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GRUMMAN AIRCRAFT ENGINEERING CORPORATION 
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CODE IDENT 265 12 

LSP-370-3 S P E C I F I C A T I O N  NO. 

2.1 (Continued) 

Eilitfuy 

~~L-r-2t'.6OO/~YISC-E,LT-1OA Icterference Control Requirezents,  
L-eronsGtical LquiI;zent deted 2 June 1958 

m 5  IJozice i dated  1 June 1962 
v;th J,&f., . - & . . Y ~ - ~  :-- - r - -  LO. 2 dated 17 June 1959 

iIL-E-9 5 0 0 G l y  c c 1 C a p  os i t i on 

I l e t S s ,  D e f i c i t i o n  of Dissizilar 

. .  

3ng 200.7 3-65 

.. ' . .  . 



GRUMMAN AIRCRAFT ENGINEERING CORPORATWN 
Bethpage, L. I., N. Y. 
CODE ]DENT 26512 

LSP-370-3 S P E C t F I C A T I O N  N O .  

. .  

2.2 Precedence. - The order of precedence, in case of 
cc r , f l i c t ,  s h a l l  be 2s follows: 

Contract  

Tcn Sreciiicatfcn 

P 5r I Srecificztt ior,  

LI S:PE ci fi c at i o n  ( LSP- 47C -2A ! 

Eng 200.7 3-65 
EDP Sbeet No. 04 
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S P E C I F I C A T I O N  NO. EP-370-3 

(c) LCC Initialization Ijatc 

Eng 200.7 3-65 
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S P E C I F I C A T I O N  NO. I-SP-37&3 

3.1.2.1 .(Continued) 

(f 1 
. .  

Orienta t ion  f o r  t r a n s f e r  i n s e r t i o n  

- insc-.rt4 cn ii"rt.0 the  recui red  coast ing descent trensfer orbit  t h a t  
xi11 CB'JSE- t he  E,! to arrive et e prede temiced  Fos i t i on  relative 
t c i  :he r r e r t l e c t e 2  l a n ~ r  l~.zciz,c s i te  

: . I i~col ; rse  ,;uidar.ce tc reaccc dispersicns cbout tne nozinal  ain 
point 

FDP Sheet No. 06 Eng 200.7 3-65 
" "  - - - - --"- _._-I _- - 5 -  
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bKUMMAN AIKLKAP I kNGlNEERING CORPORATION 
Bethpage, L. 1.. N. Y. 
CODE IDENT 26512 

S P E C I F I C AT I O  N N 0. fsp-370-3 

- .  

3.1.2.2.1 ( Continued) 

( d )  The GFZ-XTSCS shall have t h e  capab i l i t y  (prior to LEN descent * 

crbit i n s e r t i o n )  to perforn t h e  required p i d a n c e  and con t ro l  
m c t i o n s  u t i l i z i n q  the LDi descent er?gine, -that will allow t h e  
Com,md Ik2.ule t o  =chieve a safe r e - e n t q  cor r idor .  

( d )  Gesci n t  e q i n e  pitcc:? and roll g i ~ b s l  actuator O n / O f f  com.ands 

5ng 200.7 3-65 
ED? Sheet No. 08 . - 7 -  



GRUMMAN AIRCRAFT ENGINEERING CORPORATION 
Bethpage, L. I., N. Y. 
CODE IDENT 26512 

S P E C I F I C A T I O N  NO. UP-370-3 

3.1.4.1.1 Charac ter i s t ics .  - The b a s i c  c h a r a c t e r i s t i c s  of t h e  
automatic node a r e  t h e  following: 

(a)  ?*en i n  t h e  automatic node, aL1 a t t i t u d e  and t r a n s l a t i o n a l  
c o n t r o l  commands necessary t o  perform a l l  I;EM mission phases 
eut,:maticaily, with the except ion 3f sepa ra t ion  and d3cking, 
c r i r i n a t e  - i n  the LGC. 

21;r.h: -he la-,:er phases o f  t h e  power descent a Landing P3int 
i c - s i rna to r  - ( L a )  r a y  be used i n  conJunction with the GFZ PGNCS 
- 2  r ~ ~ c s l - n s ~ e  4-ke landing si te.  

( c \  1 2 .  ; - , >  t he  X-axis (yaw) may be commanded by l e  ~ ~ ~ r A e u - , - e r 5 m  a'rcxx 

(b)  - .  

- 
d 

_ -  - - Y  _ _  ,".s _ _ .  :? 3 z x x e r  ize2:ical t o  -he k::itude Zclld !b:zEe, described 
TT'T - _  i s  conTrollin2 a s  sp&!ified Sy -.he LGC 

E aaneuvel-s shall be a c c x p l i s h e d  r;ithout 
F r J f i l e .  i n  t h e  absence 3f a:+i"l;de rnaneilver 

ill n a i n t a i n  ysv a t t i z u d ?  z'i m e  value e x i s t i n 3  
f ::.E l a s t  attitude miceuver cozYan5. R DSKY 
a u t o m t i c  c o n t r o l  t o  the X-axis. 

:--icn :CCLI-O~- f e r c e s  are cormanded r e l a t i v e  to the  LTv: body 
. y - c  .. .. ,, -'-zsed on 9-e F O  t:",ruster l oca t ions  s t a t e d  per  3.1.5.1.4.3. 

2 u t c : s t i c  rrc2e t r a n s l a t i o n  along t h e  X-axis s h a l l  use 
-;r avs, l lab le  F.C tlirus~ers. Af te r  c c i s t i n g  Fhases, tt,e . 
11 ,  7 111 prcvide a u t o m t i c  ullage settling X-axis t r a n s l a t i o n  - - - . r (  . 

cc;.:-Lri5s as qe-ified ir, (1) ana (2) below. 
:c:-~crc?s s::czll be s ~ s k e i n e d  f o r  0.5 secon2s a f t e r  i n i t i a t i o n  of 

Y:E u l l age  s e t t l i n g  

Lss-ent LrigiKe 3;lage S e t t l i n g  4 F.SS engines f o r  5.5 
seccnds p - i o r  t o  descent 
engine on comand 

L RZS engines f o r  2 

engine on commands 

/ - *  

, c) ~ s - s i t  Zr,Z:rie ~ 1 l a g e  S e t t l i n g  
. seconds p r i o r  t o  ascent  

Zng 200.7 3-65 
- 8  - FDP Sheet No. 09 '. 
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GRUMMAN AIRCRAFT ENGINEERING CORPORATION 
Bcthpage. L. I.. N..Y. 
CODE I.DENT 265 12 

. S P E C I F I C A T I O N  NO. EP-37*-3 
. -  

3.1.4. L 2  { Cont2nued) 

. ( d j  

C a m ~ d s  fro% the  LGC s h a l l  be such t h a t  opposing RCS thrusters 
are never comun2ed On simultmeously. 

Eng 200.7 3-65 
. ._ .__ - 9 ,  . - ,,." 



GRUMMAN AIRCRAFT ENGINEERING CORPORATION 
Bethpage, L. I., N. Y. 
CODE IDENT 26512 

5 P E C I F I C A T  10 N N 0. ISp-37*-3 

* 3.1.4.1.2. ( Continued) 

(1.1) (Continued) 

12) FCS thruster  faf lure  i n f o m a t i o n  is not aveilable t o  the LGC 
m d  oce of t h e  following failures has occurred. 

3.1.1.7 

. .  

€ng 200.7 3-65 
- 10 - EDP Sheet No. 11 -___ -- - .,. _ . - .  ~ ! 



GRUMMAN AIRCRAFT ENGINEERING CORPORATION 
Bethpage, L. I.. N. Y. 
CODE IDENT 26512 

S P E C I F I C A T I O N  NO. LSP-370-3 

3.1.4.3 

(a) 

&scent  E ~ g i n e  G k b a l  T r i m  On/Off Commands. - 
Siol?;al t r b  cornman2s a r e  generated i n  the  LGC and d i rec ted  
t o  the CECA i n  the form of D.C. d i sc re t e s .  Four d i s c r e t e s  
a re  use5 C,o command pos i t i ve  and negat ive p i t c h  and ro l l  
c x A  a1  m ' tons .  
tiie ZZ'CA ::'r+ich 13 turn a c t i v a t e  the  GDA's. 
3 s  tCL'i's 
of 3.2 U ~ ~ r / s e = .  -. ?ne rise t h e  t o  reach s teady s taxe  speed i s  
,).L ;e:.. ::,e nci;.:imum angular range of each ac tua to r  i s  k 6.0 
aeg:ret?s. 

IC 2 G: t- 5 ' s :  1 72-e CECLTS, autcmatlc f a i l c e  de t ec t ion  c i r c u i t r y  
L- 

sr.';ts off poi,:er L O  the GEA t h e  U C  -,.:ill receive 

. -  The d i s c r e t e s  a c t i v a t e  power switches i n  v 

( D )  p r a t e  I n  an On/Off fashion a t  a constant  speed 

,p - -. 

',a I 
. -  

\ I  

.-:e 5;: :C. _ ~ t < ~ ' L e s  :,ze L X  of t ~ f r  r z i lu re  by one e i s c r e t e .  

3 c  -57 will tken cease i s s u i n ~  cc:-za:;ds t o  -,he 
d 

f 0 llot! s , : 

(a> 

> 
3ng 200.7 3-65 



GRUMMAN AIRCRAR ENGINEERING CORPORATION 
Bethpage, L. I., N. Y. 
CODE IDENT 26512 

LSP-370-3 S P E C I F I C A T I O N  NO. 

. .  . .  

3.1.4.4.1.1 (Continued) 

?l U ~ o 3  r e n o v d  of tte 
CO:L-.W~ r e d c c t i c n  of  a t t i t u c ? e  rates to zero. t 3en  t 2 e  vec+,or 
slis P x t ~ ’ i ; t  rll a e s  of atti2uude rates goes below a spec i f ied  (TBD) 
c%-/cec. ~e ve-lcle m t i % d e  m y l e  at that tize sha l l  be 
nelQ b:: E~L--Z zf X t n r u s t e r  ccrrs,an&. 

out of detent“  s i g n e l ,  the LGC s k z l l  

4;- 



GRUMMAN AIRCRAFT ENGINEERING CORPORATION 
Bethpage. L. I., N. Y. 
CODE IDENT 26512 

EP-370-3 S P E C I F I C A T I O N  NO. 

TABU I 

FLIGHT COTTTROL SYSTEM 

1500 
1500 
1500 

Response * 
T k . 5  
( S e c  ) 

0.3 
0.35 
0.45 

Socro 2 .O 
6000 2 .5  
6000 2.7 

. . c y  . I03 
. 2c .; 

20000 
2.C030 
20090 

0.65 
1.2 
2.2 

1.1 
2.2  
4 .O 

* Tine i a r  e r x r  c 3  c z~ i r e rge  t3 wicnin C.15 deg/sec of rate &ad zone 
(Tm Jet Resncrxe - A l l  Axes - 1100 lb - ft. torque)  

Eng 200.7 3-65 1 



GRUMMAN AIRCRAFT ENGINEERING CORPORATION 
Bethpage, L. I., N. Y. 
CODE IDENT 26512 

. .  

S P E C I F I C A T I O N  NO. .Lsp-370-3 
. .. 

3.1.4.4.1.1 ( Continued) 

( e )  ( Continued) 

t o r c s e  i n p l s e  ( abor t  each axis) is imparted t o  t h e  vehic le  
e% each end of t:?e deec?bznd i n  order  t o  maintain vehic le  
s t t i cL2e  >:fthiE the dea6km-6 l izi ts  . 
s b d l  be less  t k _ z ?  49.0 f't-lb-sec. 

A rricizm toroue inpulse  

( c )  L u r f n ~  t h e  fi::c? w:mxch ckese (3hzse KO. 3 ) ,  when t h e  descent 
cr*zZr.e ;r c ~ i v t l v e ,  C L A  t r k  ccr;.,-..mL.s s h a l l  contizvle t o  

FC: by t h e  LX es i n  t ne  Autoxatic riiode. 

L?iri:I- t h e  xar..l;slly cormxde? a t t i t u d e  c k s c ~ e ,  E t t i t ude  
ezrol: r t lce ins.  bt zero. I L~  vehicle is autczatically held  et tke at t i tucle  
it h?.E C'~ .SL  :he a t t i z c d e  coc t ro l l e r  was  returned t o  neu t r a l  ccns i s t en t  with 
t n c  reqEirex;ents OP 3.1.4.4. 

3.I.L . h  .1.3 

Eng 200.7 3-65 - 14 - EDP heet No. 1.5 - ...... - .. - 



GRUMMAN AIRCRAFT ENGINEERING CORPORATION 
Bethpage, L. I., N. Y. 

CODE IDENT 26512 
r 

S P E C I F I C A T I O N  NO. SP-370-3 

3.1.4.5 Direct  Eode. - An emergency direct c o n t r o l  is also 
availeble on an indivi~ual exis besis  when t h e  a t t i tude  c o n t r o l l e r  is moved 
t o  t h e  hardover pos i t i on ,  wkereby 4 j e t  operation is comnanded. 
enxrgency o i r e c t  co& i s  inaependent of a l l  o t h e r  attitucie con t ro l  modes for  
GF5-FGSCS or  AGS cyerat ion.  

The i 
3.1.L .5.2 An olrerriae of +X t r a m l a t i o n  is obtaineble i n  all modes 

by corcxzn6ing 4 J e t  c p e r a t i o n  d i r e c t  t o  tne RCS secondey coils by neans of 
8 ccr t rc l  bu',ton or, the ?=el, 

Eng 200.7 3-65 - 15 - EEP sheet No. 16 



GRUMMAN AIRCRAFT ENGINEERING CORPORATION 
Bcthpage, L. I., N. Y. 
CODE IDENT 26S12 

I 

S . P E C I F I C A T I O N  NO. LSP-370-3 

I 
3.1.4.7 Rate of Descent (ROD) Mode. - The ROD mode shall be 

opera%ional wLen t t e  B t t i t u c e  Iiold mode i s  se l ec t ed  i n  e i t h e r  the  landing 
approach phase (? lase  2 )  or  the  f i n a l  approach phase (Phase 3)*. Upon 
sxi tchinE t o  t h e  ROD moie, t he  XC s h a l l  command descent engine t h r o t t l i n g  
such tha t  :hr venic le  r a t e  o f  descent along the  ca lcu la ted  l o c a l  v e r t i c a l  a t  
::!e L l i ~  of  s;:i%ckcver is rcainraiced. Increnenta l  changes i n  tBe rate of 
deszen t  s3:I ke mmm?4e5 Ly xeans of  d i s c r e t e s  coming from the crew 
StzTYion, \.zlC!Ki %YE: Cmected T o  t he  LGC, t o  be executed i n  the form Of 

e t r ro t - c l ing  con-,rol shall be L i t h i n  the r e q ~ r e -  

- .  1 _ .  
anBs. Tke d i s c r e t e s  s h a l l  represent  incremental  changes o f ,  

L -"l* _ I -  f t / s -?e .  
EF i l tS  O? 3.1.5.3.6. 

Ts addi ; ion,  tne fc l lo>i ing  crew i n t e r f ace  func t iona l  I reqL5rer.ents ex i s t :  

, j  

1 

Eng 200.7 3-65 - 16- EDP Sheet No. 17 
- -I-- ~ - - - ___I__ __ __--_ _. ._ -___I___ --- 
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GRUMMAN AIRCRAFT ENGINEERING CORPORATION 
Bethpage, L. I., N. Y. 
CODE IDENT 26512 - 

S P E C I F I C AT IO N N 0. Lsp-370-3 

3.1.k.9.1 (Continued) 

Eng 200..7 3-65 
EDP Sheet No, 18 
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GRUMMAN AIRCRAFT ENGINEERING CORPORATION 
Bethpagc, L. I., N. Y. 
CODE IDENT 26512 

S P E C I F I C A T I O N  NO. m-370-3 . 

3.1.4. IO. 1 (Continued) 

The RFi ?nay be operated e i t h e r  with GFE-PGXS computer ( Z C )  
or Ln ~l mxi*xl rrcc?e xylier c r enan  control .  
orAy ~ ? A C S ~  reqzlrecents necessary for t he  X-C mode of o7erat ion.  

This s c e c i f i c a t i o n  delineates 

( c )  Coz-,:ete ~-mcai ccnt rok  of  LE4 when within the  L? opera t ing  l i m i t s .  

. 

Em 200.7 3-65 
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Bethpage, L. I., N. Y. 
CODE IDENT 26512 

. -  

S P E C I F I C A T I O N ,  NO. . LSP-370-3 
. .  

3.1.4.10.2 ( Sontinued) 

,.- .... * . _ _ .  ?(- 
, .  . _ e  c . . -.. . . ., , . 

f C'; 



GRUMhIAN AIRCRAR ENGINEERING CORPORATION 
Bethpage, L. I., N. Y. 
CODE IDENY 26512 -_-- 

S P E C I F I C A T I O N  .NO. EP-37O-3 

3.1.4.11.1.1 h e t i c l e  Recuirerents .  - The window, at the comander's 
-_II 

v ,  +siticn, s n ~ l i  be e:..i?rcZ witn ti couble reticle system which, w'neu v i e w c  
frcc: t h e  FesitSon in xA2ck tf;e reticles coincide, i cen t i f ies  t h e  I.sncEne: 
arec in t h e  foe: aeceribea below, with zm accurrzcy in both heacics anit look 
rLnfle of * lC 

d 

.15O 
1LO 
. 5O0 
.igG 

.12O 

. 2c0 

Eng 200.7 3-65 
- ?O- ED! Shfet~ NO. 21  
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GRUMMAN AIRCRAFT ENGINEERING CORPORATION 
Bethpagc, L. I., N. Y. 
CODE IDENT 26512 - -.~ 

LSP-370-3 S P E C I F I C A T I O N  NO. 

---- 
. -  

3.1.5.1.2 ASS Al igmen t .  - The GFE-PGIiCS s h a l l  provide Cats. to d i m  
t h e  AGS t o  the accurecjr specified below: 

%ng 200.7 3-65 -- 
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S P E C I F t C AT I O  N N 0. zsp-370-3 
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GRUMMAN AIRCRAFT ENGINEERING CORPORATION 
Bethpage, L. I.. N. Y. 
CODE JDENT 26512 

.. 
5 P E C I F I C A T  IO N N 0. UP-370-3 

3.1.5.1.4.3 (Continued) . 

~ . . ~ l l  not  exceed 
The e r r o r  to le rance  on these  nominal coordinates  

.3 iriches ( 3  6). The angular aliEnrnent of t h e  r e spec t ive  
FCS thrust ,  v e c t z r s  skd:  De scck t h a t  they  are al igned paral le l  t o  
t h e i r  corrzs?cz?inr ve:i icle exis with an e r r o r  .not excee2iny 3.0 Eesrees 
( 3  6). 

.,- 
A 

I1 

IIK 

I v 

TABLE 111 

Eng 200.7 3-65 - 25- EDP Sheet No. 26 



GRUMMAN AIRCRAFT ENGINEERING CORPORATION 
Bethpage, L. I.. N. Y. 
CODE IDENT 26512 

S P E C I F I C A T  I O  N N 0. UP-370-3 

I r 2 t i a l i z a t i o n  f c r  Descent Transfer Inse r t ion .  - DFN-I - 3.1 .? .2.1 
T k e :  66 hours - 17 ;r.i:,utes - Cb seconds. 

G .I 
4.3 

Eng 200.7 3-65 
EDP Sheet ?io. 27 



GRUMMAN AIRCRAFT ENGINEERING CORPORATION 
Bethpage, L. I., N. Y. 
)DE IDENT 26512 

S P E C I F I C A T  f 0 N N 0. LSP-370-3 

I? .I. 5.3.1.1 (Contirued) 

. .. - . .  

- 27 - EDP Sheet No. 28 



GRUMMAN AIRCRAFT ENGINEERING CORPORATION 
Bethpage, L. I.. N. Y. 

CODE IDENT 26512 

S P E C 1 F I C AT IO N N 0. EP-370-3 

3.1.5.3.3 { Continued) 

Pitch and Ecll At t i t ude  - 7 O  aeerees deviation from ve r t i ca l  

Yaw Att l :uae - fiandom 

Eng 200.7 3-65 
EDP Sheet No. 29 
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GRUMMAN AIRCRAFT ENGINEERING CORPORATION 
Bethpage, L. I.. N. Y. 
CODE IDENT 26512 

LSP-370-3 S P E C I F I C A T I O N  NO. 

3.1.5.3.5.2 LE!.! Tracking Light Constraints .  - The LEI4 tracking l ight 
r k d l  be  cngzkjle of r a c i e t i n g  throwhout a s o l i d  angle of 60° about a line 
parallel t o  the LEX +% bociy axis. 
of the UX, t h e  E17 attitut3.e s k d l  te maiatained such tha t  t he  LZM-CSM u)S is 
wi th in  the &ove anefe l ixi ts .  

During coas t ing  f l i g h t ,  f o r  CSM tracking 

- 2.1.5.3.5.2L c---*. L l -  . L a i c e t i c n  Constraints .  - Co-zmication c o r s t r z i n t s  
c5td.l be Is & c c c r ? ~ ~ c e  k-ith ICE'S LIS-3~0-1C001 - Other ( t o  be de temined) .  

3.1.5.3.6 

( L  

Eng 2 0 0 7  3-65 - 29 - EDP Sheet No. 30 
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GRUMMAN AIRCRAFT ENGINEERING CORPORATION 
Bethpage, L. I., N. Y. 
CODE IDENT 26512 

S P E C I F I C A T I O N  NO.  LSP-370-3 

+> 2.1.5.3.6.1.2 ( Costinued) 

! b > Continued) - .  

TAELE IV 

92.55- 

L 

T h r u s t  
i’c-erance r - 7  

+3-: 
4 
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3 .l. 5.9.6.1.2 (Continued) 

( e )  Step Response - 
?e resronse t i z e  f ror ,  na imu.  t o  r~iininm thrus t  and m a x i m u m  t o  
5G percezt t k r m t  ana vise versa  shell Rot exceed 1.0 see.  and 0.5 
r ~ r a ~ ~ c t ? i - c 1 y ,  i r r  res5cr.se t o  a s t e p  i c p t  s i r n e l  es defined below. 
.:.e r t - . ? x r A r e  tlxe i s  Cefir.ed z s  t h e  tire require6 f o r  t h e  t h r u s t  
trecs;er.t t o  m t e r  v i t h l n  + c 90 1bs. of the final t h r u s t  value. 

t r cszcnsc  to ii s t e p  corz ind  of  1000 1bs. or l ess ,  

T T  

ss  i ~ f i r , c 2  Lclcb:  s h k L  be 8 s  fo l lows:  

2 5"' P 300.3 

10% 285 .O 

Eng 200.7 3-65 EDP Sheet No. 32 
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3.1.5.3.6.1.5 Gi:Sel T r h  Spstern Characteristics. - 

450 . . 

5 n i n .  t o  .9 hours  

5 

2 kours . 
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3.1.5.3.6.3.2 Yhrus't Accuracy Reqxirments . - Xze nominal thrust l eve l  
t r i e  i.T>C i r  ?:C,.! -cwCs. "ne to le rance  on tBis nonicel l eve l  is + 2.5 - 

7 -LL- r. .- - --st ~ 

a: t k e  ctd of t h e  zicslor, du ty  cycle. 
E? ii.e i ~ c L ~ : . i r . ~  cf t h e  3ission duty cycle sr,a + 7 to -2.5 percent 

- 33 - EDP-Sheet No. 34 ' f 
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,.1.5.3.7 ' S?scecraf t  Cisclay Requirements. - (TBD) 

3.i.5.3.8 G X - K W S  X s p l a y  Requirements. - Guidance and Navigation 
data ~ o t k ;  ccxp:ed aril neasuree shall be appropr ia te ly  displayed during the 
1 . c l A i ~ ~ s  -n ?-. ~ i s s i o n  phases. 

- 34- 
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- .  

-- 
.. . i : 

3.1.5.4 Stzbi l izat ion and Control Performance Reauirenents . 
md Const ra in ts .  - 

3.3.5.4.1 

-- 

SFE-PS::CS Control 'Perfcmaoce Reqdrenents .  - The GF'E- 
F?:;CS c~ntroi Ferfoi-zace requirerr,ents, including hanf i ing  q u a l i t i e s ,  shal l  
be LT; Fpeci f ied  i l l  I C 3  LIS-540-lOOOl. 

zcs Propcl lzn t  Constmrticjn: 8 ~ b s .  

forvcrcd I!escent Contrgl.  - Pcvered descent neneuver 3 . 1 . 5 . h  .2.2 -_- 
frcx ~ : ? s e t  cf br;?.ir.y @ r s e  t o  desired hover p i n t ,  exclu6inp p i t c h  t o  
v2rticL1 e t t i z u i c  a t  hover ,  withsir. requi red  mission cons t r a in t s  of t h e  
ix. . T:?e P r o r e 1 l z . t  a l lc tncr i t  iccludes provis ion for  RCS cor.tro1 duriag 
tke d e s c o t t  er.:ine stzrt t r m s i e n t .  

_-.. 

???S Propel lan t  Consuqt ion:  22 lbs .  

?cverK-d Ascent Control.  - Powered Escent guidance with 
th-3 A-J f : : 3 - ~  c c r s t r c i m s  t o  achiev5 (1) burnout  condi t ions  r e s d t i c g  i n  
a IZ.: t r - - " j P c t ? n r  t.?n,t nLmintx1ly i n t e rce7 t s  t;?e CS T a t  t h e  Dreaetemined 
zir:_:oSnt :L.X ( 2 )  bzmcu t  c m d i t i o n s  r e s u l t i n g  i n  a parking o r b i t  with a 
sy: e c i  fi ed clear pericynthion a l t i t u t u d e  . 

I _- .-___--- -I- 

3.1.5.4.2.3 

RCS Prope l l an t  Consumption: 150 lbs .  

Elasped Time i n  t h i s  Phase: 440' seconds 

3ng 200.7 3-65 mP Sheet No, 36 - 35 - 
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3. I. 5.4.2.4 Rendezvous Control. - Trans la t e  the vehicle using 
t h e  FCS t 'nrusters  t o  m e t  t h e  required terzcioal condi t ions and maintain 
a t t i t u d e  con t ro l  &bout all axes v i t i i n  the t i g h t  RCS deadband. 

RCS h o p e l l a n t  Consumption Rate (Averege) 
0.7 lbs/ft /sec.  for each axis. 

Eader Ferfoncmce RequireEents a d  Cons t ra in ts .  - - 3.1.4.5 

3.1.5.5.1.1 - k ~ x t h ~ -  L i r l t s .  - Unless otherwise spec i f i ed  
ell lircits Ere t r i th  res:.ect t o  EF,isC. 

3.1.5.5.1.1.1 S t i t c d e  L i l i t s .  - 
:,'FX z Y.'KE : 2 5 , (300 ft . 
:>2r5ur.: 10 ft.  for a l t i t u d e  dLta, 5 ft. f o r  ve loc i ty  dzta 

(1) M t I t u d e  r e f e r s  t o  distance frcm t h e  a n t e m a  a l G n g  t h e  
l c c e l  v e r t i c a l .  
Uiica the r z g e  bean i s  ver t ica l .  

The LE rnt-zs'lires a l t i t u d e  d i r e c t l y  only 

(2 )  ~ : . s  a3c.ve d t i t u c e  l i x i t s  a r e  bzsea on t h e  r e f l e c t i o n  
c z r f f i c i e c t s  tcb=laLed below frm t h e  r e f l e c t i v i t y  
nc5el .mc excludes errors caused by plme e f f e c t s .  

Re f l ec t ion  i n  db: 

O0 -14 .o 

30° -22 .g 

10 -16.9 
20° -20.6 

50° -26-6 
4C0 -24.7 

60° -28.5 

Eng 200.7 3-65 
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3.1.5.5.1.1.2 - Velocity Lir i l i ts .  - The three orthogonal velocity cam- 
;onents provided to t 5 e  TLGC &re denoted by V xa’ Vya’ and VZa’ 

‘UT : - x w ,  + 500 

: + 5r,? TT3 (Fiv;s  siqn indicates upward or f o m z r d  velocities) 
xa 

;?a - 

~- 
Eng 200.7 3-65 
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--- 

3 .I e 5.5 1 .l. 5 (Continued) 

;. 
t 
I 
L. ._ - 

Enn 200 3 3-6s 

I 
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3 1.5.5 = 1 2.2" 1 Velocit-r bleasurexnent Data Format. - 
{a) The velocity d s t a  furnished at t h e  GFE-PGXCS LGC i n t e r f a c e  by 

f ' re?crncies.  
I' L:ie LE c c q r i s e s  three digital nw3xrs represent ing  the following 

c = if, + f 1 + E ' ~ ,  correspondinq to a ve loc i ty  conponrnt  don^ xi3 3 mtecna exis X 
A 

Eng 200.7 3-65 - 40 - EDP Sheet  ?io. 41 



.- I _- - .. 
. GRUMMAN AIRCRAFT E N G I N E E R ~ G ’ ~ ~ R P O ~ ~ ~ ~ - - - - ” ’ - ~ ”  + ”’ ._I . 

*“---*---- 

Bcthpage, L. I., N. Y. 
CODE IDENT 26512 

. S P E C I F I C A T I O N  N 0. Lsp-3’/0-3 

3.1.5.5.1.2.2.2 Rmge Neasurement Data Fornat. - 
I 

63) ‘=l;e rmze efonq the range bean R is represeoted by t he  following 
equation. 

R = k r  

<rig 200.7 3-65 - 41- EDP Sheet No. 42 
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IXTE 3 : (Continued 1 

( a )  Smoothing c o n s i s t s  of a t r acke r  time-constant of the appro- 
p r i a t e  one of the  following plus a t o t a l  un in te r rupted  accumu- 
l a t ed  time of 0.4 sec. or i t s  equiva len t  i n  t h e  counter. 

(1) 
: 2 )  
(3) 
T;-? acc,irae:- i s  eqressfti! g; .  a percent  cf tte vehicle  t o t a l  
-*c-- .--:CY -::IL-~I-ty a r d  i s  a 3 sL-xa acc~cracjr r e fe r r ed  t o  the  

i i o z -  -L>:L : J ~  ?!E E . ~ l e r  ai?gles of Table 711 ani! sho::n in 
::,-(Le Fr;. 

0.25 see.  mal:. between a l t i t u d e s  of 25K f t .  and 2.5K f t .  
C.15 S L C .  PAX. betkeer! a l t i t u d e s  of 2.5K f t .  and 1.OK ft. 
0.1'3 eec .  ? Z X .  below 1.0K ft. 

I 
t:,) 

. .  
E :.LIC~- zre s ~ ~ ~ i i ' l e 3  v:+-h respec7 t o  t k e  r.ravig2- 

Eng 200.7 3-65 
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3.7.5.5.1.2.6 f Continued) 

(b) k c m i s i t i o n  Frcbe3ilit:. - Vith in  the a l t i t uOe  i n t e r v a l  of 25,000 
ft. tc 15,000 ft. m d  fcr t 5 e  other operating lixits s p e c i f i e d  in 
3.;.5.:.1.:, th? LI;, s h d l  have an azquisiticn probehi l i ty  of at 
lrtsrt 5 - 7 5  i n  cq- 12 seccnc! interval. At altituees below 15,000 
f't. z c , d  f::r tbi? other  oFerzt iag lir?,its of 3.1.5.5.1.1, 
t k e  1 3  :-c?uisition p r o b z k i l i t y  in any 12 Eecond intervzl sha l l  
t>e zc 2c-s.t 5.99. 

-A__-- 

t i c r r  pr3'cc*kilitZes s h d 1  &p?ly Loth to i r i t i a l  
m C  tc rc--Ecczisit icli  r f i c r  l o s s  oT t r e c k .  

Eng 200.7 3-6s 
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TABLE VI1 

GFE-FSI7!3 ??emire? Data Processinp Constants f o r  LR Operation 

-. 

- 
I_--- ---- __.-I__- 

3 0 .  I - 

yA 
(f, - f 1 ts vc-Tccity a:or,y LT: antenna coordinate  

A 3 

:$@'Yr?: (1) ~ ' i r ? z l  C c t e P j r . a t ? o n  of t h e s e  cons t en t s  deperi5s on  ?.~sc 
d~+ 'Fr ; ' t i c : :  o? f . X i ~ : ? t  tra3ectm-y Find eyalysis o f  LR desim 
v e r i f i c a t i c n s  ana f l i s h t  t e s t  results. 

I t a s  (11) and (1.2) refer t o  a countinR in t e rva l  of 0.2 
seconds. 

(2) 

- 44 - EDP Sheet No. 45 .." 
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3.1.5.5.2.1.3 Raye  Accelerztion Limits. - 
;?EX: (a) 50 ft/sec2 over rmge interval 500 ft. to 100 nm. 

(t) 59/= f't/sec2 over rmge intervel  R = 100 to 400 rm. 
l.6 - :--a i I - r e  r( is r m y  in n z u t i c a l  m i l e s  

:.!in: 0 ?-!,/see 2 

I Eng 200.7 3-65 - 45 - ED? Sheet No. 46 
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3.1.5.5.2.1.7 Angle - Coverage fiequirements. - 
3.1.5.5.2.1.7.1 --I__ Antenna Reference Def in i t ions .  - The genera l  configurat ia  

of t h e  fc9 a n t e m a  asseEbly is i l l u s t r a t e d  i n  Figures 10 and 11. 
below r e l a t e  t o  t h i s  f i g u r e  m d  define an antenna axis o r i e n t a t i o n ,  r o t a t i o n  
conventions, and zero references: 

The notes  

(e) The aatenna s h a f t  axis i s  t h e  otlter gimbal  exis and is nominally 
garz l le l  t o  t h e  LZ? Y axis. 

, .  

. .  

. .  
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3.1.5.5.2.1.7.1 (Continued) 

-I__ E l e c t r i c a l  Trackinq =Tits LOS AnKle Resolver Anqle 

Skaft; kngled!ode I +60O -TO0 +60° -TO0 

Shsf% Angle-Itode I1 +155O +bo - 2 5 O  -140° 

n -r.mnion Arqle-Xode I +55O -55O +55O -55O 

C:iaft Anple-!:ode I1 +bo0 -140’ 

r-l - runnlon Angle-ikde I +70° +TO0 

Trunnion kn@+!h?e I1 +TO0 + n o o  
3.1.5.5.2.2 Sias S r r o r  Defini t ion.  - Bies e r r o r  is the cleen value . -- - -----_-I__---- 

o f  t h e  e r ro r  5etwcen t k e  tr.ce v z l u e  of t h e - p a r a y e t e r  and tne indice ted  v d u e  
wiYr,lz any 10 n inu tc  internel. 

3.1.5?5.2.3 I Rrrr .2~-  - -  - ____ Error Defini t ion.  - Randon Error  is t h e  variation 
cbou‘: t k e  mem of measured parar.eter taken i n  a 30 minute averaging i n t e r v a l  
for ceter??icing t h e  m e a n .  

3.1.5.5.2.4 __c- Rex-e !!ezscrever?t .- -- - - -  - -  Accwncy. -’ !&e requi red  GF,-PGNCS range 
measurement accuracy from t h e  RB/T over  t h e  opera t ing  l i m i t s  spec i f i ed  i n  
3.1.5.5.2.1 is as follows: 
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3.1.5.5.2.4 (Continued) 

Rarldom uncer ta in ty  ( 3  6 ) = 

F I s x i m u m  Bias r 

. .  * .  
. .  

1% o r  80 feet whichever is greater 

500 ft.  f o r  ranqes >50.8 nm 

I - - 80 ft f o r  ranges< 50.8 nm I 
-- !irJTZS: (1) TBe b i a s  and rmdom e r r o r  d e f i n i t i o n s  s p e c i f i e d  i n  

3.1.5.5.2.2 end 3.1.5.5.2.3 respec t ive ly  apply. 

( 2 )  : ! enswcxn t  eccuracy refers t o  t h e  accuracy of  t h e  d i g i t a l  
inc2icaticn of  t r u e  i n s t a n t a e o u s  rm-p  aloag t h e  LCS by 
t i le  r i i r i % n l  t r c r d  i n  t h e  radar hich speed ccunter  a t  a 
y 4 n z  ir. t i x  ii.-yediately follo.n.lag 2zxellel  trmsfer 
cf C c t c  f r z n  data  r eve r s ib l e  ccj-mter t o  t h e  r ada r  high 
speed couqtcr.  

3 .l. 5 : 5.2.5 
rEnm rc t e  c.ec;surc.er;t ~ i c c m e c y  f r w  t h e  RR over t h e  opera t ing  lirnits - 
c:\cc5f'ieci i n  3.1.5.5.2.1 i s  as follows: 

I 3~cr-e  _-.._--_____ Fzte Mezsurenent Accurac~ .  - The requi red  GFE-PGKCS 

I 1.3% or  1.3 f p s  whichever i s  g r e a t e r  

I 1 fps  m a .  - Bins Error :  - 
--- !?0?35: (1) The bias end  ranciom e r r o r  d e f i n i t i o n s  s p e c i f i e d  i n  

3.1.5. j .2.2 and 3.1.5.5.2.3 r e spec t ive ly  aTply. 

Velocity measured by t h e  I?? i s  represented by a number i n  
t h e  H3 counter.  !Jeasure?ent eccurmy refers t o  t h a t  por t ion  
of t h e  nm3er rermirix?.? \.:her? the  nu?;ber 17,000 is sub- 
t r a c t e d ,  a n d  i s  r e f e r e x e d  t o  a tine midway i n  t h e  0.08 

( 2 )  

I second counting i n t e r v a l .  

(3) .Tne rmdom unce r t a in i ty  spec i f i ca t ion  includes quant iza t ion  
u l c e r t a i n t i e s  i n  t h e  RR. 
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3.1.5.5.2.6 AnEle I!easurercent Reauirements . - Angle measurement re- 
quirements s h a l l  be i n  accoraance with t h e  following table. 

TABLE VI11 

RR ATIGLLU? !QASL3E!F3I' ACCURACIES REFEFfiED To GFE-PGNCS 
-----I_ 

Anpular Error Allowable Random 
Random m r  ( 3  r )  Bias mr' Error Variet ion'  

4 00 

20c 

5 

2 

1 

80 f ee t  

. . . . . . . . . . 
!, (.223*) 15 (.86O) 

3 ( .172* 1' 15 ( ' . 8 6 O )  
*......... 
....... I.. 

3 (.172') 15 ( . 8 6 O )  .......... 
6 f . 3 4 4 O )  15 ( . 8 6 O )  

11 ( .630° )  15 (.86O) 
.......... 
.......... 

11 (.€:Go) 15 ( . 8 6 O )  

Direc t ly  w i t h  Ranqe 

D i rec t ly  with Range 

Constant 

Inversely with Range 

1nverscl:r. with f imge 

Constant 

___ I 3 X S :  -- (1) The  m r l e  errcx i r i j i c s t ed  are t h e  d i f f e recce  between t h e  
true L E  w i t h  re.s?ect t o  the Tr'AV3AS3 re fe rence ,  an2 t h e  LOS 
i z d i c c t e 2  by t k x  E? ~ i z k z l  r e so lve r  sigcels when r e f e r r e d  
t o  t3e X.k7,3,?.SE coordinate system. 

The ind ica ted  accurecies a x s t  p r e v e i l  f o r  operat inq l i m i t s .  
s r , e c i f i c d  i n  3.1.5.5.2.1 v i t h  t h e  exception that vehic le  
A n n l n r  Velocity L i E i t s  are - + l.Co/second naxinum per axis 
and  r z x i x m  d y l x t i m s  of an?.dar acce le ra t ion  i s  less than 
15 nilliseccnk i n  a 5 second i n t e r v a l .  

(2) 

(3) The =?le bios  eyrcr between t k e  t r u e  LOS and t h e  RR ind ica ted  
LGS wlth resFeect t o  t h e  ::AVI3EtSE reference s h a l l  not exceed 15 
m r  ( . % O  j .  :k;icu2 cariet ior i  i n  3? m R l e  b i a s  s h z l l  not  exceed 
(0.5 m r )  (.G2g0) i n  a-1~7 10 minute t i ne  per iod.  

Dur inq .  t r a c k i r s  of the  CSY by tbe RT, on t h e  Lunar Surface,  t h e  
3 nr (.172') i iqwe is applled'when t r ack ing  at eagles greater 
t h a n  25' from lunar horizon., 

( 4 )  

Eng 200.7 3-65 _ .  
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3.1.5.5.2.7 Gimbal Servo Performance. - 
(a) The acce le ra t ion  CsDabili ty of t h e  gimbal servos s h e l l  enable 

t h e  i n e r t i a l  LOS angular ra te  t o  a t t a i n  90% of commanded rate 
with in  0.2 seconds. 

(b) Upon re -ma l  of  ar, E C  r a t e  com.an2 of no more than  6.0°/sec., 
t h e  i n e r t i a l  LOS mgle o f  t h e  R? antenna s h a l l  no t  overshoot 
m:.il.c~ 9 o s i t i c n  i n  excess of 1.0 degree. 

\%en t5:ere i s  no comand t o  d r ive  t h e  RR gimbals and t h e  GFE-PGIZCS 
C3U cut---t  ccize i G  below 5 nv €CIS, then  t h e  i n e r t i a l  rate of 
+ bide -* 

C j r z a l  SLet- TETES are s n e c i f i e d  ic LIS-?70-10006. 

( c )  

E T ; . X ~ T . ~  s n e ~  be l e s s  t h r y  6.5 degrees per  Einute.  

( d j  

3.1.5.5.2.8 Eanle h t e r f e c e .  - Xie zmle  i n t e r f a c e  is s p e c i f i e d  -_----__ 
i n  LIS-33G-iCCO6. 

3.1.5.5.2.9 i ? x e  ~ and ----- Racm-Rate -_ ------- Sczie  F E C ~ G ~ S .  - - Two rznffe scales 
-.rill be L y e 3  to ccver tze require2 o p r z t i n q  r a r e  spec i f i ed  ir, 3.1.5.5.2.1. 
Y .e scrrlc cn-:.re OCCL:IS at 5C.B  ni and t h e  quznt iza t icn  b i t  s i z e s  f o r  t h e  
!ix,--: cn2 l ~ a  rar-ye ccc.lcc z r e  75.014 and 9.13 feet rest -ect ively.  The range 
:2cele c5cr . r~  frcn: k i r k  to l o v  shall be i na i ca t ed  by the ?,R t o  t h e  LGC by 
2 ''Ezzge Low S c z l e  ?cctcr ' :  d i sc re t e  signal, which is i ssued  wken t h e  range 
counter  is rcsce led .  

. .  

Tae q u m t i z a t i o n  b i t  s i z e  f o r  range rcte s h a l l .  bee 0.6278 
f i . / sec .  pe r  b i t  f o r  a counting i n t e r v a l  of 80.0 mil l iseconds.  

3.1.5.5.2.10 Ac3ui si t ion Performance. - --- 
3.1.5.5.2.ib.i _A- A c a u i s i t i m  -- -- -- bef in i t i on .  -_- - RR/T acqu i s i t i on  i s  defined 

1 s  t h e  coEci=icr, i n  ~:.i:ck tke ve lcc i ty  t r acke r s  have cmz.enced t r ack ing  
a sip,?l, the ~ r i t e n n l ~  g i m o a l  servos are  corianded by t h e  angle error 
,rI m e l s  ce r ives  f r c ~  The 2l;ter.na microwave aeasurenents  (radar auto- 
t r t c i , )  , 
t r ;2 c I, 1 f i r " .  

bcth  t o  i k e  i n i t i a l  acqu i s i t i on  and t o  r eacqu i s i t i on  after l o s s  of track. 

t'nc r a c e  trac1.ers have locked on s i g n a l  and hzve commenced 
Ac a xi s i t I oc p rct n o  i li ti e s s p e c i  f i e  d s ub s e quent ly shall aDDly 

- .  . .  

. .  

( . .  

. .  
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3.1.5.5.2.2.0.2 &ii s i t i on  R o b a 3 I l i t y .  - Provided t h e  RR e l e c t r i c a l  
bores ight  is he ld  u i t n i n  2' of  t ;e t r u e  'LOS t o  the  transponder and t h e  
Auto Angle Track Eslable d i s c r e t e  s i s n a l  has  been i ssued ,  t h e  RR/T acquisition 
FrokLLfllty i n  
th"e ogeretine: E x i t s  def iced i n  3.1.5.5.2.1. 

12  second i n t e r v a l  s h a l l  n o t  be less than .85 wi th in  

3.1.5.5.2.1C.' Fclse filzlr?. Fats-. - A false zlam is defined as the  - __ 
. a c c x i s i t i c n  by ar.y of  t h e  li?. t rackiqq locps of a spurious s i g n a l  from m y  

sc . zc t '  -~L':'.?tscever. except  i n t s r f e r i c i  simals from other raders  o r  s ini lar  
SLX.T\T. o f  r rS i r r t icc ,  ~:t;fcS is a c c c r c a i e d  by i n t e r n a l  sv i t ch ing  of t h e  
~ L z b - 2  scrros  t o  r t 2 E r  sc l f - t rack.  

7 Y . A  I , : ~ ~ E  - ;?.e o o e r t t l r q  l k i t s  s p e c i f i e d  i n  3.1.5.5.2.1, 
t h e  2,: Z E ~  f::se  LE^ I r i t e rvc l  s k d l  n o t  be less thaq 20 n inu te s .  

3.1.5.5.2.22 %E Usc;e. - 
j.l.5.5.2.12.i - t'sr-r- _-_-_ '7'4;~. - The R 3  s h z i l  be c q x 3 l e  of cperil t ion t o  

t h e  s ? e c i f i c z t i c z s  r y c c i " i c c  ir, 3.1.5.5.2.1 imd 3.1.5.5.2.2 aiid w i t h i n  t h e  
cre;q r ? , y t t ; ~  Lri, 3-J P:;LL:~;-L;; r c : - . r c r . ec t s  e s t z k l i s i x d  'cy I S C  f o r  b;otl., i n t e r -  
c i t t r n f ,  axe cxW.,uir;tive tirne k z e r v z l s  neecieci t o  cozplete t b c  mission, in- 
clu??lz; tiiee p o s s i b i l i t y  of t h e  severes t  LEI abor t  s i t u a t i o c .  
for present usa-y p r o f i l e ) .  

(See Figure 13  

UnCer c c r t e i n  ssl~tile t r a j e c t o r i e s  c u r r e c t l y  bei;?E: used 
by :,:IT i n  G Z -  cs E E . ~ ~ S ~ C ,  Lz:: e5ort  condi t ions ~nzy deveiop w h l c h  r equ i r e  
u s x e  of  the E, i r .  ecXit,ioc t o  noma2 descent t rack ing ,  of t h e  t yps  
2es c r i b &  below: 

(a) Ccnticucur; cr near-ccatinuous t r z c k i x  of  the C S : ~  by the LE:[ RI! 
f o r  p e r i c l s  of L5 t o  6Q minutes fer LEI  t r a j e c t o r y  determinat ion 
a;Fter abor t  i n j ec t ion .  
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3.1.5.5.2.12.1 (Continued) 

(b) Continuous o r  near-continuous t racking  for per iods of 60 t o  80 
minutes during phasing angle monitoring and subsequent midcourse 
co r rec t ions  ana rendezvous. 

( c )  To ta l  abor t  t rack ing  time as much as hours. 

( a )  Time lapse  of up t o  9 hours between tne  a c t i v i t y  of Item (a) and 
. t h a t  of  Item (b). 

3.1.5.6 Sracecraf t  Mass Propert ies .  - The spacecraf t  s h a l l  be 
dasign{:ci t o  provide t k e  CzpaDility for a la ra r  o r b i t  separa t ion  weight of 
> - j / - -  3o T ' *n  ~ - ? m d s  F_esc;d cn 9 m z h m  transPvxr  ir,;~c"_icn m t g k t  of 32,OSO po-mds. 
 it ?-s:-zT s t ~ ~ e  s:.s11 t.r- uesi;nea for a 1zmch weig:n.t of 10,820 pouncis. 
S_cacewaft ;z 
i J I  L'- .- 2CSCEIi-L a:--3 a s c ~ r - t  respect ively.  
given i n  71,--?~?s 16 srxi 17 for descent and ascent  respec t ive lJ .  The r a d i a l  
enveiope of ;he ccnter  a!' 2ravi.ty i n  the  spacecraf t  Y - Z plane i s  given i n  
:ig'we 18 for ii~sce;.+, R E G  7LCa-e 19 fa- ascent .  
i s  given i n  Table IX. 

. .  
ant of i n e r t i a  ~ T ~ P S U S  F;eTght i s  s e t  for tk l  i n  Figures 14 and 15 

S2acecraft X axis center  of g r a v i t y  i s  

-. Tie spacecraf t  weight h i s t o r y  

. 3.1.5-7 L<TS Performance Constraints.  -, (TBD) 

3.1.6 P-prability. - 

3.1.. 6 2 Xkiintainabilitx. - 

3.1.6.2.1 1:zin;encnce. - - : 5uipment zrraryoxents a c c e s s i b i l l  ty, 

and i n t e r c h e n s e s t i l i t y  f'r;Iturc s t h a t  a l lov i  effic,:ent p r e f l i g h t  s e rv i c ing  
3n.j r,leinteir,anze shihll be ~ I v e r :  full cor-sLderst lon.  Iks ign  considerat ions 
s1,al.l a l s o  h ~ ~ ~ a d e  E f f i c i e n t  n i ss lon  scrub and recyc le  procedures. 
-2: A L A L u - k . d L ~ - -  ',+Grip' c.- S L ~ L  3 

I n - f l i g h t  
nc t  be p r f o r m e a  on the GFE-FZKS scbsystem. 

. .  . -  

, I  

. .  

. ., 



~~ ~ 

., . -..-- ~ ~ . -  . . .  . .. _ -  - . . . . ... I . . . I  . 
GRUMMAN AIRCRAFT ENGINEERING CORPORATION 

Bcthpagc, L. I.. N. Y.  
CODE IDEh'T 26512 

S P E C I F I C A T I O N  NO. ISP-370 - 3 
.. ._ . 

. .  

TABLE M 

SPACECWT WEIGHT HISTORY 

32000 

32112 

16 94 7 

' 14650 

15021 

5322 

4695 
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3.1L6.2.2 Meintenance Concept. - Fie ld  maintenance of the  
GFE-PGNCS suhystem s h a l l  be  performed as follows: 

(a) For airfrme e l e c t r i c a l / e l e c t r o n i c  e g u i p e n t  ( e i t h e r  i n s t a l l e d  
o r  on t h e  bench) ,  checkout and replacenent  s h a l l  be at t h e  
i n t e g r a l  packcye (f3leck 3ox)  l e v e l .  
8s 8 corbiriation o f  fac tory  rep laceable  units which are contained 
wi th in  E F k y c i c a l  package, and vhich is  recoveable from t h e  
LZ: as an i z t e g r e l  unit. 

For n c n - R l ~ n t r i c a l / e l e c t r o n i c  ezuirn-ent ( e i t h e r  i n s t a l l e d  
c r  CT: t!:c ktcch!,  cf-eckoct m d  r e p l e c e r e n t  shell be a t  t h e  
1 cue?; rry I r - c c ~ ' r l e  sericlizeci mit  leve l ,  vhich includes 
c,rls  t3c:e p x t s  vhTcl; are rexovabie e.s i c t e g r a l  units from 

A "black box" is  def ined 

(b 1 

7 l - C  G'1_-p$ ,:;s 5 ,-as;-stm. 

Y r e f d  Life .  - 
?t.r-.-lce Lif'. - The LZ!: GFE-PGYCS shall be capable 

-_-_I- 

3.1.6.3 

3.1.6.3.1 -- -- 
o f  r ee t i z f  LL-. r e q u i r t r e n t s  of t h i s  s p e c i f i c a t i o c  for  a mininun of 
29Td2 S ~ S - L C :  cysrat icp hcizrs icc ludinf ,  t h e  t e s t  tFze lccged during all 
sui,;:, stern oF<ra+,ions. 

. . r  2.1.0.3.2 --__I- Storr--e L i f e .  - Coc-cyere.ting s h e l f - l i f e  of t h e  
-.. . Gr.+FS:;CY s!--zlL be a xx:airur of 36 months. Tota l  usefu l  l i f e  of t h e  

G?C-?'Y:CC fro2 t?-e ti:;.% of de l lvery  t o  t $ e  procwicq  wericy sha l l  be 
a r?ir,irr,uJn o f  5 years wit:? r cu t ine  mtiintenance and serv ic ing .  

ing 200.7 3-65 
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3.1.6.6 H u m a n  Performance. - 
3.1.6.6.1 F l i a h t  Crew. - The f l i g h t  crev for t h e  LEM shal l  c o n s i s t  

of two men. 

3.1.6.6.2 C r e w  Pa r t i c ipa t ion ,  - The fl i@t crew s h a l l  have 
t.>e c z p & i l i t y  t o  cc??-trol t n e  LE.!! through a l l  f l i@ Eodes. The f l i g h t  
crew szzll p e r t i c i F a t e  i n  navigatior.,  con t ro l ,  noni tor ing ,  and observat lon 
of t h e  GFL-FGXCS 25 requi red .  
fr,? crcv n s n i t o r i c g ,  failure de tec t ion ,  anc GFT-PGXCS guidance mode 
ze lec t i cn .  

Status of t k e  subsystem, s h d l  be displayed 

3.1.5.7 

- 3.1.6.7.3 I- r a i l  E a f e .  -- - Su-cs:qster! o r  coxnocent faiiure shall 
COX pro_oa;;E%e sequent ic l ly ,  that i s ,  design shall be "fail safe". 

' Induced Environnents. - -- -- . 3.1.6.8 

Zxter ior  :.Iou.tc? S?cir,r.ent. - The requi red  operct ion 
of t n e  GFE-?G::CS r ~ o c z t c c  e x t e r i o r  tr; tke crew c&in  (I!XJ, PTA, AOT) 
s n d l  not be adverse1;r affected by s3cr t  exT)osure (up t o  two weeks) 
t o  tne f c l lov inF  envi ronner ta l  coniiitions : 

- 3.i.6.6.1 

(a)  Soler rec?lat icn a t  360 ETU/ftZ/kr. f o r  6 hours per day. 

3ng 200.7 3-65 
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3.1.6.8.1 (Cont hued 

- Rain up t o  0.6 inc>es/hr.  f o r  12 hours . (not  d i r e c t l y  exposed). 

--- Ecidit-q 95 2 5% r e l a t i v e  humidity, including poss ib l e  condensation 
of water vepor .on eauipnent . 
Smd a7d Dust as encountered i n  ocean-beach a r e a s ,  equivalent  t o  
1.110 nesh siG-ca f l o w  w i t h  p a r t i c l e  ve loc i ty  up t o  500 f e e t  per 
minute .  

-_ - 

*- 
Eng 200.7 3-6s 
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3.2 
spacecraf t  subsystem i n t e r f a c e s  s h a l l  be as defined i n  the  ICD's l i s t e d  i n  
the  appendix. 

In t e r f ace  Requirements. - The G F E - E X C S  spacecraf t  and 

3.3 Design and Construction. - 
3.3.1 SZ-?GMGS Defini t ion.  - The rjFE-PGTTCS s h a l l  be an aided 

i n ? r t l a l  sujsystem u t i l i z i n g  CSN ephemeris da ta  and M S b T  t racking  da ta  t rans-  
mitted by voice i i n k ,  radar  and o p t i c a l  sensor da ta  t o  provide vehic le  
guidance? nhvigation, con t ro l ,  and s t a t u s  report ing.  
Lave the capab i l i t y  f o r  f u l l y  automatic and m a n m i  operat ions cons is ten t  with 
rriissicn pkase requirements. 
as  s e2'r l i e s  : 

The subsystem s h a l l  

The GFE-FGKS shall cons i s t  of the  following 

(d  ) 

\ - ,  '-1 

(f) Z:.I 3uPGan-e Cctmpuier (EC) 

Aligrment Cp t i ca l  . Telescope 

Coupling D a t a  ."nits (CDU) 

( E )  E s p l a y  and Ki.-.y'tioard ( D S E )  

(h )  Cable Earness A s s e m b l y  A 

(i) Cable Harfiess A s s e m b l y  B 

( j )  AOT Zontrol Unit  

(k) 1:avigation Ease ( X D )  

(1) S Z g z a L  Jo r? l t i an lng  Assenbly (SZ-4 

(a) @ t i c a l  Tracker Suksystem (ETS) 

'The bssen'cliec s h a l l  be cirrsnged I n  accordance with the  
i n s t a l l a t i o n  ICD's (LID- j40-100C0, LID-340-10010, LID-289-10004) and. s h a l l  
not protrude beyond :he l imi t ing  envelope dimensicns shown thereon. 

. .  

Eng 200.7 3-6s 
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3.3.1.1 General Desiw Feztures .  - The design features 
a16 phys ica l  c 5 z r a c t e r i s t i c s  of the majcr assemblies of t h e  equi-ment 
shall confom with t h e  requirenents  of t h e  following subparagraphs. 

3.3.1.1.1 i n e r t i a l  Neasurement hit (PKJ). - The IMU s h a l l  
sense vekic ie  e t t i t u e e  g ~ l d  acce lera t ion .  
t h r e e  s i c ~ l e - d e g r e e - s f - f r e € ~ o ~  gyros (iRiG) m d  three s ingle-demee-  
of-:reek:: accelerc-eters  (PIPA'S 
t ~ r .  i c ie or  i e c t  E< i 31: ky E. s e rvo-dr i ve I: t h r e  e- 5 e gre  e-o f - f re e dom g i r b  a l  
s y z t e r .  

The 1V.J s h a l l  c o n s i s t  o f  

on a stable nember i s o l a t e d  from 

?;e I::< s r L 2 1  be aourteci cs t he  nzvigat ion base. 
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- 3.3.1.1.5 {Continued) 

Tfie output sections of the CEU's a r e  used to convert . 
the f o l l o w i q  LGC outputs to analog form: 

zu a1ip-n (2) 

Attitude errors (3) 

a 
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3.3.1.1.10 -. Si-czl ConCitioninLAssembly (SCA). - The s i g n a l  
condi t ioning esse-tly s r i d 1  contain e>ectror ics  t o  interface with the 
t c l e r e t r y  end GSE equipment. 

. .. 
. ,  

' *  

I 
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3.3.1.3 Weight and Power. - The control weight of the GFE- 
PGYCS iccludine: all assemblies,  coqonen t s ,  and parts shal l  be 240 
pounds. 
shd.1 n o t  exceed t h e  vd-ues spec i f i ed  i n  ICD LIS-~90-10001. 
r q u i r e a e n t s  of t h e  GFC-PCITCS shall be as s p e c i f i e d  i n  ICD LIS-390- 
3.0002. 

T5e design lo25 weight of  t h e  assemblies of GFE-PGNCS equipment 
!The power 

3.3.2 ---I_ Selec t fox  of Spe_cificetions and Processes; - B/A 

* t  ... a t e r i e l s .  Par ts  mc! Processes.  - Shell be i n  accordmce - - ---_____ 3.2.3 
::-I th I C C .  LIS-520-lCCC2. 

- 
effects o r  nc.:i5ccs sxkstances when ex>osed t o  E+,! i r k e r i o r  condi t ions.  

U n z t r k l e  :!zte?iqls. - !:aterials t h a t  eFit or depos i t  
-I -._-__-I-- - 3.3.3.3 

cc r ros ive  sG3s tmces  - ir.l-.ice ccr rzs ion ,  o r  produce e l e c t r i c a l  1ezE;qe 
y r t h  wit:.,’,n z, t s z e x k l p  s:?ell be avoi2ed o r  p r o t e c t i v e  mezsures incorporated.  

! ’c ir-ture and FUY~US Resistmce_. - F’miius-inert 
-----1_- 

3.3.5 
.-.?A . rr . .ueri?ls s h a l l  be uzeC t o  tt?e crer- tes t  ex t en t  p rac t i cab le .  F’unes- 
n u t r l e n l ;  r.%%erizls me:: be used i f  prsrer ly  t r e a t e d  t o  prevent fungus 
&rc-,;til fo r  a per icd  of tTr,e, deper,<eent urtcs t h e i r  use wi th in  the LEt4. 
Kzen U S P ~ ,  f w r u s - n u t r i e z t  r a t e r i n d s  s k e - 3  be herrzet ical ly  sea l ed  or 
t ree . te2  f c r  f’*tT.cus r e s i s t ence  a-;.d shall 20% adversely Effec t  ecuipnent 
perfornm-ce o r  s e rv i ce  l i f e .  . 

. .  
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3.3 .6  Corrosion of Metal P a r t s .  - All metals s h a l l  be 
cor ros ion - re s i s t an t  o r  s h e l l  be su i t ab ly  pro tec ted  t o  resist corrosion 
during normal se rv i ce  l i f e .  Gold, s i l v e r ,  platinum, n i cke l ,  chromium, 
r h c d i m ,  p l l e d i t m ,  t i t an ium cobzl t ,  cor ros ion- res i s tan t  s t e e l ,  tin, 
l e a d - t i n  el lo:,^, t i n  alloys, d c l a d  aluninum, o r  s u f f i c i e n t l y  t h i c k  
nleC,ir.gs of these cetels may be used without add i t iona l  p ro tec t ion  
or  t r e a t n e n t  . 

3.3.6.1 -----_ Dissi72512r bletals. - Unless s u i t e b l y  pro tec ted  
ST ccrstcd to prever?t e l e c t r o l y t i c  corrosion, d i s s i m i l e r  metals, ss 
flcfir,eB i n  ZtmF7.=,ar< ;:23?5%, s b l l  not be used i n  in t imate  contac t .  

3.3.7 

Eng 200.7 3-65 
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4 QUALIT” ASSURANCE 

4.1 Quality Control. - NASA s h a l l  be responsible  fo r  the 
q u a l i t y  c o c t r o l  provis ions to insure  t h a t  t he  W E  requirements spec i f i ed  
he re in  are i n  accordance with the  overall Apollo Qual i ty  Assurance Program, 

4.2 Feliabil i7-y.  - TULSA s h a l l  be respons ib le  fQr the 
r e l i a b i l i t y  prc-ds ions  requirsd t o  assure  t h a t  t he  GFE spec i f i ed  here in  a r e  
i n  accordance x l t n   le o v e r a l l  Apollo R e l i a b i l i t y  Program. 

5.1 Gene:-el. - KXA s h a l l  be responsible  fo r  the  prepara-ion 
and ski:-::czt c f  < r e  G E  specified.  herein.  

c: IiCXS 
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10 SCGTE 

c a c m e .  - The following is a l i s t  of p e r t i n e n t  int.erface -- 
Cccunents. 

LIS - 32 0- i@ 0 02 

LIS- 370 - 10 00 3 

-- T i t l e  

f7J-AOT-XB ?TA I n s t a l l a t i o n  

LOTS F ie ld  of View 

Abcrt Guidance Sect ion E l e c t r i c a l  
I n t e r f c c e  w i t h  GFT-?~G;ITCS 

GFZ-PC:!CS LGC-C3U-PSA S igne l  
Cozditioner I n s t a l l a t i o n  

ACT F ie ld  of View 

LZ! DE:?!! I n s t d l a t i o n  

LT! CFC-?GI!CS E l e c t r i c e l  In t e r f aces  for  
Totzl At t i tude  S icna l s ,  A t t i t ude  
2 r ro r  SiTnals ,  and T-3  Cage Signa l  

E l  GFE-PCIiCS Later& end Forward 
Veloci ty  E l e c t r i c a l  Interface 

LE! GE-?GF?CS Measuresent I n t e r f a c e  
Provis ions 

. .  
. .  
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20 (Continued) 

LIS-370-10004 

LIS-570-1O006 

LIS-370-lOOO7 

LIS-?70-14OCl 

LGC-LE!! Electrical Interface 

GFE-R-NCS t o  Rendezvous Radar Angle 
E l e c t r i c a l  I n t e r f a c e  

LEY GFE-PC-YCS 800 CPS E l e c t r i c a l  Inter- 
faces 

nel 

for 

LEY-LPS 'kasuremeots I n t e r f a c e  
Provis ions 

LIS-369-10001 S-Se-nt? Steercible Pntennr  F'uncti 
t n t .e r fece  with GPZ-PGI!CS 

L?: Wirin,; E l e c t r i c a l  Interface 
GlT-PGZTCS 

GFZ-FSXS P r i m  Pover Recuirenents and 
Cfi ?.rect e r i  s t i cs  

C!'Z-?S::CS P r k e  ?over Requirements and 
Chzrac te r i s t i c s  (WE 1 

I n e r t i r l  Coqocents  Tezperature  
Control  S y s t m  I n t e r f a c e  

PSt- A d m t e r  i:o??ule Interfe-ce 

GFF-F,?:!CS I n s t e l l a t i o n  F ix tures  end 
Proc e Cures 

LIZ-220-14001 G E - T K C S  I n s t z l l c t i o n  F ix tures  and 
Proceeures (LE'S) 

GFT-PXTCS ?has G Pro3e rt i e  s 
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2.0 ( Cont inue a) . 

Weight Requirenents for  GFT/PGIFCS 
EqlS>nent (!!IT-AED-G.43C) 

5 I F  -:1c -1ooc1 
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T A B S  XVII 

PHASE 3 YAW 

(To be suppl ied  a t  a later date) 
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* _- e----- - , Spec. NO. LSP-370-3 
Date : 
Page: 76 

TABLE X M  
- -. . .  ..- - 

. .  Antenna in miition b e 
rn X-AXIS : 

YAW - 
ALTI'I'UDE 

I N  
FEET 

25K . 

m z- 
ROI 
- 

_. 

XIS - 
4 Beams 
t123 t 3  

t29' t o  +GO3 

4 Beams 
-k" to +43 

VEL only 
-123 to +17: 
+273 to +75 

VEL Only 
-43 t o  +4O -53 t o  +53 -25i) t o  -25a 

T'BD T3D TBD TBD TBD TBD 

TBD TED TBD TED 

- lo3  to +lo3 
TBD 

-53 to +33 

TBD 

- 3 O  t o  +3O 10.3K -303 t:, +30° 

- 7 O  t3 +73 -7= to +7O 
-11 3 t o  +113 

- io3  t3 +lo3 -le3 to +io3 -5" to +53 -5" to'+5? 
.% 

-33 to +33 - y 3  t o  +73 -73 t:, +7" c) -33 t o  +3 

0 -53 to +5 3 
-3 to +3O 

NOIE NOISE 

3 -12 to 3 3 
-12 t3 +12 -8' to +3' 1930 

1200 
r. 

- 2 p  t3 +25; 
+h13 t o  +70 

-93 to +123 -93 t3  +123 -7O t o  +7 3 -73 t o  +7:, 

-28 0 to +2i, P3 -523 t3 +523 3 
-25 t3 +loo' .-60° t o  +GO3 250 

-60~ t o  +GO" 3 -30' to +3o 

Ailowat.le Z;.: A t t i t u d e  Deviations ?rom DPM 
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Xlez. ,  Ylern Z l e m :  Spacecraft Axes 
jlEl, Yay Za: LEI Antenna Axes 
LR entenne i s  shown i n  P o s i t i o n  2. 

L J D I N G  RADAR AE'EIQA COORDINATE SYSTEM 

. . ,  , , .  
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A t  cngine s ta r t  r lacecrr t f t  C.G. is e s t zb l i shed  by f i x e d  weight COG. 
PIES the  s h i f t  ci' Fropel lant  between the  interconnected descent 
t a n k .  T c t a l  s p c e c r a f t  C.G. w i l l  be wi th in  the  i n i t i a l  t r a n s i e n t  
C . G. LC4TlING LLfiTLOPE shGwn above. 

After engine start  the prcpe l lan t  i n  the  descent tanks w i l l  be 
brcuz 'n t  t c  E balance6 ccndFtion by enEine t h r u s t .  
b d a n c e d  corxiition sr ,scecraf t  C.G. w i l l  be wi th in  the  i n i t i a l  
sLeauy s t a t e  C.G. Lr,:-TI??G EInl'ELOPE s e t  f o r t h  above. 

At landing wi th  the  prspe l lan t  i n  a balanced condi t ion spacec ra f t  
C.G. w i l l  be wi th in  the  landing C.G. LIMITING ZIWEIXFE shcwn above. 

Spacecraf t  C.G. w i l l  uominally move along a r a d i a l  l i n e  from the 
i n i t i a l  s teady  s t age  C.G. (Pc in t  A )  t o  t h e  final landing C.G. (Poin t  B) 
as p rope l l an t  is expendeb 

I n  t h i s  

FIGURE 18' 
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RADIAL IZNVEXOPE OF CE3TlTR CF GXAVITY IN 

SPACECRaFT Y-Z P W E  FOR ASCENT 

Z (Inches) 

.c 

?;CITE: S p c e c r a f t  C.G. w i l l  nominally m v e  d o n g  a r a d i s t l  line 
f rcr2 ttle i n i t i a l  C.G. (Pcint A) t o  t h e  f i n a l  C.G. (Point  B )  
as propel lan t  i s  expended. 

. FIGW.19 a . 
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