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Mr. Aaron Cohen, PS 6 
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Data Operations and Services 
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Attention: M r .  E, Stern 

LEM Guidance Computer programs to be supplied by MIT 
to support checkout of the Ll<M flight vehicle system, GAEC 
radar integration tests ,  and GAUC flight control integration 
tests ,  

Gentlemen: 
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I. G & N Subsystem Tests 
' A. ,37001 - G & N Functional 

1. LGC Opqration Test 
a. LGC Self Check 
b, Sum Check 
c. DSKY Checkout 
d. Uplink - Downlink 
e. Relay Check 

2.  C & N Operational 
B, 37002 G RC N Subsystem Checkout 

1. Failure Indicating Circuitry Test 

l a. G & N Condition Lights 
I b. LGC Alarm8 and Interrupts 

2. Mode Tests  
a. CDU zero 
b. Coarse Aligll 
c. Fine Align 
d. Attitude Control 

C. 37003 - G & N Scale Factor Determination 
1. IRIG scale factor and gimbal torquc test 
2. PIPA scale factor determination 

D. 37004 - IRIG Coefficient Determination "-.".- 
A program to position the IMIJ to specific orientations and then 
calculate various inertial component parameters,  

E. 37005 - G RS N Fine Alignment 
A program to align the IMU to specific attitudes using A O T  - 
Optical Target information 

F. 37007 - AOT - 3 Position Detent Calibrntion Check 

A program to calculate the angles between the 3 positions of the 
AOT using AOT - Optical Target information 

G. Earth Prelaunch Alignment for  Unmanned Flights 
A program to align the IMU stable member to the launch azitnuth. 
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3 ,  Interface Monitoring (Soc Soction 11, D,  7. h)  
C. 60033 - Coml)incd I"CS/IICS Ct~ccltout - " _." ~ _." 

A program to provide a maximum of two pulses to each RCS jet 
individually. Thc program to be uscd during this test  i s  described 
in Section 111. 11. 

D, 130023 - P'CS Ch~.ckout Automatic Mode 
"1""- 

I :  

. .  

The test profiles de6cribed be.low represent the PGNCS automatic 
portion of Test 60023 - FCS Chcckout. Figure 1 is a basic time line 
of these profiles. nuring thc initi:di.r..ntiorr period, the I M U  and ACS 
w i l l  be c~lif~ncd and the Rcnclczvous I<:~lar  will be tlesignntctl. The 1,GC 
wi l l  support these functions, A hricf description of the progrqn re-  
quirements to support the FCS checkout follows: 

1. Landing and I3cndezvous Radar ,Systems 
The radar  programs to be uscd during test 60023 a r c  described 
- 

in Section IV. 
2. IMU 
"hc I M U  will be monitored for proper operntion through ACE-S/C,  
3 .  LGC 
The L,GC Self Check will be ' jwtrfor~~~ed whcncvcr possible. 
" 

,4. RCS & Engines 
IIn performing tlrc tes ts  providing the HCS and cnginc c o n ~ r n n ~ ~ l s  

- 
:to the SCS, inputs to t l~c LGC wi1.l bo processed by test and fli&;ht 
programs. These include rrtanllnl inputs, 1norle and status infor- 
mation and jet failure signals. Profiles of I I C S  nntl cnginc com- 
mands wi l l  be provided by test programs to the SCS through thc 
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w'ill provide positivc indication of receipt of  this signal via a DSICY 

position above thc rninimum. The TGC will then command throttlc 
settings ahave and below the manual throttle sctting. 'I'hc verification 
of throttle control nhove the manual setting and no throttle below t h c ?  
manual setting will then b e  madc. 

I 

I 1 

: s ta te  vector storngr: rcg is te rs  will be prc-loaclcd with thr! v u l u c s  d e -  

sired for  A G S  chccltout. 
7 .  Displays and Intcr'fnccs 

" 

!For checkout of the PGNCS driven vehicle displays the following pro-  $ ;  I 
grams will  be utilized. I 

a. FDAI Total Attitude 
The IMU Coarse Align program will IJC uscd for testing the 
total attitude readout of the FUAI .  This program allows any 

I 

combination of thc outer, rniddlc and h n c r  gimbals  to be torqucd 
either through or to any angle in t h c  range of + 350. 91, dcgrccs. 
The operator m u s t  spccify the anglo for cnch gimbal. The 

I 
- 
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the co~nn~ant l  increrncnts arc 1.5tj. 2 a r c  s o c o ~ ~ l s .  A l l  commands 
'are issued at a ra te  of 140. G degrees per second, 

Altitude and Altitude Rate Display 
The LGC program for commar1{litl{; t l lc :  altiluclc: ~ I K I  i~llit.tl(lc? rate 
display calls fo r  a load of initial altitude, filial nltitudc and altitutlo 
ra te .  The altitude rote and ini.ti.31 al.titur.lc d i sp lays  a r e  f i r s t  coni- 
manded, then thc altitude is chnngcd a t  the prescribed ra tc  until 
the f ina l  value is acilieved. Tht? initial and final altitude value can 
be specified f rom 0 to 60, 000 f t .  in increments of 2. 345 f t .  , the 
altitude ra te  can bc specified bctwcen - +81!32 fps in increments of 

, . !  4 1  

0 ,  5 f p s .  
Forward and Lateral Velocity Displays 
The LGC program for  exercising the f o r w a r d  and latcral  vc'locity 
displays is capable of commanding valucs between - + 200 fps. The 
specified values a r e  issucd a t  a constant rate. 

Caution and Warning Displays 
The LGC Tc?st A l n r i n s  program will issue commands to the PGNCS 
Caution, LGC Warning and ISS Warning lights. 
G0023-FCS Chcckout Attituctc Hold 'Mode 
For  LIfM attitude hold mode checkout, the LGC will contain pro- 
g r a m s  to  check the rate of clcsc:c?nt  s w i t c h  and the intcrfaccs with 
thc attitude and translation hand controllt:rs, These programs w i l l  
display information on the DSKY pertinent to the activated interface, 
i. e. ; + ra te  of descent, + x, y, z translation and thc attitude r a t c  
command, 
Fault Isolation I 

The full capabilities of the program described in section 111. A. , i3. , 
C. , and D will be avnilnblc by lonrling othor t h n  norninnl profilcs 
unclcr ]<-S~'A\RT corltr(>l fo r  RCS and c!nginc fault isolation testing. 

~n atldition, the capability to dircctly load the appropriate output 
channels wi l l  bc provided so as to IJC ablc to command ascont /dcs-  
cent engine on and/or any combination of RCS jet commands for  an 
indefinite time (tcrminntion hy operator).  

- I 
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Lrltcrfncc Vcrification 
During LEM checkout, all intcrfnccs bctwecn thc LGC and d h c r  I 

subsystcms must he verificd. ‘I’hese interface signals a r c  listccl 
in ICD LIS-370-10004. To f:rcili.t:ltc this rcquircmcnt, two  spccial 
LGC programs arc providcd for interfacc monitoring d u r i n g  LEM 
vehicle level tests.  These t w o  programs providc a special moni- I 



UI. RCS and Engine Test  Programs 
Programs to cxcrcisc thc IZCS jcts ,  dcsc!cnt./asccnt cnrli1lc on-off and  dcs- 
cent engine t r im and throttlo arc provitlr?tl for integrated testing, 'I'i~cso pro- 
grams  can bc r u n  scpnrntc'ly o r  si~nult,nnc?ously at thc dcscrction of t i~c  tcs t  
opcrntor. Theso programs issue profiles o f  commands to their rospcctivc , 

intcrfncing sullsystcms i n  accortinncc! wi th  thc  values contaitml in s c t s  of 
erasable mcmory registers .  The contcnts of the crasnblc nlcmory rcg i s tc r s  
mu,sl bc loadcd via the K- S T A R T  o r  DSICY. 
A bricf description of these programs, their erasable mcmory requirements 
and the  nominal profile values follows, 
A, Enginc On-Off Task 

This task turns the L E M  ascent or dcsccnt cnginc on nncl off according 
to the constants stored i n  thc five se t s  of regis ters  callcd: 
1. 

2 .  

3 ,  

4. 

I 5.  
I !  

CY LTIME S 
Which contains the number of times a particular s tep  will bc pcrformci 
NEXTCYLT 
Which contains the  time bctwccn stcps scalcd fo r  the LGC rI'l"l~~ 3 

counter (the least  significant bit cquals 10 ms, the maximum vnluc 
is two minutes), 
ON'I'LME 
Which contains the time to t u r n  the cngine on, which also c!ctcrrnincs 
the length of titne the cnyine  w i l l  t x  off within a scrics of on - of f  
cycles, scaled for T3. 
OFFTIME 
Which  contains the nun1l)cr o f  2 m i.nlltcs i n t c r v n l s  Lwfo1*c the c n ~ ~ i r ~ c  
wi l l  be turned off. 
OFFTIMER 
Which contains thc rcsirlual tinlc: t:wf'orc: thc? on/;inc w i l l  be tur11cc1 off, 
scaled for  T3. ! I  
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The regis ter  JETSTEP i s  used to indcx the t j  s o t s  of registers .  T l w  allow- 
able values of JETSTEP are' + 0 through 7 .  This task will be cntcrcd but 
immediately ended i f  the initial valucs o f  ,JErI'STICP and N T I M E S  are  -+ 0. 
Table 4 contains the nominal profile values. 

necessary for  checkout and integration tests without seriously affecting their p1.i- 
mary functions. Those programs denoted as special are provided only fo r  checkout 
and integration tes ts  and will not be used during a mission. 

the program will request the designate program to makc the change. This 

R R  programs,  for the selected antenna rnotlc. 

. , . . .. . 





J. LR Antenna Position Change 
A program which comma~~c l s  the L i j  mtcr lnn  from position 1 to position 2. 

"_ ""."..._ "_ "_._._.. . 
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Thc digital autopilot program which will be uscci in  tho GAEC flight control 
intcgration test will also be in AI-IRORA, A description of this  program will 
I:>c in n l u t u r  documorrt. 

MIT/IL urgcs your prompt review ant1 approval of this document so as to 
cause,no delay: in delivery of the AURORA programs. 

I 

V$ry truly yeours,) 

Apollo Guidance 'and Navigation 

-. .._ I .._ "- 


