfioa used for the trajectory 
. 2. :..:.s 

~ ~ 

7 .  ... -. . . - .  
. . ; ; ~ ~ ~ ~ t e d n a k f o n .  - .  From Fig, 13 f % is evident that the spscctcraPf 

. ~- . . 
, *. .. :.. 
:- . > .- .,. . 

-i-j;YeLoefty can be determdned t o  within 5 cm/s to 50 c m / s ,  
. . :. . ,. - . <- ,  .: ':.:::me . .. ~ y 6 % & e  b6kavior of these exirors is expected since they .: .. . 

. < _  -.. . - -. . 

-?>!,,&~LVO . . . . .. t o  &ficrsaee near the center of the moon, where the ritnge 
-..... . .=-' . .. 

7 - - -  
' .?-.::- . 

-,?4?@te i8 % very emPi11 c~rnponent of the velocity; whereas - . -. . ..-& .- - -. - .  . -. .. . ': $$ear tho lunar periphery the range rate increases and is- . . 
r _ .  , . _... ..- 

.< ..: - .- . -.:- -- 
- *  .. :.2iS&ioef - ..,--. . epll(Lt t o  *he spaoecraft velocity. Since range rare 

, . 

. . ..- - -:::.&&I . .. -. - .  be tneasured very accurately, the errors in spacecraft: 
. =. .. --  ,! 

* .  - ., . . .  . . . *. > . . 

.--*jlooAty s h ~ u l d  be small. Throughout the lunar operatioris, 
: .  .- - .> . ~ - .- 
:'@#coultetf . :.. . .- ofis exoluded of course) both the C1,: and the LlC.ll will 
- -:> - .  . --. . -\-.$.$T& 

- -  wf thih the beamwidth or cjae of €he large an Zennas, making 
, -. .- . - - .-* -.. . .. .. - - .-'~ 5 :: . 

<. - - . ', ='- 
.:-:ie$irn;tlf aneoua cfmiutm&oatf ons fr0m both sgacecraf t posaibl e. . _I.._.-- - -..- .. =*.- . _ _  .: -l- 



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 I S f  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 

@dance system. 

Please note the difference in the assumed errors of 

3 cm/s and 6 cm/s of the master and slave stationspespectively. 

. Rubidium clocks are .planned for all of our stations, 

with a short time stability of 4 x 10 -lo (over 1 to 2 

seconds). Again,this figure is larger than that given in 

the specifications of the manufacturer for safety reasons as 

mentioned previously. Assuming a frequency of 2 ~c/s,a shift 

of 4 x 3.0'1' corresponds to 0.8 cps or 6 cm/s for a two way 

Doppler mode. This means that even if the slave station is off 

frequency as much as 4 x 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. Qlse position and velocity errors in tliis 

case are to be increased by a factor of ten when coot?are6 to the three 

station soluticzc men~ioned. 



. .- :. ,: .. - - 

:$j?-gBarth Roturrr Flight; 

pllase as far as the grouncl network functions i l r  

neraf aFe eonoerned; Again, throe midco~trse maneuvers are 

&lie groturd detwgrk b e i n g 4.tio primary s y s  t c m  for 
. .--: - -a:- ::? 
$.$"L, :$, . I.-&& _ - **., -. 

~-z:~~rtvigatf . ... .. - .- on brifofle and after tlros e maneuvers a Fi gu t-e L 5 a fiows 
. ..3L 2. - 
: :--<. +. 

:+<A, 2; . --... 
--s:$ih poaf tSon and ve la~i t ;y  errors, as a functj on of trackinr~: _ .,/ 
,>2,:- e: 
:&I:?. . 1 _ > T _ .  :.:.: >: .: < . ... 

S:-yzF,, . .:-a$&&%, fax tlto first portion of the l u n a r  retux-I: t:ra jcctory .  . , - .<&$--,.: :<z:-::c . - .:-kY. . --< 

-)?$he . +-F9. .: starting ceoar'ianaa matrix is that of tho blown up 
.'..:;.c -. 

- .:..:.,>: 
i-.\-s. 

 UP^ . w out  ~ondftion. The reason for this procedure is to . - +*- , :-:,: .:* 
' . - -+, :< . - . - 

. - . r:::r#msttre .. the* the values s5ov.m have not been influexiced undt-ly ,:;.- 
, < ,!;:- <-- 

i - 2 ' ~  -. , . the. s tartsng oondi t ion thus making them optimistic. 
- --.-. . , -. -. -. 

. . 
TO makit cot ldSt io~ i~  extremely bad for the ground s j - s  t d t r n ,  

-. - .  . . -  
.;Usume .. . for exeung3e that contact was l o s t  with the spacecr;~ft; 

- -  . 

When if left the moon. Onry 8 hours before entry into the earth 
_-.- 
- .  . . .. . 

. - .'labmephere, contact Wd thus trackfng was restored. Assurn ing 
- .  . . . : .  . -2 

. . - .  , .."i;.O'ftat . . ,. . .. aae ground seation and cine ship can track the spacect-aft 
< - -., , . . s ;I-- . . 
- . * >  .-: - 

. :..&% Onle ~ ~ ~ l l p f 8  per m&nute, the entry velocity error is . . . . . , 

. .  - 

. . , ;' . ;; - -t,*pproxima0e2y .. 1 t6 f .5 m/s and the position error is 
:<. - - - .. . . . -, 

<.:- : . 
-. -: 

- .  
* .  

;)&pproximatoly'l fo  2 km. These figures include range roto 
. -  . " .  -: .>. . . , . . - .  

, , 
, - - .-.@a anguaar measurements f ::<en cxce every 60 soco~ lds  w i n g  

. b - - 

4 random and bias errors : (or = 3 c m / s ,  go P o = s + 10- rmi .  , 
t' . . 

~ f .  . . = P cm/s, dhr I AE a 26.10~'  tad., 'see also reference 4 )  
, . . :  . 

%&f%oz#ii~ Oaabrrra, Carnarvon and Guero onn track this particular 
2;. .&= 

>- .-. . 
: .._ .a_. . 

. . . <.*: -. 

: . . . . . 
>&&@t?r*.<:m&& $@'by. gbod enough for o proper atmoepharic -. -- :<?*%..: a ,; . - . \.?'. -+- .%. :.: - -- : ? . -. =.---. -<**:$.F:;% &, . . . < - .  - . -  - -. .. . . .  , . . . - -  - .  - .-- I 

&-&& .- .,& z .,=. sx -=~.wa nh -'&.:-; B --.:a.z7Z . :=.&: j~?~&~r~jz:<.-:<:xp;;-~i~~~::: . 1 : r- . - -.*.- ,-- 'A- 
. - i:-:' -- a,., :& : d; :: * 2 Lz ,..--. -.2 . :. ,:., -..-- 9. :-=: 3% -: . . , 



onkry, i!!vort if " I n s  t " n ~ l t ~ t ; t  c? rnictcot~rs e maneuvers i i rsc mat lo 

\ 
18, Fl g, 1 1 4 ,  17 anti 18 rouptsc t..ivt..ly j . I'lcase noi r! t.lrat. f.he 

use af a re-ontry intorferon~oter RY indicated in t l i i s  

rcforencc is no longer planned al; this t i m e .  a.u was O ~ J  t,l. i ncd 

in rcfersrrce 18. Radar type acquisif; ion mc tf~o<ts 2re riow being 

studied in some dotail, In referonce 19 i:'ila dcf:clcl.i r)rl 

probabi l i t l c s ,  best  radrr scan and optimum ship lacations 

are investigated and outlinod for numerous ApoLlo entry 

trajectories ,* 

Atmospheric Entry 

For this referersced ui s s i o n  (reference 4 ) , all fIawai iart 

entry was planned. Tne spacccraf t , ~ e a r i n g  the c7.r k ! l ,  f l i e s  

over tho Pac i f i c  Ocean, tEre sou5hern part; of-' Ncw (I~iirlca, 

tho sout'lrern part of Java, east  of Ceylon, crosses over 

' Burma, C f ~ i n c l ,  and s~uthern part ilf Japan and enters the 

earth atmosphere neer Midway Island and f i n a l l y  

lands in the area of H a w a i i .  Tkd end poyt ion of tlie 

atmospheric entry is shown in Fig, 16 ( re fe rence  18, Fig, I, 

2 and 3 ) .  Also, dirring the last  phase, t i i ~  gsou~:a network 

w i l l  play a i;:;-.ze x-ale ,  Ships a;ld aircraft -.;.L: l 'uo clei3loyed 

t o  track artd cosmtln5csle with tho spacecraft dut=i:.:g those 

portions where no radio blackout ex is ts  ( s e e  rsi*ei-enco 1 8, 

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



- .  . . 
i .  

- - .  -. 
Using a tracking time of 90 soc ~ i f ; h  the C I I ~ F J ~  si1i i f . i  

- .  . - ,. 

. .--.. ins tmmontntfon yields a spncecraf t position error o l l h f f O  
. .' . .. . . . -  

.,,. -: .: - metere (at point C )  . Prr ,..: king i . 1 3 3 ~  e;lror (ovnr a l ~ n l  l i a t i c  
. . . .. . - 
: -  path point  #2 t o  #3 in Fig. 16) Lo tihe second cntry p a i n t  

- :. #3 yielda an error of 10,000 meters. This i n c l u t l r ? ~  a 

- ' , .  shfpb p o s i t i o n  error of 1 km in latitude and langit!:..t::. 

:_-' Under the asswned conditf ons , the crew can t1icrcfo.r-c. cnmltaro . . . . 
. ' . .+- . .= . . . 

-~: - .and check the on board ec~lipnont and make c o r r e c t  i r;i:.l;, i f . . . . 

-; ':necessary, during this last  critical p h a ~ e  d f  the f.!. iglit.. 
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TABLE I 

APOLLO - SATURN V 

TR.4CKLiG AXD TELEhSETRY SI'STESSS 
- -- 

STAGE SYSTEMS FUSCTION AND CIURACTERISTIC 

ODOP Tracking Transponder - Range Rate only Frcqucncics = 830 hlc 
(receiver). 960 .Me (Trt nsmitter) 

S I C  UHF Command (Abort Command Transmit, Rangr Safety) Frequency = 
450 hlc (receiver) Sensitivity = -90 dbm (mfi .) 

VHF Tclcmetry. Frequency 6 225-260 Mc. Modulatfon: PAIM/FX/FX, 
SS/FM. PCM/FM 

- -- 

MXSTRAM Tracking 
or 

AZUSA 

MISTRAM Trnsponder. Frequency = 8.148 Gc/s (receiver), 8916  Gc/s ' 

(transmitter) i'owcr = 0.2 to 0.5 W per  channel 
s-n 

AZUSA Transponder Frequency = 5,060 Mc (receiver). 5.000 hSc 
(transmitter). Power = 2.5 W 

Command See SIC 

VHF Telemetry, See S-IC 
- - - -  

Command See sic 
S-NB 

VHF Telemetry. See S-IC 
* - 

- MISTRAM Tr8ck.ing transponder, See S-Dt 
o r  

AZUSA 

.---* C-band Frequency = 5.690 Gc/s (receiver). 5.765 Gc/s ( t rmsni t ter )  
Radar Power = 500 V (mtn. Peak). Sing!e pulae. Bdw = 10 Xc/s Pulse 
Trans- Width = 1/4 or 3/4 sec. 

IU ponder 

ODOP Tracking transponder, Sce S-IC, 

.- - - *'yS Trackin:: (range and r.mfic rate), Frequency = 2.1Otb Gc/s 
--.* . (rcxxivcr). 2.2826 <k/s (transmitter) ( i  15 hlc) 

VHF Tclamctry, &r. S-IC 

tfsBS Trackiw \"angt., r.mgc* rate) Voice. voicc-Mon~crficd T~*lctnct.-y. 
U-cfala, *I ,-levision. 1=rcupic.stc-y 2.19C-1 < k / s  (1-c-ccRtr). 2.2725 
<&/s (tmnsmitt<.r). Nortnal n~cxic: 51;200 i)its/scw. Uinin:u:n 
m ~ l c :  l,c;00 t,its/sc.c. (It1 will In. st-parattd ~1v11r.n LEBI i s  trans- 

LEA5 fcrrcxt). kSrtra vel~iclr1:tr t<.ic.n~c.tty. (.ink for trammission of suit 
tcftmelry nmf voicc- frartn f8ac.c.k-,-ark of arrtlwraul during lunar 
nuri3c.c otw:raiion. 1=rtqtrncy ?!)(;.S Sic. l'owver 0.1 W, Link 
f n m  I,XM to CSM; i h tn  l r t c  i .GOO i>i:s/scv. 

USBS SCW 1,XM 

VHF Tclcmclry. Vofcc. Frc.cpc.ncy: 225 to P(;V %Sc/is 
CSM 

IfF Voicc cfu ria& carth orbital missions. Itccovery o~wmtion. 
Frccpcncy: 10 hXc/s, laowc.r 5 W (AM1 and 20 W (SSB) 



MANNED SPACE FUGlff NGTWOIlK FOR Tk:E APOLU) LUNAR LANDING h S I O N S  
n 1 I 1 

I 

o p r a t i o t u l  
~ r a ! i o n a l  
operational 
Operatlonal 
Planned 

U I ~  F - u p d a t a  ~ p c r a t ~ o n a ~ '  
VUF - Voice. TM Operational 
HF - voiccl  oycrat10tul 
DtgItal C o m m u d  Operational 
PCM - data atparatlon 

Mar. 87 
NOW 
Now Indlan Ocean 
Now lSD' 1 

I 
I 

O p r a t i a u l  Sw 
USB Planned Dee. 66 
UHF - up-data o p r l l 1 ~ 4 4  sw 
VIIF - Vctce, TM Opra t lona l  Sols 
HF - Voice Opxational Now 

' ~ i m t a l  Command Operational sw 
PCM - data aepuat ion 0 , r r a t lon r i  Sow 

I 
I USB P l a n r A  Jan. 67 
VHF - Voice. TM Planned I Aug. 66 
H F  - Voice Planned hug. €6 
Dimtal Command P l u d e d  Au&E6 1 
PCM - data separation Planned hug. 66 

PPS- :6 : WJ:o;ur Island 

: C..~rry Point -%! 1 
USBS ibd SO* 

Opcratiorut 

Under con- 
stderation 

UrrF - Up-Ma 

ilF - Voice Opcratlcrvi 

i 
I 

G r a d  Turk 

PCM - data sepMUa 

F P Q  18 
G ~ R A C I E J  

usrF - up-- 
VHF - Vol~e.  TU 
HF - voice2 

F?S- 16 
FPQ-6 
C ~ R A C I C ~  
VSiSDS 30. USE 

b?iC - Up-&ta 

Same a6 M ~ i c  Ship 
Operational Now 
O p e r a t i d  Now USES durl85' USB 
operation;ll4 NOW DSlFdiulaY US8 
Operational Canbeme 
Operattonrl Now Dtflal C o m m v d  

PCM - data separatian 

~ b u ) S O '  US8 
UHF - Up-data 
VUF - Voice. T M  
 if^ - voice2 
Dlfital Command 
PCM - data  sepantffm 

USES -85' b5B 
DSIF&al8S' Us3 

0perattona14 Now Digital Command 

Planned 
Planned Auc. 66 ' USBS 30' 
Plannnf Auc. 66 " VHF - Voice. T M  
Planned AUC. tjt; :: &ymrs* ~ i g i t a l  ~ o s x n a n d  
Planned PC.W - data separation 
P l ~ . n e d  -- 
Extsttng WUteSanda ! FP.5-16 
Plan& 

I 

0 p c r a t i d 4  SOW USBS Qul SO' IiSB 
O p r r f o n a l  Rw 

sCorpls 
LXF - Up- 

9;)..ra!ld Chrlsll* I VHF - Voice. T X  
0;wrsiont l  HF - voice2 
O p e r a t i d  Now I PCM - data sewntiac 

/plann& I Jan. 67 1 
Jul. 67 
Jul. 67 

Stlr.&y 
Planned Jul. 6% 

I P:anned Jul. 67 

h'w 
Feb. 67 

SCW 
h'w 
S w  
Sw 
h'w 

May 67 

1;SS SO' IfiiB 
W i F  - up-data 
VHF - Voice, TM 
HF - Voice 
PCM - data 6epu?tia 

May 67 
h h y  67 

sow 
Sow 
s w  

Operat1orul 
0;xratiorul 
O p r a t l d  

Planned 
0perattwa14 
Operatianal 
*rat i d  

FW-6 
W B  dud SO* LSD 

L31F - Up-&ta 
VliF - Voicc T M 
Hf - Voice 7' 
D ~ ~ t r l  Command 
PCM - data S ~ t o l  

L?iF - Up-data 
\7iF - Voice, T M  
iIF - Voice 
Dtn t r l  Command 
PCM - data  separ8lia 

I 

I 
I i FPS- 16 

i TDQ- 18 
ISL1S dual 30' 

\?IF - Voice TU 
:IF - voice 2 operaticmal 

D~at ta l  Command 

PC# - data s e -mt t im  

FPS-16 

EntrJmp. fRB a* llSB 
VHF - VdCt. T M  
HF - voice2 
PCM data  s e w a t t o a  

41 Feb. 67 
I 2  Apt. 67 

A?:. 67 
Apr. 61 
Apr. 67 
Apr. 67 

slit. €5 
kl. 65 i JLZ 6a 

J a 6 8  1 
! 

! j VSiS dual 85' 
I : DSIF &ad88  

l ~ f ; P  - Voice. T M  1 XF - Voice 
- - 

US8 - Voice. T M  
MIF - Voice, TX 
HP - Voice 
PIaybact a VHF 1iF - Voice 
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HORIZON 

SAMPLING RATE 

TRACKER 

TRACKER UNCERTAiNTlES 
6r  = 2 10 meters 
6a = SE = +- 2 x raoians 
A; = + 20 meters 
A= =. AG = + 4 x radians 

TRACKER LOCATION ERRORS 
8s = = * 354 meters 

co Injection errors 

Acquisition occurs 30 sec. 

A - Measurement noise only 
B - Measurement noise and bias 
C - Measurement noise and bias 

and station location error 

Tracking Time (minutes) 

GODDARD SPACE FLIGHT CENTER 
SYSTEMS ANALYSIS OFFICE 

June 1965 

VELOCITY ERRORS AT JNSERTION USING THE ATLANTIC SnlP 



6r  =, * I0 meters 
8a = 8e = 5 2 x 1 0 ' ~  radians 
A t  = 2 20 meters 
Aa= A€= + 4 x  1 0 ' ~  radians .. , - TRACKER LOCATION ERRORS - 

= = 
85,  = 8S2 = f 354 meters - . 8S3 =0 meters - . .  

injection errors I 
$ Acquisition occurs 30 sec. 

* nft@r spacecraft reaches 
0 
';* ele~cttioti of 5" 

-.. -\ A - Measurement noise only 
b. :-=J 

'%+** 
8 - Measurement noise and bias 

7 

T 
t* 

c - Measurement noise and bias 
*. and station location e m r  

*\* 
, **., . 2 

*. *.*.** ... 
A 

Tracking Time (minutes) 

GODDARD SPACE F LiGH7 CENTER 
SYSTEMS ANALYSiS OFf ICE 

Juno 1965 

PERIGEk Ei?RORS AT iNSERTION USING THE ATfANTlC SHIP 
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MAY.I!:i, . :G:, ; ---- - 
LUNAR ::;ul!;;;*ilON 

waax :w, 



0 2 6  lTA L PARA,V,z-i 22s 

T=Sept. 17. 1969 5 jm 12452 
-0 4 / X, = -36$j0?69Cj0 !a % = -8.513;-54 KS//S~C 

X2 = 431 1 *733934 lm k2 = 4.566810W km/sec 

X3 = 3563 .3906@ km k3 = 1.4985C836 km/sec 

HORIZON 

€ 2 9 '  

SAMPLING U T E  
6 meas/a inute 

TRACK'% UNCE%TA!NT:ES 
= ,+ 20 mefzrs 

s; = 2 0.1 m/s 
aa= sE = 1 ax 1c4 raciians 
b r  = + 40 meters 

= * 0.07 m/s 
?.,-3-_,.: &a=A& 2 l . j ~  .l, ,,c.C,?s 

. C . . . - .- . ----- -___. . ----- ----- 

*-'---4dd ---UL-.-r---4-* - 
*- - - - - _ I d  

T;~Ac:<~:\; S T . & T : ~ S $  
1 B 

. . . - 
~c::;b:2 a:.; .. ..--LC 

-.PC3 ,"1 , /"A -- ' 
krsudo j'." f" h G- : :~>GG 

f,y 

. - ,., 
~~~~~~i~~ 7?9723 '7.4di7 '*'I ' 
Madrid he4167 N 3?6667 

S T A ~ ~ O N  LDCAT~GN E3ORz fmafers) 
' 

&St as2 8% ! 
wrmuda 39 $1 39 r. 

Ascension 43 1Q3 105 
Madrid 39 31 37 

A - Me&urement noise only 
B - Measurement noise ~ n d  bits 
C - Measurement noise and bias 

and station location error 

I ! 
2.0 2.5 3.0 

GODDASD SPACE F LlGHi CENTEa 
SYSTEMS ANALYS iS Of FtCE 

June 1965 

VLLOClM ERRORS FOR APOLLO LUNAR TRANSFER TRMECIORY 





?"el ' 1 ORalTAL PAMMETERS 
(m/rec) Eq ,ator of date cooidincater - M w n  centered 

T = Sept . 20, 1969 sh 1P 125.176 
XI = 306.76408 km A = - 1 5875 100 km/sec 
X2 = -1702.6861 km $2 = -0.24903475 km/sec 
X3 = - 770.17548km X3= -0.081752615 km/sec 

SAMPLING RATE 

INJECTiON ERRORS 

' ?ps  = 2 173.2 kin, *5.2 krii 
= 21732.1 m/s, 210.4 m/szc 

t . TRACKER LOCATION USC:RTA!N:ZS TWC::ER~UNCERTA~NT~ES 

!--- Name Lot. Long . t-l t (.-a) - 6 :  Ga= SE 
Canberra 1.9" -. 7 2" 66.0 t3ciri/sec +O.&mrad 

i- Carnowon 1.9" 2.2" 66.0 .t6cm/sec *0.8mrad 
Guam 6.4" 6.6" 32.0 26 cm/sec +-0.8mrad - Hawaii 1 1.6" 43.0 f6 cm/sec '0.8m rad 

i Trackitrg Occu I ted Tracking Occulted LEM ~escent  

Time from Lunar Orbit insertion (hours) 

GODDARD SFACE FLIGHT CENTER 
SYSTEM5 ANA,:'SIS OFFICE 

J,.ic 1Sb5 

VELOCITY ERRORS t.? THE CSM DURING LUNAR OR31TS 



O2B:TAL PARAMETERS 

T = S e p t .  21, 1969 21h 1 3 ~  24: 96 
Moon centered equinox of date 

X = -383.58404 krn 2: = 1.65525258 km/sec 

X2 = 1560.4722 krn R2 = 0.36973 1788 km/sec 
X3 = 705.9882 km A3 = 0.14009 1 1 18 km/ses 

TRACKERS 
Latitude Longitude Ht(m) 

Madrid 40% 16667 N 3?666667 W 50 
Canary 22735522 N 15?600006 W 29 
Ascension 2972994 S 14f401694 W 143 

TUCKER LOCATION ERRORS 
iat:tude bngitvde H t  (rn) 

Madrid 2 '1 .Om 5 1.2" 243 
Canary +- 4.6'' 25.1" * 32 
Ascension + 3.4" +- 3 .5" * 32 

TRACKER UNCERTA!NT1ES 

SAMPLING RATE 

24 27 

Tr~cking Time (minutes) 
. GODDARD SPACE FLIGHT CENTER 

SYSTEMS ANALYSIS OFFICE 
June 1965 

ERRO2S iN POSITION AND VELOCITY OF LEM DURING 
LUNAR ASCENT USING EARTH TRACKING DATA 



Moon ccn i z re~  dqtiinox of date 
I 

T = Sept  . 22, 1969 1" 5Yc" 12:25 
XI = 1764.4805ikn R1 =-0.&308342Okm/sc.c 
X 2  = - 616.71037 km $2 = -2.0655393 km/sec 
Xg = - 303.23 143 kn Xg = - 1.0042 193 km/sec 

TWCKEi'l LOCAT !ONS - ... 
tracker Name Lctitude Lon~.itude H t ( m )  
Miadrid 4994i5667 N 3f666667 W SO 
Caribsrra 35231 1523 S 145?135533 E 50 
Go lclstane 39339639 N 1 16y8.0578 W 1031 

TRACKS LC>CAT!ON EXgORS 

Canberro 1.9" 2.2" 66 

TRACKEp. UNCE8TAiNT!ES 

SAMPL!NG iWT? 

Time from Trans-earth Injecrion (hours) 

GODOARD SPACE FL!GHT CENTER 
SYSTEMS ANALYSIS GFFlCE 

June 1965 

POSITION AND VELOCtTY ERRORS l i ) R  THE APOLLO RETU.?h T,WECTOii'! 
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