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APPEIii)iX A
STS REIIDEZVOUS/PROX OPS EXPIRIEI{CE

over ihe course of seve.al yeats a Hide vatjetv of R 0Z and PRoX oPS
exoer ience v l  been iccL Lrated,  cere.a l  ndter 'd l  l ' cs  d  _ead '  b"en inco '
po idred i_ !o  t ' re  bod,  o '  t r 's  l 'dndboot ,  buL a n iss ior 'specrr ic  enu e 'a t io .
of 'lessons learned" is presanted in this appendlx.

RIOZ/PROX OPS nissjons to date are sumarized jn table A-1. These i.clude
oJssions ror which plannilg cds done, bot rhich Here cancelled.

The malerial in this seciion has been extracted from flight dew rePorts' '

rron technical reports, iron FoF Re.de2vous and Prot ops hooks, aid fron

TAELE A-1.- Sis RINoEZVoUS/PR0X oPS MI5S10N5

5T5-7

sls-t0

sIs 4l-B

sTs 41-C

sTs 41-F

sTs 5l,A

5T5 5l-D

5r5 5l-DR

s'is 5t-G

sTs 51-F

srs 51-t

srs 61-8

s1s 5t-L

sfs 61-J

spar tan Hal le t  (chal lenger  acc ident  )

)

1983 June 18

1983 [ov.

1984 Feb. 03

1984 Apr. 06

1984 Aug.

1984 ov.08

1985 Apr.

1985 Apr. 12

1985 June U

1985 JUU 29

1985 Aug. 27

1985 [ov.  ? /

1986 Jan. 28

5PAS.01 PRoX 0P5

IRT - hissian cancelled

LDEF deploJ; S 4 R 0Z (ttice)

Spartan - nissioi cancelled

Palapd/llestar RI{DZ /recoverv

LoEt ret.ieve - cancelled

Syncor contingency R 0Z

Spartan-1 deploy/retrieve

POP PROX OPs

HsT rendezvous: cnncelled

LDEF re t r ieve :  cance l led. ; . ; ;  '
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A.  STS-7  (STS 31-C)  "as  
ldu t fed  JLre  18 .  l98 l / l l l 3  Gt rT '  '  th  d  r rev  o l . .'  

i ; i ' ; l ' i i0p;,  i . ; ; ;  (Fir) ,  'abian (hs1),  R'de (hsz) '  and tqard ivsl)
+\: t ;" ; ; ;#" t ,o sd'st i rs or Pcoi oPs { i th t ie s 'Jr!  e Pd|Pt
i i i . i r l i - :  i ipr i l ' i " ; : ; ; " . : ,  ' . "s". . ,  ' r ient proceoLre..  at  orLne
inpingenent effects.

The "lessons learned" sumarv lron 0Ag relates thdt

. Radar perfornance vas good (ansle .ate data ioisv)'

. RliS operations Horked eell, varlable MS tiP-off rates al release-

. verified propellant costs for v 8AR and lnertial flvaround'

. Pllne susQeptibililv ootside qliet zone js drdFatjc (not L0{ Z)-

The S lS.7  exDer i " ' ce  \d  su ia ' i zed  b ,  Cr ipDqn dnd H" rc r  '  t l ' e i r

::l:irx.;ii;l jll'*', !9:;';:"i;:":'"i:.';:iill!ln':,::fi ii"'"n
concern procedure!:

?il !t"ili}.T;,!"t,!'lil"|T,i:l';:l',::!li"ll'H.'!i":*ll:.'1T1 :"
i::'i";iliir u r;: ::;;:iii'ir,f,i ll"ili "iilliil'.1":lirlill!l!::
;;;';i;ii;.'.i; i;'eii*. one oi-*" trs s "e'_11"i;3 lii',:iiril""""
::":I1il,:"i:'?: :::,;:1":':'T":ile"Tl::'l"li-*,*'- ; -*'"g
i ; : ;a;q;r ; i j ; : . )  ;u; ;o*s-  !  second r ls  q"s sealed rn r f "  comdnder 's

il:liI.i:r';,*r;::tiit;."tr,':1";i:'{r':i:.!":}'l':":.::Tllrl''". .
i i i : l " is- ir". i . i - i" ; . ; ; ; :"  ,n,n. - iaat" o'  t te oi\e- roLr'  Ldkrns bot\
mot ion  dnd s t i l l  p ic lu res  o l  the  opera t ron .

as  ' . .ny  rvpe o f  i l i 91L  oDe-a t 'on .  tue l  conrervd ! ion  is  ' - i t i cd l  '1

iir:;:; i:""i:l':::':i"i:::;t':'?.:';,;:tl":::'.:{'1'1.:"ti:'i:il ".
i:ii,;rri'ri.;:i:*:;.xlr:""!;:x':,H';':.'l:;;::;,::'1.:;'h:""
o:i i , i i  i . ' i "s '". i .o' iv t"a m oe' io.pe.saLea.tor 

' ' ter '  arter t fe

i:;r;:*ttihii;rui:,i::'it;iJl"il:"'l':li*.::.i'::;i i" e"l::!;
i:$:Tl"iT,fi :"i:':1fi -?l:i:il}::::Fii:ti::iit;:ir};:irifi tffi t..
illi.l'?;"'li,i"li:li,:!,:,:':::H:.:I't: lli":'" d,!erbJ*- i,
: ; i : i ; - ; - ih. i ; i " r i r  ;1.  oo 'ot  use ' ' r r ta.v i r  rd '"  qi I  do ard in

:*"lii:;r,:;*r:tf!.:l :::l'.ff :il!":r.i';:l'::: ::,'ilil,"ii:'':"
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on sTs-/ the orbital altitude of the Shuttle vas approxinatelJ 160
n. n i .  v i th a resul lant  go-nlnuLe orbi ta l  per iod- Thus,  evefv hour and
a hdl r  Chdl lP lqP.  oasseo t l ro-qn d fu l l  od j ln iqnt  cvc_e.  H t f  \ r  n i_u ies
or  daJ l j i l ; ; ; i -5  n i r lFs or  a '91 '1 .  f [vc 's  n  c lose pror i . i !v  ro  t r^e
5PAs {pre des 'q .ed to  oe acco-p l isned durrng dav l i9ht ,  cons l .a lned rucr
r .1d c losLre ra tes kere p ldsed and o l  sL ' f ic 'e1r  magni lLde to  co-0rete
regrdpple in  day l ight .  obv ious ly ,  to  conserye RCS propel lant '  i t ,as
dei i rab le  to  oake the snal lest  orb i ter  ve loc i ty  changes poss ib le '
conpatible vith liqhtinq constraintr and other test objectives.

I

Finarr!, a fev words on the use of autofratic versus ndnual cont'or Dodes
are i;;fder. As ras neitioned previouelv, there are several AuTo.
Oro 'Le-  ro laL ior  ava ' lab1e.  Fa ' lv  1n ' l ight  tecfn iqr 's
de le opnel r  ' t  Hds d" !e .mi_ed LhdL {hen.ve_ borh t 'ans at 'ondl  dnd ro ld '
L  ord l  r ,vo ' r  @re -eq l ' -ed srmr l taneouslv ,  ' t  

"ds ach eas iF.  (dd t re

" f f ic ie l ! )  to  leL l te  a lT( ]  tode oe-rorn (e  ROT Hhi le  L l 'e  ! rdrs laEio l
Has done;anually- Thus, attitude |lllvRrs vere designed to take advant-
age o i  the AUTo.otat iondl  capabi l i tJ  i rherent  in  the DAP.

PROIlI'IlTY OPEMTIOIIS

The in i t ia l  por t lon of  the PRol  oPs jnvo lved the fo l loHing:  re leas ing -
the 5PA5 abo;e the orbirer in an Earth oriented sense A t.anslation of
! tse o,o] (e .  dds !1en i l  t ra ted d"ay l roa t1"  SPAS a ong h"  Fnr th  o-BAq
A- 2oo ree l  b" lo"  t l 'e  spds,  Lha o-b i ta l  necFa. ics  ef fects  {e .e  ar  oqPd
to let the Orbiter proceed ii front of the SPAS shile the pilot nanuallv
.otated lhe Orbiter about its Y axis to iiaintain the sPAS in the CoAS
l ' jq .  A. l l .  A '  a  .a .qe o l  l0o0 reet ,  the openrrg rdLe cas r r l  ed.  t re
omi ta .  

" i rm 
j i  ina; r la l  a t ! j tLde ho 'd .  a .d  a -x  t 'ansrc t ion 'ds 11 -

tiated t; rcve thd orbiter upvard tovard the SPAS V-BAR. upon afival
ar  t fe  v-8a0.  t l 'e  orb iLp-  rd i  p laced in  a  ta i l -dom rocdl_ 'erL i -a l
I  \ rna mode dnd a l l  .e ldL ive -d les He"e nu l leo.  SLdr 'onreeoing dL t fe
10-oo- ioor  do inL o i  the v-BAR kds mdinLc l leo a ' i ! le  ove.2 l^ou-s.  A
1 root per'-second t.ansldtion was then initiated toHard lhe sPAs.
App.opriate braking gaies vere used on the approdch.

I i  addj t ion to  th ls  "s lov is  sood"  ru le ,  there is  another ,  lh ich i
qulte so obvioos: 0o not put energy into out-of-plane M VR's. Ae
itatea ea"lier. since SPAS vat relaased fron the orbiter nonpropul
sivelv. in an ideal environnent rith no other perturbatiois' their
Dld le i  s rJ io  fa 'e  'e-d i rFo co i rc ioe. t .  qnv (sr . l l  a t ro i t  o l )  ene
loded to  e i !ner  sDc.ec.d i !  oeroeno 'cr  a .  !o  t le  o .o ' t  p lcne resr l t
d  ver t  snd l l  L r ) ! 'no  or  .1e dr recred o .o iL  p la .e .  out  ! t .e5r l t ' r
re la t ive ho! ion Pos oe- iod ic ,  lus .  d5 lonq ds rhe oLt  o '_p ld"e 1
or  n isdr iqrent  d id  "o  over  ]  conpl icate LIP ro ndLior  f - i inq p.o
no orooel iant  was used to  nu l l  i t .  In  genera l ,  t0 '  or  az jnuth s ig
daviation fuith the CoAS) eas used as th€ boundarv for oaking oul-
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Relat ive ra tes vere nu l led v i th  the SPAS i .  the f ie ld  or  v ie t  o f  the
roboi am RIS Fist canera. The SPAS vds then successfully grappled
wi th  lhe RMs.

rhe iiltjal .eleas€ on the R-8Al by the R S wds very stdble, ds vere alr
releases. At the tine of the release. the orbiter vas in a free atli-
tude control node (irqN PULS!) and the sPAs was over the pdyload bav.
Vis ib j l j t r  a t  th is  po in t  Hds excel lent .  A l ter  the s tab i l i ly  or  the SPAS
tas nated, VERN attitude control in a botton-do{n, nose-ro.dard, local-
lertical mode las selected ror the orbiter. Rotation ol the sPAs aboul
each of its axes Has comanded dnd checked. Durjnq thjs check, a verv
slight opening rate on the SPAS ras noted.

F iqure-  A 1. -  SPAS prof j le- I .

Arter the check uas conplete, noRli jets jn the loP Z node vere used to
in j t ia te  an openjng ra te of  dpprox inate ly  0 ,25 f t ls .  As vas prev ious lv
stated. the ltu z mode fires + and t thrusters for +z hanslation to
n in jmize p lune inp ingement  on the f ree- f ly ing sate l l i te ,  Pulse sr 'ze ior
ihe in l t ja l  t rans la t jon Hae 0,05 i t /s .  Then a Dulse s ize of  0 .01 f t ls
eas selected for fine con ol. This ras accohplished by svitchinq
betveen oAP's A and 8. Thereafter, control ras manually sritched back
and lorth betreen these lvo Dulse sizes as the conlrol lask demanded.
Control l.puts rere also iniliat€d to nove lhe orbiter aft, such thal
sPAs noved forvard roward rhe coAs.

SPAS'OI  OETACHEO PHASE FLICHT PROF]LE

4 .4rq !!!!r-!!rE -ffi\
;, l!. 1l^z';fi-$rhtil,^
t\ 9u\ l\,
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At  dDo.or i rd t -e ly  7O'eeE.  sea. . f  /as  'n l ! ia ted  od  the  raddr  and i t

loc ra ;  on  shdt lv  l le  ec i re r '  BoLf  rdnge d-d  .dnge ra te  qe 'e  verv
( tdd le  and re 'd i ied  r fa t  idv .  T l^e  inF-or -s i9 l ' t  .a tes  re re  oDserveo to

b ; ; " ; ; . ; , i ; " i  '  * ib re . r ;  os . i la lo rv  '  t1  a l  o  cds io ra l  oFF r rdd '

; ;  ; ; " ; i ; ; i ; ; i ;  
" i  

2oo ree! ,  RoT;ooul  t1e orbi te '  x  a 'o 7 a 'es

"; . ;  " i ; ; " ;  
i ;  inerr ' . r  at ( ' r roe io d ard Lr 'e Y ax 's ' '  d  r 'ee node'

verni ; .  je ts vere also selected.
- r  

Zoo- ioo t  po .n !  "as 'edc l "d  d t  dooro{ i_a le r t  t \e  (dne t 'ne  lhe  5PdS

" . i . " i . " "d  
t l .  r ie ld  o r  { ie "  o r  t1e  coAs.  A t  '1 's  por r t  i fe  qH-  

"as
, i io  i . .  i t -s .  node (pL'sP s ize 0.or  deg/s)  to narnld i l  s0A5 in r fe
i  s  ' i  , r "  p i i+ d, i i  or ly .  Po a 'd v l '  "ere 

pldced i '  re 'L ia l
i lL l r rde ho ld (Mh 0 sc FA-L)  T 'a 's la l io_al  inouts  ve-e Led rdreo '

" " "  
i re  orc i r " i  e_te*  o-  o" i .s  r1  a  ro ,e-  orb iL  qas d l lo ied to  ccrse

tne 0rDj t " .  Lo dcLele.are " fead o i  L le  sPAs.  \o  dL lempt  Io  correct
or t  o i -o ldne.ot ion " "5  nade throrqnod!  phare o1e rnt r l  t re  t - ra l
; ; ; . ; * i . -  i . ;  ipqs "a i  

proceo in  i r . . t ia '  d t  tn is  po '11 k ' th  r i ro '
aititude cofeciions to optiili2e pointing for photograpnv and

At a ranqe ol IOOO reet. lhe otbiter vas placed jn inertial attitude
i i ra  i "a ' i r ' i .p . " j "q  rd ie ,  vh ich cas appr6x inate lv  l3- f t /s -as ind icated
bv rhe rddor .  rd< r r r 'ed.  s 'nLe there f i r ;n9s "e_e or ' rdr r rv  -
. ;uoordde.  ! t rev HoLld te t  to  mdle !1e orb ' te .  fa l r  to
.  i l i ,a ; . -  r " ' i * - .  noLion or  t te  sPAl  in  LFe coas ras ureo cs t \e  cue
i.i initiutino the +X translations necessarv to ddinLain the SPAS in the
: ;; ;i-ii"toAs. This initiated the trairsition tovard the V-BAR
0urino this traisition. the radar rdnge rate readout vas used to iull
; ; ; " i ; . ' ; . ;  ; r ; ' ; " "  ia ies.  uoon rcac i i -q  t r 'e  ! -8aR as ind 'cated bv t fe
r6 i  a . i  i r iv  p ie  a l .p tov,  ' \e  orb Ler  "d ;  

p la .ed 'n  a  [d i l -do{n '  bot ton-
; ; ; ; ; ; . - ' r ; :ar . ;e ; r i l " : ' ; r j . rq  nooe.  ega, ; , .  os ne !ne rc t ior  or  rhe. .
sPAs in  the COAS. ! \e  rDrard ot ior  o f  !ne 0 'D ' !er .  q i th  'esPe(r  ro  ( 'e

SPAS. {d ,  11_ed r i  h  i  t ra lsrdL 'o ld l  'nputs  Tfe roAs 
"< 

prd("d
. " " i -  i . i t . i "  z . r  'o r  ' r  ! \e  coas to  acc; j t  'o -  o lac i rq  ! \e  0 'b ' lpr .
c in te .  o-  q .a" i ry  on tne ve oc i t /  vec lor  or  'hd SPAS Pdda'  'dnqe rare

Lonq-rdnqe srat io l \eeDi  q  qas i .  t ia ted bv ope-  nq up t le  mrmal  Jet  A T

08 i rc i  i '  to  f .  Th 's ;d5 to  n i r '4 ize t l^e poss 'b i l i t /  or  a tLr rude,
r01! .o l  loM je t  l i . ' rqs .1en "  

L .dns la t rora l  i 'o r t
r " .  " l  '  

"  
o ls 'DB hai  (he ode rornd ' ]v  se "c t ;d  hh i le  ( !a t iorkeeo 'n9

i ;er t . -J  ;4r i r  or  fo-d - "L  as ' ioe * r "  d  i rd ls  d t 'ond i 'p - l
has reoui red.  i t l 'L1e dv i  lao i r iLv  of 'ddd.  'drg '  d_d -ange rate rh is

t " -k .  'he-e 
"ere per iods of  rD to  ha l r  dn horr  nr tnour

the requiruent for fe* rnputs.

Trc radar tests wle perforned at the
daieuveriN the orbiter 20" out of att
and the ot ier  a  +X { ro l l )  ro la t ion.  T
the radar search envelope. The radar
ras in attitude and the radar .ntenna

IOOO-foor loinl. Each involved
itude--one *as a -Y (Yav) rotation
renty  deqrees is  on Lhe edge o l
lo.l vas brokei once rhe orbite.
ras nanual lY dr iven to  zero jn
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eleval jon and az inu lh .  Search was jn j t ia ted rh i le  ho ld ing the of rser
aiijtode for the -Y rotation and aiter jnitidting the maneuver back io
nomal local vertical for the -X casa. In bolh cases the radar achleved
a lock-on in short order.

light vievi.s Hds also evaluated at lhe 1000 root poinr. llavjng the
SPAS ronning lights on vds the only satisfactory lightinq configuration.
The PLB bay l ighrs  had do ef rect  on SPAS v is ib i l i ty .  Th js  vds a lso t rue
of the Ms end-elfector ljght. A color television canera proved to be
useless v i th  the SPAS running l ights  turned of f .  

' Ihe b lack dnd vh i te
cderd vas not evalualed because a cable-fap problen prevented ii f.om
beinq proper ly  pos j t loned.  f ih i le  the SPAS was v js jb le  in  the improved
cre{ optical siqht (Icos) vith the runninq rishts on. lhe sPAs *as
bdrely discernible vhen they wre tu.ned ofr. ICoS night-SPAs
vis ib i l i t !  l i thout  running l ights  was so poor  i t  vou ld not  hdve been
detectable Hlthout prjor knovledge of its position. The Icos vas not a
sat is fac iory  s tand-a lone n igh l  v iewing a jd .  l r  should a lso be noted
that this evaluation eds nade Hiih a full noon, and tha! the first point
that the SPAS *as visible vithout runni.q lights was dpproxinarely 300
reet. Also, jt is r'oportant to note that stationkeepi.q at !000 feet
vould no l  have beei  poss ib le  a t  i ight  e l tho l t  the v is jb i l i ty  prov ided by
the running ljghts. Sone means or illuninating satellites is riandatory
Hhen statjonkeepin9 or nakinq fjnal approaches at night.

The fin.l approach {as jniljdted at hight at a tiBe designed to reach
200 reet at sl]nrise. Thls tininq Horked out very vell. The nornal iet
DB {as sh.unk f ron 5 '  to  2 ' .  A c los ing ra te o i  I  f t ls  Has in i t ja ted
Ls i -q  thF .ada.  ranqF rd!e.  0rb iLa l  ne. fa i rc(  !1"1 d 'c  d le(  per iod ic  Lo
(- )J  r i ' inqs !o  Leep l fe  0-b ' ter  on t l 'e  v-8AR- Aqai r .  ver r ie-  le t r  tere
used except khen a l.anslational comand was reqlired. The brdljng
techiique used was at 500 feet to slov to 0.5 ftls, at 400 ieet to 0.4
fl/s, at 300 reet to 0.3 ftls. an! at ?00 reet to 0.2 itls. Fron 200
ieet  unt i l  f ina l  s lop,  less thdn 0.2 f t ls  c losure ra te tas mainta ined.
Arter slovinq to 0-2 ftls at 200 feet, loe Z vas selected ior the
.emjnder of the dpproach. Plus X translatiofal inputs lere f,ade to
nove the SPAS nft uhere the R|lS ras positioned over the PL8. This
posjtion vas the sme as used lor the release. Rdddr lock vas lost at
approximalelj 70 ieet. The B television ceera vieH shoving both the
R|iS 8nd SPAS Has used to judqe closure rate. The MS and efiector
c  era,  eh ich vas po int ing para l le l  to  the orb i te .  +Y ax is ,  eas used to
null rat€s before turninq the tdsk ove. to the RMS operator. The
orbiler and the SPAS were placed jn free drift prjor to RfS grapple.

t ro  Edin ob jec l jves.  F i rs t ,  to
(RCs)  je t  pru ie  { f iq .  A-2) .
to IINVR the orbiter to an inertial
he sate l l i te ,  and c lose to  capt0re

ihe afternoon (phase t{o)
def ine the pressure- field
Second, to dehonstrate th
pos i t ion out  o f  the orb i t
range frod that position.
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Satislaction of both or these obiectives {as
oippred satel r i te (solar  axinun) on iss ion
repairing it on orbi t,

Figure A-2.- Pluiie data take

13 vith the intent of

oue to  a  thernal  o .ob lem { i th  t fe  SPAS ar ion ics,  the i1 ' t ra ! ion or  ohase
Iro eas de ldyed r ; r  o le  o 'b l t ,  pedi t ! ing cool i rg  o f  the av ior lc r  kh i le
tne SPAS vds Ddr \ed on t fe  end or  Lne R"5 in  a  benjqo ot l i lude.  To
broaded rhe e iDer lence cnd eva uac ion bdse or  PRoX 0P5,  tne t to  p i lo ts
svapped pos i t ions,  as d id  t {o  hS's .

To revies, the orbjter *as nor in the tail-to-Earth (-XLv) attitude tllh
the be l ly  in  ihe d j rect ion of  the ve locr ' ty  vec lor .  The S,  us ing the
arm. Dotitloned the SPAS over. and 35 feet fron! the overhead {lndoes
and tiren releas€d lr. The SPAS position {as stable dnd the pilot used
the THc to bact avdy very slovly (0.2 ftls) fron the sPAs. The orhite.
ROT DAP {as in the tarth pointi;q {LVLll) nade, whjch aLrtonaticallJ kept
the proper orbiter orientation eitliin tie selected 0s's. The oAP's vere
conf;qu;ed to provJde .03 ftl5 translation pulses vhen daneuvering ---
be lkdn data o; in ls  (oAP Al .  d_d to  o .ov ide varrous pu lse ( 'zes {0 .065
-o I  s  ou l !e  i lurat io ; )  cdei  f ' .1 .q  !1e foNdro up-r i r lnq Lhasre.  dL
SPAS du; jna the daLa iaLe(  (oAP Bj  

_he p j lo t  naoe snd '  t .a-s la t jorar
correc!  on i  to  mdjnta i l  l fe  SPAS ae- te_e.  in  t fe  op! lcd l  s ight .
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lhen Oro iLe_- to-SDAS sepa.dt  'or  lad i_  r "ased to  50 lpet  as d ' tern i led
"" '_r -  -  " i  L i i , - . "qr . i  : ; :  ! . idnsrr . l ion '  L fe  0ro i te-  o l t iLLoe tord
*a"-* ' i  i " l iu ' t to  ;nd a s i ! le  Lp-F i r ing t l - ruster  hds r i red ro
o.ois.- necoraers onboard ahe sPAs nonitored transrational accelera-
i i " " i  i *  - t . t i * .a !es.  { ' !e '10 \  o f  orbr ter  r 'ee d ' l r t  d ! - i10
i^ l . i  

"  
r i ,a .  *se-o.n Po-  rd te  e lsrPd,  l l 'e  A l l0  lV-H oaP rcde td

i "" i i ' i "a i . i  i r , .1i i"" ' i ; ,  . i**o Lri  0," t . '  to tr" speci ' 'ed d"'
; ; ; " ' " ] i , , ; ; .  rnrs  ' i * r  a ta  po i l t  vds donF wi rhor !  1L - i 's  ooer in0
; ; i " - -  r l "  ' i4 i  aLt l !Lde redct 'o t rvd "o!ed oLr ing t l ' i5  dqta ! i re  o '  d- r
; ; ; ; ; .  , " "  ; ;  ;  

" i iu i i  
co. ' : r * 'on ot  prLre i - i ino"nent  "q \  d  ' '  rn i !

of some of the sPAs thermal bla.kat naterial.

The seod.at ion "c l  con ' r red to  L le  7o- foo l  dard po"  ( lno"r  2)  hh; 'e
oDenin;  ra te .as nL l led ar te .  daLd poinL 2.  an 0 'b i ie '
i!ili"""i. i"lii"t.a to position sPAs over the art Tv's' ourins lhjs
' ; ; ; i  

" ; i ; "  "" . i i !moL as naae ro roc! on t te cP, o,r  t t  rni t ior -
; ,  

" i ' ; i  
, ; ; . ;  go i * .  * '  . * *** - , t .  Ar  bo- i  i  t  da la  Do nLs r3

;  ; i i ; ; . ; ; ; ;  : ;  s"as mot jon d.Le. teo i red ia ter r  d ler  r : ' ine t fe
io*u ia  prS t . .  gLr  Hhen AUTo DAP vas 'ese lecred 'n  boLF cdsF Lh"
i . r , . i i " i . r i  n ;s  je t  r ' r inss cdus"d soAs 'o!dr . ro-s  i  d  t 'd1s-dr io1<
thaL Here easilY apparent.

Af ter  d . !a  go inL 4 "ds !qkP_.  t le  ;Loseouent  A! '0  DAo 5c lec l ion a 'd
; , i ; ; .1;: i  ; i i  i i  r i i ' iq ' ' .* '*  '  d r.s4 oeq/s -otd! on o' sPAs "s
r " " i .d -a  o"  t "e  CoI  r " l ;ne l . r .  Ln i re  SP4S ra(  d - r ,  ' l  becare  dpodr "n !

!nd !  r le  v  l , " r -anq 'e  od la  tds  g  r i fq  e . roneor '  rd19"  i1 'o rmai io r '
; ; ; ; ; ; - , . * ; " .  , ; . ; ; .  Lo  ro . i -o l  t i "  qR,  ono th is  \a5  lJcce ' ( rJ r
i ; i ; ; i  . ; ; ; ; ' : i  ro ;e; i l  .  ro-  .ada.  dd,a ' t  "ds dopdrert  ! ra l . t fe dr i
i i i 'p l ie i :p ' ,g""" ; ;  i .o calseo sP's t 'dr \ ldt io-  a 'cv r 'on ( far jg$!-

1" .  ics  i t "  o 'ag*  dd)  i l  qood l raDe.  a_d tF"d !  <  t  n"s i ld l  on Lo
' . .1ose Lo IOO i ;e .  a5 t 'e  drD' ter  vds t 'ans ld teo a l !  lo  p loc- '  SPAl  o  e-

the COAS in DreDaration for data point 5.

Af ter  La l i_q t '1 's  oara po ' r t ,  eve_ 9. "ater .are ids L ' r 'n  ro  s tab i l ize
t ; ; -br ; i ;e-^PAs re 'ar ive po i  L ior  i r  o ' "pa." t to '  'o -  !1e i i -L-ated
. i i i - i i - i i i i ' !  o"L;oint.  i ;  order to nininize ferat ive hansit jon durins
iii'';";i;-;;;'i;,"i'p"sjtion nonitorins vas not as precjse Tlie
i i : i . i i l i -p" i" i tg aiso. iy ' r  r*a ,o i .or l  a 30' 'o l  anere and the
0ro: ter  tas ro ta! ;d  dL 0.5 oeq/s  ro  tne t " ( t  oo! i t ion ArrFr  th is  tes l
;;;;;"-;-ih;-;;;; ;i o"oiiLi 

"otutro" 
back to x LVLH attitude' it

; ; ; ; i ;  ih; i - i iJ; ;  * i ;bout d ro- to 2o-foot rerat ive dr j f t  (sPAs

" i i r -  
' r  t  nu t  edsr l /  co- .e r t "o  and l 'e  .end i . i rg  150 r "e t  6 rd  200.  ree t

da t ;  Do in l -s  'e  e  tdke . .  DLr inq  d l r  o i  L fe  oa ld  oo i l l (  cdr " - "ds-kYen
to  ob ;e .ve  tne  ore t_ ia l t  dq-Fed-Lpon por i t ion iT  l  n i t5  o l  ! lu '  i ron

rer ic le  cenrer  " l ^ i  e  .a r 'nq  por i ts  l ,  2 ,  5 .  / '  and  8 '

Ja t  0u l !e  dJra l  io r r  fo .  r \e  tes t  ndo been , '7eo  to  p 'oauce 5o lS  q0 l ' s  o l
-0 - i5  deo/s .  p r i  i - ,nar i  d " ra  r .om rPAS 'no , '  a ted  t fa r  I fe  le r  0 run"

. f ; ; * ; ; ' . ;  ;d  been 'hF |  nodered pr io  to  11"  '  rq \ t -  
- \ ' s  

ed 'e
NASA enqr_ee_s i rc -ea(eo co- r roence rha t  t fe  je t  p  f le  sp fPre  or

r" i , , " " i "  ' i r l , :  o i  'err  r r "* tooo in r - f t 'c ie ' -  t l re to i -  otDo-oie



' l -e  
DIJ -e  dd ta  !a*e  rd r  co-o le reo  p . io '  Lo  tFe 'e  t  s rnseL ard  L1 le  0AP

:: j"i;i;rri*"l:'i;:i ?ir:t:::.':::r1:i;;1qi1' j;,,I'i::::rfi .:":"
l*i,iyill-ir:;,":::u:ll'ili; "i!."1,'!j'.ili Ji:,i::'"rfl :::::"i^)
ii:,:iT: li:'.t:;lll)":::"n'n"*","flj,ilil.li :T,:l:l'i'':J:l tH'
cois. '  i tuuio.i. .pi"s "as eis. y acionpr rs"eo .,.1::,: ' i : i l ; l i j : i^;,

ill"lli*,it'i"'fill!'lil".["i':":;:ii iilii";i:i fi it,iiti,,:i:l;li "
betveen llOR and VERI iets perFitted use or the s
i . ' . " iJ""  

" l i "o 
oosi i io i ;hblquir jes belween orbi ter  d i l i tude and

translation (x or Y axis) ofrsets.

JSC-10589-A

even nore acc0rate models in simulatlo.s that led up to the 5 repair

SPAS "as  comdnoed -o  d  .o f ,p l red  i rP- ! rd l  i l t i LLo" 'n  p reDot l io '  ro :

rhe  ner ! ia l  ?00 roo t  I  r  d .o rno  ! .d  iner t ia l  aop 'oac \_  H ie l  p 'ooe- rv

Ji ieni i" .  l ie o-u'L- '+ 'r 'p oPriol  atL'Lude rhat "ou d codl 'sr r \e
oi i . i " i - i " i  iprs-. . i  {as enle(d '1 t \e uNlv PTG displav'  s A0r-u'{vR-
'a< €^acr led.  lo" 'cas se lected,  ard the o.b i te ' 'o ta l '0n ro te or  u  r r

; ; i i ; ; ;  ' ; ; " ** .  T fe p i  o t :ad"  t 'a rs 'a ! ron comands r 'o  -a ' r ta in

ipii-;i-ir'. cori i.a tl" 1)o' out-ot-Pl"n" f1v-over {ds initidted'
i"ii;ii i"""ii"ti* inDuts vere nade irsinq o.o5 ftls pulses and vere
;;s i i ; . ; " i ; ; i i ; " .  aL ro t j -e ojd l  seei t tat  a 'esoolse rdeqed
;; ; ; ; ; - ' ; ; ;  i .  i i  r"r i  u "rq*.  

DoT rdLe ! .al  o. I)  deo/s HoLId fave be'n
oo. t '0 i " .  0 , . .  r fe  t 'd l5 la i i01 dds 'n l t iaLed,  verv  tH inoLts  kere .
: " ; ; , ; " ;  

" ' . ] i .  
Rdnoe Ha(  s ldo le  at  200 f "er  ro .  a t  leas l  the r r 's t

go;  
" ' i . i i . : . " .  

l t , i  s rqqesrs _ndt  e i ( l 'e t  orDi ta  4ec ldn l 's  er rects
; ; * ' * ; i ; ; ib i ; .  

" ;  
. i " ; ;  ; ' ;e ; '  * *  corpe.sated by oAP chd 'a ' ter is -

i ics-  i f t ; .  do; -o"n" te  v  90"  or  0 .b l ter  RoT,  a  c los inq 'd lP kas
i " i , * "  r " " r  in io ' : *a  l  k \ 'ch suqqesls  so-e DAo or  orb ta l  -ecfa ' ic (

i i i l i i i . i " . .  ,q i  dr  doD-6; .h  to  sPAa-Has LFe JrL ina le  qoar ,  - /  inDUts
' i " i "  r i i .  ; " , "eo. ro< 'nq rd te less t tdn o.z  f ! /s ,  but  no er io ' l  has

mad€ ro null the rale.

Lhen Chal lenqe-  nad redcred t l 'e ' :nd des ' -ed dt ! l !Lde ThL npLts  * 'e
' i i i i  i i=-"" i*- . ; iq i :n rr .  cons, a.o t ts srop 0ro1!e'  rrdnsrat ion'
; i , ; ; '  ; ; ; i i '  u""" 'pr i ' r"a.  +i  t"-"-  "as n: ' r tdi led i r  i -erLidl
.1 , ' . , " "  r , " i "  -o  + i i *a  decelard l |onf -dr i .9  gdtes hc-e obscrr 'ed '

Final dDoroach {as done ejth SPAS cehteren in the CoAS' 8v monitoring
i i ; i ;0 ; i i ; ; ; ; " " ; ;  ina .a"0"  'u t "  o !  appdrenl  pos ' t ior  on lhe Tv no1 ' -
i " i t  t . i . " i  t * * ' " *  lo( t  ;L  60 r "e i  ;  L le  d ig i ld l  d isp ld t ) .  c los i '9
rd-e;as r r l 'ed a{  t re  SPAS dpped'ed o.  t l 'e  RUS r ' :s t

" ier -  0rb i r r  Y ! rd"s  d t io_ " i (  
-or i torPo oLt  the_k i rdor '  'he 'eas

orbiter hanslatlon was nonitofed both out-the-vindor and on the arn
vriii anen (ttre EE ccTvl nonitor. orbiter inputs vere terminated and
;#;; 

"i 
i aim vas t"i"ea over to the nission specialist with a



snall SPAs-foruard translation in progress.

(Note:  a f ter  Donths of  negot ia t i lg ,
on D00 ST5-10 njssion! but naior
loss of  that  f l igh i  oppor tun i tv .

lhe e. t i re  da]  o f  PFOX OPS {erL er t ' ._e1}  wel l  
-1 's  vas o ' imar ' lv  due

; ' , ; ; , " ; ; ; i i ;d ' ; ; ;J" - . '  {ork  condlc t ;  prof r 'ent .  e 'ce l renL rat r ' !
; ;  i ; ;  ; ; ; . " "  ; r ' .  sPAs lherndr  p 'ooren,  a-d out \ td t i rs  t r is \ t
. ;a .act l r is t ics  or  both the o.h i ter  and the SPAS.

In shor!. the Orbile. proved to be a lerv responsive vehicle that tas
: ; " ; i ; " i i " * ; -  to  f lv  i .  !1e v 'c i . t tv  or  anot ter  sate l l i te '  q iven rFe
; i ; ; " i ; , ; * i " i .  bas;  d i r l  q .ound s i i iu rdt ions.  ruer  Lsaee roreeonded
i . : i , " i i  ; ' i .  i r ,ar  pr .a ic te i  prer l is l ' r . . l fe  -adar  ho-red 4 l l  i t  the
; ; ;" ; i ;U: i i ; i r ' i r i  s: i . i" l  ihdn"rooo reet. Tne onrv 0rorte- o'r i-
. i " i " "  -*a 'as t l ie  l ic i  or  ccpdDi l i t '  Lo i91r t l 'e  TGT dt  rdrses
i i l i i ' " ,  i i i "  roo;e; t .  chich Hi j r  be - iquireo ro '  r 'o f tL i 'e  stdLion
ieeplng on noi- i l lunjnated IGT's '

a reoo.r .  Kd-8ard -  Tfe F i rs t  Yea.  o !  Ope-at ior  b /  J  !  Cr i t f i_  eL d l '
da! . . ibd one orooler  o .5TS 7.  ' lhe i ' " . t ic l  l i le  o f -s i9ht  rd le  dard
v i i  no i  use iut 'm the \ 'e i  due Lo rd-qe e( 'Lrs iors  a  thoJst  these
ercurs iont  qere Dredlc ted bero.e tne nrss io . '  t fev  rep 'eserred an
or t  o f -sDec cono ' t 'on.  la te .  dndr)5 's  'oLrd t l^d l  t fe  o ' rg lnd a_drvr  s
r . ia  

"* l i " *a  
* .  e f 'ecLs or  f i r i l l  nu l l  depth 'n  the nonopLlse oat le-_

A f in iLe nL l l  deDLn reo.esel ts  a  srqn i r icant  gd in  redrc t ion dt  bo 'dsrqr t
iinl" ii'pii"a iJ'- aslunption of iifinite depth. The etor calsed a
l.u rervo daJn and the .esultant Door rate perromance '

SIS d l -8  (S lS l1)  tas launc leo lebrrarv  l ,  l9e4/ l3OO LYT'  { iLn.a c$ or
g ' ; .a  r io ; j ,  c iu io .  (oLI ) ,  I lc {ar r  ( '1s l i .  s terarL (hS'dnd EVAz) .  a t
r ' r i i """ i i i ' ' in! i i "o ivrLj .  one aeia' t i i  Lest obi"ct ive (0T0) :nvo-v"d
PROX OPS r l ih  dn e ject .d  t .arkrnq ba l loon,  the in tegrated 8 iu '  Id_get
l lR l ) .  P lanned !^vq 's  are s fovn on i iqure a-4.  Dre to  ! t 'LcLUra l
i;irire in the IRI laun.h canister! tha protective-staves iettison pvro

r i t  n"" . ,  i : ' t iu t .o 'o l lon i rq  oepl ; / .  dnd t l 'e  ,1 i t 'd ' ion of  bd l loan
ina ld l ion.  { f i  e  r ' l l  consE;a ined bv -e ta l  ( ta"es led to  over !  essrre
;i;i;i;;;itio" ;r the IRT. An abbreviated set or tests Nas stirr

JSC-10539-A

The grapile rds conpleted

an IRf  had a lso  been nan i fesred

B.

delay of  that  n iss ion led io
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'ihe 0A8 "lessons lear.ed' reported ihat

. sTR( nnd radar sensors lorked better than specification (no RNoZ due to
balloon systen debris iollorJng exprosiotl).

. Il4U ruoning ljghts rere essential to track the MllU in darkness'

t)

l-\

\

Figure A-3. -  STS-1O p lanned prof i le  (not  t lovn) .

.  -oser  ranqinq 
"ds 

nd.q j ra l i  rdnqe.dLe,as loo no is ,  !o  use ( ldser
sysren poinL: rq  "as t ;o 'oJs dnd requi reo tJ l  I  L 'ne at tenLlon r ror  one
creMd).

. WU rescue techniqua vas developed Preflight and conceptuallv
verjfled durinq retrieval of foot restraint.

. Ir,lll rescue Dlan levelooed as Orbiter active lvs. olher M U) to mini-
n jze nu iber 'o f  act ive vehic les,  p lus Orb l ier  per fornance i {e l l

. Breakout ||NVR executed in response to balloon svsten erplosion' to
assure orbiter/Tcl balloon did not cone into contacr.
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reference f.drie).
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at  cente.  o f  .o tdr in9
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sts 41-c

(|lS3).
R l0Z 's  !

R[02- T

The 04,8 'lessons learned' list lncluded

. spacecrafi (sw) was hiqhlv visible and eas picked up in STRK early
in RNoZ (-?00 n.  n i . ) .

.  s lR( Dasses lere oc-as:onal lv  ve.v hoisv due to sra l  d l f fe 'ences i1
i "er t i . r  measurement+nrr  r ' i t "a u!  setect  rout i t  r .  GP( $r t /a 'e

fotudrd Rcs fuei sattnq( teclliqles ne'e developeo ror 5"ond qNDZ

ai !emot  (hNVR to at t idde L 'nq td i lonrv  PRCS, oe ete rLr t ia ' is
burns vh, re  poss ib le ,  ho ld  at t j t lde on VRCS).

Sreokol !  P{vR sL.d leqy oevelopeo ror  a l l  po l r ts  '  long R\02 dt  PRoX
oPs ! ra jecLory to  assure u lo  antd con!act  does no l
inpleBented at end of first capture attdpt.

orbiter seraration frof, spacecraft after first RNoZ occurred faster
than Dlani;d. Problef, haa previouslv b€en suspected/observed and 1s
;till under analysjs. susp;ct orbltal energv growth due to orblter
pi,i'i" iiiiii'gir""i7sn*r"g durins attitude a;ntor purses rith vRcs'

O.bi ter  l rars la l ions and RO s Ls ng lor  Z mode dse Lo to-12- l  des
amdunt  or  idedl  0roDel l .n- :  

_oq z  on lv  " f fec! lve 
'or  s ln9 e '  aY s

brak ing and nust  be used iud ic ious lv .

Drefliqht and fouDd to be verv
is ion. -keep v iev of  sate l l  i te)
lant budget to allo{ WU fuee

(STS-1 l l  
"ds  

rduncned lp r ' l  6 ,  1981/1158 G '4 I .  r l !1  a  c "c  o r
r iDRl.  s ;ooee (P-r) .  tar i  { ' l5 t ) ,  van rcrre"  ( f52).  ard Flson
ihe cre{  dep'o;eo i ie loEF sd'e ' ] , tF.  ano then perrormed r 'o
l th  tne d is ;o l ;d  so ld 'hdr 'mun sdLej l i !e .  caDtLr i rg  d 'd

"  
i t . "  i r "  i " - "0  a t terDl .  Th is  dds Lre ' i ' ( t  s tJ t t le  orb i te '

i" 
"li"""a "nJ;ctual 

s|4ii RNDZ profiles are shovn in fisurer A-5

I

. Orbiter plune elfects can be signiflcait {surface
orientaiion deDendent] even Hhe. sDacecralt is in

. orblter active l'l|'lu rescue andly2ed
costly for three bodjes {avoid coll
res! l t i4g in  re ld t ive ly  h igh p.opel
r l jqhL (about  three t imes d lone) .
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Figure A-5.- sl4Ril

o

t

'\d
o\

risLre A-6.- S Rn final dPProacb I aid 2. {
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The 41-C flightoev report nade these comnents on R[02 operations'

LOEF

The rerease and separation of Li]EF vere nof,indl in all respects' The-

" .J . i r * .o- .oa.  * t  e_t" .ed.  and t ie  0-b te ' rs  oraced in ' r "e  d ' i r l
dbou!  2  - 'nuLes before t te  reredse-
;irer the reiease tere done lith vetnier rates and a miiinun THC input'
0- . ' lq  tn"  I  n inLLe(  fo l  oc i rg  t l 'e  re l 'ase,  ro  -F laL '? '  mot io l  dds

"o.e- ;ea 
us 

"q 
! t  Lrh l 'or  p i r  ove.  dv or  t l ^e CLIV noni  o . .  lhe 0 5

rLrs  oos ior 'o i  seod.at ron raLe ras var i l ied bv radc-  a !  doout  100 reet '
oo L i "  t ise.  -a"qe r ' .de.s  t .acked Lo aooJ!  200 fee- .

Tne RLL AV r rnct 'o .  rds r 'eo h1 l t r  tne rdda '  as 'L(  inpu-  AL abodL 100
feel ,  severd |  .ada_ ang e rdr fs  rer"  .e jecLea " ' th  

d  .es 'dual  o l  dbo ' t
q ' .  l t  se; r "a  thdt  th ;  l lke ly  cause at ih is  c lose range ras d sh i f t -o f
rhe t rdck inq f .on ot  oo i_1,  or  l ,Fe lDEl  to  arot 'e .  as t 'e  dspecl  dn9 e
cr inqea.  r i  aoouu l?ob ' "e t  tne tu  node.ds c t rg"d Lo GPc Tre rdddr
bro\ ;  ! .acr ,  nonerrar i ly  dno lher  rPacqui red r ' th  angle -es idLdl  or  dbouL
/" .  he bad anq es $P.P re jected JnL ' l  Ar -0 t .dc\  'as  r 'es lqo l lsFeo ar
ao;Lt  l€oo ree! :  l \e  o .o  " ;q le  da l i  apped.ed to  n .va beel  ca-sed bv a
i ia i t "o .  * . i . ' "q  11"  rc-  iad" '  c (  { ls  d iscont inued at  2800 reet  At
25.000 leet .  rcd; .  dcqr is iL io-  in  GPC {as d l lempleo ts i th  t fe  0 'b i ter 'n
Z V.  nose iodard,  ic l  L .dck kar  iTed 'd le  and L le  REL {AV perro.ned

r- i id l l r  Lr t i l  l re  raoa-  t rdc l  {ds d iscont inueo at  aboul  15.000 fee l '

RflIDEZVoUS

The onboard RN02 phase beqan on day 3, I hour before lhe 11 burn' dnd
ended at Lhe v-BAi elatlo;keepinq iith the initiation of proxif,ilv
oDeratjons, A secoid RloZ on dat 5 vas cofipleted using sinilar
9-ocedr-es c i thoJL Lh"  ted fo-  an i lH b l -n .  ln  order  lo  conserve oro-
ie i io t  *  

"ay 
5,  a l l  or  L le  a l r i tude -dneuvers Here dore i4  verr ier

liaciion contiol-svsten {vRcs) at 0.? des/5, lnstead !f the noninal 0'5

The first STRK pase began dt aboot orbital noon, three REVis before lhe
rendezvous. The -z STRK initially began tracking a star lhat vas
several deqrees fron the Dredictea Los to the TcT. A BREAK TMCK was
co-d lded ; .d  t le  lG.  {d .  a(qu i .ed on Lhe ler t  a l la tp t .  T fe in i t ia l - .  -
res 'dLd s  rere qa l l ,  bu!  wre rdndol l ,  chcngiT bv t ro_e than L ie  u u)
l in  t  De.  AV cvc le .  cUTo edi t 'nq ras serected r i te  the resrdJdLs
seened Lo be c" ; !ered o.  Lhe 

-cT.  Tfe I  lL t rq  d i^US Pt00 (F-0)  pra-e ler
va-red betceen I  crd d k f !  in  response Lo lhe no isv ddta.  d1d t re  r rRK
Dass eroed "  th  l7 l  -dr ts  dnd an F-P o '  I  . rL .  l fe  TGT qds ba 'e lv
iiiilie io ninutts arter orbital noon and courd be narked vith the coAs
at 20 ninutes. Ihe range resldual was dpproxifratelv 600 krt.

rne second s lR< od s  occJr-eo dt  dbout  250 k f r  dno 1ad s i r ' la r l ,  ro isv
ddla at  ! imes.  i !  eaded " r rn  152 marrs  a-d a l  F-P o i  5  < ' t  Bv
;;;ftdst. the z sIR( showed no noise durinq either pdss of lhe dar 5
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R[OZ. {ith 155 narks on the fi.st pass and i01 on the second, th€ dav 5
.  P s  re .e  2 Lf t  dnd I  l ! t .  The o. rv  dav 5 STql  dronalv  occur-ed - ie l .a
o lece or  : .  a .  v ls ib  e  i r  t fe  coAs,  causFd tne 5-oK to  tenoora '1rv  orea{
t ra . r  v i th  !1e 

-GT.  - \e  drq les te .e 'e jected ro .  t "o  r rdv cr_res.  a_o
lhe T0T ,as dutonaticallv reacquted.

lne.addr  ra j led se l r  t .s t , l t l  d  "33 l . l  s i9"atLre as 'L  had sev"ro l
tines earlier in the nission. Ihe llcc reporled that the failure Yas
ia: ieo uv uero. i reo no:se dnd rna l  there {as ro  oeqrdoat ior  in  t \P

"uoo. .  
bne cur los l tv  *at  not iced on the RFL \a \ ,  d ' ip ld /  aL t re  co_-

ctu i ' *  o i  , *  se i - :F( t  PLl  HAv has i lLerore!ed ! \e  se l f - test  ds data
; ; i ; : ' ; i ;  - ;s 'duars bdseo or  d  -a-qe dnd.a-ee 'a te  or"3r r ' r "
Th is  Dn;nonenon tdd ro t  oe"_ obse 'ved i l  an/  s 'hL at io l  ard 'a 'e  Ld(
taken not  to  a l lov  the data in to  the f i l ter .

on eac i  Rr 'oz ,1o _aod-  i l  t ia l lJ  beqan !_acf r lq  a !  oboLt  l l  \ ' l '  b 'ore
i ; ; i :  a ; - ; ; ;a , l . "J  a t  .bor !  lod ( r . .  T fe  i ; i t id r  r 'noe ?s idrdr  wds
1.8 k l t  on dav 3,  and 0.5 k i t  on dav 5.  Th€ radar  f tack Has sorro rn
; ; ; " ; .  -q" ; . ; ,  a1d d l les.  a t  i le  ( rosesLron or  t1e \ rc '  rddd-

"" " i " i , " . i  
* t * i . "  ins t ;do o ' t fe  thr ro  iTc(  Pdls  or  botn da/  3  ard

dat 5.

Tnrouo l 'o r !  t_ar_ 'nq .  and dJ . :nq  eacn R!01,  !ne  doHn.angP pos i t ion .or  - t re
Lr "n l i l i on  in i r , . ie  l , [ vq  qa  i_c -ease i -o ' the  no- r i i r  -cb

r r t  !a .oe t  Lo  as 'd -  d5  -58  \ fL  o .  oa '  I  l * .es r l ! ' rg  t ra jec to rv  o l

dav  3  { ;5  q . "a le r  lha_  l -s iqnc  'onq.  l rp  ca  lv '  r \e  N( i  bu 'n  qoL d  he

i . i * "d- i " ' " i i . ; "  o.z r r ls  in edc,1"d\ ,s,  a.d d p.e ,n i . r \  !Mget inq o '
ii ;iia io"rirn tf'at th;: burn had hit ihe -48 kft TGT vithin 1 kft' As
the intermediate and fjnal solutions ve.e contlred vith ljttle or no
;;;.' ;;.;i;'-;; lev, rr,i traiecto.v "or a erldudlv becoe roTe" -5e

dac5 L id  ec lo r r  t cs  d !  -52  k ' t .  Det leer  l -  and ?-s igna lo '9_  In rs

on 'n"  
" "o ;  

o '  t ie  rd4qe ro  !1d  -G i  inc reas ins  a(  co-odred to  t€  p -e_

l i .Led rdnoe.  seeheo to  con! 'nue ar to .  l ' .  The r i . s t  I ' o  - rocoo 'se

;u;"; o" b;ui dav 3 and dav 5 tere 1to 2 ftls radjalrv tovard the
ta r th .  ind 'ca t ' rq  L rd !  t l ' e  -d 'qe  to  t l ' e  GT ras  g  Fd la '  thdr  t ie  rd_qe

o.ed iaLed ,med i ; te rv  a r !e_  rhe  p-eceo ing  bu-n .  r  each
i r ; ; ; i - iht .ra"; in-.  burn Mc2 w;s near, 'or s l iqhrrv belond, the 5-

The final tvo nidcourse hurns Nere sf,all o. both dav 3 and dav 5, and
the lrdjeclory vas noninal fron sunrise through the nanual trajectorv
i " ; . - i "p** .  No point ,no er -ors  "ere ev idenl -dr  <r l r ' \c '  d_d ar
ine. r ,a l  a t ! i tJoe q;s  esL.b l  shpd at  t l 'e  noni 'd l  t i re  o l  vc2 '2?:00
v" in  i . "  i i c  input ' ,e re 'equ i reo i1e- ! ' "1  l i t  o r
i i . i ' . -  qi  ioob' i i" . ' - i i .  i l "qe ;. t" * '  abour /  5 rL/s, 4d the nit 'dr
br ; r ino  kas  oo .e  !o  .educe iL  to  4  iL /s .  A t  1500 lee t  soma ddo t lona l

" . i r r " i . " '  
i - i i , *  Lo ?e!  t le 2 rL ls qate.  on odr J.  t fe c 'o iLre 'as

i topp.a ui  mo leel :  a4d ! \e v sAe lds e; tabl is l 'e .  be 'o-e orbi ta l  noo'
an; iv  5 .  Lde c lo ( re  ra te  qas  -d i r td 'ned to  con(eae FRCt  p 'oDe l ld_(

i i i r i " i . i , l  i iJ i "  i i " i "  "q 
rhe v Bqe at r50 reet.  Tl is r lpe o- aoDroa'h

is recomnended fo. future RNoZ.
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Tne bac<up tec l r  rqres ror  de le 'n i l in9 range and ra1ge ra le  du ing the.
na4al  l , .a je .Lo-J-cor t 'o l  phdsa reqJ i red t l 'e  L 'e  or  o \er  dvs on d '  (  rv
nonitor. ihis tlchniqde,6uld not hale b€en usable because of the
r ;ab: : ' r /  o l  the ccw aLc oop to  .egJ ld !e on a srd l_  b . ignt ,  l iqhted
-dr0et  dqainsL a b ldcL oac lqrornd.  ' la . ra l  co l r .o-  o f  the ' r rs  nd/  rave
r l ; "d ,  i l  t i re  l .dd p._n1tr ;d ,  q" rg i19 by -edsrr tng Lho *o lerded aI  e
of ihe TGT in the coAs is DrobablY Adeiuate for tralectoriet that are

PROXiI'lITY OPERATIONs

on the in i  id  deDroach to  the \o la '  tar l -um sde re. ' te  o 'o i 'P:  "d :
i  o""o to  O.a rV.  d !  250 feet .  lo ,7  Has se 'ecteo d!  200 rp" t .  F ' 'a l
l , i i  

"o  
- " i :n i t l " , "a  t ' t r  tne i ' len l  or  pdrL ing lhe orb ' te 'be lHeen 150

and 206 reet  o1 t fe  u-84R,  ano s tdt ion leeprrg oLr i_q tne o.b i t  n iq t t - -
D[d5e.  At  th is  t i -e ,  t t  so ldr  dat rnbn rate l j : te  Hos appro materv  / '
n ioh in  the COAS. lhe c lo lJre .a te  couro be e l in jnateo '  br t  v i t f i i  d

" " ;y  
s .or  t 'm r r .  i t t ' t roe (or .e . ' lons.  k \ : . f  Ere autord l ica l lv

ra ;ondr io  to  DB exc l rs ions.  qoL d re in i r la te  d  c losJ-e ra te or  0 .2

A! t r t roe con! ro l  "as 
-a ' {c i red k ' | ih  ORH je ls  dur i rg  t l ' i s  Der iod.

becarse v tP i  -e ! (  l -ad denon5L_a!ed a s i r i lc . . losL.e p 'ob le . 'n  s i 'u  c
t io is ,  P.e ' iq1t  s i -1 . . ' io"  fad d lso r .ndonlv  dPmnsLrdLed l f i (  c rosJ 'e
roo ien v im ror  z  \oq,q iers .  out  r t  to  t te  ddq.ee e:oer ien.ed ou l4q
i l isht.
Rdnqe co. t inued !o  decredse,  eno exrre e je t  b .ak ' r9  ac! i { 'L}  broved
imi iecr ive i r  s tooDiT t fe  c lo(u"e rd te.  F ind l l ) '  aL 80 ree l .  t le
$ ld .  hax imLn sdte l l  !e  qas noved !o  8 'h iqh ln  lhe CopS to  r ' )  lo  Lq"
rne o.o i rd 'nec lan ics er tect  or  hav ins !1e 0rb i ter  c .q  qe l l  be loq the
So or  l4a{ inn sdte . re  Eo prodJ le dr  oo"1 'n9 .a te .  T\ is  hor led r i rh
sone deqree of success. and the Orbiter Pas backed out or i40 feet'
llo,ever: the closure rate slarted iqain at the verv slov rate. as a
resul t ; f  th is  exerc ise.  the loc Z cont ro l  mde *as not  cons ide 'ed a
viable stationkeeping node.

u iLn the O.o i !er  l iq t ! i r !  co_ l iqurd( ior ,  250 ree i  Lds cons iderFd t \e
nu 'nrn s td t iorkeepi !  d isLdtue d ' . 'n9 oro iLa l  n i91t .  fo .  rcae.pav-
'o"ds.  250 feet  rdr  oe too c lose fo '  0Rr '4  je i  dct 'v i iv
t i  i  ieor i rurmr. ; js rs  !o  sLdt ,o_ reep oui rns r igr t  De- 'ods oJL5 dp or
'50 fee i .  oet rer  0 .0  te .  e . !er ior  l iqhLl19 s t r ld  be o_ovided!  o '
sLdLionreeplnq ndJ.oL oe d v jab le  opt io- .  I t  s \ou-d d l )o  be oo l r ted
oi i  , r ,ur  iqr i  

"s ' * ,  
adeqLdte ro .  d  co_for lab le  qpp.oac l  and s 'dople^

dur i rq  lhe db i la  n ight  perrod as long dt  t '1e ran9e

T_aiec lo . ies, i t i  
_ot  betd d-q les,  whe'e t lF  parn of  t1e srn crPs ve- ,

cro ie  to  rne c t ,  { f rcn Las t ie  cd5e ro.  lne so d '  Har 'nJ-  (a te l l i le '
;er€ a d i l f icu l t -v jsual  s i luar ion.  l t  uas iFpor tant  du. iog s ta t ion_
k.eo ino to  be jn  as s tab le  d s i tuat ion as poss ib le  because j t  Has
exiienirv palnrut to t.v !o observe the TGi wlth the sun in the crss'
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eyes, The radar range and iange rate helped for the openinq/closing
rates, but the L!5 f,eter was too noisy to be useful, hence there Has no
reasonabre ray to make up ror the loss of visoal trackinq ior lp/down
and le i t / r isht  not ion.

For the R 0z. the final aDDroach was nade rith no intent to stahon
keep.  The orb i ter  vas aqain s loved to  0 .2 r t ls  ar  250 ree!  on the V-BAR
aid lor Z vas selected at 200 reet. To avoid the Sun interrerence
Droblem. iner t ia l  a t t i tude hold las se lected aboui  15 'ear l ier  rhan the
i'end-on' aoDroach that hdd been Dracticed in sinularions ior rotatinq
grdoP "  .  T1 '< to ta l l /  e l i . 'nd ied l re  5 j  oroo le-  ono Droved not  o
\amp".  i 'e  9-6po P operdt io . \ .

To ensure proper brakinq, lov Z vas deselected at approximarelv 80 feet
viLh the sirlai llaximum iatellr'te over the PLB vhere plume inpingenent
did io! aDpear to bp a problen. A snall anount of ripplinq of the llvlar
on the satellite {as noted. but no attitude chanqes vere observed due Lo
let  f i r ings.  lhe Soldr  Maxinun la te l l i te  t rans la t ion vns s topped Nhen
it vas in the RfS w.ist cdera field of view for the grapple attenpt

Parkinq the salellite over the bay for the R!15 attempls Hjth a satelljte
of  th ia  s ize whl ld  ro ta l ing,  even tunbl jng as i t  vas on the f i rsL
atteno!. ras not considered a oroblem.

A detailed dccount of Ku-ba.d RR perfonance on STS 41-C vas qiven in
Ku-8and -  The F l rs t  Year  o f  operat jon,  by J-  f i .  Gr i r i in  e ! .1 .  The
ftlevan! section says:

ODeratidns for the Ku-band on STS 4l-C beqan I hour and 40 ninutes after
launch { i lh  deploynent  a id  an jn i tJa l  se l f  test -  ! i th  lhe se l f - test
hdving indjcated no problens and no evidence of extraneous TGT'S, the
systd svitched io c;munications node until iust prior to dePlovnent of
ihe long durdLion exposlre facility (!0EF) 25 hours later. imediatelv
upon s{itchlnq inro radar node, received sigial strenqlh spikes, and
f ; lse TGI  ind icat ians { ident ica l  to  those seen on SIS-11)  {ere observed.
As a resul t .  tk  subseouen!  se l f - les ls  fa i led.  suddei lv ,  15 n inuLes
pr ior  to  lhe re lease of  LoEF,  the jnd icat ions s topped Shor t lv  a i rer
ihe re lease,  the radar  t rack s ignal  lent  h igh and d isp lavs repor ted 88
feet- As Challenoer backed away at 2.0 ftls, the radar r€nained jn
tr6ck until 2500 leet vhen the system vas returned to comunicatlons
mode. An hour dnd a hali ldter the grsten Nas switched back to rddar.
0ur i iq  a  success lu l  se l f - test ,  one RSS spike vas observed.  r { inutes
ld ter  a f ter  reconr igorar ion,  rhe radar  achieved reacquis i t jon or  LDEF on
the i i rs t  a t teFpt  d4 25,276 feet ,  v i th  a .  openinq ve loc j tv  or  4  5  r t ls .
Track cortinued in ercess or 35.000 feet. at which tine the svst€m vas
dgain returned to comunicdlions operations, ehere lt remained lor over
6 hours.  lmediatd ly  upon s t i tch ing to  radar ,  the la lse TGT ind icat jons
retu.ned and tvo subseouen! self-teats fdj'led. Follorr'ng vel another
srilch to comunr'cations node, the radar vas reddied ror the Solar
r4ax imuo sate l l i te  acquis i !on v i !h  lhe Kalnan l i l le r  propagat ing the
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Acouis i t io l  o i  t fe  Sold-  !a .  rLn occJrred d!  i01.553 r "eL '  Ba(ed upo_
qn esLi t ro ted q(5 or  2 .0  sqLa-e -er"  s ,  acq l  ! i t ror  has e 'pected at
a5.OaO'ePt .  PSS dara nro-qror t  the suDseoler t  l rdck to  89 rcet  5holed
-h;  Solar '1a i 'hm sate i  e  LLrb l i_q d l  l /6  revo iut io l  pe '  r l l ie
i , r i " " ieep 

"s  
d-  loo ree! i  h i \ r ,on sDecia l is t  0- .  Geo.qe 'e  so"

i i i " i l i : "a  * i  seo"- r 'o '  l is to-ce aooaro nrs  fhL and !o  iar t rv

"L iemotea 
tarxs inq Lhe iJ-Dl ' rq  soLel l 'Le.  l lsuccess 'L l  i l  h i<

i i - " ' " . i .  r . , . " .e i r1ed ro t re-orb i ter ,  a .d  ( !g l1 ! ! ! ! r  " 's  bacr"d ar iv

Drr i .o  rne spoa_at io_.  v  ! \  the So dr  r4ar j -um sate l l i te ' -s 'de t fe
; i ' ; ; : " ' ^ ; " i i ; r ' i ; "  a ;d  d in . r  e  or  roo reet ,  t te  .dd. -  c . ,  (o f f idrded to
reacouire. Confusion in the relative positjon or Chall€nolr and lhe
sola; axinun satellile. feated bJ the orbiter's maneuvetlnq to rne
reLroq-ad.  bLr .  ! t ! i !uda,  cdrseo LfF 'n 'L ia l  -cnLdl  dnd aJ io t 'dc l

" :q , i i i i io"  
i t t *p , r  Lo ia  l .  ' t \ i r  s .conos Jpo.  sh i tc l i !  to  cPc

iiJ,i.iili". tt" i'a"t round the solar riaxiwr satellite at 5298 i€el'
a"l .ontinu;d to ftack io 54.ooo feet lhen the sJstd vds reverted io

lith one exception, the second solar Maxjnun R[oz vas a]sost a duplicate
or  ' "  i i i . t .  a l ,o i " " "a  bv 48 hours,  v i th  acquis i t ion ar  l l0 '000 leet
dnd D_ed\  L .ac '  d t  88 teer .  At  54.55q feeL,  the 'ada r - 'po 'Le0 dn^
MbiqJoLs 'e  oc i tv  or  11,  f t /s  'nsredd o i  Lhe co. .ec l  ve lo l rL ,  or  b
t tA:  SJbseqrPn!  datd d- . lvs 's  s \oEd r fe  dFomdlo ls  recd ' rq  to  be d
re;ult of a iGI fade. A re;sonabilitv check of the Kalf,an firter
i " iec t r r  re ieceo t le  tu . . .  u jss ion sppc i " l i *  e r r l  fd r !  sucL"ss ' r l l v

" i - " i i " ' . r , " "so ' *  
ru , i . t  s re  l i re  v i i r  t ie  Ms dr-o ' t  e 'dct l r  d  ddvs

i " t i  ma mls:on.  lqo r  nL-e(  rd te ' ,  Ku-ocnd re!ur 'ed to  (Cr '4v to
p; ; i ;e  the vor ld  Hi th  te lev is ioo coverase of  the in i t ia l  inrPect lon
withid the pdyload bay.

on r l iont  odv 6.  ar t6 .  t l 'e  lo  a-  l lax jnLm (dte l l i te  repai '  dnd JeL
a"dLhe;  fa i l id  ;e l i  - .5 t .  ! l -e  .ad"r  Hds able to  dcqui re  t \e  s ' te l l  k  ar
iss ' i ; ;  ;s  a id ; ' " "qe-  u icreo a"av,  i r  sp i te  or  rd lv  ra  se TG- l i icd-
r ions-  t rac i - i i  nu nta r "d  to  580 'eet  " r " re  Lhe ar tenna reac led a
;o; ia ion that  ind icated i t  {as about  to  i l lun inate the pav load '  vh ich
turns or r  !1e ! .d_snrLLqr .  lo l lor r -q  sone sp i  e5 on Lte Pr  po 'er
noni !o .  and dn L_(rccess 'L  a-L"mpt  io  .aacql  'e  oe arse re  "n lennd 

ras
ooi_Led a idv _ro[  -1"  TGT,  he sv5 len.etu-ned Lo comrnicd l ro ls  u ' t i l
r i i " r , i  a" '  i -  aet ie" ino ine aooarent  n ter rer*ce to  oe.bo"rd the
o- i , i . .  i .  . t , " : *  * t ' - "de r ;  locdte "  sourc '  o l  r . 'q l ' t  ddv /  0u- i1s
, r " . " . i -  t " *  oe. ro .med " , !1  L \_ee fd i l i19 'n  the
p. i ' i i i i ' " i  i i i i  c | 's .  arso oLr ine r fe  Les! .  the s-bdrd corL- 'cd
. , " - i  i r t t -  " *  re-o l f iqu.ed a long ' i t t  s" i tc" ' 'q  s 'Pvard l  e ld-ent !  that
inout  !o  boh s-bd"d d-d xL_bat  ln  d l l  cor r iqurar lons r -e  ra  rse
\ ionals  were Dresenr .  A te '  Lne r  r r ( ion,  r in i  la-  in ie ' re 'e-ce te( ts
; i ; . ; . ' c i . ;  i i  ' *  o- , , " .  P 'ocess i .q  ldc l l ' tv  or  t ie  r ten ledv-sodce
aen!er .  Ls inq rant  o t ter  eren"n!s  o '  ! te  0ro iL" r .  Urde '

" i . i  
r i r i .  ' rq* r i  1 , . "  r rcse seer  on orb, r  reorodrceo.  as or  Lhe ddre

.i ihi< writi;d. the source ol interference has not been located'
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0l4S I ert

l/?2.35.19.4
l/22t35.19.o

u.4 |  l l . l
l r .5  |  I1 .4

-1.1
- I .  t

268 X 264

MCI I /23.01t25 ,A
l /23:01:25.0 1-0 |  -0 .3 -0.1 0.9

NULL
IIOT EXECUTED

tc2 l /23:30:55.0
1/23:30:55.0

tlc3 L/23:40:55.0
l /23:40:55.0

MC4 1/23:50:55.0
1/23:50:55.0

0. t 0.1 0.0 0.0

JSC, l0539-A

TABLE A.2.- ST5 4L-C IiANEUVER sUI'4I'IARY
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TABLE A-2.- Concluded

IIG (i'IET) PEG 7 AVX
{FPS) {FPS)

(NM)

5t4M sEP I
RCS+X

2/02:40:00 0.5 0.0 0.0 -0.5

s|l sEP 2 2/02:50:00 0.3 0.8 0.0 0 .0

Ic4
RCs+X

2^7
2lr7

!3
03

55.2
55.2

2,5 0.0
0 .0

0.0
-0.1

263 X 265

tic5
RCS+X

3/04:30:00.0
3/04:30:00.0

2.3
2.r

-2.3
-2,1

0.0
0.0

0-0
0.1

268 X 264

NC6
0l4S right

3/ lS:40:05.1
3/18:40:05.3

7.6
8.0

-7,6 0.0
0.1

0.0
0.1

268 X ?61

CC i/20t49:56.4
3/20:49r56.4

1.1
1.3

l . l
-1 .3

0.1
0.1

0.0
0.1

267 X 26r

TI
0M5 leit

3/21r49
3/?I :49

03.0
03.0

5.6
5-8

5.6
5.8

0.1
O,L

-0 .3
-0.6

268 X ?64

r4cl 1l22t l5 iA9.0 0.9 0.3 0.0 0.9

t1c2 'l/22i45r12.4 0,7 -0.3 -0. L -0.6

MC3 J/22t55t12,0 0.6

tic4 3/23:05:12.0 0.3 -0.3 -0, i

RCS+X
4/18:45:0C.0
4/ lB:45:00.0

1.0
0.9

1.0
0.9

0.0 0.0
0.0

269 \ 265

SMM sEP ]
5/20:04:50.0

1.0
L.2

-0.2
-0.2

0.0
0.0

1.0
L.2

269 X 265

sMH SEP 2
5/20:34:50.0

2.4
1.9

,2 .4
-1.9

0,0
0,0

0,0
0.2

26A \ ?64

BOTH O S
6l22t3L
6/22:3r

30.0
30.0

460.4
460.8

-393.5
-393.5

0.0
-1 .1

-219.4
-239.7

27IX0

AZL
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D, sTs 5l-A vas lahched Noveriber 8, 1986/1215
(c0R),  l id l ler  (PLI) ,  Al len (1451),  Flshe. .  A.
After deploting tHo PA|'4-D paylodds, the cret
PAiIr-D oavloads (the Palaoa and qesLarl left
fd i lur ; ; for ror ing deploy i€nt  f rom s ls  4 t -B

R DZ profils is sho{n in figure A-7-

GUT. rirh a crev of Hauck
(  52) .  Md Gardn*  (Msl )
Lc ice .endervoused r l tn

in loe orbirs bY iniectio

b

"iii'

I
I

I

I

I
Flqure A 7. -  5 l -A l i rs t  R 0Z.

at l5 reet  e l i - 'ndLed plune di<tu-bdrce
*0" io.  i "o*t . t ion doiJst-"nts.  useo '  o '  z"  m' i "
l o  l s  Iee t .  t ] id  no- .se  ' ' o t  Z  'o .  < to l , ron \eep l '9 '

0A8 "lessons learned" highllght

Spacecraft visibili!Y tas better
jn  STRK dt  > i00 n.  n i .  {used 'Y

Deselect one IrflJ for sTR( passes

A-22
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. Tro derlo.yables, tto RNDZ's. These rcre uniqle RI0Z'S since both
ili"iiiti-s t"J io be deboosted fros n hisher orbit or diffe'ent
iiiii"iiii". I pt'i"ti'i' o"x eas created ior the noz vith the orbiter
and each satellite

ase anqle dt the circularizdiion N!R'
arbit;arv choice tince the.e rere

-2 and NC3.

fo. insertion di5Parsions.

gdckuD setaration burn Yas biased posjgtade (6 ft^) to en'su'e an
ii"""1."-.""ii.ii".. onlv t*o sepiration buirs rculd be donei the
;hi;;;itb" ! ehasinq i'urn. Ihus' the pn'sins burn courd occur
belore or .iter either sepatation burn.

GEIlERAL

PALAPA REIIOEZVOUS

variabl€ 0ll5-2 targeled to a ph
The circuld.ization ll vR {as an
nore than l0 MIiVR's beiween o|is

cI  b jased posigrade ( I0 f t /s)

Circularize orbjt norning of FD

IPC schedu]ed tonetioe lhe aiternoon or FD 3.

NSR Jncllded to set lighting for ter'rinal Phase'

[C2 biased posJg.ade (2 rtlt to prevent soing tebograde'

Typical l,H, C, one-REv Lransrer to Ti {]_e-REV lransfer to T'
diclated by the EvA requirenent (creH rcrkdavj.

s  R(  tass D. jo .  !o  r ln  vas qdest ionab 'e '  due to  acqui i l t io l  raTe '
This irad ihe potential to be a one STRI( R,IDZ.

HESTAR REIIOEZVOUS

to T i .  Agdin,  th is  tas an

.  There ras d potel t id l  for  i_eez1ng of  lhe iuel  renaining in Pdldoa'

" i i " i  
, i .  i "  * tonat ic  iet t json c;se '  lo p 'event  th l t  r ro '

; ; ; ; ; " i ; i . - " . ; ;  i "e - i  i inr  i "  a qenerar lv sun-faci 's  at t . tude.ror
s=n< pasi t (p.ro !o NH). If dd;1rion.r t"" 

X"lr'iitli",l""iiitPalaDa tarn. STFX prss 2 vould be done {]in $i

v::,il;,liur;:ii, l"i:.;;lll,T l'"T;i":ll;i.lli'.Hh:l';::[,:l
since the PA',! ASE'S could not be overheated.

A2 l



esiar ard Pa aoa re-e sLpposed !o be coplarori thev
He.e lucky and ;e.e ab e Lo conbrne Cl-z dnd NPC_?
ll VR) together and save fuel.

JSC-10589-A

The STS 5L-A flightdev report (March 28, 1985) nade the rolloving

REND€ZVOUS

Recomendation: Incorporate in future softvare the caDabilit

Crav Responsibi l i t jes

Eecause the PLT vas to be verv busv during the RrlDz l{NvR's ds the IvI
i:.fri" iii,liii;s ri" ivq "-""*".' " :,'i -1"'11..if" i;!.!i l;.:::,*
1:: ffii-l::''li: iilT"lfi!'"''o 

'"'"["i,iil]i','in 
Lne proy ops book

" i i " .Jr i " t  
* r t . .  drd .et t  lery conrortdble d,Lh the book.  f ror  the

*ii;:i::,:;,';l;";lt,u l::,i;ii.i":1'(ii'Hi:'.:i''i:ff"iili: x!'::' "'
ill"lu:t:l il,i'1.;"'ru:::;','il'-"J ;ii^'i':T:"ili l:'.iH:':
IiE :H,::it,T:"]li:]';:'il"'J:t'ff:::'i:,:*: li: ii!1!1":'::: "
u*:iji: xi!'g*.:gs""it":,#:'fi !i!::l,ll':H :1';li,l'!"1!' -"
erricient than autonatic borns volld be.

th  oPs 2ol  the UNiv PTG d isp lav prov 'des a na 'dver  conple l ion L ne ro '
a l l  aLLiLUde naneuver<.  I r  oPS 202 (Lhe oPs aode r0 'or  orDrr  ournsr
ilii'-i;i;;atta; is iot avairabre. ihe crew vas oiten concerned aboot
iliiiiiiiii ii'i"ii"ii' i; i.i" iitit"+ earrv enoush. The potentiar ..
Ji i i i i .  i i i .- i i- ir i i"; i o; "aia =g*"ins ia"eu"ir co-o'dio- tr-e'. rhat
i-iiii'nii:"ii.:ii"" ;-*ver nooe-(r'oRr'r'vs. vtRi), or 'dL? LoLrd be
used by the -ew for "insurance."

6i76n ePc<-nrrotteo ncs uurns.

RecomendaLion;
t l  VR Er tC d iso lov.
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sIAR TRAC(ERS {STRX]

The STRK perfomance las
acqui r ing the sate l l i tes
For each STRI( pass, lllu3
filter-induced noise on
the second STRK pass on

Recomendation:

Ranqe rate and anguldr .ate
thr l  nodeled rn  the SES.

e^cel lent .  A l l  fou.  ar tenpls  ( tHo per  R{02)  d t
de.e sdccessful at ..nges of uP Lo IZU sr res'
{ds deselected to  avold the se lecnon or

the data rhich had occurred on 5TS 4l-c. ror
each FhoZ,  Lhe STRI(  shuLter  had to  be ndnuarrv

RTIIOEZVI]IJS MDAR {RR)

t \e  RR Der forndnce eas a lso dcel lent .  in i t ia l  and so l io  lock on. fo_
PaiaDa;as r16 k f ! .  l l i t la l  uesta.  lock-o.  occu_ 'eo at  110 \ ' l  r l tF
s; l r ;  lochn at  l?o kr t  Good FR dala vds esser t 'a l  ror  hrs(1oF
i ; ; ;s; :"p; ; i ;h i i ; i ;  . "0;ci tea i raL nn fa|rLre pr ior to f i rst  q{02

associs ted ! i th  s lg f i f ic in !  d isDers 'ons,ou ld hcve resur !e0 rn
idsu l f ic ien l ,  FRCS iJe l  to  cotp le te  the second R 0Z.

Reevaluate r jsL to RNoz niss lon

h! data to riproye !l!-!!!.elj-!

data {ere all tnoother (less noisvl than

the sts

TAiEET VISIEILITI

s ion l l icant  Lr -e  drd ef for t  rere rpent  in  f l ight  tecfn iqLes neet ings to
dei rnrne the i rer l ra l  d l t r tude for  the sater l i les  to  oot  n '7e He
i i io . - " i i  * ** "  t lRK,  Rt ,  and v isuat  acqu 's l ! ior '  Horst  case
; ; ; ; "" ; ; ;  ; ; ; ; ' i ; i  i " i  i " i " i t r t"s niqht;ot .be vlr ibre ' r  I  r i re '  the
dppro\ 'nd le  'dnge of  t l ^e " ranual '  Dhas€ o i  R{OZ.  ThP r lna l  dec is 'on {as
ro oor in jze for  STRX dcquis i t ion.

i .  th ls  a t t i lude the sa l ,e l l i !es  Here v is ib le  to  t fe  eve

" j th  the ass is tdnce of  the CoAS) dt  over  100 l l les '

MIIIIAI PHASE

Ihe q{07 ranu. l .  Pnase begl . r  a t  orb i !41 sunr :se-LhPl  t re  IGT is  around r

n .n i 'd isLadt . ' ' l ! l s t iepo|n la t th icn !nec0tbog ins
control jnouts to the THC a.d qtc to ensrre orblte' llte-cepr or tt
; ; l ; " ; i ""  6i ;a 'dT v sAR loo to 4oo reeL anedd or the rcr di lh
iea io ;aUte c tosu 'e  ra !es l r ' t f  good eR inrodat io l '  th is  prase vas
cohDleted vithour jncident per the publjshed procedures'

i;ii norinterconnectable FRcS s

RecoMendaLion: leed bacI rl loht erDerience

A25
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PROXII.iITI OPTRATIONS PHASE

AlLer  a r r ' !a l  o r  t fe  V-3qR'  5"bsequer l  b 'd f i -9  l ' { vR 1*ere  pe ' lo -ed  is

i:::j j":i.-l:":"!l,r:+:'i:":"::: i';1:,.rr::*l:1,:'"iT ?i: :i,:'.
iiii"i"Iii ii.i::.lni;;r",i: i,::':.$':"i':1"i"1";:':'l H": H,:!"
+z rnDut l  to  lhe THc tere min lmized dur ing th ls  p

;i'i i;.;3;ig:.;;:!.:i,"\l;:.:l':t,l; i;,-l: ii"y::,"i;.,iiii.'i'.l:,. 
-

i i } l  i l i l  i i " ,qi . ' - i ; . l ; .  ioo c ose to tre sater '1- '  sho'trv

iliriui;r.tti,;;';ii ;rt,:ii,:!:'i.ii::i";iirriili.:;il":li:ii:1,,
rd te  back to  0 .2 f t /s ,  a  subsequenr  lnc 'ease rn c

::i;.i::ili"iin"'i'ilr;'::i;iir, ;iil"lli i";';l,g,i:ii"'i,i:, *t'
in ; ;ease in  neL 0ropuls ive er fect  in  the nrnus /

rilill,':ll,:: :::,il;':i"i :i:::1i"":",::'.i:':l:.5':::',1.'19""
acceleraLion affect tas

Recmenddtion: AitIY4
;Iti;;iao est-abr rsh the
ddi iq  loq z  Faneuver ina

Recomendation:

et firinq historv and RR data to
!-he undes i r3!l!-=f !!!91!ra!i9!

LDor redcn:no 60 to / !  'eeL s.pa-dlron 'ro'  t fe -c| l  (c! 
i : : l lJ ' i . ' i l :

lli"ll i'!i!"]:i!l;-1"i"1'T::: ::: $i::ff::"',;'" p\D Drorires
iL, ' i i" ' i i  i i , .r i ' -  

" 'La!'r\4pi 'e 
oositron appr! ' : ; i : : ' ; . :rT:;:" '

!11i.'li,"ii'lll-lt.!-'i;:::,::; H: ;!r:,";:, ie','n'"1 rs rc'l

hen r rack inq ddta ind icdtesthat RllDz

iso-iticar!!!5 j!!.1-r+i!s-l!!t---p!.: j! j!!arr i * l  in  the s ta t ion leeoin dd if Sun 4!!l!

STATICNKEEPING

#:;:#ll*$'lltH{i-{ii:*iillli*'lri:#ail+ir;llid "
li'ilii:,:ifrir'+ t,:qn*'t*iir;,tt[1;i**:lufi:l; .'
li";tl.':; ;iili:T;';:.lllf:";s':l!l:11::',H;',".'de,\e orb rer
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concerns for bee vidth, ljgnt nounting, orblter deadbaiding' and. Tv .-d ; ; ; : r i t i -s  
they t la ied io  n iqnt  s l ;L jonkeeo'n9 r ' re  rn  co 'k  {hen t fe

i:i!;ir.f i!*ii;:rili l!::"r"::i"l:"?r"1i"i:i:;o:!:'::il :1.:*:
. orbiter-to-satell jte plun€ effectt

Stationkeepi.g Rcs usage

MdU rescue (three body)

oetailed discussion of these issues nav be found in the lhe 5IS 5I_A

Orbi t  F l ight  Techniques n inutes.

Sa3el ined s ta t ionkeepi .q  po( i t ion Has 35 ieet  i 'o"  s i l l  to  ra te l l ' te '
; ; ' i ; ' ; ; " ; ; i . i ;  ; ; t  i i  l ,  app.or inaterv zo reet at !  or t le ro*drd

i:i;i:lr'" il:"ii',it,':;i:li:";:,"i,:"fii"li:.'T il:']l';"11":"
i - . -o: ! " : ' "  i i i i r " . r . .p i "e x ard I  dxls pos: t ior  datd,  !1e-eds Y uis

il;iti";';; :;;i"; ui i .ii.g o,, the ov;rhead,virdo' ln rrieht the

lo i i i io . lng t i t .  "* ;e l l  
rep;e 'e. ted bv the 5fs dnd sY5 s i ru lar io ls '

ruel consunption was sddeshat higher during the Palapd refiieval than

Dredicted, and is aitriblted to tvo factorsl

. Ihe CoR 'gains" lere a bjr hiqh.

. The 3 I/2 foot lorq o'4\l dnlenna on top of rhe H5 176 l^ad'oL been'  
' ; ;" iJ;. ; i ; ;  ' i '1i , ' - i .  nr"n rne ivtt t  atr i tuae of Lno o'bite'
: ; i ; i : ; ; ; ' . ; i " ;  !o rhe . re.L iat  dt ! ' r rde or  the sate\r i te,  the

"iiut. 
s*.0. o,L or lhe cnle.na c'oddeo Lhe LvA c'emerbPr's {o'king

iiiiiii! iia'".i"i'rt"nJ ihe transratioi or the orbiLer 3 to 5 reet
far ther  ( in  Z l  f ron the sate l l i tes .

Soth of the factors Here conpensared for during the estar statlon-
ilili"q iia tii nci u;dse rilures for that Period of tine should be
considered "best case."

Recomendatlon: stat i onklclhgj! -q
sinrlar s r.L I onke!j-!b6sel ide fo .  rue l  usdae

A det i i led d 'scuss ion of  t l ^e.eqdi red c 'ose- 'n  n i95 l
.echnioues for  5 l jA Has o 'esented i r  SPace sa lvoge:
r l iss id  s lS t l -A br  Hducl  ard G.rooe 'Lo the soc ie tv
Ter t  P i lo ts .  {n . rce.Dl  f ron pdqes 5 to  7  fo l l@s:
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i i r t i dnL  \ ! a ! i onNeeo :nq  o1  the  FS-176  sa te l  i t e  po led  dn  aod jL ro la_  c \d  -

r* i " ' . i  i " "  , ' i i r t  o" t 'q" .  o '  r inq Ll ' "  r i rsr  shut t le ro- i ! ior  r lv ' r0

" ;  
( ls -7-  [h"  TGi  sate l , lF  "as equ 'pped n i th  bat lprv-Do"erad 'u"  no

i iohr3.  Ihe oro i te"  {as r lo{n at 'anqes up Lo 1000 leet  r rom f ie
i i i " i i , t " .  

-v i ' , . i  
cai . inq o'  t te saierr, ie ar .1e1t at hae drstmces

ras  .o r  a  o tob l4 .  DL ' inq  l1e  So lar  !a ' iaum sdL" l_ i 'P  repa l -  i r ( r 'oa '
joo-r"" ,  ' i ' i i " .  *p ' "q ,n o.r '  *d.  Lven tnolef  t l "  sola '  lar i  un
sd-Fr ' te  vd5 rot  equrppad Hi !h  - rnr 'n9 1 i9nLs,  t l 'e  lar9e-dounr  or
qo d-co lo .ed,  l l '  av" '  ' rsL . t ion prov ided adeoLate re l lecr ror  o '
i ioiLl i  i i i i6" i- i i"  i ia\ts :o pe-nrL stat io.te.p;.s dt ?00 fe"i  thro-d5
ir, i  . j i r ' i - i i : i " ' . - ' r ."" i" . ; ,  i \ ;  roc re ecrivjLi o; ' re rs r76 5oro'-
iii.i iri".'"ti'"a rron all'aspect anqles, except rron the lop, caused.
.""i"us iorcen atot the crei's abiiity to nalnlain visual conlact
during night stationkeeping.

Io  re l ieve ih is  concern,  para l le l  e f for ts  rere in i t ia ted:  the i ts t '  to
i ' " "r i i i i  i " i i , i i " - i  r r 'q. l intens:Lr (r  r i r lon cdno epo'e-,  soo!r ie\"  a-d
rhe :econd.  to  invest iq"Le t \ "  feas ib I  i tv  o f  s td t ior reeo r9 dL gredL v
i " i r i i l  i i i . : r t i - .  A i  s taLPd,  a l l  p-ev ioLr  sL" ! ionLeep'ne hdd bPe--^ .
done ar  d j ; la tes of  2oo lee l  o .  qrpater  !o  o tec lude d ' i tLrD rq rne rh
' iL" ' i i tJ  

" i ' "  
redct io_ co_Lro l  j 'L  prures A oeverop-" ' t  er ror t  rd '

in i , ic t "o  to  de 'er . ine L lP teas io i  iLr  o f  condLct ' r9  ls0- ter r  Ode
ha.  3O-r ' r r_o)  s( .L  o4teeD'ng t  i1  35-root  ld le 'd l  scpar 'L  on t ron

Orbj ter  longe.on s i l l  Lo sa ie l l i te .

A s ide berer i t  ! \ ' c f  co-  d  be .ea l ized ov th is  corr igr 'aLron Hould be
thdt  rhe f l iqn-  o f  l re  Mi4L to  c"ptL-e t fe  sdta l - i ia  LoLld be or  nucn
; ; ; ; ; ; i , ; ; i r ; .  s ;q1 ' f jLcnt  becdrse L\e t r4u 'ord sas r ler  ordeer  d id
n. r  ! .ave ldroe reseives.  Br t  t l 'e  Lse o l  the rn le the 'ed lxu r1  cro 'P
d;or in i !v  to  60!1 the 0.b i te ' "nd t fe  rd te l_ i te  in t 'odrced i t t te '

il"liii ii."ii*ir;. concern &s expressed about rairure nodes or
ir , i - i i t r i . , i i . i  -" t ia.ecessitate naieLrv;r ins of the orbi ter to ei ther
iil"i"-i aJ.i."i'r,ru. oi io crx an urt k1:ch r'dd e/oe-ielc'd a rdired
o l  lh r r . to r  a t  ddr  th ls  -ov i rg  .ap id  v  a"d / ' -o1  t \e  o rb  te '  N1r l  L rc

i i . . i r i i i  r .n r l r 'nq d,r"cL v-ddj ;ceni  to Lhe envploge o '  rhe 0 'b i ter
Davroad bay.  iL  Las fedred t fd t  the S t le  p i  o t
i ; i ; i i ; ' ' " ; ' ' : , . ; ; ' ; . 'nq  vor lme,  a"o  t f i s  -  o \ t  e i t r -  cor r idP h i r \

! \ e  5 .  e  l i ! e  o -  be  J_do le  !o  .e ' o r -  i 1d  ra i  ed  l l vu  { i l r i 1  t re  L1 - - r s  o r

the Rcs fue l  budget , "

A ser ies of  s inu ld t ions cas in i t id ted to  evaluate lhe inp l ica l ions-of  .
* " i "  i " * ** .  Ine r ' ,qr tc 'e"  r lPd r .e  s_s.  h f ic r  rodPred t fe  ocs jeL

" i " r " .  
i "  * " t t r , "  !ne D lo t i_q tdsks a<socidteo q i ! l ' l5  rooL s ta t  on-

ieeDino.  Rcs ruet  dora ce.e qe let led ror  1on9 re ( taL ionkeeo ro a-d
ror  a  !ar ie t /  o f  u f l  rescue r .e^d. 'os.  At  t fe  sane t i re '  vd ' rou i

" ; ; r ; ' ; ; ; ; ; . ;o . ;  
o ' i i l *  to  *aruare t r^e e ' recL or  vor ious eve s  o-

; r ; r ' "  i ; . ;s  -  t fe  s tao i I tv  or  t fe  .oLdr i_s sdre l l i t '  The t l
i " i ' i t i - i i - i r i  o i  i "e s,- tai io* ercourdqed rre decisio '  to oroceed
r i th  the c lose- in  (3s- foot )  s ta t ionkeeping for  the for lo{ ing reasons:
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l re  rsage 'o .  t fe  fornd l  ron i l l ing ta(k  Ms lourd Lo ba or  th '  sdre
order  as tn . !  JsPd fo-  200 root  r ta t ionkeepi ro  

-ne 'e  vas '  l '  la ' t
i " - i * ia  pcs r . i t  s"v ,_q or  foL har j fs  to  i {pe.d enerov to  srop
Orb ' t " -  re ldL ive ro t io 'dL 200 teet  d id  !nen re in i r id  '  l \e  cLosurc
rate fo .  r ind l  io in  up o.  Lhe 4dled l 'hL and sa!e- l i te

The shorter flvover distance for the MfiU allowed nore tine to be
spent on the other EVA tasks.

Rescue of the lailed Nr'4! eas actLlallv enhanced All of the I'lu
iiii"ir""''";f" -"0,"t"a close to t'he orbiter, and r'4|!U ialruie! vere
i i i . i i " :"  a.r ."*a more 'apidry bl ,  t t^e onboard . '  e{.  correci  ive
i . i i i i , i  ' " : i ' i i : i  q-t . t tv t ranimi i ted to the Muu pi  ot  (rno dds..ortel
unahare  or  Lne f l 'U 'a ' lL /e ) .  T rans i t  d i r !dnces  to  t re  ra l rc0  a-u

i l ' i " -" i . i i  " ' i  i ,  f r ," . i i " : . .  ; rbiLar mecr 'al ics etrec on t \e 'eratrv"
; ; ' r" ; ; i ' i ; ;4. ; t i " ;  ""J. i . . r r i . .  -o re(r L 'n.  to p.oo'qate !*
oi-a-s i .pr"  s ioesrep o.  p iLch uo na.eLve.  ov t l 'e  0 b i re_ pi lot
i *" r""a -" . " - r  aoo.r ' .atet t i te cot  is ior ,  u ' th a l i - i reo ruFbe-

"i-iiiiJ".-lii'"ii"i 
e;ercjeed, o.biier ruer usase appeaied to be

less thdn for the 200-foot stdtionkeepjng task.

Off - l ine s inu la l ions ind icdted that  bv ls ing the
brak ing prof i re  ln  to  35 feet !  verv  l i t t le  ehergv

' l ioht  eva lLdt ro l  or  the c lore- in  s ta ! ror leeping (on ' igurdt ior  {as ver t
oos i l ive.  r  t f  Orb iLer  fue l  Lsaqe on the orde 'o f  preFl  gFr  preo c t rons '
Orb iLe.  RfS p lLne d id  not  cause dnv dpoarent  LDsel  to  t f "  ro l ron o-  r t

In early 1985, John Cor
rendezvous and PRoX oPS

1.

2.

th is  conpi la t ion o l  orb l t t .
.onference on rendezvous._

R i]Z Droflle is vell behaved. The phasirg must accomodate other
i i i i t ' i . r *  * t i ' i . l -  dnd  be  k i th i ;  o 'oDa ' la_ !  b ldqe.s  -  l ' e rcP a l -
Dro i j les  H i l l  be  cusron ized to  so-e  e^ tenr .  l4 r l ! ip le  P{02 cors ide_-
: ! ions  i -p l r  l ra f f i c  nd-dqpnaat  i_  fu  L re  SDace SLar ion /o"v / ! 'b ) te '

I ' earoL t , lNVq o ld - r i !  i s  necessa. t .  o ld .n ' rg  s foL 'd  be  bdsPd upo l
; r ;De l lon !  o ra . t i t ies 'dvs i 'db le  ano p .o jec ted  Lsdge !o  comple le  the

hnOZ seorerde .  esDec la  l v  once Lhe l1 te r (ep !  i s 'n i t id ted  U_earour

oi ; ; . :  i r  ; ;c ; ; ! ; .y  ro;  rLtr . "  t ' rD.  ac! ' i ' t ies t ih orbi ler lsoace
Statjon/other iatellites/oMv.

*  R€ndezeous and Plox imi ty  oPe.at ions ao!kshop,
lebruarr  19 22.  1935,  k .nneth J .  Cox,  'o .kshop
orqaniz ; r ,  NASA Johnson space center ,  Houston.

l f  PL o lavs an dc! i?e ro le  i_  pe- to 'n i -q  Rhol /Doox oPs sequ"nce '
tnen iL  5 'ho-rd co ls ioe-  cd. r l inq c  re(pons b i  ' tv  to  oe- for r  a  no_ '
RF dctlvated breakout MNIR.

Propellanl quantjty vill dllavs be a ptediun. Orbiter ioryard RCs
js  nost  l in i t ing for  PRol  oPS.
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5. RriDz oPerations to date hdve arr !", *"?t,:i:rH:::'il:i,*"1.:t:
i.nsors. hence oDefdtiont appear to be standa
il';i;;";;;;i;!j;i;;t-";ftiil"; ;;"" not ret been encounrered'

6. Cre, coitrol of pavload attltude eases RMS or MMU capture tasK'

7, PROI OPS lill tend to be custon desjgned ror each PL' PL flexi_

:ii*;.;;it,::"i ;:li ;:',:. ::*;:ll;': :,;:":fi:'l';h.i:'""
i c i . ' . i , :  L , *  .6"1. " t  cdp"b i  I  i t / /ndneuveraDi  I  iLv)

8. Contamination evalualion is required for speclfic pavload and
;pec i r  lc  PPo\  oPs re.h- ioJe.

9,  P lune d js turbance suscept ib i l i t t  o f  each pdv load nust  be te ]1' '  
; ; ; ; , ' i ;  

' ; ; ;  
inox ors  oes ien.  I r  5rsceot 'o i  i ! /  i \  s is r i r icdnL '

' " .  
" r " - "a te  

recoverv sc+ies shoulo oe develoDed'

10. Lidht.nq ,s a s.eni.i(drr ractor ," - ct"'t"ooi f;oll!f l ,!!1, ".sequenca.  5unl ight  (d i .ecL o.  re f lected)  cd

:i:!:-ii t;i;:.,j:,1il"u,."";.'t;;'ii;;,';i.lli'll:i iiiilii'
ll. Caution should be taken shen using visual relative rction cu€s for" ii*il*;il*;"'lm;:;::: ::;::1,:l'":l :i:lll;{':l tritqi:l *'

l ; ; i i ;"; i";; :r-, i :  ; ;s;;;"; i i"" I i , .-*a, es;ec'. '  i '  pru-e
inpinqenent js not tell andlvzed).

\2, Prolellant resefves to cover rescue of
hjqher ior ihe Lhree-bodv problen (col

an MllU are consjderablY
lision avoidance) than for

11.  S ince ea.h re l r ievab e Pl  ! i_ l  spec: iv  o i i re 'e_t  contdai fa t ior' "  
; ;  ; ; ;4 . t .  a-d q,1 l  or .er  a  ra ; ie iv  o 'pror i les '
d ; j  tuhents  o '  jner t ra ,  a ld  v i r l  De (o. t ro l leo l r  d t l r tuoe at
iii"iiiiiJ" uv 

" "".r"iv 
or means, then conside'atron shourd be

; , ; ; ; ; ; ; ; " , ; " ; . ,  a  i ; l ^ iu  e  re t i iene 'n ler rdcF t ld t  d i r r  ar ro !
iaoture uv a p.  tarv  ano d backLp -ethod lh is  dopl ies to  o 'b iLe ' '
O !  and soace StaLion captu.e act jv iL ies.

14-  La.oe ncs\  PL s  cd l  be rdr -hard led, i !n  re laL ivp ea5e,  Dror ided t le'  
; ; ; i i . ; - ; ; '  ;e ;n  lho lqh l  throJqn rn ddvn 'c" '  drd r r  s l : tabre
irandholds are available.

15.  h iqh i ide_i tv  nan- 'n- t fe- 'oop s 'nu 'd t 'o l  is  c-uc id l  i r  Iec l 'n iq ie
develoement  and oPerdt inq t ra in ing.

A .ll
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r igure A-8.-  51-D R 0Z Prof i le.

-. srs fl-o rds'durcheo Ap.i 12, rq85/I35e oT"ll ',Ll [i i lr ltrl i?ll. r",(CDt) ,  U l l l id t  (P14.  Seddon { l '151) '  G ' i99s I

i;l.ir?tr lii:lir,::':ii:l: :l: ti:".$:'z};"::*r#,liill#!'ltl'i"
a; attenpt to nctivdte the PaYload.

The RNoZ prof i le  is  shotn in  f igure A-8 '

-1e ro l lor inq comenl ( ' ron t l^e r l  D l l lghtcre '  -eoor t  desc ' ibe the j r

R 0z dnd PRoX oPs:

It r.do oeen doproxi-dterr e m^+s s'rce-thecc'eqec@i],li!t"?-llr, .""
ilsi;i! l;:::ril"i"il:i lriiiilii.li.,,lliiliiir::u$i,y:i;,ki;
ill'lill"l":lli;"i"!'!ii",ili"frlll"i;""'l' the "ish! data rire
orocedures rere onDoaro.

l-l_-#-+-

I

I

I

d  . . , , -  0 4 F

B  6 '  o - F

d E o i d - ,

I
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A -a the ,  lenq t \ /  ta lFpr in te -  -e5 .a9e Las  senL rp  cor !a '1 i rq  mst  o r ,  the
non ind l  R l \01  orocedures  drd  cue cards .  T le  c -e"  cors [ ' rc1ed rco 'u l
RIOZ books  us inq  the  Dos l ins€r t ion  book t ,  Lhe le lepr in rer  nessage '
\c i3 !oB.  a rd  i ;oe .  i tau 'nq  a  Uoot '  " r i cn  looked l i  e  the  p-ocedJ 'es  u (eo
. ; ; ; ; , i ; s  L .a : ' - ;nq  $A ' : va lu .b l -  dJ r ins  LonoL ' t  o r  t l ' e  d r tLdr  pNDz '

a lso .  cue  ca .os  re 'a  con t - -c ted ,  "pp .o l i :a t in9  
t fe  s '7e  d_d s l 'qpe  o f

' te 'ea l  cdrds ,  r ! j !  L 'eeboo 'd  ca"os  d t  vo lc -o  ! .on  rnd  IF !  r i t '

These were  pos i ! ioned in  rhe i r  non ind l  locaL ions .

Foriundtely. all of the onboard hardrdre perforned ila{lesslv An 5T
r"  i :on 'a i  oor" ,nea ro rc l  .dcr .  h i t l ' 'n  ! ' re"  4v
cr le5.  Lne arqlps,e;e verr  s iat t ,  "na ove.  o0 Sl  - i ' rs  r"_e obtaiTd
i r i  ni  r i iLi  i i ' "1 i"-". : i , i " i ,  ise,ooo -*,.  Hficl  soemed !o be t1i
. , , r i i . .  

" l .1""  
- " i  i " , ra  oe a is i , l *ea o l  ,P i -c  l l  o_bi t  tarsP!  ns fo"

R 0z burns ras noniial, and the nidcourse correction burns vere verv
viit, an lnaicatlon thdt the [av states had converged rathe' te]l'

RNDZ ras oeraorned bv the coq dt  P l -  r i th  ls l  c rors-c l^ec ' i 'g  dnd

" l " i  
1 . .  r " . t i  

" i  
o- i  ' "  o"  tv  o .  a  ndrd_bL"L g 'apf .  Td is  tec\ ' :o le

.ao oee;  de"e opeo dr . i -q  p-e"  orq t_a 'n iT.  l te  hod-90es- iL  p  o1
nd r ta ined ot  aSI  rd  ! " 'y  i -po ' !or t  as a c_oss-checr  or  ta '9errnq

R 0Z ended Hi th  the Orb i ter  beJnq re l l -P laced ior  PRoX oPS { i th  do
i " i i " .  i .  r , . . ' .  t1e dDo-od f  to  !ne sr lLron 'e"Pi re  pos i t 'or  a t  ls 'ee(

"d5 aooe s lo '  j ,  d  o" 'nq f , i1 'hF r rp l  Lsdge dt  n i r i r ln  'ont 'o l  l routs '
(a  no leo Lnai r i t r  t re  iooroacr  speed tFai  l 'dd beel  estab l i (hed

cro ld .e ro  35 reet  "ou lo  r i r t  occu-  Clos i lo  _dre 
"as

incredsed s l iq l t  y 'n  order  to  d ' r ive a!  t l 'e  35-roor  <tat ior rPeD no
no( i l idn bv r ;nse i .  Lo,  I  DAP cds entered at  400 feet ,  bJt  l i t t le
; . ; ; .  i " ; ;  i i ; * - "  rdre \dd !o  be ndde beiore t le  60- ioo l  po in l '  a ld
littie cross-couDlinq Hds observed betveen th€ attitude control and the
ctosino rate. li 50 reet. nornal z las aq.in selected' and a station-
keepin i  pos i t ion ras estab l ished at  15 feat .

0 . r jno t fe  f  ra l  Lh ich o. 'u ' red just  be 'ore 9o i '9  i " ro
d i r tn ; rs-  rne sLd rd\  a  s ion j l jc .nL rac!o.  T\e s  lset  Ha!  '  9r t  Der lno
the Svncon. .nd t fa t  rade;eel rq  !ne Sv_.o d i " r jcL l l ,  and t1e CC v use
. , r .  r i - i  i .  t *  ddnnF(r ,  { i i \  rT  svncon " i th ' r  50 'ee!  o i  Lhe PLB'

j t  i ras eas i lv  seen bv the i r lun lna l ion of  the PL bav l jghts '  and- the.
cL lv  aqain "as d aood 'd.a i .q  dev ice.  I 'a  F!02 rLst  be dc(orprr feo
.nen r ie  S:n is  a- racror , -0- ; ,  r iors  ior  b locUng tne SL1 shor ld  be

Drr ino the n ioht  odss.  sLar 'on 'eeDinq oo( l t ion  {ds  ed\ i l v 'ohn d f te-
qo iT occk r l ,o  {n l 'q l^ t ,  d  r ly ro lna Hds pe"oted to  e lab-e svrcom to
d i  s i .o i . , ' t t  resDeci  ,o  Lre a-b i ter  du- i ;q  qhs oPera! iors .  lhe r lv
around vas done J ! i_o an AUl0,4hve Lo dn ' rer t id  a ! t 'Lud"  i  rF  t fe  rvr -
, " i  ' i ' t i . i  l i  re i t .  t r  t re  p"e" io :s  spd ' tcn t 'a ' r 'n9 '  !n"  r l ' ' -ou 'd
'as Der forned at  30o reet  -  j  r5r  oLts ioe t \4  con dmihdL 'or  sp\e 'e  r re
3 ' r ;or  oos i t 'on 

"ds 
noL a d i ' l i cL I  p .ocedr .P dro .or ld  hare bcdn even

i i ' i i i  , i  i r  r i "  oeen procr . 'ceo ou" 'n ;  srnr idL ions.  In  ! t  'zse or  th is

A-31



PEG 7 AV conPonenL (rlls)

(NM)
TrG {r'rE-r)̂ vmT (FPs)

0lrs-2
Bolh ois

0/00:43:21.5
0/00:€:?r .5

224.3
224,6

224.2
224,4

0,1
,  1 , !

a,4
10.0

249 ' 160

SEP-1
Riqht 0l4S

0/09:54:25.0
O/09:54:25.0

D.0
u.r

10.6
10.7

0.0
0.2

-  3 .0 249 161

25A " .114
SEP.2
Eoth ol{s

U01:14:16.0
1/01:14:16.0

15.0 0.0

Both oMs l/02t46t44,4
15.0 0.0 249 ' 161

+z Rcs
1/09:57:00.0
l /0s:59:00.0

?.4 2.4 0.0
0-0

-  0-0
-  0.3

249 ' 167

-  0 .0
-  4 .2

249 ' 166
+z Rcs

3/06:36:00.0
3/06:36:35-0

1.3
1.6

1.8
I .6

0.0
-  0 .2

0.0
-  0 .0

250 ' 166
+z Rcs

3/18:54:00.0
3/18:54:00.0

t .7
t .9

1.1
1.9

0,0
-  0 .0- 

o-o ,10 .7 249 167

0M5
4/06:43:00.0 10.8 J 1,2

Ic3 4119,29t24.0
4/19t29t20.a

lL .5
11.6 -  1 i .6

0.0
0.1

0.0
0.1

243 167

NCC
4/20.02t42.0 0.9 0.s 0.0 -  0 .4

243 '  167

TI
Lert 0l4S 4/21:01:30.0 8.7 8.0 -  0 .6

247 , 167

frll',*', 1"",,i,*.ol 1:4 -  0 .6 -  4 .2 t .2

0.0r4ul t iax is 4/21:38:06.0 0.2 0.0 -  4 ,2
MC2

4/zLt57.26.4 t .3 ,  0 .6 -  0 . t I .1

MC3
4/22107 .26,A a.2 4,2 -  0 ,1  |  0 . !

14c4
4/Z?r l7 t26.o 0.3 -  0 .1 0.1 -  0 .3

5EP-3
5/00:20:07.0 0.9 0.9 -  0 .0 :-!:l

-  0 .1

249 / 168

249 ' 168
5EP-4

5/00:24:00.0 1.9 0.0 -  1 .9

SEP-5
Left 0 5 5/00:39:00.0 20.3 20.1 0.3 0.1

249 ' 179

goth oMs
6/22.45t24,o
6t??t45r2o,a

- 279,6 320.3 ,158.8 245 r  13
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dcJ  a i .  m l  lmv  ho {  ruc l ' ! ' ne  t \ e  ndneu 'e r  i ou  d  tdke '

- iv ' i i " . " to 9.  p. io.  to coMencins Lhe maneuver '

:i!t. *: ::"t;i: ?i,ili ;ff:r.1"?:"]1?:l"l'il.iiliilii:'iii3.ill""
i!:::;,i;l.:'{";:;ili:'":.:i:l':::"';u:"::: I'l::'l;'li' l:i"'il }il-

$*lrii'i:*':j,il',*:r';* i:j:';l+it*l:'::::':Tr ri:
co,!ioe-ine.!\e tine rirp-t\e c'l 

"i.,::l-H:':il ;?',il'i.i::.:-:I,

iii:::ril,i :i"rl:iriii'll:{',x-nrrili:,*i":l: *:':ii ;r.:::"..'
' ill.ll;!,:ll ltbii:"1,:1;i,:l',[?i1'Il,lHj,i,i]l"tn!i'i"!zr.-' "'*

::xii.i1l;;l i:iii;':n.';jtj"io:iL'l:'n,:':j::'i1""';:l?:i :i"-
f l ie r .

l:?.::;:.'l::::1,:i',:'Hii:l',:::i.!':?"ii,:i:l!i::l.'n' ""
The Spartan RIDZ profile is shovn in figure A_9'

i::i,;iH":i:,;",'!:::'l"l'3';,iI'"ll;i!l!'ii!tli'iil'!i ili!"i;,''

;: is:i"1,:.il"r,:i'"1!Tr!1,iltilil.ili:ii*li"ln:l*"[r:ii:,,11'
ll?:,:i: :ll';:li'::#;:.li':,t;'i':"f; 311n"i;*Jii j"l iil i-im

ll ;:,,;*t,";.lii.ii#i-t[1il,'j{ii{.litit'}:"?Jill::
rru'i#:r*i* +rlir:il$r;*:::+.'ru1;u..
For.er.rrevdr, ire c'e,.sa". Lre 

" "","1P":"': i,: ',1"1? li l iB[. ,..

ii.;:l.=j:il"iiii,tlij'iiiii;i'ifl $ i:,';i:i'"i;' i;:'::it''"'
A-15
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516 Profile (spdrtan)

Rea"rdr .q  t ra in i rq  case,  the Cop le l t  i !  cor ld  hdve been
; ; i ; . - ;" i  ; i ;  r iue uem "spo"uv. '  T;e d'rr icJr!  €e'on rs nol crose
in. iLl, !1e Droblen js oLt dl 6000 to 7000 ree! o. rhe {dv up Lo rne
i-irn.ii""ci"iiv in not knovinq ranqe rate in this interval'

The dew noticed lhat sjth lo{ Z, the closj.g rate increased {hen doing

"ir"i 
iaeie""ii*'. and these d to be broien ofr, o' uncoafortdbre

rates vo0ld bu i ld  up.

{hen close, they sa{ that the sPartan had a bad attitude llpon getting
' . . " . r " . " '1"  { ; i th  ihe PL in  n id-bdv lust  above the s i l l '  qu l te  a  b i t
c ro ier  thdn l fd  o ]anned 15 ree! ) ,  thev Lseo l ,Fe a-  to  redc\  d 'oJrd to-h-  

rd ;o 'e  i r ; t i .  ,  'h ic r '  {ds; ;  top,  dnd an Lte oppo( i te  5 ide r_o '  rhe
RMs--  l i l ;  Lrer  fe l t  thd!  !1e c lose.  iho PL,  i fe  ecs ie-  l \e  l r raro0na

Th€ demenbers all {rote individual reports ejthin a nonth or the
. i '= i i i " ,  o . t  th"v  re ;e  never  assdnbled.  cDR covered PRox oPs:nd
l , r iz  . " r i . .a  the i {NDz.  rhose @nusc( iPts  are unavai labte '

A, l6
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:r.:l-..1:l'i;lii.'L:::"1'iliiii.iill,S' i'll3?'lllF,l"']:ii,"Ui;:-'
:H:li.l!::t i';'I"l::.!i;l:: l::'li..l:\i.il:lll:":,:i::ij:iiji"::.
deployed fo .  d  ser ies of  prec ise fomal ion I  lv r ig

Seple PROX OPS llllvR vith Lhe PDP are shown in figlre A-r0'

The STS 5l-F rlightcre{ .eport (Deceflber 3'

PRoX OPS r i th  lhe  POp @re t ime l ined fo .  FDI
3O mjnutes  be t *een HET L imes o l  2 /2  +  00  and
the  prer l igh t  P l  an  fo l lows:

1985) described PRox 0Ps

for a period ol t hours d'd
z/Ll + 30. A sumarv or

iil:iri,il,'i?r'ru,'i:"llirir;:ii',;r"r:l i:ili*,'ili{'ii: r:"
:ii,lr":iti"ii:";;il:1,,".?l:r',1,: l;,{; ::::':;ii:,';,:'{"i:'. ,',".."
approach and grapple.

lirniiiil;;ir !:'l:ilii:,:i'i:i"r*:"itiii:i;:ir-:;::..riii?:f "liiiilii;l.i':,lli;i::Hl;':"':lr:";:"1r.'iiiii.J, irlti;itl.
iik iitlii irl'r';:,ril"l+'m"i'ii"t'lii., ",.'"".',",..,'".

li, :'i!!rlf i:*.i::i:l;i! i:::'r:ii:'i[:i';|fi iii:;1::n"Tliti:;:'.
*i*:1.ljif t:',qiilil''.'l'i,.i:,::"1','l::;i:rr.!i:4i"Jrlli.' :

;i:"::rff :';:,:i.:':": iiliii"idli:i! fi :iii:l?i# I ;,::.i:iii,i:f ,l
!i!$ili i,.l',;!,1riii",i::lii::"#:l!";"'iT l";";;';;,' "'i.'-'..
ii!1,r":'r,il;i.i::;i ;l:';::,;r.l;';::;: :::.:::l;..1,i3-'ii?fll"?'.
|lii iis"i"i;" fi! i:J;:'i:',;l :i:":"|;"'ilii'.; ;";'-;,,-0.''''

A-t8
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::: :::r:t'.:r :''r,:Til:'l:ri'ii:lFlii:lii ilil,niq'-'i'.il-:
l[;iil*":i:;ri:i, Ji!+,ii n{,[: $;:;;:i,i:ii:a:i:ry -

il****t*lt#$#*u*t*+;* ''
lll."Tr"::: :".:,i:,it';il,'[Fi:u:.i!,::':,.:::";;1"]'*l l:i,):1,".

*iit';rll*#'r;i[.ti#ist*ri;. d ne es '|e
;;u:ilid":ii:r"r"li.rr:ili::ri:ril i:1";!;r,rii$; 5[il-i:::l.lll"ii*,ilill:ii:i:i.li:rillr:ii#ri::,,., .",.'
:"Y"1'?:.-;::.d:::ir:1i.:'.1!; li',1 jl"ili ll,'iii,:'!i"l!l'il"l;:l?l

lilu itl*::l *'"'-till;ff *il ;l:*;'i*ii:Ii'i$"':1"
io53 pounds of  a f t  fue l .

,[:,H*lir'#ik$iiiir;r,iti#*',1ti';$i,.'
gi*;,*l;:1*l;i$"::i!i:i::i ilii;:::::r::r'";:iir:'

H$:'ili:::jii:iii#:',fl:i$#,ii.[:'ilJ!'*ill-F;,*"rl
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ll:,:!l li:."ii:"":i,i:';::'"ii:igl'::".: :'!i,;li':i#!ili:i[ iiil!!r
i ie ' ip i"- i ' l ' . i i r ' ; - i . i .u i ;n 'neer at t te Por r 's or the PoP !"aot

ir;.iiji iirri".:i:';i,;i::i,'i: :;":t';";i::;-:':,:ei':3' r":i :i;i
i ia ' i lJ" i i r . . i .a.-" i . i ' ""  "barv"bre 

re; iouar ro r  'qte rhere {ds ot
ihe slightest effect of pluhe lmpingemenr noted.

It:l:l':;1":', lli,::i":l 1.3'i.ii'"ii:j'il'ii"'a'i',*.,;',;'T'i?
; ' : r ; : r ; r ; '  r i ; ; ; ; ; : ; 'ev; i" i i ""  ' i t r  * .  ' rarfr ient-qi  cro* rdrqe d d

:i;:::":!" i,":i'i;il # :":il:j3:l lt',:ft":":l'13.1'?:''![3"]:::
The S|remligit vas not eval0ated.

in  sJMd.v.  1 '  tne c .e /  qe e to  r lv  t l ' i s  phdse o '  op"rat ror  d9di1 '  ' t

HoJ ld be d;ne lhe sa-e qdJ.  Tte 'npor la 'ce of  l fa  h i9 \ rv  dPverooeo'
inreqr . teo c lectu l isL dno t1e e{ tens ive.  r igh ! ider i tv  c-et  Lra ln- r9  ro
i " ; - i , .4 ; ;  ; i  !ne*  dcLiv ' t ies  cdrrot  be ; re 'e-ords i /Pd sLcce!s
deoended on zero ef rors ,  and that  requi red extens ive Pref l ight .  . ,
; ; ! ; ; ; ; ; ' ; ; .  l ; .  te 'e i  or  conce. t 'auron reour 'ed "as 'n tense,  

bot f  "
imi i ino dno f l ioht .  tne co lceDl  o"  ls inq rne o l l  and 1S2 !o  crec\  "dc\
o. . " i  a l . i "q  tL" ' r ' - *d .  or  t " i r rore i  - 'qu i red ro '  Ldrqet i rq  a{
iav joat ion;as cons idered essent ia l  to  assur ing the 2ero efor

The lonq,  handheld pard l la \  .anqer lnder  ras br i
ranqef inder  ind icated a .dnge of  u00 feet  rhen

The following excerpt is froir the DM5
fi. Veres, arch 18, 1986:

the rddar  ind icated l0c0

"5TS 5L-F Post Fliqhl Report' bY

t .  Procedures oeveloonent 'or  r \e  S-S 5 l - f  0R0t  oPS presel red seve-a l
Ln idLe chal lenoes.  In  addi t 'on Lo !1e usua '  c lose coo 'd  na! -on
, i i " l "  i r , "  l ic  i " ' . . i ,v .  t  qas drso 'ecesrarr  to  coo"drnote k i th

serera Ie 'qen! (o .L1e|arsha ' t5paceF1ig1tcenter .
a  l ,  " ' t r  t t  sc ie" t i l i c  i tes t lqdtor5 d i rect lv  '1 .s  n19h ever  or
jntloration uas necessarv hecause, at various tines, all seven ctev_
;; e;;;;;" i;""i;;; i"-s"'e aspict or tha PRox oPs, rhe basic
ou.Dose of ehich ras to hjt a seiies of predeterFined pojnts
iiiliii. t" rt'i PoP, knovi as flux tubes and vake transits A rrux
tuu! connection occifet qhen lha o.biter and the PDP rere aligned
on_i r re  sane qeomqnet ic  f l " ld  l ine.  A vake t -ans i !  rds nouced bv
r lv ind Lne o;b i te ;  d i rect l /  in  t .ons o!  the PoD dt  t re  des i_Pd
. . ' . . .1  i i t i  ;a .  accomp is ;ed bv 'e t r .n iT l le  o 'br !e '  Lo the o 'b i l

"ili" "r 
iri poi ;i ;;ojir 25'"belo{ the +V-BAR, aid contj'ujns ro

f lv  n  o lane to  o  eo i l t  ?5 'doove the -V-BAR AT rnprecedPn(eo
ae-qree L"  accuracy ra< .eoui reo l -o  l iL  the r_Lx tubes '



of poai t jon and t ime,
operations vhich were
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vhi le  oe. fon i i .q  a  ser ies of  sc ie i t i f ic
keyed to rajor ;venrs in the PRoX oPS.

t .

5.

Tlo naJor lypes of techniques vere developed to accomplish the
sclanc; objativ€s. Ihe primary techiiqua, knovn as 'Auro/NAV

targetingr vae developed by {. Tursa and D. oanneniller. l4ort of
thei. rcik focused on oDtinizjno t.ansfer tjnes dnd lhe placenent or
burns, Cerlain orbit targetjng-constants Here also changed to per
n j t  shor t  ( typ ica l ly  i5  min! te)  i fansfer  t ines.  NAV dndlvs is  bv '
D.  lhFao j ;  td .handes in  th ;  [Av l - ]oads.  rh lch not  on lv  a l lowed
extreFely accurate NAt at unprecedented close rdnges, but no{ has
becor  s tanoard io .  d l l  f r igh l ( -

The second technique, knorn as "manual targeting," {as developed as
d bacrLo in  the even!  or  .aoar  rd i_r_F.  Tt ls  techr  qJe "ds de 'e l
oped bJ 0I44.  vo_a(  ano 0 l ld /0 .  !o5el ,  { i ! \  " ! !1 !Jde 

ra curd o 's  bv
J. Hollolay and 0. tdrards. The theorv behind this technique is as
fo l  lows!

Since the Dosi t ions of  the f lux  tubes in  re la t ion to  lhe PoP in  ihe
LVLH refetence rrtue are known. it is possible to deijne an attjtude
{h ich cor ld  oo inr  .ne /  ar : r  o f  tne orb ' te 'dL the PDP i f  lha
o.DrLe-  Hc.p at  *d t  9 've1 Po 'nL.  Th is  a tL i lLde is  acteved b/
soec i lv ino a vd. ido le  ooov;e( tor  Hhicn.  j f  oo inre0 dt  t fe  cen!e-  o '
lhe Ld;L\ 'd l  l fe  des i red t i -e ,  

"ou ld  
resu l t  in  ! t  - l  a ' is  o f  t fe

orb i te .  oo ' r t inq at  t l ^e PDP.; rovroed !he crec acconPl ishe5 ! 'a1s -
t i .n  inDi r ts  ds ;eodi red to  o l ; .e  and ndin!a i l  the P00 aL t fe  de( i 'ed

A hicue FoF fordat {as develoDed thich convenientlv and totallv
i.teqrates the AUTo/NAV targetJng pr.cedures, the riianua procedures!
and the science ooerations. This vas done because il Has necessarv
to accoont  ror  the poss jb i l i ty  or  the radar 's  fa i l ing at  an
aro i r rdrv  L  i -e  dLr inq t fF  PP0Y 0Ps,  . rd  becarse t fe  sc iPrce
a. t rv i t ias  "or lo  ra [ ;  D ldce conl l , .enLlv  qr !1  t tc  o00X oPS.  -he

ti@line Daaes of the iRox oPs book contained the PRox oPs
p.ocedure; in the usual tto colunns. but a third, cenirdl corlnn vas
added to sho{ somary level science procedure callouts lor the
niss ion and pay load ipec id l is ts .  The fac ing pages conla ined AUro
taroe! i rq  dnd Nqv da!a.  l r ' ' lVP so lu t  ion pads,  . rd  sore ont r .qe v
AUTd Lar ;e t i io  oata.  d iorq r iLh Lne cDc 's  marrar  p-oceoLre!  !d ' rd l
L" .qet ind d. t ;  ro-  i l .e  P l i  dnd rs I  'e re co. td , -ed i r  !ab les "L t l 'e
end of each section and on d cue card.

0re !o  tF"  d ' f f icL t r  dnd t jne i rvo lved i1  generdt  ng oror i  tar
oer ino l - loads.  dnd oer 'or ino dt t ' tLde ca lcJ ld l lons
iect rn iue oa re  vcsr  anount 'or  ddLa 'h ic f  kould '1d 'e  to  oe
ro l in .do.  i t  vas dec ioed !o  incrLde reve 'd l  detd i red co l l  rgencv
t ine l jnes in  the book.  Thase inc luded opl ions lor  de lav inq the
sta. t  o f  PRox oPs ov one or  Lvo Ri -v 's .  d .d  de let  ng tne h ' 'o  Pt !  o f
I te  f l lq -ornd.  boLh / : t r  dnd { i thorL per io ' - ' rg  r le  r  na l  ddu '
t .ans i rs .  Addi l iondl ly ,  the ent i re  set  o f  procedures ras repedted

)



JSC-10589-A

nonina l )  in  the evenl  thdL lhe PRox
nonind i  ddY.  t ina l lY,  a  set  o f .

He.€ inc luded thdt  tere apprrc i0re

for use on flight day 6 {f03 ,as
; oPS could no! be perrohed o. the

"generic' contingency procedures
on either day.

CREIi TMINING

)

2,

3.

,}

cre Lrd l - jnq "as ds o iq  a  c l^d l le lqe ds a_v orhe.  craa or  p 'epd_a-
L ion fo .  the 'PR0X oos.  Bot l ' tec \ . iqLes ie-e s inp le  in  'onceotr  Dor
reqoired nuch praclice io perforn at a hiqh level of proficiencv'
. i i . t  

" *  " * . i t , *  
to  cor ;e fu"  rJF .  Boi l  tech l iq le5 .equr-ad a

htoh leve l  o l  c ret  Loo.d lna! ior  dnd c \ec l  l ' s !  d '5c1p i re '  rh icr  !a3
aciieved, during the course of the trajninq.

he ! ,_o/  av ta  qet ' r9  Le f1 'q le  u ! ' r i red t l 'e  ! !a 'dd.d oro 'adures.or
^rv-  . " i i ' " . i - -  dnd b; .n  erecJt ion {h ic l -  hcv"  beer  rsed on seve-a-
pre; ious"RND7"; l lqhts .  ruch ro 'e  in  ense ' r  t l 'd l
mere *as.  nonina i  tv .  d  !o !a l  o i  2 /  ta .qeued bJrns at  se\e 'd l
conplex - ; {d l  l t lvR;s  ove.  a  pe. 'oo or  so_e 8.5 rcurs .  in  aa lv
;* ! t .  . * "  " * .  as l i t !  e  ds 5 !o  I  n inutes oetdeen bJ" ls  Tf is
ie i i  i in ie  mrc i .  fo .  e-or  or  L ine ro .  d ,scuss io l  in  r le  evenr  o '
Ln 'orseei  o .ob l ; -s .  to  a_hie le  t \e  desrred
Lra jecro-J  cof t ro  ,  l r  Hdi  necessd ' r  Lo t . 'n  each ourn Lo 0 l  r l ls ,
ra t ier  th ;n  the u5-a i  O.a r l /s .  Th is  

"d(  
verv  d i l i i c t l !  becarse o '

io ise in  lhe gu idance system.

The nanLal  Ld.qer i ra  lec l 'n iaJe or re.ed constan!  c_osed looo l 'a -
jecrory  cmtro i ,  dra r .5  la ;qe ly  independerL or  -dda.  ra i lure or
nav iqa i 'ona e ' ro+.  . f reve i ,  nanual - tarse! i .s  H
irie;sive task rhan lhe AUTO iechnique, in that constant "out the
vindry,attention a.d maiual pilotinq cofectlons vere requted'
Additionally. constant nonitoring a.a adiustf,ent of the attitude
llnvR rate uas necessary.

I t  nos l  e f rec l 've cre{  Lror l i rq ' rom d PROX OPS stdrdpoinL occLr-ed
in the sEs.  Th js  rds due to  lh ;  excel lent  qual i tv  o f  Lhe v isuals !
lhe avai ld t j l l ty  o f  correct  orb i t - ta .get ing l loads '  the convenrenL
i i i . i  ' " i . i .  t t l i ,  * re  avai  dbre aboLi  I  / ;dr  p . ior  ro  drn '1 .  d
r l 'e  qe ierd.  r 'er i01 l i ty  o f  t l 'e  rdc ' l i tv  cno persn lnd- .

Oulte the oDoosite vas true of the 5H5. The PoP tas diflicull to
;ee in the ilitine a! rnnqes qreater lhd.4oo to 500 reet (tvpical
.a .ges dere 600 to  IaOO l ie t  ior  ros l  o ' t \e  p 'o ' i_e) .  dnd i t - ta<
inr is ib le  a t  n ioh!  o .  i i ! f  the Edr th  in  the bdckqround.  Lne ) r )
instructors had-to s{ap the POP fo. a fdke TGT and larv its
br 'ohLne!s  forda/  versJs n iqht  Ddtses.  Tfev qene.a l lv  d io  d  oood
iob-of  t1 's ,  bJL i l 'e . "  * re  i ines t t 'en no 16T cas " is 'o  e  'or

saveral minutes. This {as not a serious inpact lor the AliTo
techniqae. but it rendered the 5r'i5 at best, useless' dnd at vorst'
counter p;oductjve for trainjng in the ndnual technique.
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5-  Anolner  ser ious SHS D.ob s  concer_eo lhe Lat  'ne lv  oer ive 'v  or- '  
. i " r i i  I  i "aa i .  rne c 'ev rad or ' '  o-e r ra inrT sess o '  (an i r re

:li::!"'ill.::"1"# l:"li!"iilii:!l'i'lll"l ::t,i[:"!:i:[""
" ' i i i i . "Lir ' ; i  

! i " i .  i . "  .* ,  r"a sotrer used to crd! ine ned'-Y. d I
of  !he  lG t |es  fo ' !1e i -  ta rqe l "o  l4 \vRr3  becarse  or  'np 'opc-  r r )

i - touot .  n*4 ,  *  ! ra ' r i -q  'as -acLua l  ,  acconp l ls \ed  Th 's  ds 'e_-

r  o "  
"a i  

o toa ,  i1  f  ia l t  rnPn iL  beca-e  recessd 'v ro  c rdnge Dd ' "

ai ;" ; ; " ' , " ; *"  at  a" ]o*er orbi ta l  a l t i tude because of  the abor!
i,l iiii. iri-ii""',i"t 

"; 
chaneiis rt6's, rather than chansins

lit"ti'i, *i.t' slishtlv alte'ed'tha haiectorv' After nuch -.,
;i;;,*i;" 'ithi" tie Mcc. and t{o ot three calls to the qe{' ine
;;;;:;";;;;;;;';;;-ii;;irv i'pi!'""t"a' rhis shourd never have'
i";;;;";.-;;;-;i; rot r'd!; ha;pened hdd tle s s be"' orope"rv.
.onr idur ;o  a t  an  ed . ' v  dd te .  Fo ' tL rdre lv  rhe  'e rL  t )  cere  DroDd0rY

CREl{ ORBITER 5Y5TEI'Is IIITERFA(E

CCTV ooerations

The c reh  reDo. teo  t l ' dL  r \e  CC !  .a .q 'n9  chqr r (  do4ed He l l :  hoFeve- '

; ; ; ; ; . ; - i i i ; .a i . . t=n.s * .  e ;s i iv  ' iscrrened dr ler  Pocs
i i i i i . i  r "  

" i  
, * r  n 5 '  ro lo" .  I t  i5  the-erore -"comended tFdL

t t"  c i - " - i t  o" 'edl iqned jusL pr ior  ro s lar t i rg t fe r :nal  aporodcn

l he  c re"  no led  thd !  the  DOp.  as  seen In  ih "  C(N d5 d 'b lob  tho i

i i . i " i " i  iu i  ' r ' . r" . ;  rh, '  p;oore- qas e(pec'al lv o 'd aL n'sr ' r '  uhen
i; ;  i " ;  ' ; i  i ;  ; ion'  or *L pop (r ,on sJn. 'se Lo noon).  dn ine"
qood FnoLq l ' to  usF t re  rd ! 'nq  rJ le .s  toL-d  b 'ob td 'ned,  Dur  o4  v

i i i ; - - : ; ;  " ; ' ; ; ; . ;  
i - 'o. [  rr ,"  poo' 'ndeP toe i t  orr ' 'cJ] t  to

oelec!  \na l  'd .e , ,  .n ic l  -eans ! l 'd t  "hr le  ihe PoO\ oPS cor ld  r ! ' - l

" i " "  
0"" " . - . " i i i . .a  ur i .q  L t  _anlo l  terhr iqJe ' ' r  qould fave

; ; ; ;  ; ; ; ;  i ; ; . ] . -  i ; r i " : ;"r i  '  a irc co*. ' rLt< to t f .  o ' rr ic l ' tv ' r

.a idb l i \h rno  the  D.ec ise  s la t i01<oep i rq  posr ! 'on  requ iad  Lo  reL  uo

;;;i;;-;".i"i .oil nttvn. rr" cDR codented that he rjnallv
i"- i i ""  L 

" . i " .  
'or t f is 'as - t  coR d-so

. i i i l ' i . " i ' " . :1. ' , r .  cc-v i -dq; ju-ped oLr 'nq PP(s' i ' 'nqs'  the
noiion quic(ly danped out.

RR Operations and Alterndte ianoino Devices

The ra iqe .a te  data o 'ovro"d bv 11"  rdoa.  "c '  t t  o l r te  dr  _o sv^as
LhaL in_tne sES radai  mooet .  ro+ve- ,  iL  Has so lo  sv thdr  ( t  LUi
ilJ.a it "i""is".v 

t" use either the iaviqaled state or apply a
"nenta l  f i l le r r to  jodge h is  range rate.

The iner t i ; l  LOS rate needles {ere 'a  l i t t re  juhpv. '  but  s t i l l
Lsable.  i f  ! im"  .as tdkPn to  -q l ,Ln t ren at  doD,  d  nenla l  l i l te- '
i ; . i  i " " t - ' * t  nor  poss 'o le ,  bLt  thev rav oe d 'e i r l  d t -ong
Hn@(-  o t ie .  RNDZ c;$,  fav;  n"de s ] - i la r  (o  'erLs T l "e i r
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Jserurness ray oe a funcLron of 1".9i.91.r! l- : l"  c; i l : ; . . .r .""re l lec t iv i lv  characte. is t ics '  and at t i tude ra les '
i i " j i l -r i i  i i " i .  ," i- , i i " .r"prre a p.ocedJrP to use rh'1 in'omdtron

s2 rad. sever. alrnols Lo oeLedine.rare: ' lT, ' : i  l i l i l ' i ;.andei inder .  The 52 's  a t tempts.esulLed 1n d 0 l''"'' 
i:;;; 

";;; 
.inq.' "i 

obo 'o goo ree!' d< corpared to rhe

!eb-&gls
The PROX OPS ras  pe_ro-Pd lh ' le  the  oeLa drg le  la r  In  L1e v ic 'n l t /

; i '  ; : 'b; .  i ;  i r .  ' .q,e". .  or events, this ids i 'actor orrv
l-r i i  i r . " ' ; i ' i - i . ;  i t .L iorreeoins and dJ' in9.the dPscent ro t \e v

:::,i;*::'*,ll':::;**l' j:"i;: :lt l:'li) rHIR; J::i':ih:::"
i i i ! i i : " '  ' r , " i  r"- i "a ro shiero his evel rrd i \e sLi  i  20'beia
;;;i"';";-";;; D:obren, drd d 'sonevhat srarr'r" arere durd have

l n  the  evenL o l  d  '_a '  e r  be td  d -o le ,  the  COR.vas  co l r ident  LhaL Fe

i",i lt i"e ;ri-" -,nst-ren!s,i p-ov,oed,t1i,ll i l#.1"1ii",,_ro.k ino.  ln fact .  that  nelhod Has used to es(aD
i ; ; i i to ; f "e; i  .  r f ,e ne!nod seems Lo be. lhe \ 'c t  in s ' tuarrols

ii'i"l'ii"ii'.'i""i- r or posrL'ons and/or 'ates is reqli'ed'

Orlit farqetino

al thouoh a detdi led dnalv( 's  of  targe! i19 at  guiddr 'e oerrorndnce
r i '#;Bl" ' , ; ; ' ; ; ; ; ;  i i- i i i ' -- ip..L.," re; e{erar rerdrks are in

. All onboard burn solutions {ere vell Hithin pr€coriputed linits'

.  As e lgec led!  iL  Pds verv  d i f f rcu lE to  t r in  tho bu 'ns ro  v i th ln-  
i j - r - i i i l . ' - - r "  * .  esp;c jd l lv  t4e { iLh ! {vR's  favr 'e  sdoa (5

i i i r ' i ; i " ' r . .  i i . i i  i i " ." . i ,p.a* Lo be a radporr bet 'een
; ; i1 ." , ; ; ; f i . ; ; ' ; ; ;  t i -es ( t ; ich rr r inrzes the p 'ooaqdt ion or

i i i i i i."iir '."0 .. .ore aicurare,"rP'*.:!i:l ' l:,; '::.1:"?:'
t ransfer  t i ies .  In  the la t ter  case '  the 0r r
;L-; ; ; ; ; . ; ; ; ; " , i ; ; ; 'earre-.  t t  ndv a s.-be possrbre to arLer

ii:"1t6,:;i"::'::, ::;;"';:$t ;i:::li:,'i:',il":-::.*"'
The laroe t rd jectorv d ispersion io l tot i 'E the uls 0urn is  as /et
; ; ; i ; i ; ; .  ; i ; ; ;  ih" . i " i  successru ' rv De'ro ' -ed Lnat  bu'n '  dnd
; :^ ; ; ; i ; ; j i - ; ; ;  srdrr .  an opl ion to be e 'o otd is  dherhe'  I

,i,ira-iii.-ii."'ui.n" ro perrolm the {ake r-ansit sta'L and en.
bu.ns based on e leva l lon anqle.  ra the ' than ! r t r " '
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In somary, seve.al key poinls aerit enphdsls

z.
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!  r lonr  uara  r r re  fur l

The c.ew coMented rhat vhile infoma] comunication and advice Here
valldhle. rhe FDF should incorgoraLe as much informalion of this
natlre aa oossible. ln olher rc.ds, 'Lthe FDF is rhe last Hord" and
al l  las ! -mjnute changes should be incruded.

The o. l t  ser jous de l ic ie icy  o l  lhe PRoX oPS book in  th is  regard '  or
rhich I dm avare, concerns lhe oost-phanton-point hidcourse
Faneuver. I! vas dircovered rhat trajeclorv djspersjons due to trin
errors perfornirq a midcolrse about 10 ninutes after Lhe Ptl burn'
inorored the loeer  f 'ux  ruoe accu-dcy.  Dlscrss 'ons r  h  l tc  r .d{
a f l ioht  d l recto.  r " rLr teo in  tne dP- is io '  hat  t t  porr 'PH
midcourie vould be executed per a real-tlme call based on an
evaruat ion o l  PH burn res lduals .  A l thouqh a l l  in leres led Pdr t ie !
onderstood thie agreenent, and it,orted shoothlv in real ljfre' a
Drocedure for perfornjng the largeting and execution of lhe
irlacourse stroula have been i.cluied in the PRoX oPS book. preceded
by an "if required" stateEent, much like vhat vas done vith the
s icond loRs ocrd dr io .  Po"eve- ,  i t  s rcu ld  bP noted Lhdl  a  te le-

t .dnsniLLed,h icn conta 'neo TIG t ihes.nd TG-
sei nuhbers f;r the nidcourses; Also, the des cornented thnt the,
lere oleased with the book. and that "if we had lo do ii again. ve
,ou ldn ' t  change a th ing. '

The COR connenled that i! would hdve been handv to have tra.slalion
DL'se s izes.  d-d p"- tdps atL i tLde 03 oatd on tha "LrecuLe RCS I  r - r '
aue.ard.  I1 's  o_obab v  core)  rnde.  tFe hedd 'nq o l  a  "c-e-
oreferEnce i tem. 'bu!  t fe  ro"nat  *oLrd be LsefL l ,  par t 'cu l . - lv  ro-
; iss ions oF th is  naLure.  Th is  opt ion should be nade avai lab le  ror

The flux lube connections and lake fuansite vere acconplished rilh
surficient accuracy ro oblain good scientiljc data.

lh€ munL of propellant used was acceptable.

A oost f l iqht  exd innt ion of  the crev 's  PRox 0P5 books used in  l l igh l
re ieared ;e t icu lous at teo i io .  to  deta i l .  exenpla.v  chec i l  js t
d isc ip l ine,  and good cre!  coofd inat ion.  These factors  vere ch je l
cont r ibutors  to  a  success lu l  miss ion.

Procedures development {as d lonq, arduous process. spdnning sone 2
years. liiny nvenues vere explored durjng the earlv phdses'
;e ' r l t r1q; t  onr t  in  qooo p:ocedJres dt  a  s  cca(srL r l rght .  br t
' r  d  qr?a le.  J lde.sLd-dr !  o t  t1"  cdpdb l i t ies  or  " r "  'L r -P ' I
(Js t ; ,  and ne{  roeas co"cerr r .g  hou i t  n ight  be 'npro led.  Son"  or
L105e ,dear  1a"e d l -eaov bFen' i .orpord!ed.  onp or  t le  p .epLbl i5 ted
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contjnqency procedu.es (lhe REv 3 waveoff)
success fo l lo{ ihq the abor t  Lo orb i t .

6. o ddequate bdckup for the radar has tet
ranging devices tested !o ddre have been
in useiu l  raDge,  accuracy,  or  both.  The
in f l ight .  !e  dre for lunale that  radar
dur ing a R 0Z or  PRoX oPS h i rs ion-

Slncon las in  an e l l ip t ica l  orb i t

5 .  ! t  is  c lear  that  the s !5  js  the bes i  p lace ro  conduct  t ra jn jng ror
R DZ and PRox oPS nissjons: and that 014 Derso..el should support
a l l  re la ted phases of  the cre{ 's  t ra i . ihq.

been found.  A l l  a l ternate
round to have I imitations
Ku-system has had Problens

failures have not occurfe(

5lS 51-l Has launched Auq 27, 1985/1058 GJilT, vilh a crew or tngle (CDR)
covey (PLI), vdn Horlen (|lsI). Lounqe ( sz), and Fisher, l'r. (r4s3).
arrer ieplayinq a coMerclal payload, lhe crev performed a R[02 HiLh the
syncon, Nhich ha! broken on STS 51-0, and rep.jred iL.

The rendezvo ls  p ro l j le  i s  shown in  f iq l re  A- I l ,  Spec l fT .  rea lu r .s
un ique to  th ls  d i t r ion  jnc lude e l l ip t i ca l  o rb j t ,  s iab le  re laL jve
positloi post-lisR, and preplanned in-close flydround.

The "Rendezvous F00" (Brlan Joies) prodlced the rolloring accou.L or

Th.ee deployables, one RN0Z.
(160 hy 235) .

orb i ter  ras inser led in to  a 190 n.  mi .  c i rc l lar  orb i t  for  the
deploys.  Phasinq (var jdb le  orb i t )  {as no!  a l lored unt i l  a l l  three
deoloydbles we.e out or the bay. This vas a prenjssjon conslrdint
inoosed becduse of lhe ldie nanifest change. Eoth PM's requj.ed at
leasl a l9O n. ni. circuldr orbit because they uere using the heavv,
beefed-up nozzles and rithout then, their lnsurance rares {o!ld 90 up
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I

Fiqure A_11,- Rendezvous proflle, 5TS 5I_r'

Nc1 116 se lected to  f ix  the l ine of  aDsides

^C2.  nC3.  l lcd.  ano r lnz,e.e p ld .ned ror  O fLA ( '  e"  10 po: 'q 'dde

i i " l r ' i i  
"r"r l  

i l -na, -m ral.ct { indoi rnis.al 'o a roked L\en r0
i i ' i ; r i l i  i , i - ' , i ; r  t i -e ciLhout "nv eirect on the prori-e-

SR qa(  Dlaced ds la te  'n  tne prof i le  ds poss 'b le  (beLv*n hH d ld

i i i r ' i "  l : l i i r - t i i  * . '^-  raJn:h i indor '  xsR "as requi 'ed to set
terdinal phase lighting.

Be.aLre or tne hSR p "cenel. t'r's qas a one-Sf Dd\( R\ol Tl'a

. i : i i j i !  j i  i , i j i "  i l - ,r , i ; i  r ;  dispersro-s ar I i  ds a.esJrt.

Typical one REV traisf€r to ii becaute of the EVA requirenent (fiew

The folloving postflight report ras prepared bv the Rendezvous

Procedures off ice (01143).

-T
w
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TABLT A.6. -  5 I - I I{AVIGATIOII P€RTORMI1CE

Star  TRK 0 RR Post-TI

54,500 ft
(9 .0  n .  n l . i

-85 ft

59 ft

L0s
11?

712

697
-138 n in

Star TR( 1

333,072 f t
(54.8 n.  n i

L0s

RR Pre TI

146,935 f t
(24.2  n .  mi . )

48,000 ft
( / ,9  n .  f , i . )

103 f r

0 f t

163

162

161
-22 rin

303,802 f t
(50 i .  mi . )

304,429 ft
(50.1 n.  n j

186 fL

l l  f t

23

. )

. )

8t4  f l

530 ft

158

ili"i:;.i::i,' :l:l:iriii'ihilii*fi ir;,fr ':,rli,"ririil'l,l'-:ill.
lk;":iliul:: j;;,ilul lrll :3.1"*.'::r.r;l'ii!1;.i'!.1!lilli'
The second STRK odss vas also a good pass The.first 5V update Has 814

ii!:;[iij:iiii:ft i;iii*ii.it4ffi *fi "*r*:!r"r'r'ijrr\i; "
i:i.:i1:: lln',:ii"::::.'!!"'rl!ilh!iiii"i:ilf :ril:l*'i.,'i.'.ii:"
ili':iiii:":li4:"i'iii:i.::"rlilitii:ii r*i;iri'l:iI'qriit "
;i; *'il,':,=:,lf ii';i;fr iii":?'*;iri'*'i :'li:ii't.:h"*
ift **,"i*i:,;,'ri*i"-i;;q"i't;r;r"';r'." \;*iil";::--
ena6led and r!11 Av processing resuned.

iii:liili:rliif ,]l*,i"i:?i"i"i:.1:"f i"+':':'l;"i'^1'l'1"!!'"i'"
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TASLE A-7.- 5I-I PROPELLAIIT USAGE

Propellani Usase (LB)

26

26

22

7

9

34

26

70

t24

220

o

39/

&!il

1073

539

540

?5

2A

19

22

23

261

26

200

zao

u! s$B!!r

MCl

00P

MCz '

MC3

| lC4

l f r  Z  (n igh t )

(31  n in )

9

c
0

0

0

0

0

0

0

30 1003

25 491

L2 tllA

18 N/A

183 [/A

130 n/A

16 UlA

206 l1/A

83 n/A

436 N/A

(2.68
83

833

The p.opel la- t  usdge du- i r9  rne Ri l0 l  po. t io 'or  r le  r l ight  {begi l r i ro  o f
t l^e cNDZ boo< !o  thF v-S6c a. . iva l  a t  rhe end of  t fe  -dr rd l  phase)  Hd5
within predictions. The [sR burn vas a ]arge burn (lotal Av 48 rtls)
vh i le  the NC5 ddd T i  bur .s  {ere both less than hal f  rha!  ! ize-  A l l  the
ridcourse burns vere of the s4e iragnltude and rodghly equal in prop
cost. nanual Dhase (2 minutes Dost-l,lc4 to stable on the V-BAR) cost a
total of 267 lb vhich {as only 38 lb above lhe predicted nean and vell

During the V-BAR apDroach, the prop usage was noninal. He€ver, rhen
the flight entered the PRoX oPS phase, the propelldnt usage deviared
t.eflendously above the predicted. lihen it cane tine to leave lot z
rcde, the $er punched the lok Z pbi, blrt because of suishafting coning
in lhrouqh the overhead windo{s, they could not read whether the pbi )
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l ighr  uas on or  o f f  - -  o f f  be ing the no- lo{  Z node ind jcat ion ( i .e . ,
NoRf Z). Since they rcre not sure lhat they had lefl lov Z node' thev
pressed the low Z pbi again, ouridq thjs tine, thet tere LoS and the
UCC could nol offer any insight. Postfllght data shoHs lhat the injtial
de'ression of the lov z obi did take the orbiter out of 1o{ z node and
rhat the second deoression returned the vehicle to lov Z mode. The
oer, believiiq incorrectly that they wre nov in NoRM Z. subsequenlrv
periomed th€ final braking and establjshment or 35-fool sratjonkeepinq
in lov z mode as oDDosed ta nom z node as called for bv lhe procedures.
'Ihis 

cosl 4oo lb of propellant rathe. than the expected 40 to 50 lb.

Ar ler  s tab i l izat ion at  ihe 35 root  s ta t johkeeping pos i t ion,  lhe $ew.
recognized that  the l@ Z node rds s t i l l  enabled and d isablad l t .  At
this Doiit. all attention rds rocused on the t{o EVA cremenbers as thev
shuggled to get the captlre aid grapple bars olt oi their carrief- The
Syncon uas tucked lover than 35 feet ln the bay ror better liqhljng at
n ight ,  and i r  eas s loe ly  dr i l l jng af t .  hen the creH raa l ized thar  the
Syncon las too lar aft, near the tail. the vjev or the TGT olt the afr
Hindovs (vice the iorner viev out the overhead rjndovs) caused lemporarv
conluslon between afr sense of -Z (nomally, racjng "up") and -X
(nomal ly t  fac jng 'a f t " ) ,  and improper  THc jnputs  vere execdted ( ' ' sense"
had a l rays been " -2" ,  but  severd l  THC inputs  tere 6ade as i f 'sense '
Le.d i -x ! ) .  I te  TGT qds a r "ad l  ova.  the 0r '45 pod and i (  qa< ' radver t
er t  y  p lL_cd.  _1 is  i rdLced J"p d.neo 'd !es or  t \e  Sytor  " \ 'cF lLrned
out lo be diifjculi to malch, in an dttenpt to natch Syncon rates vith
orbiter rates, rhe crev began d period ol approxinarelv 30 ninules vhere
postiljght data sho*s Orhiier rdtes greater than 0.2 deg/s and at tines
arceedi ;g  0 .8 to  1 .0 deg/s .  The prote l lant  usage dur jnq th is  per iod o i
attenpted.ate Batching totdled 833 lb. Conpletely iatchj.g the svncon
rates tur.ed out to be unsuccessful. Astronaut Janes van Hoften finall!
acted as a lflexible end effector" and vrestled lhe last reFaininq rates

LESSOXS LFARNED

l l 'e  lpsson(  l "o .1pd - ro-  rhe r l i91t  fd{e i -odcts  on r l r9 \ t  des '9n,  oroce-
dr -e5,  dno t .a i l i rq ,  ne l 'q t r  des ig_ co.s idera t io 's  i1 \o  \e  t fe  o lon l  f9
for sTR( passes. upon examination of dispersion ddta, {e found that Lhe
lack of  the f i rs t  SIRK pass leads to  graarer  d ispers ions at  T i  r i th
subsequen! dispersion! at V-BAR arrival. If the radar is Horking ror lhe
te.hinal phase, this represents no problem. llovever, lhere could be najor
impdcts  to  a  radar- fa i led teminal  phase.  The three s iqma d ispers ion cases
could requjre nore propellant lhan is currently bulgeted aid put nission
success into jeopardy. The fliqhr designers need to provide as f,uch tine as
poss ib le  ior  the f i .sb STRK pass { i th  lhe goal  o f  p .ov id ing two fu l l  STRK
pdsses p. ior  io  T i .  Procedura l ly  an!  dor inq f l ight ,  every oppor lun i tv  nust
be given the crev to maxinjze the STST data during the SIRK passes.

A lessoi learned fron the inlegrated sims involves the AV ranagement
imediare ly  post  l i .  Post -T i  re  nof r ina l ly  go back to  u*  the RR.  l f

A-51
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TABLE A 3., 5I-I IIITVR SUIIMPY
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rhe radar has a lroblem and it is not givjng valjd llAV data' creys need

i , i i i ," i#"i i i t :r i  i" ir ' .- i int,.a !; e's R\'&eres or! '  rhrs anq'e

:*1.:; ;;irt'r.:;il-ii"Lt;.;:'ut l;:'"ll;il.l:,;'i:';n::!:';::.
rhe rdd"_ D. ' ; r  to  qo ' .q  lo  t tse 5 lR( .  The.PrL- l  cas
pass vhjch tjalds poorer IAV data.

rhe c .en a l 'o  1ad p oorers  dur i -9  rne o ia  romi ld  PRo\  00)  a f re '  t fe

::i:iliil.''t*;,1:-1,::;';:;'i:i:"r"l:: i;::"::1:.?';iil-:.:;:1.,
i i ie iu i . " i re coq coJlo see rra (ater ' ' te out  t le ar t  ' i1do^ re
l l . i ; i i i 'J;;;; i i ;-;;;::. i" r; i i . ro. *. ec'ron-/to x rhe
oiu;.*',", i i ' i i  i ... rorete.. Hds no! on"'.q,'""i l l i : ::;,: ' i : . 0"i""
;:i;3;*';fl,1i"1,'"i"ii illi":i:,:'i;: .::: :?:; ;i il.'dd:i:;i;.
;u l r  mode in  p i t ih  ;nd vaw.  Ih js  ras not  cd l led
i " , i . i . i ; i  -o * '  a conLinsencr '  \ i (  corr isL-a! 'on 's

p.ope l lan t  ine f  f  i c ien t .

5 lS  b l -B  {as  ldu .c r 'd  {ovsbp.2 / .  985/0020 C! ' .  q iL l  a  c - "c  o i  S \dc

i i ;R;: 0' i ; ; ; ;  i t . : t ,  Ross ( sr).  cred;e ( ir52r.5orins { 'rs3) '  ua-rer '
i - i6i l i ,  a-J r{. ;r  (Pv). s*er; i  corerciar P s qe'e oPoro}ed ard t 'o
i v r ' .  . !L  mr iored io ;  spd.p co ls t 'Lc t io l  tasts .  A fGT Hos ndald l l r
iJ"li"!o i.i-"!' piox ops iechniques testins involving the oEx oAP'

' he  DLrDose or  t l ' i s  f l ' q1 t  tesL  Hds to  e ,pd_d !he  k t r  edqe ga ined f 'on

oix 6r i ' i i i t i  ' i ' - "-* ' ""  sTs 51-c. Tl^e otx oAP rds develooed bv tre
i " i . t *  s r . . *  bruoe"  Ldbo.ator ,  r j t \  po lent id  aDol lcaLio l  to  r re
oresenL Orb i ler  or 'u t r "e  space ve1 'c les.  The rost  r  qo-o j  tesr
l.i"iiit"a 

"jit' 
ihe srs 61-b activitv *as knovn as "rear tarset

i i i . i " ; ; ; ; ' : . ;  . ; -  rr  prrpo(e or a!arL.trne Lt in lP.aLL'on or t \e
. i .<ea rooo nr i  ana ndv qai io;  sv\ tFl  q ih lhe oAP - \e larqel '
; ; ; ; j ; r i ;o;  r ;o-r5: . ' i ;  d,a"eie"  

" rmiru.  
d is!< i - te. rockeo toeether

ii i"ii i'"i*.".-iit"" object, 'as deDloved bv dn ElA creman rolrowjns
ii'iiiiri" ii i r.rl.Jir"a ivn.' lt '"' 

"qi,lpp"i 
ejth highrv reflecrive

i,J! " i , i i l  i l r* i l  n:qrir i-e " isioi 
tv 6,r to. t \ 'nm or 500 r" ' t

^ i i i  i r ' .  o-n*" 0"". i 'uo iqt, ,  as aeie.m'neo bv L'sts a! trr i fs on

rle tlnat version or lhe test plan (as docunented jn the 5TS 6l-8 PROX

:::,?i:il,:ii:l"i::,: ill'[^8";::t"i"::;i?ll ;::i]i!!::''ffi li,.'",
i i r " ia iL" , i  :oo rFd!  or  Lne +v-BAq ros perrorneo,  hhe 'e '  dr ter  .
' i i , " i i "  

" ' , iu i i+ i *  
s tdr 'on 'eepi lq ,  t r 'e  oAP Has to  be Dlaced i1  t re

'Dosi l - j 'on or lse '  (POS P- t  _oo '  to  au l ,o-at ica l lv  s ta l  t r reeo wrrnrn d.
D;pdef ined Dos t id i  sofe.e,  Ls inq the Io{  /  node ar ter  ru  nrn '  ro{  '

;a ;  to  be e; ' ted.  cno the to t  P la  -ode Jsed !o  coma an drronar  c
iii"iLii"i t" ado feet on the +v-saR, Phere anothe' 30 nin ot sK rds to
;;';;i;;;:iii; iiii i" noer z. Trie orbiter next vas to autonaiic-

lj:,":;iui;:",i:d,.:r:,::'Bi :';:.H;*""t'::i ::;'il'l":": ::l:lri:
dLion of  the oEx oAP.
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Uniortunat€ly, n last-ninute decision vas made to reave the Ku-band
i ; ' i " ;  

" i i  
i i ;  " .n: i i " .  

a,"  to (sc 0'bi ler Processrns fro '  cr 'edL-e
c ;n . r ra ' r ts .  rFa-aro .e ,  o_ lv  l i - ' l ed ' r io \ t  Les t  da td  {o1  0b ta  ne0
il""i [r,. oEx o,qp '-r"i han;]]nq quarities. The cre{ perrorned l0
iii,i.i ir'iii ,i* ir," co*e"tioiar' oAP, then aclivaled the otx DAP 0r
i r , "  " , " . - i . * .  "  

I  hour  o 'o t l  Sv,  dbout  15 - r r  qer"  spe-_ 'n
;o ; ie5cpr t  , rd i ;nkeeoinq" ,  c i t l  p 'ope rdnt  ts .9e conpa.dbl '  c i i \
D; ; r i ioht  ored,cr ioa.  in ;  ren. 'n i rq  45 nr .  "ds 

r leo ro  per 'om d
' t i " . r i " .  

i . i i . ' cors l ' ! inq or  a  " . ies  of  s-d l  -a  L" l  ! r " r r la t ior
. ; " ; ; " ; . i  i ; ; ;d  i * ;  t te  6Fr  oAo na ar  l "ndr i re  c fdrdc" ' is r rca
OJiiititi"ity, the otr DAP nan0al handlins characteristjcs *ere found ro
be q"n" .d l l  /  sd l ls 'actorY.

Eeca-se o l  - f  i r - f l iq l t  doserce o i  Lhe ( r -bo1d sYsLen.  t \e  p 'e f l i9 f t

" i i i i i i . i i . . ' . t ""  
* i i ""  'oat 'or "orr  done i"  L\e shs (corpred d' t \ . t fe

.ondr ison runs oone r r  ' l ^e  sLS)  av "e l  co4sr l tLLe er"  nosr  tno 'ougr
;  ; " ; ; i . ; i ; i ; ; ; i , " . ' ; "  " ;  

i ;  d:Loma! 'c PRo\ cos re" ' t ' "s or r1e oFY
i i rp 

-n" .  
i i - *"  ' " .1 inoortarL -esulrs or  thot  pro "ss 

's  !1a!  Hh' 'e
i . i - " r i r i ' " * i  tn o.oa'  - ,  **"  betheel  r re Lro 0Ao s "as std! is i i '
. i ' r "  i i . i i i . i " . 'n" .u i i  (pe-fdps pdrt  dr- /  d,e to .e s.d r  ro-ber o '
i , . r ' " i i i ' i i t . i .  r fe  Lt (  bAP d 'd;oL oercnstr . te  d ee!r r ! t  to
dJol icate Lhe;-ec is 'on ' l "1c l  d  fLmal  p i lo t  cd4 ac\ ieve 1"  rLvrn9 Lre
pRb) oos.  n is  r5  ro !  -eces la . i ry  b"d,  s in( .  t .e .e  mal  b"  rJLb.e
. . i l i i . . * , '  , "  renc i -  c lose Lo " ;o tFe;  

wnic  e  ro-  lo lo  pe ' iods o '
ti;e- but Drecise Sk js not necessarv to perrorF thal task'

The linited ahdunt of proc€dures developnent tjne did not alloe
. " i r i . i . i i - ' ,0" i ; ' . .* i i -  i1 va-, 'ne oir  olP selro vdlFs Tl 'e sls."s
Lhe onlv  ISC idc i l i tv  r iLr  r1"  0L '  oAP sorL"are.  a"d on l /  lb  rours  o-
i . i , i - 'a" "L" i *  or ;cedr .er  develooment  'me Hd!e-e ob ld i td  l r  nore
o; ;cedures develoonf l r  t i_e fdd oeen avdi ldb le  : r  t \e  S S erpe '  n"ntd
i r " .  

" iq t i  
p" t t ro iy  have resul ted in  sreater  prec is ion Ni th  acceptabLe

Another  l r i rqe be.e l iL  o ' these sLUoler  vas the oeveloprdnt  o !  t fe  . - -
.aDdbi  , tv  t ;  Der to .m orr -v  BAR S\ .  ln  th 's  ase.  sK tsas oe- lo-ed IW
i ; ; i " . i ; i ;  0 ; i " ,  doo " "et  aror  ' .4  -v-BrP.  A i fouet  t t  te ' - "d  o-
orb i t .  .1 ,s  ac t iv 'u  "as  s"L I ra . !o ' i  i
re l  isaqe rcTa 'db le lo  mote co lver l ro"a l  Sf  locat io l5  roceve '  rL
*. 

" 
roie deit intensive tdsk, because off-v BAR locations are

i .h"L" i r "  i " i ,o ' " .  Trere iore,  o-  "ourd .o !  eToec Lo per 'o 'n  ' \1s

' . * . f  . ; t  
" rh  

for  e \ tended Der 'ods or  L  me.  s i -S ror r  'as  done ' '
i i " " " i  

" i  
ioo; : " i  rd  doo - " . i  on rhe +v-B!o,  boLf  100 'eet  abo 'a  dnd

IOO' ieeL o. lo i .  {  por i t io l  be oH r fP V-8AR is  o  e e"Pd belcuse v  luaL
. res r i lh  lne (OAS i re  oeLte. ,  mo l t  propel  an!  usage i5  a l f ,os l
exc lus ive ly  i ron the af t  systen.

In  conc lus ion,  the oEX
be h igh ly  des i rab le  to
nandatory for unnanned
mode. UnfortuoatelY,

oAP vas shovn to have nanv reallres vhich {ouLd
have on lhe Orbiter. Sone ol then mav be
vehrcre5 Bhich { r l l  operdte in  an d, tonomou!

the.e ias not  enouqh t ine bet ieen lhe f ina l
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JSC-10589 A

K.  STs 51- !  was lost  dur lng launch Phase on January 23 '  1936,
arong p i th  the creq of  scobee {cDR),  Sni th  (Pr I ) ,  on izuka
(Ms1i ,  Resnik  ( i1s2) ,  r4cNai r  (uSl ) ,  Jarv is  lPs l ) r  and McAuI i f fe
i teacher- in  space) .  one n iss ion ob ject ive tas Lo have been
deprovne lL  and rer r ieva l  o l  the  Sparran-H: l Iey  f rPe- '1 :e '  .
I l . i  p lann.d  !endezvoJs pror i le  is  shour  'n  t !sure  A- l  I

.  Ih is  Hds a t rp ic . l  deploy dnd re l r ieve R 0Z.

.  The sepdrdt ion h[vR is  a  can 'ed r4 |vq execuleo on l lght r rg  This
e l in ind les lhe need lor  a1 {sR Lo ' i ,  Lhe l iqht i !  or  a  proDerrdn!
penal ty  to  f ix  the l ight i .g .

.  Nc l  phases the orb i ler  to  the {C2 locat ion ( tvp ica l lv  40 n n j  ) '

. H after to NC2 is nornallv too snall to execute. NH ls the'
tarqer id  a t  the Ncc Poin! :  the to ta l  av cost  { i l l  ba sFdl ler  i i  vou
TGI NCz this uaY.

. There is then n tvo-Rtv transfer to Ti. Itlicallv, thls kind of
profile xjll be used if there ls not an ElA requirenent.

.  The fu ture El ight  gener ic  cont ing€ncy Rendezvous book and
orb iLer  fs9 l  are to  be I - loaded for  Lh is  tyPe oE RNoz.

o:i;F{

Figure A-13.-  Rendezvous prof i le,  5TS 51-1.
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