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. 

S P E C  I FI C A T 1  O N  
*No. LSP-300-3B 

ABCRT G U I D A N E  SECTION, 

GUIDANCE, NAVIGATION AKD CONTROL SUBSYSTEM, 

DESIGN CO'IJTROL SPECIFICATION FOR 

1 scorn 

1.1 i S c o x .  - This s p e c i f i c a t i m  es t ab l i shes .  the gene ra l  
t e s t  and cer formnce  requireKents for the  Abmt Guiriszct l  S e r t . i m .  (A-GS), 
xhich f m t s  a part of the Guidance, I k v i s a t i o n  snd Cci l t rc~l  S-bsystem 
(CX and C )  f?r use i n  the Szar :.:oiiU:e (IJ:) of t he  ~ = > , ; i o  Spicecraft. 

Abort Sens3r J - r s e ~ b l y  (RSA). - The P 3 A  shall c m s i s t  
of t h r e e  strapped-doi:n p l s e  rebilanced rrtte i n t e g r a t i n c  g y m s  and t h ree  

sensing z c c e l e r a t i o n s  a lmg  the veh ic l e  axes and a n g d a r  r a t e 2  a'cout t h e  
veh ic l e  axes.  The d e t a i l e d  requirements of  the P-SA a r e  del ineated i n  

---_ 1.2.1 

Stra:-4 i5cu-L.,l>n an. .  I;;lse rebalanced accelerometers.  

LSP-309-37. 

?he LSA s h a l l  be capable of 

Eng200.3 5-66 

- 2 -  
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S P E C I F I C A T I O N  
*No. UP-  390- 3B 

2 APPLICPBU DOCUMENTS 

2-1 Griiman kcuments .  - The following Grumnlan documents 
form a p a r t  of t h i s  s p e c i f i c a t i m  t o  t h e  e x t e n t  spec i f i ed  herein.  

SPECIFICATIONS 

Nunb e r 

UP-300-39 

~r awi rig s 

LSC3C3-300 

T i t l e  - 
& D r t  Electronics A-ssembly, Guidance, 
E a v i g a t i m  and Control Sibsystem, Design 
C m t r o l  Spec i f i ca t ion  f o r  

Beta Entry and  Display Assembly, Guidance, 
Navigation and Contrs l  Subsystem, &sign  
Control Scec i f i ca t i an  f o r  

Eng200.3 5-66 
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GRUMMAN AIRCRAFT ENGINXERING CORPORATION 
Bethpage, L I., N. Y. 
Code Ident. No. 265 12 

S P E C I F I C A T I O N  
*No. LSP-300-3B 

3.1.1.1 For abor t s  p r i o r  t o  powered descent,  a d i r e c t  i n t e r c e p t  
t r a n s f e r  sr a c m c e n t r i c  orbi t  sequence c a p z b i l i t y  s h a l l  be provided, as 
described below. 

3.1.1.2 For abor t s  s ib sequen t  t o - t h e  s ta r t  of povered descent  
and prior t o  the end of  powered ascent ,  the h G S  ~kall have the  c a p a b i l i t y  of 
i n s e r t i r g  the Ll.1 i n i t i a l l y  %t3 an e l l i p t i c a l  o r b i t .  M t e r  i n z e r t i o n  izt9 
the  e l 1 i F t i c a l  s r b i t ,  a s e r i e s  of concentr ic  rendezvous burns s h a l l  be per- 
fgrxed as described b e l m  r e s n l t i n s  i n  an i r , t e r cep t  t r a j e c t o r y  passing 
€kzozgh t h e  CSM. 
Rendezvous P a d a r  (RR) navigation update as specified i n  paragraph 3.3.2.8 
anci/or CZ+$ZFK dpdate as  specif ied i n  3.2.11.2. 

The AGS will p e r f x m  n i d c x r s e  c - r r e c t i m s  base6 u p n  

3.1.2 Guidance Pr3,qr-w:. - The & x e  abor t  missims shall be 
perf3rmed using the following fclur basic gxldance Frogram. 

1 T l l r u r t  c m s t r a i n e d  t o  point i n  f o r x a r r l  d i r e c t i o n  . -  

Eng200.3 5-66 
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Bethpage, L I., N. Y. 
Code Ident. No. 26512 

S P E C I F I C A T I O N  

An intermediate req-\irement of t h e  c o e l l i p t i c  
rendezv2us program i s  t h a t  the LM reach t h i s  i n e r t i a l  l i n e  coincident  
with the  CSM arrival a t  t h i s  l i ne .  Thus, t h e  CSI burn  i s  czlcrrlated 
t o  reach a des i r ed  apocyntkim a l t i t u d e  such t h a t  i f  t h e  I24 were t:, per- 
form a Cgnstant Delta b'kneilver (CDH) a t  t h i s  a p x y n t h i o n  a l t i t u d e ,  t he  h 
subsequent time i n  the  c o e l l i p t i c  x b i t  t 3  the  defined l i n e  plus  t h e  
Freviocs t i n e  fma t h e  CSI burn t=, a p o c p i h i m  i s  equal  t o  the CSl4 t i m e  
frm i t s  p s i t i o n  a t  CSI burn t b e  t3  the  cane l n e r t i c l  l l n e .  Hence, 
t h e  s e c x d  mzexver  i n  t he  c 2 e l l i p t i c  rendem-us pro5L-a i s  tho CDH 
(c3ell :ptic) bu,rn. 
a - ~ n c p t k i ~ n  time ca l cu la t ed  by  the AGS. This t h e  i s  no t  t 3  be updated, 
?.e . ,  the  CCE c a z e w e r  will he performed a t  -vlImtever a t l f t u d ?  i s  present  

c 3 e i l i p t i c  renuezvms sea_!rence will be i n i t i  m l y  i f  the d i f f e r e n t l a l  
a]-titlude .?, r i s  v i t h i n  prescribed l imits  n a u t l c a i  n i l e  s (this 
7-,>*.-*-2 +LAL.-Lter ;,.;i-7- b e  ,a;ecla---d ; i--~ LALA- -- - 3 r  :- "- -. "-I; -- ' ' 1- - 0  : : , . .  91-e L'1 L' 
c3,netrE.int check (xh i rh  i s  per famed r?.z.nu.ally p r i 3 r  t o  CSI by displa; , ing 
V&, Vo, Vp3 via the DEDA, u t i l i z i n g  a chart. f2r Delta. V d i r e c t  t r anFfe r  
rnc! breakins;; and knowledge of the D F l t a  V budget) i s  s a t i s f i e d .  The 
intercelnt t r a n s f e r  w i l l  be i n i t i a t e d  3n e r e l e t i v e  U4/CS?4 l i n e - c f - s i g h t  
m g l e  wlth r e sFec t  t o  the Ll4 l o c a l  ho r i zon ta l .  Mdcourse cDrrections 
during the  i n t e r c e p t  t r a ; e c t x y  w i l l  be psrformeb by the AGS a t  f ixed 
elapsed frm TPI. !??e brakin2 P Z R ~ L V E ' ~  %ill he g e r f o r x d  xanual ly  
(%?is i s  nzt EX J-GS requirenient) ac rz rd ing  t c l  a p - e d ? t e r n i n e d  r e l a t i v e  
r a g e :  range-rate  schedule. 

Thls  burn w5I-l be i n i t i s t e d  2t t h e  predicated 

~t the Fredlca5ed a p 2 c 3 ~ ~ t h i ~ ~ '  tirne ca lcL la ted  by- CL- f VC! ? T - C -  2 - L - L  &1^- bIl'= nuu. I * J b C  bIICLb b1lC 

. *- , r.-*-\ -7-:. .--.: .- > 7 .  

- J T  

Y 

traccfer a t  a f->;t-cre specif:ed r - ~ s o l u t e  tine pzint. This t Ine  p i n t ,  
rni the  t r a n s f e r  t i c e  o f  t h e  d i r e c t  I n t e r c e p t  t rz ject3,ry will be i n p t  
vi2 the ela?sed t k e  i n d i c a t x .  

Eng200.3 5-66 
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GRUh€hfAN AIRCRAFT ENGINEERING CORPORATION 
Bethpage, L I., N. Y. 
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S P E C I F I C A T I O N  

3.1.2.4 (Continued ) 

implimented t:, perform t h i s  maneuver u t i l i z i n g  guidance s t e e r i n g ,  3r 
manually, u t i l k i n g  individual  body axes :et f i r i n g  ts n ~ l l  o u t  cmponect  
of v e l o c i t y  t3  be gained along t h e  bDdy exes  (while halding veh ic l e  
a t t i t u d e ) ,  

- Nom: For the  prDgrams spec i f i ed  abgve, all burns r e s u l t i n g  in  a 
Ikl ta  V 3f l e s s  t k n  60 f p s ,  s h a l l  be F e r f o m e d  with t h e  
RCS. 
than 200 f p s ,  e i t h e r  the main engine ?r the  RCS s h s l l  be 

230 f;s, t h e  ~ a i z  en;=ir?e r5d.l- be uced ,  a n d  alp? f?r t h e  
CSI and CUH burns (speci i ' ied above; tne  s t e e r i n g  s'r,ail be 
s d c h  t h z t  t!irwt:ng i s  parallel t:, t hc  e??(! t h e  "-'I b'im 
s t e e r i n g  shall  r "Jvo a 1- f..SidU.31 .29t-2f-p"zse e9nditLo2s. 

FT velgcit; charges g r e a t e r  than 60 f p s  and l e s s  

- .- uLe.d - a t  the  crew 2 p t i r n .  Ysr vel .3ci ty  changes g r e a - t e  rLhn 

3.1.2.5 Hesidual T r i r i n g  - C s i b T l i t y .  - A t  t e r c i n a t l o n  3f 
P-GS con t ra l l ed  maneuvers u t i l i z i n z  a main eggine, the AGS s h a l l  be 
imples2ated ( ~ p m  as t r anau t  r?qL:est t )  t~ nul: s c t  indii.ridY?l >zsy %xes 
cmpsnents  of v e l o c i t y  t o  be gained. 

Eng 200.3 5 6 6  
r - 6- 
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GRUMMAN AIRCRhFT ENGINEERING CORPORATION 
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SPECIFICATION 

3.1.3.4 Time I n i t i a l i z a t i o n .  - Absolzte time s h a l l  be i n i t i a l -  
i z e d  thraugh the DEDA, and s h a l l  be t h e  d i f f e r e n c e  i n  cu r ren t  mission 
time and a known time b i a s  constant.  Current mission t i n e  is denoted by 
G.E.I. ( g r o m d  elapsed time f r o m  e a r t h  l i f t z f f ) ,  vk ich  i s  t he  d i f f e rence  
i n  Current Greenwich 1,iean Time (GXT) and the GKC d l i f t3 , f f .  
AGS absolute  time i s  GET-K, where K i s  the  time bias constant .  Absolute 
time s h a l l  be input ted via t h e  DEDA i n  seconds, with a quant izat ion of 
10 seconds. 

T h x ,  t he  

3.1.3.6 n l e l e n e t r y .  - Provide t h e  c a p a b i l i t y  of ou tpu t t ing  
d i g i t a l  d a t a  via t h e  te lemetry datz output  channel. 

3.1.3.7 I h i t z r i n g .  - R m i d e  t h e  c a y a b i l i t y  of 
f u r n i s h i n g '  w t p 2 . t  aca1e~ s i zna I  t o  t h e  ' i n s t r u x n t i o n  EiLbsJ - s t em 
t o  v e r i f y  AGS performnce.  

the DEEA and using t h i s  d a t a  f o r  r"5dcsurse c o r r e c t i o n  comuutztions. The 
rcdzy dzta i n p t s  i : i l l  have accuracies  hhich a r e  co-cis tent  with the end 
po in t  c r i t e r i a  zpecii'ied i n  3.2.1. 

-3.1.3.9 S e n s 3 r  Celibrat ion and C m r e n z a t i m .  - 
&ii>rk%im. - r- ille AGS s h a l l  hzve t h e  rirkwy c a p s b i l i t y  3.1.3.9.1 

t a  c a l i b r e t e  (messare j E A  & , ~ 3  ciiamqel F i i c  \n?n-sccelerat isn f s e n s i t i v e  ) 
d r i f t  r a t e  and a c c e l e r o s e t e r  c!--=nnel bias errcn- m d e r  the  fallowing m i s s i m  
phases c o n d i t i x s :  

( a )  c tanne l  b i s s  d r i f t  rate 

(2)  During c-,ast f l i g h t  (lunar o r b i t )  

c 
Eng200.3 5-66 
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3.1.3.9.1 ( Continued ) 

(a) (3) On the  lunar surface 

(b) Accelerometer channel bias: during cDast f l i g h t  

3.1.3.9.2 CzyDensa t im .  - The P.5S shsll hsve the minimm 
c a p a b i l i t y  t a  czmaensste for the f3lloxLns pS.4 sensor e r r x s  during 
prelaunch checkout, c m s t  f l i g h t  and luna r  stay; 

(a) 

(k \u ’ I 

Gyro charnel  non-acceleration s e n s i t i v e  d r i f t  r a t e  

X-;;TZI c k i c n e ~  S ~ T E  LYLS r - 2 ~ ~  ~.ITI?X ~ p y ? r e  tirift. r a t e  

( a )  Acce lermeter  channel b i a s  e r r o r  

( e )  

u 

Accelermeter  channel s c a l e  f a c t o r  e r r o r  

3.1.3.9.3 Err-r Valces. - T-E AGS z h a l l  Leet  t he  requirenents  
of t h i s  s c e c i f i c a t i o n  i f  the  valxs of t!:e e r r o r s  i n  3 - l r3*9 .2  (a),  (c ) ,  
( d ) , ( e )  a r e  deterxincd a t  the t k e s  s p c i f i e d  bebw.  

Eng200.3 5-66 
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GRUMMAN AIRCRAFT ENGINEERING CORPORATION 
Bethpage, L I., N. Y. 
Code Ident. No. 26512 

S P E C I F I C A T I O N  
No. LSP-300-3B 

3.1.3.10 (Continued ) 

(b) Memory Sum Check 

( c )  Resu l t s  d i s p l a y  (when requested by a s t m n a u t )  
e 

The t e s t  w i l l  s t 2 p  end tke MA w i l l  pr9v?.de a varning 
s i g n a l  i f  a f a i l u r e  o c c u s .  The a s t r znau t  nay r e - i n i t i a t e  the t e s t  by 
csmand through the  DEDA. 

3 . l . h  T)Psigr Vicsicln. - Tie AClS shpll Sat . isfy a l l  r equ j r e -  
ment of  t h i s  s r e c i f i c a t i o n  %mder the  ap: l l icatfm of  t h e  design missim. 
Tne design rnissim s h a l l  cons is t  o f  a c e s t L * . i c t T V e  L e t  af iliitl~i coad i t ions ,  
2perat ing m d e s  and operat ing sequence5 as described below. 

fQigrient  an4 I - F t h l i z s t i c n  P13r t c l  P-bsrt. - Align- _ -  3.1.4.2 
ment and i n i t i e l i z a t i o n  t=, t h e  FGi'i;CS s r ~ l i  ;eke 2isce a t  the  t ine  p9 in t s  
given i n  3.2.l2(a) and 3.2.13, except f=r a b s r t  frm h n a r  SurfFce.  For 
launch from the lunar surface a l u n a  a l igr .  and l-!SF?: i n i t i a l i z a T i o n  i s  
as s m e d  . 

Sequence #1 
20 min P r i o r  t.3 Launch NSR? uF3zte 

Eng200.3 5-66 
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S P E C l  FI C A T 1  ON 

3.1.4.4 (Continued ) 

Sequence #2 
20 min P r i o r  t o  Launch MSFN update 

P r i D r  t o  CSI burn RR update 
P r i o r  t o  CDH burn RR update 

10 min P r i o r  t o  TPI burn'F3 update 
P r l o r  t o  MC C o r r e c t i m  RR update 

Sequence #3 
20 Din P r i o r  t o  Launch MSFN update 

Fr icr  t o  CSI burn E? update 
Pri3,r t~ CDH burn RR update 

P r i o r  t o  >IC C o r r e c t i m  RR update 

' 

10 min i+iw t o  T i 3  burn iG5i  upiiate 

3.1.4.5 
guidance maneuvers shall be used f w  t h e  Design Mission. 

Guidance Sequence. - The following sequence of 

Orbit Insert ion  

CSI 

CDH 

V I  

Tw3 Mid Course Cor rec t i j n s  

0 

n LwgetLng F'zmxeters. - Fsr the DI4 the nmica l  3 . i .4 .6  
L t,rajectDry p a r m e t e r s  t:, be ucea s h a l l  be 2 s  f D l l o w s :  

h = 60,000 f t .  abme t h e  mean lunar r ad ius  

h = 0 f p s  
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S P E C I F I C A T I O N  
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. tigc = 112.26 . 
i 

AGS Desiw Cmst ra in t s .  - 3.2 - 

Tralec t2ry  C 5 n r t r s i z t s .  - mh AGS shall be designed - 3.2.1 
ts i x e t  tiic dc i d l e d  requirenents  w i t h i n  the n m i n a l  a scen t  and descent 
t r a j e c t o r i e s  as defined i n  Tables V I  a16 VLL 236 i n r l u d F r g  the dispersisnc 

f o r  a b o r t  t r a j e c t o r i e s  shall be achieved within the  i n j e c t i o n  AV 
conctra5nts  as  l i s t e d  i n  paragraph 3.2.17. 

-'CT 

aboLt the n2yLinal- t r a j e c t o r i e s  2; dpFL-,c? T c l n -  F-c -- c-2 ~ 1 --:,-- ._ - ~ 3 . - - -  ",? i: -i->-- > i d l * .  - _  . 

(3) Dhspersims during descent - 
(1) I n i t i a l  Conditions f3r AGS Abarts with the E z c e n t  Engifie 

Durin-  Fmered k s c e n t  
-__-___ 

.- 

Erne frm 
Initiation 
3f Eraking 
rhcise (Sec: 

0 

100 

T- 

--- 

270 

h 
(f t  1 

-11 - 
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S P E C I F I C A T I O N  

3.2.1 Continued ) 

(a) (Continued) 

(2) I n i t i a l  Cq-ditims f w  AGS Aborts with the Accent Engine 
h r i n g  Powered Descent 

Time 
(&$in) 

0 

i03 

270 

400 

h 
( f t )  

+110 - 

- +45 9 

+io7 -_ 

+12 - 
- +33 +203 

t -  
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CODE IDENT 26512 

LSP- 300- 3B S P E C I F I C A T I O N  N O .  

3.2.1 (Continued) 

(a) (Continued) 

(4) I n l t i a l  Condi t ions i n  Dgwnrange and Track P o s i t i o n  and 
Ve loc i ty  f o r  A X  Ab3,rte w i t h  t h i  Arcent o r  & s c e n t  EnTine 
- Dming Hover-to-Touck.down 

- 

97.2833 1 See Fig.  

51-5 See Fig.  
I Descent 1 1B & 1C ' Engine 

5 15 See Fig.  
&scent  
Engine 

h R 
( f p s  1 I i ( f t >  

R 
( f t )  

+123 - 

+?. - 

+2. - 

T 
( f t  1 

Eng 200.7 3-65 - 13 - 
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3.2.1 I Continued ) 

(b)  Dispersions during Ascent 

0 

6Q 

100 

160 

. 200 

260 

300 

360 

4 00 

430 

. + 6,300 - + 75 

- +11,650 - f 110 

+ 110 

+ 110 

- +12,000 - 
- +12,000 - 

( t o  be def ined)  

It sha l l  be a s sxmd t h a t  the Q.1 foe1  expended m d  t h e  AGS navlzstiDn 
e r ra rs  incurred i n  a r r i v i n g  a t  a disFersi3n f ron  t h e  noninal  FGXs guided 
t ra ject : , ry  sha l l  b n  t h e  same a s  t h a t  incur red  for t he  ccrreszonding time 
3n t h e  n3minal t r a j e c t o r y .  

Eng 200.7 3-65 
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3.2.1 (Continued ) 

(c )  The t a r g e t i n g  parameter s c a l l n g  s h a l l  be constrained t o  the 
following ranges: 

h = 0 t o  2,000,000 ft. 

h = - + 8030 f p s  

vho = 0 t o  8000 f p s  

A = between +20 and 90 
G .3 

70 

ti& = 0 t o  (21u-2) 

tigc = 3 tz (c J8-9 ', 

3.2.2 -- CSM Orbit C h a r a c t e r i s t i c s .  - The CST'i silall hzve a 
nominal c i r c u l a r  Orbit whose a l t i t u d e  a b m e  t h e  xean lunar rad ius  i s  
between 10 n. m i .  and 85 n.  m i .  The v a r i a t i o n  i n  the csid c l r c d l a r  o r b i t  
w i l l  b e  svch t h a t  the e c c e n t r i c i t y  i s  less than .015. 
i n c l i n a t i m  w i l l  be within 210 degrees of the luna r  equatgr.  

The o r b i t a l  

s h a l l  be as' per Table 11. 

3.2.4 . M x s  Fropertis. - Trx mass p rope r t i e s  o f  LV s h a l l  
be as fallows: 

(a) Weight Freakdown - The weight breakdovn 3f LM i s  shown i n  
Table VIII. 

(b) -- S x r e ~ d a b l e c  P r o f l l ?  - Expzndables as used here excludes main 
engine f u e l s  and inclXies those i t e n s  such as r e a c t i o n  c o n t n l  
r 'uel, 1,sste pr3,ducts, e x r e r i m n t s ,  e t c . ,  which a r e  j e t t i s o n e d ,  
expelled T left si t r i e  l u n a -  su r f ace  during the LEI mission. 
T!e deci-:iii of LJi r'irt diue t 3  tne  rexoval of  expendables is 
insignl l i :x- l t  and r h n l l  n3t Le considered during the develop- 
ment of the AGS. 

-. 
Eng 200.7 3-65 - 15 - 
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3.2.5 Ikscent  Engine Performance. - The c h a r a c t e r i s t i c s  
of t h i s  engine, while operating i n  t h i s  condition, s h a l l  be as given in 
Table 111. 

3.2.6 Ascent Enaine Performance. - The c h a r a c t e r i s t i c s  
of t h i s  engine, while operating i n  t h i s  condition, s k l l  be as given i n  
Table 111. 

3.2.7 Ls4 Center Df Gravitx. - The nominal pos i t i on  of  
t he  LM cen te r  of g r a v i t y  s h a l l  be as s h o w  by the  curves presented i n  
Figures ?C, 20, 

3.2.8 Staglr,g. - The sequence sf e ~ n n t s  occurring a t  
s t ag ing  of the E34 vehicle  dilring AGS gdidance s h a l l  n m i n a l l y  be as 
follows : 

(a)  I k s c e r t  Engine I n i t i a l l y  on 
w 

0 msec Abort Stage Signal Received 

33 msec Descent Engine On S igna l  Rembved 

280 msec 

423. nsec 

&scent  EnZine Thrust Decay t o  10% 

Ascent En:Lno P 4 z e d  and Or, S igna l  Present 

Staging S igna l  Sent 

460 nsec Blow I n t e r f a c e  Ba l t s  

OEen Ascent Dead Face 

O2en Descent Dead Face 503 nsec 

550 m e c  F i r e  Czble Cutter  Staging Complete 

820 nsec  Ascent Engine Thrust Build-up t o  90% 

(b)  &scent  EnFine  Off (Abort frorn Coasting Descent with Ascent 
Engine ) 

0 rnsec 
420 msec 

Abort Stage Signal  Received 
Ascent Engine Armed 

3 
Sng 200.7 3-65 
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3.2.8 (Continued) 

(b) (Continued) 

Period of  Vehicle Orientat ion and Ullage 
e 

0 msec. ASS i s s u e s  Engine On Comand 

50 msec. 

33 izsec. 

130 nsec. 

180 msec. 

450 msec. 

Ascent Engine On S igna l  Received 

Staging S igna l  Sent 

E I G X  Izterface E s l t s  

Open Ascent B a d  Face 

Open Descent Dead. Face 

F i r e  Cable 'Cutter 

Staging Coxplete 

Ascent Engine Thrust Build-up t o  

30 msec. &scent  Engine On S igna l  Re:.ioved 

280 Jisec. &scen t  Engine Thruct &cay t 5  10% 

Pd A t t i t i d e  Cantrol Charac t e r i s t i c s .  - The I24 
a t t i t i l d e  c o n t r o l  c h a r a c t e r i s t i c s  T r m  ASS cm:!.end ( a t t l t a d t ?  e r r o r s )  t g  

3.2.9 -- 

v e h i c l e  rates f a r  the r i t c h ,  r o l l  2.nd yaw axes as a f t m c t i m  of mission 
phase a r e  shoi,Jn be ls : .  L h e n t  of  i n e r t i a  v a r i a t i o n s  s h a l l  be i n  accDrd- 
ance with the  c z v e s  presefited i n  FTgures 2A, 2B. 

Eng 200.7 3-65 
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3.2.9 - (Continued) 

(a) Tne following equivalent  t r a n s f e r  funct ion fram ASS a t t i t u d e  
e r r o r  s i g n a l  (E)  t o  body rate (Q) w i l l  be used f o r  t h e  pi tch,  
y a w  and roll axes: 

6 - - l/Kr - - 
E I 

'S + 1 I 

IlK, 
where 

K -  - 
1.5 sec (Descent System) 

r 0.4 sec (Ascent System) 

6.7 x lo3' f t - l b / r a d -  (Descent System) 

1.16 x 10  ft- lb/rad-(Ascent System) 4 K =  

and where "I" i s  the veh ic l e  i n e r t i a  i n  s l u g - f t  3 as 
referenced i n  curves of Figures  2A and 2B. 

Tne E ~ d y  k e s  a t t i t u d e  Dynamics s h a l l  be as s y c i f ' i e d  i n  
Table IV. 

(b) 
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e 

3.2.10 Accuracy of PGNCS, Alignment k t a .  - The accuracy 
of  PGNCS alignment' data t ranzferred t o  the  AGS'is determined by ermrs 
associated with t h e  measurements and computations invalved i n  de f in ing  
the  des i r ed  o r i e n t a t i o n ,  t h e  process of f i n e  E{?U alignment, t he  o r i e n t a -  
t i o n  d r i f t  of  the IMU s ince  the las t  f i n e  alignment, the angle readout  
a s soc ia t ed  with the  CDU's and t h e  e r r o r s  a s s x i a t e d  w i t h  t h e  mounting 
misalignment of t he  ASA with r e spec t  t:, the attachment po in t s  of  t h e  PGNCS 
Navigation Base. 

A l i p i t  on ASS alignment input  d a t a  f r D m  t h e  CDU, 
4. r m f e r r e d  C I  -A. A. -.. t o  _Pr,r\!CS llaT.rigiti-r, Else ~ t f , ~ r _ h ~ ~ ? ~ t  p i n t s  f ~ r  t h e  pcrpcses 
of i n t e r f a c e  design is. 2 mi l l i r ad ians  p l u s  3 m i l l i r a d i a n s  times t h e  time 
i n  hours (3 LT) since t h e  l a s t  IliZ f i n e  a i i g m e n t .  

3.2.11 I n i t i a l i z a t i m  Uncertaint ies .  - 
3.2.11.1 I n i t i a l i z a t i o n  V i a  Z N C S  Downlink, - - -- 

P r i o r  t:, Descent Orbi t  I n s e r t i m .  - The LM and 3.2.11.1.1 - 
CSN s t a t e  v e c t g r  covariance matrix a t  the  start  gf  i n s e r t i o n .  
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T r i o r  t o  Powered rescent .  - The following u n c e r t a i n t i e s  
\ b 4  

3.2.11.1.2 

shall be used dur ing  i n i t l a l i z a t i o n  o f  t h e  nav iga t ion  t e n  minutes pr ior  t o  

t h e  start of powered descent.  

(a) E4 s t a t e  vec to r  covariance 1Gitri.x 10 minuies p r i o r  t o  t h e  

start  of power descent: 

z . 
- X v - Z - Y - X - 

x 2.2187 XIS -2.8L39 EO& 3.0;SC 22; -;.93:9 223 -i.4087 2 . 6 6 ~ 3  Z:O: 

Z 3.035 206 
x -1.9319 E03 2.9510 20: 

y -2.8493 LO4 -1.0407 EO4 2.9613 E01 -2.5314 E01 -1.3729 331 

p -1.4C89 E01 -2.5314 E01 
2 2.6617 EO3 -1.3721 E01 

- 
(b) CSX State vec to r  covarlaricc matrl: 10 minutes p r i o r  t o  t h e  start  

of powered descent:  

h-(-jT;: ’.* above tt;o x z t r l c e s  shoal5 5e  mc3l’,fled 5y t h e  time s y n c h o n i z a -  
t i o n  errcrs s p c c i f i e 6  i n  t h e  fo l lou ing  paragraph.*. 

.- * .‘.- ;olu:c- T h e  u n c e r t a i n t y .  - 
T e  &ss1ute $ 5 - 5  x c e r t e i n t y  is + 400 milliseconds o r  less .  - 
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3.2.11.1.3 On Lunar Surface. - Tine one-siGrr,a 6 i t e . l o c a t i o n  

(a) 
(b) 

a *  
u n c e r t a i n t i e s  are : 

I n  any d i r e c t i o n  i n  t h e  l o c a l  h o r i z o n t a l  p l ane  - 1500 f ee t  
PUcng the l o c a l  v e r t i c a l  - 1000 f e e t  

3.2.11.1.4 P r i o r  tc, CSI burn  . - TBD 

3.2.11.1.5 P r i o r  t o  C E  bGrc . - ' i 3D  
7 

?rhr t o  TTi b i r z  - TaD 
3 . 2  11:1.7 Ri9r t.3 I.Ild-Cs:l-re Ccrrect iocs .  - m_n 

3.2.11.2.1 On L a a r  S a f a c e .  - m Lrre one-simLa s i t e  locatim 
3.2.11.2 I k i t i d i z z . 5 i x  '.;<L CE:; Voice Link. - 

m c e r t a i n t i e s  axe: 

(a) 

(b) 

In any d i r e c t i o n  i n  t n e  l o c C  cxizmtal ?lane - 1500 f ee t  

Along the l o c a l  v e r t i c d  - 1630 f e e t  
3.2.11.2.2 P r i o r  t o  CSI h u x  , - TBD 

l?r,* = 10.76387 ft2 
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3.2.12 (Continued ) 

(b) (Continued) 

(3) 10 minutes or less prior to CDH burn 

(4). 10 minutes or less  prior to terminal phase initiation 

"(5) 10 ninutes or less prior to mid-course corrections 

(c) ymual ~- (&solute ~ Time). _ _  - Initialization of AGS absolute time 
will- take place txiic? dur ing  tile I2.I mission in orbit (prior 
tr! insertis,?) ar?3 c r ~  the luna- surface. 
3.z.ii.i.2 ivote j .  

( see  pzragraph 

3.2.13 Frecuency of AlTgmtnt. - 
(a) DRJ Alignment. - Daring non-abort conditions o r  an abort in which 

the PGNCS is operating properly, the AGS shall be aligned using 
signals from the X-WS at the follswing times: 

-- 

15 minutes o r  less prior t3 insertion into coasting descent 

5 ainutes or leEs prisr to start of powered descent 

LrnlnedTately a f+r  t2iichci2wn en t .he  ILL?^^ curface  
25 to 30 minuws later after FGBCS, fine align) 

(and ansin 0 

4 ninutes or less prior to lunar lift off 

5 minutes or less p r i m  t3 coelliptic sequence initiation 

5 ninutes or  less Fri3r to CDH burn 

5 minutes or l e s s  prix to tsrminal phase initiation 

3e Should not be performed if 3 3  data is used to update I$I-AGS navigation. 
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3.2.14 Frequency of  C a l i b r a t i j n s .  - The AGS w i l l  be 
c a l i b r a t e d  a t  the following times p r i o r  to ,  and during the  lunar landing 

. mission: 

(a)  P r e f l i g h t  Cel ibrat ion - The AGS w i l l  be ca l ib ra t ed  immediately 
p r i o r  t3  i n s t a l l a t i o n  i n  LM. This c a l i b r a t i m  w i l l  be performed a maximum of 120 days p r i o r  t o  c m p l e t i o n  of t h e  luna r  landing 
mission, i . e .  docking. 
and compensation w i l l  be i n s e r t e d  i n t o  the  AEA: 

The following paremeters w i l l  be measured 

(4) 

( 5 )  

Gyro Channel Bias Drift Iiate 

G-yro Channel Acceleration s e n s i t i v e  d r i f t  (X gyr:, only)  

(b) Ea r th  ?relaunch C a l i b r e t i m  - The AGS, autgmatic e a r t h  prelaunch 
c a l i b r a t i o n  3f gyro c h m n e l  b i a s  will beperfgrmed no mwe than 
8 days p r i o r  t o  cozpletion of t he  mission while t he  iX i s  i n  a 
stacked configuration. 

( c )  I n f l i F h t  Cal ibrat i - - .  - Tile AGS a u t m z t i c  i n f l i g h t  c a l i b r a t i o n  
of gyr3 channel nm-g s e n s i t i v e  b i a s  and a c c e l e y m e t e r  channel 
s t a t i c  b i a s  w i l l  be Ferformed during the peri9,d frxi ILI/CSM 
seFerat ion t3 debs3st i n k  coast ing descent.  

Lmer Prelaunch C a l i b r a t i m  - The -4GS autsr ia t ic  lunar  prelaunch 
c a l l b r a t i o n  of gyr3 channel b i a s  w i l l  be perfomed p r i o r  t o  
l i f t 3 f f  f r 3 m  the lunar surface.  

( d )  

3.2.15 T i r e  Fsnge. - Tne range 3f absolute tine t o  be 
employed 
i n i t i a l i z a t i m  (sFecif ied i n  3.1.3.4), t h e r e  w i l l  be a known me-to-one 
c~r re spandence  between the >JS absolute  time and the clrrrent mission t i m e  
base. 

by the A-GS shall be f m m  0 t o  72 hours. After  absolute  time 
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3.2.15.1 Compatibil i ty with Epoch Times 0btained’;Via PGNCS 
Downlink. - The M/CSril s t a t e  vector epoch times w i l l  be referenced t o  GET, 
t h e  PGNCS absolute time base. When i n i t i a l i z i n g  the  AEA v i a  the  PGNCS 
downlink, the epoch t i n e s  w i l l  be converted by the  LGC t:, t h e  AGS a b s s l u t e  
time base, GET-K (as specif ied i n  3.1.3.4); p r i o r  t:, placing it on t h e  
downlink. 

3.2.16 Time t o  Rendezvous. - The msximm time allowed 
f o r  any rendezv3us cmducted by the  AGS s h a l l  be 10.5 hours including t i m e  . 

spent  on luna r  surface waiting f o r  proper  CSM phasing. 
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3.2.17 Delta V C m s t r s l n t s .  - Tne @V used by the AGS for  
- 1  0 

orbit i n s e r t i o n  with the  Ascent Zngine shz i l  be constrained by tne 

following equation: 

< nv, - 

25 

-Av2 - 30 - 50 - 0 v .  - 25 (m) e 6586 

AI? all=-.!e< f~ or5!t i n s e r t i o n  with AGS and t h e  
coccitlofis l i s t e d  Selow: 

TDta l  S a r s s t e e d  d V  a v a i l a b l e  from the f u l l  ascent  
tafik $m t h e  3CS cabsystem. 

Tne sm o f  the nzg:;it.;iie of ~2.v inpu l ses  r ecu i r ed  i n  
the CSI m n e w e r ,  trie CDS mxeuver ,  the T?I r.aneuver, 
and te&rxiKal brzkin: z,acewer, as computed a t  
nominal orbit i c s e r t i o s  (far ti;e a b o r t  under con- 
s i d e r a t i c n )  by 2 ,-er-,'c?cu c o e i l i p t i c  recdezvous 
conpi ta t lon ~ t : > i z k ;  ; jerfect  riavlgation da ta .  Zn 
t he  case 01" E i i l r e c t  i c k c r c e p t  t h e  
t he  S;;TT~ 0:- tte CLl-ect  tx r i s fe r  arA ;:-.e o r a L n g  maneaver. 

LV is equal  t o  2 .  

~ ; o t t e d  LV ZSY --ilocity uncertaint;? L~O: e n t e r i r g  
the  5 n. c;i. sr,here 

a ; o t t e d  A v far i ~ i ~ c ~ x s c ?  co r rec t ions  

n irLe condl t locs  t h a t  22ply t o  t s e  above c o n s t r s l n t  equat ion a r e  as follows: 

(1) i ;sxts ts;te place f:sx  he ECXLLEL tra, :ectory o r  fror;  t h e  1uiar 

o r  equal  t o  1/2 degree. 
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( 5 )  AS.Pr?t. Stkg;p - 6586 ft/sec 

? h e  &scent  Propulsion Subsyste:r, siizl, - .  tje ES& ts a a i k 3 1 e  C e l t a  V deple",oc. 

3.2.18 Lmar Characterist ics.  - r-v ine  reference l u n a r  g r a v i t a -  

tiorial node shall be t r i - t i x i a l  with t he  foiLorcing p a r m e t e r  values  : 
f 

GX =b& = 1.73139971 x 10 14 ( i n t e r c a t i o n a l  f t ) 3 '  /sec 2 m 

lr incipa: moments of  Tcertia ( r o t a t i o n a l )  : 

A = 0.~78179834 x ,035 Q n e t e r  2 

2 s  i3 = 0.888b019512 x Kg meter 

c = 0.8383697818 x io3* Q, nieter 2 

%;'ere A I s  about a n  a x i s  directed toward t h e  xean l i b r a t i o n  po in t  ( e a r t h ) ,  

C is L.Doct t he  lmar r o t a t i o n a l  a x i s ,  acd B z b m t  the re.xaining ortnogonal 

axis. 

;.:?an iwar raciius = 5.702395- x 10 6 i n t e r n a t i o n a l  f e e t  (6076.11549 i n t e r n a t i o n -  

ai f e e t  = 1 n a u t i c a l  x i l e .  ) 

' .  . 

Eng 200.7 3-65 
- 29 - 



GRUMMAN AIRCRAFT' ENGINEERING CORPORATION 
Bcthpage, L. I., N. Y .  
CODE I D E N T  26512 

S P E C I F I C A T I O N  N 0. LSP-300-3B 

Coordicate S y s t e m .  - The AGS s h a l l  u t i l i z e  the follow- 
I .  

. 3.2.19 

izg coordinate  systems: 

h i s  System is  i n e r t i a l l y  f ixed  i n  s p c e  wi th  i t s  o r i g i n  a t  the 

noon's  center .  i t s  o r i e n t s t i o n  i s  d i f f e r e n t  f o r  t he  descent; 

i s  noma1 t o  x ~ , . ~  =isA aEd p a r a l l e l  t o  t h e ,  C S 4  o r b i t a l  plane. 
UI * 

' The yslbI-axis i s  nom21 t o  the  y., r - ~ ~ ~  plane i n  a r i g h t  hand dIV1 

sense.  

t he  intended launch-si te  

For the  a s c e n t  p h w e ,  the xs14-sxis passes through 

Enc 200.3 3-65 23 
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at t he  nominal time of  lamch,  pos i t i ve  outward from t h e  lunar center. 

z -axis i s  normal to' x and p a r a l l e l  t o  the  CSX o r b i t  plane. Tne ys rax is  

i s  no,r;al t o  t h e  xs,, zsM plane i n  a r i g h t  haad sense. 

Tie 
r 

SX Shi 

A'* 

-YSM 

z 

I 

S i-te 
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(b) Sody Axis .System - The f igu re  below defines ,  t h e  reference LM 1 
i l l  

(xB1 YB, zB). body a x i s  system. 

veh ic l e  s t a t i o n  x = 200, Y = 0, and z = 0. The z axis (zB) i s  normal t o  

x !  and passes throufh t h e  i n t e r s e c t i o ?  of  the veh ic l e  sei jarat ion s t a t i o n  

(X = 200) and the  plane of s y x e t r j r  of t h e  LM 

%ne o r i g i n  of  t h i s ,  fram ia f ixed  at 
I 

' 

3 

cabin f r o n t  view. The' 
I t  

y-axis ( y i )  i s  Lorma1 t3 the  xa z3 plane In a riziit handed sense.  

body a x i s  system (xg, ya, z ) whose cDorElmtes  are p.r&.iei t o  reference 

Another 

3 
body a i s  system b u t  centerea a t  t ~ c  imTantane3us  v e i d d e  ce11te-r o r  g-----> J I Q V  A. &-- by 

is necessary when d i scuss ing  veh ic l e  notion. 
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3.2.20 O;t-of-?lane Renuirexent f o r  L x n r  iacnch ?hase. - P r i o r  
a .  

t o  'IN ascent ,  a plane change w i i l  be made by the  CSX t o  >erni t  a noa ina l  

co-planar LV ascent .  

piane angle of 0.5~ a t  LV 

"his plarie. ckwge shall r e s u l t  i n  a ZaXirr,.cLr, out-of-. 

launch ti?ze. T h i s  resid.;al out-o:-plane angle 

shall be renoved by LM r3ll s t e e r i n g  k r i n g  o r b i t  i n s e r t i o n .  Tie  AGS 

s h a l l  kave t he  guidasce c a 2 a 5 i l i t y  of  r e x v i n g  a r e s i d u a l  out-of-piane 

ar,g:e of 2. o degrees,  (ass.cl;;~i;, szfT:cie;,t L. TJ IS z - m , i ~ J ~ e ) .  
- 3.2.23, i n i t i a l  A t t l  :.,de C m c t m . i n t .  - Tor a s l y s i s  pwzoses,  

it shall be assuned t h a t ,  +t the inlt lzt:on o f  a3ort d u r i q  pDwered phases, 

t h e  veh ic l e  a t t i t u d e  shall be within 245" o f  t he  noxlnal  a t t i t u d e  which i s  

s p e c i l i e d  i n  Ta51e VII. 

s h a l l  be l e s s  than 25O/sec, 

&?gular r a t e  a t  abor t  i n i t i a t i o n  about each ax i s  

I r eqwncy :  0.6 cps expt:; v e h i c l e  
0.3 CFS F;li v e h i c l e  

Lxqlitude: ( ) i n d i c a t e s  ~ e I e d  veh ic l e  - 7 ~ z s l r r ,  Gsai --.e c 2 ire r e  r, t: 
lr; in. ( 6  I ~ )  i'erpendicu1a.r t o  wlnd: 7 i n .  (3 i n s )  

P a r a l l e l  t o  xlr ,d:  2 i n .  (1 i n , )  1 in .  (0.5 i n . )  

9 s 5 y z  C-2z.l Recuke-ent (b) E k t i c :  

LTkd Velocl ty  (3  6 ) : 63 k n o t s  38 k m t s  

L a t e r a l  D i s p l a c e ~ e n t  : 20 inches 10 inches 

?t shall be assl;med that tk.e s w q  d a t a  defL-ies t h e  t D t a l  l a t e r a ;  L:: r o t a t l s a -  

a i  KDtion (exce;jt i n  azinuth) a d  that the rotation i n  azir;,utn i s  c e g l i g i b l e .  

4 
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Rkdar Data Accarzcy. - 
* a  

3.2.23 

3.2.23.1 

rar,Ge averaging. There will be a b i c s  e r r o r  of  280 ft f o r  rar,Ze,T 50.8 nm 
t 

and 500 f t  f o r  ranges z- 50.8 rim. E e . r a n d o n  u c e r t a i n t y  on range will * 

1060 f t  t o  80 ft Bo ft 2.5 ft 

+,::=ictever i s  g r e a t e r  

variation i n  E i  mgle  bias s k d i  n o t  exccled 0.5 rz i n  art;r 10 nincrte tine 

2erlad.  

3.2.23.2 

errsr i s  nul led,  co<e i s  enterec vi& tr.e ZXA. The e r r o r  is nullirg 

i'ollok-ing .sties. 



. -  - _  - _ -  - - -  ._ .- . 

GRUMMAN AIRCRAFT ENGIKEERING CORPORATION 
Bc;hpsge. L. I., N. Y. 
CODE IDEXT 26512 

1 

i 

LSP300- 3B S P E C I F I C A T I O N  NO.  
4 
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The random e r r o r  has the  one signa vaiues given below: e .  

lisnge 

400 n. mi, 

300 n. mi. 

Rmdom E r r o r  

200 n. mi. 

200 n. mi. 

5 il. Z i .  

2 . 3  Ci J 
2.3 m] 

2.3 i i i  

(a) 312s error is t he  m a n  vaiue of 

2ir2ct Vzriat ion * 

with range 

. .  . . .  . 

. _  , . 
, .  

. . .  . .  
- .  
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3.3.1 

3.3.1.1 
during va r io ix  

3.3.1.2 , 

Dperation s h a l  

Detailed Requirements. - 
Operations Performed by AGS. - 
F u n c t i m s  of AGS. - The f m c t i o n s  of t h e  AGS 

phases of t he  mission s h a l l  be as shown i n  Table I. 

AGS Onerational Requirements. - Se lec t ion  of AGS 

These AGS operat ions are described below. 
be performed via the  AGS m d e  switch, the DEDA, and 

d i s c r e t e s  frorn t h e  CES. 

3.3.1.2.1 AGS Operational Condi t ims .  - Tne AGS s h a l l  be 
placed i n  aay one of  the follohLrig condi t ions:  

Unmwred.  - The AGS w i l l  be i n  t h i s  cgndi t ion 

The c i r c u i t  breaker panel i s  no t  part of t h e  AGS., This 

- 3.3.1.2.1.1 
;;hen ASS fs cn~ss:sred IC dfiterK-,fr,e2 by c i , r c u i t  bres>:erz 2 2  t h e  c l r c z i t  
breaker  panel. 
mode i s  used i n  t h e  Event of  a n  AGS f a i l u r e .  

. 

3.3.1.2.1.2 
condition. 

Of f .  - The M A  i s  i n  a temperature con t ro l l ed  - 

3.3.1.2.1.4 
( M A ,  &A, E D A )  muzt be 
information 1 s  i s  needed 
o f  t he  s i b m d e s  defined 

O?erate. - I n  t h i s  c o n d i t i m  the  th ree  a s s e n b l i e s  
f i n e t i m i n g ,  i npu t t ing ,  and m t p u t t i n g  such 
t o  prop2rly execute the F l i g h t  F rag ram under one 

i n  3.3.1.2.2 of this spec i f i ca t ion .  

AGS Mxles and Submodes. - Tifie AGS s h a l l  always , . - 3.3.1i2.2 
be i n  OED o f - t h e  fal lowing rndes: ' +  
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3.3.1.2.2.1 Alignment Mode. - During t h i s  mode of  operat ion,  

Entry 
the  AGS s h a l l  be capable Ff al igning t b  any i n e r t i a l  r e f e rence  frame as 
d e t e m i n e d  by  t h e  alignment submode scheme se l ec t ed  via  the  DEDA. 
i n t o  t h e  ALIGNMENT mode s h a l l  always be made by i n s e r t i n g  one of  t h e  
following submode i n s t r u c t i o n s .  

(a) IMU ALIGN Submode 

(b) LUNAR ALIGM Submode 

( c )  BODY AXIS ALICN Submode 

The AGS s h a l l  have the c a p a b i l i t y  t o  i n - l t i a l i z e  

cause the  a t t i t u d e  errx s igna l s  t3 t he  CES t 3  be reduced t:, ze ro  during 
t h e  .UIGI?GNT mode. 
i n t o  the  1NERTIA-L REFEFENCE mode, t he  AGS s h a l l  be capable of  perforning 
all t h e  a b x t  guidance functions required by t h i s  s p e c i f i c a t i m  w i t h i n  
2 seconds. 

J-l" , , L l ~  navigat ion cs;igutation i i u rhg  t h e  - ! I Z T ~ V E X T  r2oGie. Tne AGS s h a i i  

On e x i t  f r2m an9 of  t h e  A.TJGTiI4DE' S*ibmodes and e n t r y  

3.3.1.2.2.1.1 IMU ALIGN Subnode. - When AGS alignment i s  t o  be 
accomplished using FGNCS Euler angle s igna l s ,  the SMU ALIGN submode s h a l l  
be  u t i l i z e d .  
apply an i n s t r u c t i o n  (IIW a l ign  i n s t r u c t i o n ) .  In  the  ALIGN submode 
t h e  AGS s h a l l  a l i g n  t 3  the  i n e r t i a l  reference frzme as determined by t h e  
PGWS Euier angle  s igna l s .  

Tl-iis sdbmode s h a l l  be i n i t i a t e d  by u t i l i z i n g  t h e  DEDA t o  

3.3.1.2.2.12 LUNAR ALIGN Submode. - Wnen AGS alignment i s  t o  
be accmpl ished  3n t h e  luna r  surface and the K-TTCS i s  inoperat ive,  t h e  
U.!NAR ALIGN submode s h a l l  be u t i l i z e d .  I n  t h i s  submode, t h e  AGS s h a l l  
use the  l o c a l  v e r t i c a l  and the  AEA s to red  azimath d s t a .  After t h e  lunar 
a l i g n  submode i s  complete, t h e  AGS s h a l l  provide an "ALignment Complete" 
i n d i c a t i o n  via the  DEDA upon operator  request .  

Tne ASA accelerometer outputs  shall be used t o  
determine t h e  l o c a l  v e r t i c a l  with r e s p e c t  t o  the  instantaneous v e h i c l e  
coordinates .  

Eng200.3 5-66 
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3.3.1.2.2.1.2 (Continued ) 

The vehicle azimuth angle with r e s p e c t  t o  t h e  
CSM o r b i t  plane a t  l u n a r  touchdawn shall bedetermined by e i t h e r  of twa 
methods : 

(a) If no IMU/CDU f a i l u r e  has occurred, II4U ALIGN s h a l l  be entered 
and t he  value of azimuth s to red  i n  the  AEA. 

(b) If a n  INU/CDU f a i lu re  daes occur p r i o r  t o  touchdown, t h e  
azimuth i n f o m a t i o n  s t3rzd i n  the  AELA s h a l l  be used. The 
i n s t r u c t i o n  t o  s t o r e  the i n l 3 r n a t i o n  s h a l l  beentered through 
t h e  DEDA a t  t h e  time it i s  expected t o  be s to red .  

A correct ion f a c t x  shall be added t o  compensate 

The c x r e c t i o n  f a c t o r  (A$) w i l l  be supi+ied 

f3r the e f f e c t s  3f lunar r z t z t i c r ,  c?\x-Fr,g t he  l ~ ~ x r  s t s y  t h e .  

via the voice l i n k  and inser ted using the DEDA w h e r e a s  i s  the change 
i n  azimuths due t o  l u n s r  r o t s t i o n  a d  CSX plane change. 

3.3.1.2.2.1.3 BODY AXIS ALIGN Submde. - When AGS alignment 
i s  t o  be accomplished i n  whit and no e x t e r n a l  i n f o r m t i m  i s  ava i l ab le ,  
the BODY .kYIS ALIGN subrnde s h a l l  be u t i l i z e d .  This s < b r n ~ d e  s h a l l  be 
i n f t i a t e d  by u t i l i z i n g  the DED.4 t:, zpplj. a n  e x t e r n a l  i n s t r Q c t i o n  (BODY 
AXIS ALEX i n s t r J c t i o n ) .  
t o  t h e  body reference axes as defined by tht ASA i npu t  axes. 
submode, the veh ic l e  motion w i l l  be r e s t r l c t e d  t o :  

 ne US ::",ell a ~ i , g n  i t s  i n e r t i a l  reference fraye 
During t h i s  

(a) Vehicle lirnit cycling as given i n  Table I V .  

(b) 

3.3.1.2.2.2 I n ? r t i a l  Reference M3de.- When the  AGS i s  i n  the 

Vehicle slewing rates up t o  2 deg/sec. 

INERTIAL FEt?EXENCE mode, it sha l l  p r w i i e  a t t i t u d e  e r r o r  information and 
engine on/off cmnand:: which w i l l  be used for veh ic l e  s t a b i l i z a t i o n  and/or 
for d i r e c t i n g  veh ic l e  abor t .  When i n  the DJERTIAL FGFERENCE mode, t h e  ASS 
s h a l l  abn'ays be i n  one of t h e  f a l l D w i n g  submodes: 

(a) Followup Subnode 

I 
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3.3.1.2.2.2 ' (Continued 3 
(b) At t i tude  H D l d  Submode 

(c ) Autgnatic Submode 

(d )  Semi-Automstlc Submde 

(e) CSM Acquisi t ion Submde 

e 

Tce DERTLAL B-WREN!X mode s h a l l  be i n i t i a t e d  upon 
gpp l i ca t ion  of a n  e x t e r n a l  t n s t r x t i o n  u t i l i z i n g  the  DEDA. 
sha l l  be determined f r 2 m  d i s c r e t e  s i g n a l s  * f m m  the CES and the EEDA as 
def ine4 herein.  

The subnode 

3.3.1.2.2.2.1 - >de. - La??th th-. PLGS i n  t h e  DTRTL4L 
REEFXNCE %ode and the "Follow-Up" s i g n a l  present ,  t he  AGS s h a l l  be i n  Che 
FOLLOiJ-UP su5mode. While i n  t h e  FOLLOX-UP subaode the AGS s h a l l  be capable 
of perfom4ng the following func.tions : 

Maintatn an i n e r t i a l  reference frame and output  t o t a l  a t t i t u d e  
s i g n a l s  for  display. ' 

N i i n t a i n  the A t L i t u d n  errm s i g n a l s  t o  the  CES-at zerD unless  
the Cisplay Steer ing Ccrr,m,n?cis i n  Follow-up and Adto si;:nals are 
present 
FDA1 f o r  monitoring by t h e  a s t r m a u t ,  b u t  w i l l  no t  be used by 
CES . 
U t i l i z e  acceleroneter  i npd t s  f r o n  t h e  PSA t3  c a l c u l a t e  I;EI veh ic l e  
present p a s i t i o n  and v e l o c i t y  i n  the iriertial reference fraae. 

In  t h i s  CTCC?, ei'r3r s i g n a l s  w i l l  be availa31e an t h e  

Solve the  UT a b o r t  guidance problem using a n  e x p l i c i t  guidance 
schemei i n  accordance w i t h  the guidance opt ion se l ec t ion .  

Accept i n i t i a l i z i n g  inTomation e i t h e r  f r D m  t h e  E N S  downlink 
or t h e  DTDA. 

Con-mand Engine-03 if e i t h e r t h e  Ascent Engine-ON s i g n a l  o r  t h e  
@scent  Erlgine-ON s igna l  are present  and comand Engine-OFF 
otherwise. 

Eng200.3 5-66 

-39-.  



m 
, 

! 

a 

GRUMMAN AIRCRAFT ENGINEERING CORPORATION 
Bethpage. L I., N. Y. 
W e  Ident. No. 26512 

S P E C I F I C A T I O N  
. N~. LSP- 300- 3B 

3.3.1.2.2 .,2.2 ATTITUDE HOLD Sujrncde. - The AGS s h a l l  be i n  the 
A!LTITUDE HOLD submode when t h e  a t t l t u d e  hold submode condi t ions of 
Figure 4 are s a t i s f i e d .  I n  t h i s  submode t h e  AGS s h a l l  outpdt  a t t i t u d e  
e r r o r  s i g n a l s  which w i l l  maintaJn the v e h i c l e  a t t i t u d e  which e x i s t e d  upon 
e n t e r i n g  t h i s  submode. 

The ATTITdDE HOLD subnqde s h a l l  $e entered i n  
t h e  absence of  the o t h e r  INERTIAL REFEFSNCE s u b n d e s  and a t  the following 
t imes during an abor t  operation: 

(a) W i n g  s t ag ing  as signaled by the  A b D r t  Stage Signal and 
t h e r e a f t e r  f o r  a prescribed t k e  b e t w e n  1 and 10 seconds after 
r e c e i p t  of t he  Ascent Engine-ON signal. 

(b)  A t  l i f t - o f f  from t h e  lunar surface and t h e r e a f t e r  f o r  a prescribed 
t i y e  'cetveen 1 and 1.0 s c c m d s  a f t e r  r e c e i p t  of the Ascent 
Engine-ON s igna l .  

( c )  Upon c a p u t e r  recogni t ion of  v e l o c i t y  t o  be gained threshold 
p r i o r  t o  t e r n i n a t i o n  of AGS c o n t r s l l e d  powred maneuvers, 

During the ATTITUDE HOLD submode, t h e  AGS s h a l l  
perform the funct ions d e t a i l e d  i n  paragraphs 3.3.i.2.2.2.1 (a), ( c ) ,  (d), 
(e) ,  ( f )  of t h i s  s p e c i f i c a t i o n  except ddring s t ag ing  and a t  l i f t - o f f  when 
engine-021 i s  c o w i d e d .  

3.3.1.2.2.2.3 A'JTOYATIC Subzngde. - The AGS s h a l l  be i n  t h e  
AUTOMATIC subnixfie when the  a u t m a t i c  sibmode condi t ions of Figure 3 a r e  
z a t i s f i e d .  I n  t h i s  sub,iode, the AGS shall outpdt a t t i t u d e  errgr s i g n a l s  
and engine c s ~ ~ s n d s  which ar? nece6sar:: t o  guide the veh ic l e  during t h e  
burns spec i f i ed  i n  the Coe l l ip t i c  F l i g h t  Plan (see paragraph 3.1.2.2). 
Dir ing t h i s  submode, the N-S shall a l s o  p?rforn the  f a c t i o n s  d e t a i l e d  i n  
paragraph 3.3.1.2.2.2.1 (a), ( e > ,  (a) ,  (e). 

SF:T-ATJTON.~-TIC Submode. - The AGS s h a l l  be i n  t h i s  3.3.1.2.2.2.4 - 
subnode xhen tke sen i -au tmrLic  subnode c z n d i t i m s  of Figure 4 a r e  satis- 
f i e d .  When i n  t h i s  cubnode, the AGS s h a l l  generate  a t t i t u d e  e r r x  s i g n a l s  
t o  r e o r i e n t  I.,?? t3  the des i r ed  thrkst d i r e c t i o n .  A !  Engine-ON command w i l l  
be generated on c m p l e t i o n  of tiiis mane',ver p r w i d e d  u l l a g e  has been 
d e t e c t e d .  DLtring t h i  S~92 AUTUIATIC sukmde, t ne  AGS s h a l l  a l s o  perform 
t h e  func t ion  d e t a i l e d  in paragraph 3.3.1.2.2.2.1 (a), ( c ) ,  ( a ) .  
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3.3.1.2.2.2.5 CSM Acquisit ion Submode. - The AGS s h a l l  be i n  
t h i s  submode when t h e  CSM a c q u i s i t i o n  submode condi t ions of Figure 4 a r e  
s a t i s f i e d .  
z-axis  toward the  AGS computed q i r e c t i o n  3f the CSM. 
t h e  AGS s h a l l  a l s o  perform t h e  functions & e t a i l e a  i n  paragraph 3,3.1.2.2.2.1 
(a), (c), (a). The x-axis i s  d i r ec t ed  p a r a l l e l  t o  the CSM o r b i t  plane. 

During t h i s  submide, t h e  ASS shall o r i e n t  t he  LM v e h t c l e  
DLring t h i s  submode, 

3.3.1.2.2.2.6 . Cal ib ra t ion  Mode. - The requirements of t h i s  mode 
. are t h a t  it Drcrvides t h e  capability f o r  i n - f l i g h t  gyro d r i f t  and accele- 

rometer bias' ca l ib ra t iQn  a n i  lunar- pre-launcn g;y~o d r i f t  calibration, 
reyuirementa a r e  given i n  3.1.3.9. 
fa l lowing func t ions  : 

These 
The r a l i b r a t f o n  mode s h a l l  prqvfde t h e  

(a) In-fl ighC calibration/PMU a l i g n  

(b)  Lunar surface c a l i b r a t i o n  

(c )  . Ear th  prelaunch c a l i b r a t i o n .  

3.3.1.2.2.3 AGS Operation i n  Each SLibmode. - The ope ra t ions  
p r f o r m e d  by  the AGS i n  e z h  of the submodes-are given i n  Table V. 

Tne operat ions performed i n  a submode can be 
c l a s s t f i e d  as those which are always performed i n  t h e  subaode and those 
which a r e  performed on command v i a  the  DEDA. "he former are i d e n t i f i e d  by 
a "1" and the l a t te r  by a "2" i n  Table V. The except ions t o  Chis are t h a t  
when LM and CSM i n i t i a l i z a t i o n  via t he  downlink o r  i n i t i a l i z a t i o n  vig 
the DYD-4 a r e  cGrm;landed, CSM Ihvigat ion,  and t h e  Guidance computation a r e  
n o t  performed In  the  C s l i b r a t i w  msde, connandcd v i s  t h e  DXDA, the.AGS 
performs I n f l i g h t  GPO D r i f t  Calibration, DIU Align and I n f l i g h t  Accelero- 
meter Bias Cal ib ra t ion ,  and the  a d d i t i o n a l  operat ions ind ica t ed  i n  Table V 
when I.23 i s  i n  coas t ing  I l i g h t .  When oa t h e  l u n a r  surface,  as ind ica t ed  by 
t h e  lunar surface s i g n a l  (an i n t e r n a l  f l a g  s e t  when S t a r e  Lunar Azimuth 
i s  commanded a t  lunsr  touchdown), t h e  AGS performs Lunar Surface Gyr:, 
D r i f t  C a l i b r a t i o n  and the a d d i t i o n a l  operat ions ind ica t ed  i n  Table V. 
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3.3.2 At t i t ude  Reference, Guidance a n d  Other Requirements. - 
3.3.2.1 I n e r t i a l  Reference Alignment Accuracy. - The AGS .shall 

be al igned t o  t h e  accuracy spec i f i ed  within a 3 minute period. The s i n g l e  
a x i s  alignment e r r o r  i s  &fined as . t he  average .of t h e  angular  r o t a t i o n  pboxt 
ap axis of t h e  des i r ed  i n e r t i a l  reference required t o  r o t a t e  eacn of the 
nominally orthogonaljaxes of the X S  i n e r t i a l  r e f e rence  frame t o  be coinci-  
den t  with the  corresponding pxes of t he  AGS i n e r t i a l  coordinate  frame. 

. I  

(a)  IMU A l i q m e n t  Accuracy - The AGS i n e r t i a >  r e fe rence  frame s h a l l  
be al igned t 3  the  PGNCS comnand angles  with n maximum e r r o r  of 
4 a r c  minutes a t  the  c3rnpletim of t he  IMU a l ignnen t  submode. 

(b) L a a r  A l i g m e n t  Accuracy - The AGS i n e r t i a l  reference frarne shal l  
be al igned t o  within io a r c  minutes, m a x i m u n ,  pel' axis of ULIC 

g r a v i t y  vec t2 r  a t  the  completion 3f the  luna r  a l i g n  s u b m d e  and 
s h a l l  be al igned t o  within LO a r c  minutes of the s to red  value 
of azimuth, (See note.)  

( c )  Body Axis Aligntnent Accuracy - The AGS i n e r t i a l  r e f e rence  frame 
s h a i i  be al igned t o  within 3 t?rc minutes per a x i s  of t he  ASA 
frame a t  t h e  completion of t h e  Body Axis Align Submcde. 

- NOTE: If, as a r e s u l t  of the mission environment 'specif ied i n  3.2.3 
the l i n e ?  a c c e l e r a t i o n  and angular  r a t e s  exceed 
90 f t / s e c  , and the i n e r t i a l  sensors  encounter t h e i r  stops,  
l o s s  of a t t i t u d e  reference a d  y e l o c i t y  may r e s u l t ,  a t  which 
time the  performance requirements of t h i s  s p e c i f i c a t i o n  w i l l  
no t  be met. k e d i a t e l y  a f t e r  the shock, the AGS s h s l l  meet 
a l l  t h e  requirements of t h i s  s p e c i f i c a t i o n  a f t e r  subsequent 
alignmFnt and i n i t i a l i z a t i o n ,  3r a f t e r  a l u n a r  a l i g n  provided 
the  loss of azinuth reference due t o  the  shock does not  exceed 
1.0 degrees.  

253/sec a n d  

Eng200.3 5-66 

- 42- 



~ 

.... . - . . . . . . . . . .  . . .  ~. 



GRUMhfAN AIRCRAFT ENGINEERING CORPORATION 
Bethpagq L I., N. Y. 
Code Ident No. 26512 

S P E C I F I C A T I O N  
UP- 300- 3B 

* NQ. 

3.3.2.9 Orbit  Inser t ion.  - For a b o r t s  subsequent t o  the 
start  of powered descent  and p r io r  t o  the  end of powered ascent ,  t he  AGS 
s h a l l  have the  c a p a b i l i t y  of i n s e r t i n g  the  LM i n i t i a l l y  i n t o  a s tandard 
e l l i p t i c a l  o r b i t  having a minimum c l e a r  per icynthion of 30,000 f e e t  above 
the  mean lunar r ad ius .  C a p a b i l i t y  s h a l l  be providqd t o  perfwm a f u l l y  
a u t m a t i c  o r b i t  i n s e r t i S n  maneuver as described above using i n i t i a l i z a t i o n  
data from any one of  the following sgurces:  FGNCS, CSM Voice Link, MSFN, 
whenever they are ava i l ab le .  Accuracy and a v a i l a b i l i t y  of these i n i t i a l -  
i z a t i o n  sources a r e  given i n  paragraph 3.2.11. 

3.3.2.10 CDelliptic Orb i t  Sequence. - Fgr a b o r t s  p r i o r  t o  
the start  of powered descent o r  a f t e r  i n s e r t i m  i n t o  the e l l i p t i c a l  o r b i t ,  
t h e  AGS s h a l l  have the  c a p a b i l i t y  t o  perf3x-m a series of c o e l i i p t i c  
Ledezvous ' U i i r r i ~  as decc r i t ed  i r i  pdragraph  3.1.2.2. F x  abortq after the 
end of  powered'ascent, the AGS s h a l l  have the c a p z 3 i l i t y  t o  complete the 
unfinished burns of the c o e l l i p t i c  sequence. For the  Design Mission, an 
o r b i t  with a minimwn c l e a r  pericynthion of 30,030 f t .  above the  mean lunar 
r a d i u s  s h a l l  r e s u l t  after each of t hese  burns. 

, 

Tr,e burns fo r  f o r  t3e above cases s h a l l  r e s u l t  
i n  ai i n t e r c e p t  t r a j e c t o r y  passing wi th in  a sphere having a 5 n. m i .  
(3 signa) rad ius  with i t s  cen te r  a t  t he  CSM. 
of t h e  LV and t h e  sphere, t h e  magnitude o f the  vec to r  d i f f e r e n c e  between 
t h e  nominal AGS computed r e l a t i v e  v e l o c i t y  ( i .e . ,  v e l o c i t y  of  LM with 
r e s p e c t  t o  the CSM) and t h e  a c t u a l  r e l a t i v e  v e l x i t y  s h s l l  be less than 
30 fps  (3 sigma). This requirement s h a l l  be contingent upon t h e  t a r g e t  
c o n s t r a i n t s  and the AGS performance of  miscourse c x r e c t i o n s  based uDon 
RFt navigat ion updates as specified i n  paragraph 3,3.2.8 and t o  cases  
where the TPI %urn i s  cmple ted  i n  l e s s  than m e  r evo lu t ion  of  the CSM 
a f t e r  the CSI maneuver. Capabili ty s h a l l  2127 be p-ovided t o  perform a 
c o e l l i p t i c  m b i t  sequence as described i n  3.1.4.2, using i n i t i a l i z a t i o n  
d a t a  from t h e  Tollowing sources: PGNCS, Cijiil Voice Link  and biSFnTT, whenever 
they  are ava i l ab le .  Accuracy and a v a i l a b i l i t y  of  the i n i t i a l i z a t i o n  
s m r c e s  a r e  given i n  paragraph 3.2.11, 

A t  t he  point of  i n t e r s e c t i o n  

3.3.2.11 Direct  In t e rcep t .  - The d i r e c t  i n t e r c e p t  maneuver 
descr ibed i n  3.1.2.3. s h % l l  nnly be used f o r  a b o r t s  p r i o r  t o  powered descent,  
and a f t e r  t he  end of  powered ascent.  The d i r e c t  t r a n s f e r  burn s h s l l  r e s u l t  
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i n  a n ' i n t e r c e p t  t r a j e c t o r y  passing wi th in  a sphere having a 5 n. m i .  
Sadius (3 sigma) with i t s  c e n t e r  a t  t h e  CSM. 
of the LM and (the Sphere, the magnitude of the  v e c t o r  q i f f e r e n c e  between 
t h e  nominal AGS computed r e l a t i v e  v e l o c i t y  (i.e., v e l o c i t y  of LM with 
r e spec t  t o  t h e  CSM) and t h e  a c t u a l  r e l a t i v e  v e l o c i t y  s h a l l  be less than 
30 f p s  (3  
ance of  midcourse co r rec t ions  based upon RR nav iga t ion  updates as 
spec i f i ed  i n  paragraph 3.3.2.8. 
perform the  Di rec t  I n t e r c e p t  Maneuver using i n i t i a l i z a t i o n  d a t a  from any 
one of t h e  fallswing sources:  FGNCS, CSM Voice Link, and LSSF'I?, whenever 
they  are available. 
i n  psragrapn 3.2.11. 

A t  t h e  po in t  i n t e r s e c t i o n  

). This requirement s h a l l  be c m t i n g e n t  u p m  the  AGS perform- 

Capab i l i t y  s h a l l  a l s o  be prmided  t o  

Accuracy m d  a v a i l a b i l i t y  of  t hese  sources are given 

V..L 7 n - T A -  TT 0- 3.3.2.12 u l u ~ ~ i l ~ ~  O = L U ~  Y .  7 b a + & i i i t y  b i i t z i i  be provided 
t 3  perform a v e l o c i t y  change based s n  v e l o q i t y  cmponents  obtained from 
an e x t e r n a l  s3urce End inse r t ed  v i a  t h e  DEDA, (&e paragraph 3.1.2,4). 

3.3.2.13 - Engine O n / O f f  Commands. - In  t h e  semi-automatic 
m33e, t he  AGS s h a l l  be required t o  i n i t i a l l y  t u r n  on e i t h e r  the ascent 31: 

descent  engine i f  a s t a t e  of u l l a i e  has been de tec t ed  by  t h e  AGS. 

The AGS s h a l l  d e t e c t  u l l a g e  when t h e  accumulated 
v e l o c i t y  increments along t h e  X-axis exceeds 0.2 f t / s e c  i n ' e a c h  2 second 
c-amputer cycle ,  f a r  3 cDnsecutive cycles .  The AGS s h a l l  d e t e c t  l o s s  of  u l l age  - 
when, i n  an's 2 secmd csnputer cycle, t h e  ac w u l a t e d  v e l o c i t y  increments 
along t he  vGhicle X-axis is less than 0.2 ftTsec. 

The AGS s i a l l  continue t 3  oaintain an engine 03 
s i g n a l  u n t i l  t he  v e l o c i t y  t o  be gained (Vix) decreases  below a 
preselected threshold.  

3.3.2.14 -- Earth &?launch Cal lbrat ion/Csmoen~at ion.  - S h a l l  
be based nn a scheme which uses the known l a t i t u t d e  of  t h e  launch s i t e ,  
a s e l f  a l i g r a 2 n t  t o  l o c a l  v e r t i c a l  and a known azimuth angle with r e s p e c t  
t o  t r u e  north k n m n  t o  0.1 degree. The c s l i b r a t i o n  schene s h a l l  a l s o  
use a measurement of t he  X-Eyro channel s p i n  a x i s  mass unblance made a 
ryaimum of 120 days p r i c r  t 2  c9mpletion of t he  l u n a r  landing mission. 

The irnplementation of this  schene s h a l l  have a 
c a l i b r a t i o n  c e p a b i l i t y  within a maxinum of 20 minutes such t h a t  t he  com- 
pensated AGS a t t i t u d e  d r I f t  r a t e  during t h e  mission envirmment,  when the  
AGS i s  operat ing, .  s h a l l  be l e s s  than t h e  f o l h w i n g :  
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3.3.2.14 (Continued) 

Days After 
C a l i b r a t i o n  Environment X Channel Y & Z Channels 

0 t o  8 days Coasting 2.4go/hr (3 6 0.9O0/h (3 d )  

o t o  8 days Bo's t i n g  * 1.03'/hr ( 3 0 '  ) 

1.033/hr (3 d 
0.96"/hr/g ( 3  d) 
2.32 (1-accel.  along x -ax i s )  '/HR (3 d 

3.3.2.15 AGS In-Fl ight  Calibratim/Compensation. - S h a l l  be 
i n i t i a t e d  v'ia a DEDA command and s h a l l  be perfor.T..;.d based on a scheme 
which compares the PGUC$ reference wi th  t h e  AGS a t t i t u d e  d r i f t  rate. 
For a c a l i b & t i o n  tine of not more than  5 minutes, during coas t ing  phase, 
compensati3n s h a l l  be performed such t h a t  t h e  r e s u l t a n t  AGS a t t i t u d e  d r i f t ;  
rate during the mission environment, when the AGS is opeqating, s h a l l  be 
l e s s  t han  the  fofiawing: 

Days After 

0 t o  3 days (hasting 0.73O/hr (3  .f> 0.73O/hr (3 6) 

. Cal ib ra t ion  Environment X Channel Y & Z Channels 

0 t o  3 days . Boosting * *  0.89% (3  6 )  

unc o r re  l a t e d  b i a s  0.89'/hr (3 . 
2.35 ( l - a c c e l  along x-ax i s )  "/HR (3 6 . * {correlated bias and g 

Sens i t i ve  
The PGNS t o t a l  a t t i t u d e  d r t f t  r a t e  s h a l l  be as- 

sumed t o  be 'O.l5'/hr (3 #) f o r  the purposes of t h i s  requirement. 
f i l t e r i n g  technique s h a l l  be implemented i n  o rde r  t o  minimize no i se  prepent 
i n  the FGNCS and AGS angle data .  

A 

3.3.2.16 Accelermeter  Channel In-Fl ight  Calibration/ 
Compensation. - The AGS upon DEDA command s h a l l  have the c a p a b i l i t y ' t o  
calibrate/c3mpensate fiGS accelerometer channel bias. 
t i m e  of no t  Tiore than 4 minutes, during the  c3ast ing phase, compensation 
s h a l l  be performed such t h a t  t h e  r e s u l t a n t  AGS accelerometer channel bias 
during the mission environment, when the  AGS i s  operat ing,  s h a l l  be less 

For a c a l i b r a t i o n  

than  the f d l o w i n g :  
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3.3.2.16 ( Continued ) 

Days After Ca l ib ra t ion  X, Y & 2 Channels 

0 t o  3 days (Boqst Environment) 230 x g's ( 3  6) 
3.3.2.17 Lunar Surface P r e l w n c h  Callbratim/Compensation. - 

The AGS s h a l l  have the , capab i l i t y  t o  au tomat i ca l ly  calibrate/compensate &S 
At t i tude  d r i f t  r a t e s  while LM is  r e s t i n g  on t h e  l u n a r  surface.  This oper- 
a t i o n  s h a l l  be i n i t i a t e d  by R DEDA command after t h e  appropr i a t e  cons t an t s  
are i n s e r t e d  via t h e  DEDA f o r  use i n  the c a l i b r a t i o n  process. 

The implementation of t h i s  operat ion s h a l l  have 
a c a l i b r a t i o n  c a p a b i l i t y  within a maximum of 5 minutes, such t h a t  the 
compensated AGS a t t i t u d e  d r i f t  rate during the  mission envimnment, when 
the  AGS i s  operat ing,  sha l l  be l e s s  than t h e  following: 

Days After  Ca l ib ra t ion  X Channel Y arid 2 Channels 

' 

0 t o  1 day (Coastiqg) 0.77O/hr (3 o.8L0/hr (3 cr) 
0 t o  1 dw 7 ( B a s t i n g )  * ' 1.003/hr ( 3 r  ) 

runeorre l a t e d  0.78O/hr (3 e) 
uncorreleated g s e n s i t i v '  ~ 0.46O/hr/g ( 3  w 

2.35" ( l /&adcel  i l o n g  x-axis)3/m(3dT * i  c o r r e l a t e d  

3.3.2.18 Gyro Chmnel Sczle  F a c t w  Prc?-Flight Ca l ib ra t ion /  
C3xcen:-ation. - The AGS shal l  have the c a g e b i l i t y  t o  coinpensate Am gyr:, 
channel s ca l e  f a c t x .  The c3mpensation cDef f i c i en t s  s h a l l  be entered 
int:, t he  AE4 via  t h e  DEDA. The AGS g ; . ~ 3  channel s c a l e  f a c t x  e r r o r  after 
compensation and i n  the  mission envirmment when t h e  AGS i s  operating, 
s h a l l  be l e s s  than the following: 

Days Lfter Ca l ib ra t ion  X, Y & Z Channels 

>, - I .  - .  
Y 
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3.3.2.19 Accelerometer Scale Fac to r  Channel f i e - F l i g h t  
Calibration/ComFensation. - The AGS s h a l l  have t h e  ca-pabili ty t o  compensate 
AGS accelerometer channel s c a l e  f aq to r .  The compensation c o e f f i c i e n t s  
s h a l l  be entered i n t o  the  AEA via  the DEDA. The AGS accelerometer channql 
s c a l e  f a c t o r  e r r o r  a f t e r  compensation, and i n  t h e  mission environment when 
the  AGS i s  operating, shall be 'less t han  the following: 

Days After  Ca l ib ra t ion  X, Y & Z Channels 

0 t o  120 days 940 x loT6 g / g  ( 3 C  

3.3.2.20 Accelerometer Bias Pre-Fl ight  Cal ibrat ion/  
Compensation. - The AGS s h a l l  have the c a p a b i l i t y  t o  compensate AGS accel-  
e ro4e te r  channel b i a s .  
i n t o  the AEA via the  DSDA. The AGS accelerometer channel bias a f t e r  com- 
pensation during the mission environment when the  AGS i s  operat ing,  s h a l l  
be less than t h e  following: 

The compensation c o e f f i c i e p t s  s h a l l  be entered 

Days Afte r  Ca l ib ra t ion  X, Y & Z Channels 

0 t o  120 days 615 x g ( 3  8 )  

3.3.2.21 Combined Rates. - The AEA s h a l l  be capable of 
follDwing g r o  input  r a t e s  up t b  and including 253/sec. consecut ively o r  
concurrent ly  about a l l  veh ic l e  a x i s  with a rnaximum conputat ional  l a g  
e r r o r  of - f 0.703 per a x i s .  

3.3.2.22 At t i t ude  Error  S igna l  Range. - The dev ia t ion  of 
t h e  a c t u a l  a t t i t d d e  f r o a  t he  conmanded s h a l l  Lave a maxirr,t;m magnitude of 
180~. - + 15 degrees. 

The range ~f a t t i t u d e  e r r o r  s i g n a l s  issued by th? AGS s h a l l  be 

NOTZ: The numerical values specif ied i n  the p r e v i m s  psragraphs s h a l l  
be considered es t he  abs3lute  value of  the 3Cr d i spe r s ion  p l u s  
the a b s d u t e  value of t h e  mean of t he  perforznnce values obtained 
during any 303 sec  i n t e r v a l  during the t o t a l  t i r e  i n t e r v a l  
associated with each performance number ($.e., 3 day, 8 day, 
120 days, as app l i cab le ) .  
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'3.3.2:23 Drift Rate. - All e r r o r s  r e s u l t i n g  from the AEA 

The processing l i m i t a t i o n s  s h a l l  
processing l i m i t a t i o n s  sha l l  add up t=, an a t t i t u d e  reference d r i f t  rate 
of no t  m w e  t h q  0.2 degrees per hour. 
include f i c t i t i o u s  coning e r ro r s ,  coning e r ro r s , apd  ASA mading errors. 

3.3.2.24 To ta l  Aktitude Signal  Accuracy, - The total 
a t t i t u d e  s i g n a l  s h a l l  be 'accurate t o  f. 0.5 degrees,  mw'imum, per axis 
except when wi th in  2 0.5 degrees of  e i t h e r o f  t he  t v o  a t t i t u d e  po in t s  of 

less than 0.5 degree and the maximum e r r o r  i n  the  sum 3f the  angles  
s i m u l a r i t y .  In  t h i s  case, t h e  msximum e r r o r  i n  the  angle  

sha l l  be less than 0.5 degree. 

3.3.2.25 Acceleration Range. - The AEA s h a l l  be capable 
of processing accelerometer range of - + '93 feet/second2 with a v e l o c i t y  
increment of ( ,003125 ) feet/second per p u l s e  e 

3.3.2.26 F l i F h t  D i r e c t x  At t i t ude  Ind ica to r .  - "he sines and 
cosines  of t h e  Euler angles o( ,3 and '< t h a t  a r e  output  by the  AGS t o  the  
FDAI f o r  t o t a l  a t t i t u d e  diSFlay s h a l l  be defined by the  following t r a n s -  
formation betveen veh ic l e  axes and AGS i c e r t i a l  coa rd ina te s  axes: 

X 

Y i Z 

'L- 

) I n e r t i a l  =[-I: -s 4c 

-S 4' 

-s .c 

s r  

C Y  

EagaW.3 5-66 
-49 - 



, 

i 

spc. NO. LSP-$00 -311 I ! 
SPECIFICATION 8 1  

Pngc : 
I 
i 

# I  . 
-___ _. 

(I 
j 

4 Q U A L I T Y A S t 5 U k i N C E P R ~ I O N S  
-4 4.1 i Test  Requirements. - This' s e c t i o n ' o f ' t h e  s p e c i f i c a t i o n  . 

e s t a b U s h e s  t h e  gene ra l  t e s t  requirements t o  be followed during t h e  AGS 
t e a t  program. The program sha l l  c o n s i s t  of t h e  following t e s t  categoriee:  

C .  

(a) Design G e r l f i c a t i o n  Tes ts  (4.2) 
I 
I 

(b) Quallf lcat lon Teats  (4,3) 

( c )  Acceptance Tes ts  (4.4) 

(d)  System Simulation Testa 
I 

( I  
4.2 Design Ver i r i ca t ion  Tes t s ,  - Design v F f i c  t i o n  t e s t s  , 

s h a l l  include a l l  t e s t s  coniiccted t o  s u b s t a n t i a t e  t h e  co r rec tness  of t h e  
design f o r  i t s  intended mission under simulated ground and  f l i g h t  environ- 
ments and off-design conditions.  

. .  

4.2.1 ' Critical Environmental Tests.  - Those t e s t s  which a re  
conducted on e a r l y  production t e s t  units, (assemblies o r  s e c t i o n s )  under 
se lec ted  c r i t i c a l -  environments t o  provide confidence t h a t  t h e  t e s t  u n i t  
s h a l l  pas s  q u a l i f i c a t i o n  design l i m i t  load t e s t s ,  
s h a l l  he made by t he  vendor subject  t o  Grumman approval,  

S e l e c t i o n  of enviFonments 

I 

4.2.2 SDecific Tests.  - As a Culmination t o  design v e r i f i c a -  
t i o n  t h e  t e s t  unit ( s e c t i o n  or assembly) s h a l l  be subjected t o  t h e  tests 
l i s t e d  i n  t h e  following subparagraphs. 
ment o f  design v e r i f i c a t i o n .  s h a l l  fult ' i l l  t h e  follovdng essentialcl:  

Tes ts  app l i cab le  t o  this r equ i r e -  

(a) 

(b) 
.' 

( c )  - 

The t e s t s  s h a l l  be performed on productlon equipment. 

The t e s t  sequence shall be i n  the  order  presented herein.  
Deviations.from the  sequence can be made s u b j e c t  t o  C m n  approve 

S u c c e s s M  completion of po r t ions  of these  Design Ver i f i ca -  
t i o n  Tests w i l l  p e r n i t  performance of corresponding p o r t i o n s  
of t h e  Qiniification t e s t s  as approved by Grurmraan. 

( d )  Ro replacement of parts,  adjustments o r  maintenance s h a l l  be 
permitted during the  se lec ted  environmental t e s t s  except when 
approved by Grumnan, 

i ' -  . 

, 
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4.2,2 (ContXnued) 

t 

* *  I 
I ( d )  (Continued) 

I * 
(1) If' a failure occurs d u r i r g  the  test^, preliminary analysis 

s h a g  be performed and Grumnan Lrqedia te ly  n o t i f i e d  of 'the . 
fa5 lure .  
of p a r t s  only with .tihe approval of Grumman, 

If'a redes ign  o r  a r e t e s t  or both of any part; component 
or assembly of t h e  s e c t i o n  under t e s t  is lnd iqa ted  from 
(a) above, Che se l ec t ed  environmental  t e s t s  s h a U  be 
considered incomplete unt i l  r e t e s t  has been completed t o  
t h e  s a t i s f a c t i o n  of  Grmm. At t h e  d i s c r e t i o n  of Gz-ummn, . 
redesign and r e t e s t i n g  m y  be requi red  of any par t ,  
assembly or equipment which f a i l s  t o  survi.ve the s e l e c t e d  
environments or e y h i b i t s  damage which is i n  excess  of t h e  
minimum acceptable  ope ra t ing  mode, 
component of a redundant c i r c u i t  or mode s h q l l b e  considered 
f a i l u r e  of t h e  equiyment. A t  t h e  completion of t h e  . 
se l ec t ed  environmental t e s t s ,  i n  a d d i t i o n  t o  t h e  f u n c t i o n a l  
check spec i f i ed ,  t h e  equ ipmnt  s h a l l  be visually inspected 
and i t s  c i r c u i t r y  checked t o  t h e  e x t e n t  a l lowable,  s h o r t  of 
disassembly, i n  order  t p  a s c e r t a i n  t o  t h e  h ighes t  degree 
poss ib l e  t h e  condi t ion of t h e  parts and carhponents, wi th in  
the  equipment . 

Action may be i n i t i a t e d  such as t h e  replacement 

(2) 

. 

F a i l u r e  of m y  p a r t  or 

I 

i 

4.2.2.L I Sqlected Environments. - The test ,AGS s e c t i o n  s h a l l  be 
success fu l ly  s u b j w t e d  t o  the se l ec t ed  env i romen t s  of t h e  ope ra t iona l  
cycle  i n  accordance with the  Selected E n v i r o n m n t s . t a b l e  of  t h e  r e spec t ive  
assembly (AEA, DEOA and  ASA) Design Control Spec i f i ca t ions .  

environmental  t e s t s ,  t h e  t e s t  u n T ( s e c t i o n  .or assembly), AGS s h a l l  be 
t e s t e d  t o  failure under sys t ema t i ca l ly  inc reas ing  dynernic and environmental  
stresses, . Deviat ion of pe r fo rmace  from t h e  minimucl acceptab le  ope ra t ing  
mode s h a l l  c o n s t i t u t e  a failure, 
a t  each increment of ove r s t r e s s  t o  s t a b i l i z e .  conditionn end complete t h e  
abbreviated ope ra t iona l  t e s t ,  when app l i cab le ,  

4.2.2,2 Overstress Tests .  - A t  t h e  completion of t h e  s e l e c t e d  

The equlF9ent s h a l l  dwel l  long enough 

i 
i 
f 



a 

If t h e  c r i t i c a l  mission s t r e s s e s  a r e  due t o  a combination of dynamic and 
environmental condi t ions ,  the t e s t s  s h a l l  be performed under t h a t  combina- 
t i o n  of  environments. I f  the  c r i t i c a l  e t r e s s e s  a r e  due t o  s e v e r a l  dynamic 
and environmental  condi t ions which a r e  not  i n  combination in t h e  mission, 
t h e  t e s t  increments s h a l l  be performed with each condt t ion  imposed 
separa te ly .  Each Increment of t h e  t e s t  condi t ions  s h a l l  be increased h 
propor t ion  t o  I ts  va lues  at mission l e v e l s ,  

4.2,2,2.2 Input  Parameters, - The inpu t  parameters,  such as mass 
flow, vo l t age ,  c u r r e n t ,  frequency, e t c , ,  s h a l l  be maintained a t  the values  
chosen for  t h e  se l ec t ed  environmental t e s t s ,  

4.2.2.2,3 L h i t e d  Life Items. - The t e s t  e t a s  f o r  which opera t ing  
time o r  cyc les  xmy produce lower fa i lure  modes s h a l l  be t e s t e d  with each 
increment proportioned t o  the  exposure time or number of cyclee used i n  t%e 
F l i g h t  Simulation t e s t s .  

I 

4.2.2.3 Analysis of Results. - Aq engineer ing a n a l y s i s  of t h e  
d a t a  generated by t h e  ove r s t r e s s  t e s t s  inc luding  a c o r r e l a t i o n  with the 
F a i l u r e  Mode P red ic t ion  Analysis . s h a l l  be performed f o r  Gruman eva luz t ion ,  

1 .  

I 4.3 ' Q u a l i f i c a t i o n  TestsI - Q u a l i f i c a t i o n  t e s t s  s h a l l  be 
I 

~ 

gerfomed using l x o  production AGS's t o  denons t ra te  a t ta inment  of design 
ob jec t ives  inc luding  margins of sa fa ty .  
below s h a l l  be performed on t h e  AGS: 

The q u t t u f i c a t i o n  t e s t s  l i s t e d  

a 

-52- 

I 
4.2.2.2.1 , Selec t ion  of S t r e s s e s .  - The F a i l u r e  Mode P red ic t ion  

Analysis s h a l l  provide t h e  basis f o r  t h e  s e l e c t i o n  of c r i t i c a l  s t r e s s e s  t o  

(a) Design Limit Tes ts  (4,3.4) 

(b) Endurance Tes t s  (4,3.5) 
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4.3.i General. - The test sequence shall be in the order 
presented herein, 
Grumman approval,. The test unit (assemlLly or section') arid test apparatus 
s h a l l  be subjected to inspection by Grumman Quality Control representatives. 
A$ convenient tines prior to and after the tests, the test unit (assembly 
or section) s h a l l  be examined to determine if it conforms to all requhe- 
men@. 
djmensions prior to start of the quallfication tests. During the progress 
of tests, examinations may be made at the, option of G m w .  The results 
of these examinations s h a l l  be a part of the qualification test data. Any 
test articles that have undergone qualification tests shall not be used 
for flight acceptcnce tests, nor shall they be used as flight equipment or 
flight spares, 
tion tests, either individually or as part of a larger assembly shall be 
distinctively marked as qualification tested parts. Unless prior approval 
has been obtained from Grumman, items of equipment which have been 
qualification-tested shall not be used for qualification testing as part of 
a higher order assembly. 

4.3.2 Parts Failure and Replacement, - No replacement of 
parts, adjustments or maintenance will be permitted duripg qualification 
tests except when approved by Grmman, 

If a fa i lure  occurs d u r i n g  a qualification test, Crumman shall. 
be. notified lrmiediately. 

only with the eppmval of Grumman. 

Deviation from the sequence car) be made subject to 

At the option of Crummn, measurements shall be nade of critical 

. 

A l l  parts or elements which have been subject to qualifica- 

3 

(a) CorrectLve action may be initiated 
0 

(b) In general, redesign of parts failed due to (u1 inherent design 
deficiency during qualification tests shall be mdatory; how- 
ever, in the event of circunstances which & m a n  shall have the 
option of designating as DlitigELtiwj parts may be replaced and 
the test continued, 

If a rehesign or a retest o r  both of any part or component of 
the test unit (assenbly or section) under test is indicated 
frcn a) or (b) ebove, the qualification test of the test 
unit I as$embl;r or section) in which the part o r  component 
is contained shall be considered incomplete until the retest 
of the part or component in.questiop has been completed t o  
the satisfection of Gr~mman, 

. 

! 

(c) 

' 1  

i 
! 
1 .  
1 -  
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j (Continued) 1 4 . 3 2  
( d )  A t  t h e  d i s c r e t i o n  of Grumman, redes tgn  and f e t e s t i n g  may be 

required of any p a r t  which has  completed t h e  q u a l i f i c a t i o n  
t e s t  program,'but fails or indicates:weakness when r e t a i n e d  
t o  complete t e s t i n g  of o t h e r  p a r t e ,  -* 

I 

4.3.3 
' 

Inspectfon Before Tes t s ,  - The t e s t  u n i t  (assembly or 
sec t ion )  shall be completely inspected f o r  compliance with t h e  drawings and 
s p e c i f i c a t i o n s  p r i o r  t o  q u a u f i c a t i o n  t e s t i n g ,  
and  s p e c i f i c a t i o n s  s h a l l  be cause f o r  r e j e c t i o n  approved by Grunrman, 

s h a l l  be success fu l ly  subjected t o  the  F l i g h t  Simulation t e s t s  of t h e  opera- 
t i o p  cycle a t  des ign  l i m i t  l eve l s  as given i n  the9design l i m i t  t a b l e s  of 
t h e  r e spec t ive  assembly design c o n t r o l  s p e c i f i c a t i o n .  

fa;V subjected t o  8 complete-OperntIonal Cycle including super  flight 
simulation, at n?iSsion levels  i n  accordance w i t h  the Endurance 
T e s t  tables of t h e  respec t ive  assembly design c o n t r o l  s p e c i f l c a t i o n a ,  . 

4.3.6 j Inspectfon After Tests .  - Afte r  completion of the '  

Deviations from t h e  drawings 

I 

4.3.4 
' 

Design Limit Tests,, - The t e s t  unit (assembly or s e c t i o n )  

4.3.5 Endurance Tests. - The t e s t  6eCtlon s h a l l  be success-' 

I 

*I 
I 

q u a l i f i c a t i o n  t e s t  program, each t e s t  u n i t  s h a l l  be disassembled t o  t h e  
coinponent or  module l e v e l  and subjected t o  a tear-down inspect ion,  hleasure- 
ments s h a l l  be taken, as necessary, t o  d i s c l o s e  excessively worn, d i s t o r t e d ,  
or weakened pa r t s .  
and these  photographs s h a l l  be included i n  t i e  t e s t  r epor t ,  

Photographs s h a l l  be taken sf such d i s c r e p a n t . p a y t s  

P o s t - Q u d i f i c a t i o n  Tests. - A t  the  completion of t h e  4.3.7 
q u a l i f i c a t i o n  t e s t s ,  t h e  t e s t  uit (assembly o r  sec t ion )  s h a l l  be subjected 
t o  the  following a d d i t i o n a l  t e s t s  i n  order  t o  increase  confidence i n  
equ ipmnt  design l i f e  and s t rength.  P o s t - q u a l i f i c a t i o n  s h a l l  no t  c o n s t r a i n  
production nor be a cause f o r  a d d i t i o n a l  f a c i l i t y  or  s p e c i a l  t e s t  equipment 
requirements, 
t e s t i r , z  s h a l l  be brought t o  the a t t e n t i o n  of Grummn for an eva lua t ion  of 
t h e  imgsct on the  flight worthiness of t h e  equipment, 

Equipment f a i l u r e s  experienced during p o s t - q u a l i f i c a t i o n  

. . .  
. *  
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4.3.7.1 Overstress Tests.  - The pos t -quaJ i f i ca t ion  t e s t i n g  
of the  &sign  L i m i t  t e s t  u n i t  ( s ec t ion  o r  assembly) s h a l l  c o n s i s t  of over- 
stress tes ts  i n  the same mode o r  condi t ion as s e l e c t e d  o r  t h e  design 
v e r i f i c a t i o n  o v e r s t r e s s  tests. 

4 . k  Acceptance Tests.  - Each d e l i v e r a b l e  assembly of the  
AGS s h a l l  be subzected t o  a n  acceptance t e s t  as per IS?-300-37, 
LSP-300-33 and LSP-300-39. Af'ter each assembly has  success fu l ly  ,aompleted 
t h e  assembly acceptance t e s t ,  the AEA, DEDA and the  ASA sha l l  be subjected 
t:, a n  AGS acceptapce ( compa t ib i l i t y )  t e s t .  The waeptance  ( compa t ib i l i t y )  
t e s t  s h a l l  demonstrate t h a t  : 

(a] The AGS s a t i s f i e s  a l l  appl icable  requirements of  t h i s  s p e c i f i c a t i o n  
urLder the  r e s t r i c t e d  s e t  of i n i t i a l  condi t ions,  ope ra t ing  modes 
and operat ing sequences 09. paragraph 3.1.4 (Desigp Mission),  

( b )  Conforms t o  t h e  approved design corresponding t o  t h e  p a r t i c u l a r  AGS 
pmduct ioo model under t e s t .  

1 ,  

Am's t 6  be used on f l i g h t  s p a c e c r a f t  sha l l  no t  con ta in  an 
assembly which has been subjected t o  more than two acceptance t e s t s ,  n3r @n 
assembly which has been s u b j e c t  €2 envirmments .of  an i n t e n s i t y  high than . 
acceptance t e s t  l e v e l s ,  nor an assembly which has accu-nulated a n  excess of 
200 hours t o t a l  running time, during acceptance t e s t i n g .  T?o more than 
150 hours shqlL be accumulated during the-assembly l e v e l  acceptance t e s t i n g .  
No more than 50 hours s h a l l  be accumulated during the  compa t ib i l i t y  t e s t i n g .  

d 
d ,  

- 

4.5 

4.5.1 
be run t o  v s r i f :  

Systems Simulation Tests .  - 
- Snore - S u f f i c i e n t  System Simulation Tes t s  shall 

t h a t  t h e  computations required of t h e  A3A meet a l l  t h e  
requir3ments of t h i s  s p e c i f i c a t i o n  and the app l i cab le  subassembly speci-  
f i c a t i o n s .  These tes ts  s p a 1 1  no t  use a c t u a l  f l i g h t  hardware b u t  math. 
models t h a t  simulate the hardware and a s s x i a t e d  e n v i r 9 m e n t  where required.  
The simulations may be divided i n t o  Open Loop Checkout and Closed b o p  
Simulations.  

Ew200.3 5-66 
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I 

4.5.1.1 Open h o p  Checkout. - The I n t e r p r e t i v e  Computer 
s imula t ion  (ICs) s h a l l  be used in ' open  loop pperat ions with d r i v e r s  
c o n s i s t e n t  with t h i s  s p e c i f i c a t i o n  t o  checkout s e l ec t ed  func t ions  as 
requ i r ed  priDr t o  t h e i r  t e s t i n g  i n  closed-loop operation. 
provide t h e  cDmputation c h a r q c t e r i s t i c s  of t he  AEA and shall accep t  the 
hard wired and s o f t  wired programs as w r i t t e n  f p r  t he  AEA. 

Tne.ICS s h a l l  

4.5.1.2 A f l i g b t  s imulat ion (ICS/FS) hweyqin t h e  ICs and 
the  N-stage dynamics a r e  i n t eg ra t ed ,  w i l l  be used t o  simulate abarta. 

5 PREPARATION FOR DELIVERY 

5 . 1  Preservation, Packaging and Packing. - Preservat ion,  
packaging and packing s h a l l  be h aacordance with Sect ion 5 of referenced 
s p e c i f i c a t i m s  l i s t e d  i n  2.1. 

6 NOTES 

, 

i 

. .  



I 

B 

B 

B 

I 

Dart: 

Page: 

i 
I 

TABD 1 i 

I 

ABORT GUTDAKCI;: S%C'?IC?? FITXCTIONS ' 

A,  EARTHPX3fAuNCH 

- h - e f l i g h t  checkout and c a l i b r a t i o n  

Be EARTH ZAUKCH THROUGH TRIL';SlXlXA.R FLIGHT 
- Nonfunctioning (Qff condi t ion)  

IJJXAR OIiBIT (EBI3PARATION FGR LUDIKG XISSiON) C, 
OR-STANCBy OpERATE Canditions 

- SED Test 
- IIJ FLIGhT C k L T B R i \ _ T I O ~ ~ / C C ; : " : ~ ~ ~ s ~ ~ I o T j  - ALiGl? DiZRTLAL R.EFERE;TcE t o  PGCS - 
- I n i t i a l i z e  U-5 and CS;C S t a t e  Vectci-s us ing  i W S  Downlink 

I n i t i a l i z e  Absolute T h e  via t p e  D W  

AGS i n  FOLLOFnTP Submde before  Descent Cirbit InjeGtion . 

-_ 
FOLLOWUP SubmDde 0 

1:Aint ain i n e r t i a l  r e  fe renc  e 

Xain ta in  Eavigation 
Continually solve fo r  Abmt TraJectory which w i l l  e i t h e r  
I n t e r c e p t  t h e  CSld i n  its Orbi t  D i r e c t l y  o r  e.-r-cdte concen t r i c  
F l i g h t  plzn (depzEding on or t im s e l e c t e d )  

Provide Engine-OX Corian6s 

Provide Data for  I n f l i s h t  Konitoring 

Provide h a l o g  and D i g i t a l  Te lene t ry  

Accept o r b i t  i n s e r t i s n  t a r g e t h g  da ta '  



! 
. i  

i 

. \  TABLE I (Continued) 

* .  ! 
E. ~ A R  DESCENT ORBIT DVECTIOX (ABORT CONDITION) - AUTOMATIC: Submode 

- Nainta in  I n e r t i a l  Reference 

- 
- Provide Eligine-ON Conmands 

Continual ly  Solve f o r  Abort Trajectory 

- Provide S tee r ing  Signals  and Engine-OFF Cornand as required t o  
S teer  Ubi t o  Rendezvous 

Provide d a t a  f o r  I n f l i g h t  Monitoring 

Af ter  Engine Shutdown AGS Furxtions same a s  i n  para .  

- 
- 
mwi DESCEIiT COAST (NOE;,G0iiT CC;DiTiOIi) - FOLLO'AJP Submode 

''0." 

F. 
I .  

.. Vaintain I n e r t t a l  Reference 

- Painhain Kavigation - 
7 

- Continually Solve f o r  Abort Trajectory 1 I 

Accept E N S  Alignment In fo rna t ion  - Realign 

Accept PGXS DOmUnk Information - R e i n i t i a l i z e  - W  and CSM 

- -  - . . . . .  
- u  

- Provide Data for I n f l i g h t  blonitoring ' 

- Provide D i g i t a l  T e l e m t r y  

- Accept e a r b i t  insertfon targe'iirik date. via the 1 

D r n A  

G. DZSCZTT ZOAST (ABORT CONDITIOIJ) 

h tcrrzt ic .  Si;bmode - - .!kint:iin Icertizl Eei"srence 

- Provid? Engine-OI? Ccmnands 

. .  ? 

j: . 
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4 

I TABLE I (Continued) 
I 

4 *  
1 

G.' (Continued) i . 
I - Provide Stee r ing  Signals and Engine-OFF Command as Required-to 

Stee r  Z.1 t o  Rendezvous wi th  t h e  C S N  o r  to a Parking Orbit 
Afte r  Engine Shutdopm AGS Functions sane as i n  para. "l4" - *Ascent 
3oost (Abort Condition) 

Provi.de Data fo r  I n f l f g h t  Xonitor ing 

- 
- 

I f .  &#EIIED DESrJDiT (NON-ABORT COIYDITION) 
- Sa;;le as 11 D 11- Lunar Descent I n j e c t i o n  (Ron-Abort Condition) . 

I, PONTRD DESCENT (ABORT COIDITION) - 
ILJTUIR SURFACE. (PRELAUXCH CH3CKOUT, NOM-A.30RT CONDITION) 

Same as "E" 4 Lunar Descent I n j e c t i o n  (Abort Condition) 

J, - OFF-ZCATJDBY-OPERATE Condition - - I n  SELF TEST.. ~ 

- 
- 
- I n i t i a l i z e  Ibl through PCNS Dovmlink . 
- &S in FOLLOWF Mzde be fwe%if to f f  

- 
Lunar Preflight Checkoui and Calibration/Compensation 

Align Taert ia l  Reference tQ PGX3 

I n i t i a l i z e  C Z i  and Absolute " l e  through D E U  

K. WiIAii SIRFACE: (PRIXiUXCIi CIOCKOUT, A2O;lT CO;;DI!2ION)' 
- OFZ-SY2X3Y-OPEFiATE Condition - 
- 
- h t e r  WTLU ALIGN Submode - 
- Accept UI CSI4 a n d  $ L D S O ~ U t @  Time Cata through DEDA 

Lunar P r e f l i g h t  Checkout and C&Libration/CompensatAon 

. %If Te s t IWie 

Accept Azimuth Aligment Data through DEDA 

- initialize LE4 ,, C S X ,  Absolute Time via DEDA 

, I 

i 
i 



K. 

L. 

14. 

N, 

0. 

P, 

(continued) - Enter  . b e  

. .  
Date : 

.. . 
Page : 

TABLE I (Continued) 

t i a l  Reference Mode 

' .  

- Continual ly  Solve f o r  Abort T ra j ec to ry  from Lunar Surface 
which w i l l  e i t h e r  In t e rcep t  t h e  CSM d i r e c t l y  or Place LM' 
i n  a Parking Orbi t  

Provide Data f o r  I n f l i g h t  Monitoring 

h-ovide D i g i t a l  and Analog Telemetry 

On Ent ry  i n t o  AUTOYATIC Submode Funqtion as described under para "E". 

- 
- 
- 
LUNAR ASCEI7I' BOOST (NOW-Ai30ilT COhDITION) 
- Salic as"H" - Powered Descent (Rn-Abort  Condition) 

mm ASCEXQ BOOST (ABORT COIEIITIOX) ' V  , - Same as"I"- Powered Descent (Abort Condition) 

IJ.jX.AR ASCEItT COAST (NON-AEOIIT COiiiIXTION) 
- Same as"F"- Lunar Descent Coast (Xon-Abort Condition] 

~ A R  A S C ~  COAST (ABORT c o m ~ x o x )  
- PTTITiDZ HOLD ~ Submbde n 

- I b i n t a i n  I n e r t i a l  Eeferenze ; ' , 

Acguisitlon Sukmode 

Accept Radar Data t o  Update 1kvigatl.cn - 
- 
- Provide Inflight Moritoring Cata - 
- 
LXA3 ASCXT;: iGDCOLlSE CO?2..EC!XO;? (ABORT CGDITION) 

Continually'salve.fc5r Parking 3r I n e r t c e p t  T ra j ec to ry  

F r w i d e  h a l o g  an$ D i g i t a l  Telemetry' 

- Kkiintain I n e r t i a l  Reference 

-60- .. . .C.. , I .  - - 
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Page: 

i 
TABLE (Continued) 

? 

8 4  
i P. (Continued) 1 

1 - Provide -' f&t t i tude  Reorientation Co,mnds on Entry into 
SEMI-AUTOXATIC Submode 

On Entry i n t o  A'Cri"uXAT1C Submode h n c t i o n  as described under para "E" - 
Q. CSN/ - RXhQEZVOUS (ABORT XCN-ABORT COhDITICJS) 

- Vaintain I n e r t i a l  Reference 

- FSaintain Navi&ion . 

- FOWi.JIJP or ATYITZiDF: H O D  Subnode 
, 

. 

4 
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?o:;i.red descent f ror ;  ;ericynthion t o  

S P E C I F I C A T I O N  
h'o. 71SP-,300-3B 

z3ver 8.4 

. . . j  

Ikscent  

T B L E  IT, 

* 

Pre 'iauncn* 

Fsver to touchdown 1.14 

120.0 Prelaunch 
Un pa ckage d I 

I dws 

&scent  I 

1 

Launch & 
1108 1 1 B m s t  ~ 

I 5.2 210.9 Translunar 

E a t n  Lanch.' & ascent 

Ear th  o r b i t  through t r anspos i t i on  

Continue t r a n s l u a r  t r i p  through . 6 4 3627 4 Trans Lmar 
l n s e r t i o n  i n t o  lunar orbit 

Coast i n  l una r  orbit (LZ4 checkout) 

Eng2G0.3 



GRUKVAN AIRCRAFT E S G  S.TEiXSG CORPORATION 
Bethpqge, L. I., X. Y. 

Codc IBenr. Xo. 26512 

Phase 

S P E C I F I C A T I O N  
No. LSP-300- 3B 

7.: -__ ~ e ( ~ i n u t e s )  

Env i r o m e  n t 
n c -  A 5 b 2 ~  ' lots1 

Post landing checkoct 

Ex ?lo rat ion 

Csast t o  apocynthion 

75.0 Lunar Stay 

65.0 Lunar Stay 

, I  Ascent 

215 3.5 m i  a L a l  lunar s tay for  o i s s i o n  success 
t3 s t i m t e  

L.unar- Stay 

, 

Z c z s t  in 65 rc i .  parking o r b l t  

, 

Ascent 1 45. 
(no v i b r a t i m )  

Eng200.3 5-66 



n -  le,zainal ?;lase I n i t i a t i o n ,  RCS SUA 

i' Coast 1400 c e n t r a l  aqgle ,  includes 
2 nidcourse c o r r e c t i o n s  with RCS 
b u n s  of 24 &id 4 sec.  (V=30 and 5 f p s )  

A s  cent 0.5 

I 48. Ascent 
(no v i b r a t i o n )  ! 

Rendezvous, includes 3 RCS burns of 

(V=5, 10 and 5 f p s )  

Ascent 
(no vibration) 

zpprox-ha te ly  4,8, &id 4 sec 10. 

.- 

Ascent 
b . .  I 

33 ck i ng  

r 
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? 
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I 
1 

1 
I 
4 

i 
S P E C I F I C A T I O N  NO. Lsp-300-~ 

I 
1 
I . '  

I 
I . W3I;EIII ' b o  

- + .  - 
I a , ,  

1 

I 

IN EXGEE3 ?ZXFOWAKCE 
1 

A. CESCZKT EmGINE 

1. 

2. 

Thro t t l e  range - 1050 - 6,300 lb. with a s t e p  t o  nominal lsax thrust. 

Xominal maximum t h r u s t  - 9,880 lb. -c + 1.5s with no e ros ion  
I 

i 

3. nominal Isp - 303.5 seconds, one sigm dev ia t ion  15 sec. 

4. Tmust P r o f i l e  - 308 f o r  3 sec,  105 f o r  next 23 sec. ,  Maximum 
Thrust t h e r e a f t e r  "Defined i n  

n . rus t  Cut-off impulse* - 2 100 lb -sec  (3 s igna )  

Tmus t  misalignment ( t o  be r e v i s e d )  

a. Tirust unce r t a in ty  = 0.5 cone Re$-sce with 3 &values 

b. Mount misalignmept = 2' cone 

c. 

The mominal descent  engine i zpu l se  occurrifig b2tWeeE & S h g i n e - O f f  

cormand and complete shLt-dmn shall be vzr ia 's le  between 800 and 

1600 lb-sec. 

TBD I' 

5. 

6. 

defined i n  1 i 0 

G i m b a l  angle - 6' cone 

7.  

The AGS s h a l l  be 6es:g;ned t o  allow for t ne  v a r i a t i o n  

I from engine t o  epgine. . I I I 

.--- 
I ! 
j 
I 

*Xominal value unknown 

B. ASCETKC ENGIXE 

I 

1. 

2. xonina l  Isp - 311.,, oze sigma devia t ion :  2 sec. 

Nominal tl-scst - 3500 - + 52.5 lb- 
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S P E C  

B. (Oontinued 1 I 

3. 

4. 

"-Y 

5 .  

6. 

7. 

TABLE III (Continued) 
b a  

! 
Thrust Cut-off P r o f i l e :  

a. 

I , 
Tnrust &cay t o  lo$ rated t h r u s t  i n  0.20 seconds 

! 
I 

'0. Engine cut-off  command d e l a y  

Tiie nominal 4ut-off impulse sha l l  be v a r i a b l e  between 300 and 

h5O lb-sec.  IThe AGS sha l l  be desigced t o  allow t h i s  v a r i a t i o n  

frm engine do engine. 

s h a l l  be 75 ib-sec; 

Thrust  misal'gnment ( t o  be revised,)  

a. Thrust  u h c e r t a i n t y  = 0.3' cone'  

b. Y b m t  misalignment = 2' cone 

The d e l a y  between engine-on cc1man2 zJ?d a s c e n t  engine i g n i t i o n  

s h a l l  n o t  exqeed 1 see. durlcg lacnch frm the  lur,zr surface.  

The Ascent ELgine w i l l . b e  canted as follows: 

I 

I 
I 

The 3 signa d e v i a t i w  about t h e  noninal 
I 

I '  . 

i 

I 

I 

6y= 2.0! (about 2) 

, 
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0 
QI 
W 
\ 

t3 c, . 
0 
a, m 

A ,  m cv . 
c o ~ c r ,  

I I 
; f r  m m 
L n d d  m .  
. . 

a m  
'+, .lJ k 

c, 

' o w  
0 6  d o  
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Oberation 

Gyro Data 
FYozessing a d  
Corpensation 

Acceleroceter  
hta ?r:,c,e-ssing 
arid Coxpecsatbol 

iis22te D i r e c t i o  
&sines  

Liiiar Align 

* 
GXIA ProcessirG 

FDAI 

- 

r: 
b: 

i! 
2 
Fi 

2 

- 
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1 
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1 

1‘ 

1 
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1 

1 

Tt?BLE V 

AGS O?eratlcns Perforr.ed in Subxnodes 
b *  
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E: 
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- 
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L ( 3  

(1’ 
i 

I 

0 

1 

1 

- 

Notes 

~ 

(1) zero a t t i t u d e  e r r a r s  
are  output  

( 2 )  Perfomed ~ n l y  on ~ x a r  
s u r f a c e  if l una r  s u f a c  
sigrial i s  preserit 

(3) ~ o t  perforlried when ~W,E 

scrface slgnal i s  
p resec t  (input via ‘ i j z i ~  

(4) &s ine  OZT cormand i s  
output 

( 5 )  PXS Zuler Angles EO- 

al; +n f opera t ion  i s  
cessed only when 2-3 

perf  orined 

- .  
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0-x r a t i o n  

- iiif;ight Self-Test  

Isflight cj-ro 
E- If: CzliSrat ion  
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