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GENERAL 

Grumman/MIT Coordination Meeting # 1 was held at Bethpage, New York 
on March 21 and March 22, 1963. 
was to provide an exchange of information on system functional concepts 
and equipment installation requirements. 
devoted to a general group discussion on the agenda items. Because of 
the diversity of the agenda and the general interest, it was deemed nec- 
essary to plan working group meetings on March 22, 1963. These meetings 
were devoted to detailed discussions on the agenda items. The second 
day's panel meetings were groupedinto the following areas: 

The objective of this initial meeting 

The first day's meeting was 

Meeting # 1 

Mechanical Installation of Sensing Systems 
Display Interfaces 
Computer and Power Servo-Assembly Installation 
Howard Sherman, Grumman Chairman 
MIT: P. Bowditch, J. Nevins, J. Nugent, A. Bayce 

Meeting # 2 

System Electrical and Functional Interface 
Fred Doennebrink, Grumman Chairman 
MIT: J. Dahlen MSC: P. Kurten 

Meeting # 3 
Computer and PSA Installation 
Ben Gaylo, Grumman Chairman 
MIT: E. Duggan 
(This was a splinter group from meeting # 1) 

The specific action items generated in these group meetings are in- 
cluded in the minutes, 
In meeting # 1, it was mutually agreed that MIT and Gnunman w i l l  plan 
discussions on fiture simulation plans to avoid overlap. 
it was mutually agreed that there is a need for meetings to be arranged, 
on the designer level, for the exchange of information relating to specific 
interface areas and system functional details involving the IMU, CDU, Com- 
puter, OMU and Stabilization Control Subsystem. 

Copies of some of the references are incorporated into the minutes, as 
indicated on the list. 

General agreements were reached in several areas. 

In meeting # 2, 

A reference list of documents presented at these meetings is included. 



AGENDA ITEN 1 

Subject: LEM PRIMARY LANDING MODE OF OPERATION 

J. Dahlen of MIT d i s c u s s d  the LZT4 primary landing mode from the  sep- 
(Reference 1, copy included with minutes). a r a t i o n  t o  terminal let-down. 

1. The i n e r t i a l  powered descent was described as a fully automatic 
a l l  i n e r t i a l  mode up t o  20 miles from the landing s i t e .  
tance, the radar a l t i t u d e  information would be used t o  update the  AGC. 

A t  t h i s  d i s -  

2, A t  1 5  miles from the selected land s i t e ,  the  SCT pointed by the 
AGC, would be used t o  survey t h e  landing area. It was proposed t h a t  
the  ast ronaut  i n  the  right-hand s e a t  perform the monitoring. If de- 
s i r e d ,  an a l t e r n a t e  landing point would be se lec ted  by overiding the 
AGC and using the SCT t o  inser t  the  bearing t o  the new point .  P i l o t  
permission would be required t o  s e l e c t  the new s i t e .  

3. The resolved doppler ve loc i t ies  would be continuously displayed. 
A t  10 miles from the landing point t h e  doppler ve loc i ty  information 
would be introduced i n t o  the  guidance computations. 

4. An automatic f lare-out  maneuver would l e v e l  the vehicle  out t o  a 
predetermined a l t i t u d e  - proposed as two hundred f e e t .  P r i o r  t o  the 
automatic f la re -out ,  an a l t i t u d e  d i f f e r i n g  from the predetermined 
value Could be se lec ted  and manually inser ted  i n t o  the  computer. 

5. After  f la re -out ,  the vehicle would be i n  ALTITUDE HOLD mode; a t  
constant a l t i t u d e  and a constant ve loc i ty  of 50 f t / s e c .  with v e r t i c a l  
a t t i t u d e .  

6. An automatic let-down mode would follow. The vehicle  would be 
pitched up; then returned t o  v e r t i c a l  a t t i t u d e  when t h e  horizontal  
ve loc i ty  reached zero. 
v e l o c i t y  of 10 f t / sec . ,  the  LEM would begin a v e r t i c a l  descent. 

7. Between the  f la re -out  and terminal let-down modes, the  p i l o t  would 
have override options depending on the conditions of the  landing area.  

From an a l t i t u d e  of 100 f e e t ,  with vertical  

a )  
s u i t a b l e  conditions f o r  landing a r e  not i n  the immediate area.  

b )  
must be avoided, the  p i l o t  would be ab le  t o  postpone i n i t i a t i n g  
the automatic letdown u n t i l  these obstacles presented no danger. 

e )  The p i l o t  would be a b l e  t o  change the c r a f t s '  heading i f  no 
s u i t a b l e  landing areas  were d i r e c t l y  ahead. 

The telescope could be used t o  s e l e c t  a new landing s i t e  i f  

If the immediate landing area i s  acceptable but  c e r t a i n  obstacles 

8. 
let-down, it was proposed that the  ECS ti1r.ustei-s ke used Ir, t h e  m ~ n l l a l  
t r a n s l a t i o n  mode of t h e  SCS. With the over-ride button depressed dur- 
ing t h i s  mode, the a l t i t u d e  would be held constant during the  t rans la -  
t ion .  

If small t rans la t ions  were required during the  atuomatic terminal 
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A. Whitaker asked about t h e  use of  the man t o  e f f e c t  the terminal 
let-down. J. Dahlen s t a t e d  that t h e  automatic primary mode was more 
desirable  from considerations of f u e l  economy and man's react ion time. 
A. Whitaker f e l t  t h a t  t ra in ing  could provide man with the capabi l i ty  
t o  control  the vehicle  during t h i s  phase. 

G. Sul l ivan questioned i f  the 20 mile point  w a s  the  f i r s t  time the 
telescope would be used t o  survey the  landing s i t e .  J. Dahlen s t a t e d  
t h a t  it would be; acomplete synchronous o r b i t  was not considered a 
requirement f o r  v i s u a l  sighting of the landing area.  M. Traegeser 
pointed out t h a t  the Cy sextant could give b e t t e r  landmark d e f i n i t i o n  
a t  o r b i t a l  a l t i t u d e s ,  than the LEM telescope could give a t  pericynthion. 
The i n i t i a l  conditions f o r  landing would be establ ished by CM land- 
mark s ight ings.  

The v ibra t ion  leve ls  exiting during telescope s ight ings was men- 
t ioned as a problem a r e a ,  It was agreed t o  discuss t h i s  i n  d e t a i l  
l a t e r  i n  the  meeting. 
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AGENDA ITEM # 2 

Subject: RENDEZVOUS OPERATION 

N. Sears d i s c w s e d  t h e  primary system rendezvous operations. The phases 
of rendezvous were defined as (1) long-range (miq-eourse) corrections , 
(2 )  i n i t i a l  rendezvous and (3) terminal rendezvous. 

The bulk of MIT’s work t o  date w a s  defined i n  phase 1, invest igat ing 
the  corrections,  using radar data,  f o r  both nominal and abort  ascents.  
These invest igat ions examined Radar and Scanning Telescope parameters vs 
A V c r i t e r i a  f o r  correct ion.  
For normal ascents ,  two t o  t h r e e  corrections are required i n  the  f i rs t  
hour. The las t  correct ion i s  made approximately 20 N.M. from the CM. 

(The SCT would be used t o  point the radar ) .  

Abort from hover was described as the worst condition f o r  rendezvous. 
Five or s i x  correct ions would bz required i n  90 minutes. 

Posi t ion and v e l o c i t y  updating would be performed every 50 t o  60 sec- 
onds. The required parameters for t h e  mid-course correct ions were s t a t e d  
to be angle, range and range ra te ;  with b e s t  accuracy required f o r  angle 
and range r a t e .  

A. Whitaker asked what m i s s  would r e s u l t  with no terminal rendezvous 
correct ions.  N. Sears estimated an e r r o r  of  2000 f t .  The abort  e r r o r s ,  
with no correct ions,  would y i e l d  a 40 N.M. m i s s .  
the  abor t  case, approximately a 1.3 N.M. m i s s  r e s u l t s .  

With one correction f o r  

The nominal rendezvous t ra jec tory  would have a c e n t r a l  angle of 140 t o  
180 degrees, depending on the  out-of-plane distance.  
plane correct ion i s  used -- j u s t  a change i n  azimuth and burn time. 

No separate out-of - 

E. Stern pointed out that, es tabl ishing a c l e a r  pericynthion parking 
o r b i t  was s e n s i t i v e  t o  f l i g h t  path angle a t  ascent burnout. Att i tude and 
v e l o c i t y  n ight  have t o  be biased, depending on the  magnitude o f  f l i g h t  path 
angle .  A discussion concluded that the  angle would be 3 degree. Further 
discussion was he13 on the  value of parking o r b i t  a l t i t u d e .  
s t a t e d  t h a t  agreement should be reached on t h i s  value. 

A. Whitaker 

J. Russell questioned the  magnitude of IMU d r i f t  during thrust ing 
acce lera t ions ,  and the IXLT e r rors  t o  be expected f o r  abort  from hover. 
N. Sears  s t a t e d  t h a t  with no IMU updating during coasting descent, the 
e r r o r s  ex is t ing  a t  abor t  from hover would be 8 f t / sec .  ve loc i ty  e r r o r  
and 2-3 m . r .  a t t i t u d e  e r r o r .  
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AGENDA ITEM # 3 

Subject : MECHANICAL INSTALLATION OF SENSING SYSTEMS 

J. Rigsby presented char t s  showing the evolution of the  LEM vehicle  
configuration. Four vehicle  configurations were discussed i n  terms of 
v i s i b i l i t y  and equipment locat ions,  The most l i k e l y  f i n a l  configuration 
was i d e n t i f i e d  as configuration #3 shown i n  Reference 2. 
with minutes),  

(Copies included 

P. Bowditch discussed general  i n s t a l l a t i o n  considerations f o r  the OMU 
and IMU.  Pressure s t r e s s e s ,  loads, and vibrat ion were defined as the major 
sources of misalignment. General i n s t a l l a t i o n  problems for the  OMU a re :  

a) Requirement t o  keep the OMU s u f f i c i e n t l y  c l e a r  of the RCS j e t s  
t o  prevent vapor coating t h e  opt ics .  

Attachment of t h e  OMU t o  the s t r u c t u r a l  skin (at point  of pro- 
j e c t i o n ) .  

b )  

The present CM i n s t a l l a t i o n  has the IMU and OMU mounted t o  a Navigation 
Base i s o l a t e d  from the vehicle  s t ructure .  .The v ibra t ion  i s o l a t i o n  character-  
i s t i c s  w e r e  described as having a t r a n s m i s s i b i l i t y  of 2 a t  a resonant 
frequency of 22 cps. 

A general  descr ipt ion was given for the OMU: 

a )  

b )  

c )  
d )  Manual operation i s  possible. 

One power and t h r e e  power capabi l i ty .  

Uses an a r t i c u l a t e d  double dove prism. 

Angle readout i s  mechanical and e l e c t r i c a l  with inputs t o  the AGC. 

The te lescope 's  eye r e l i e f  was described and H. Sherman questioned 
Consideration t h e  use of the OMU under conditions of face p l a t e  down. 

must be given t o  how c lose ly  the  man can approach the eye piece, under t h i s  
condition, and the r e s u l t i n g  degradation of resolut ion.  

P. Bowditch presented a drafing showing a proposed i n s t a l l a t i o n  f o r  
LEN G & N equipment. The OMU, IMU and Rendezvous Radar antenna were shown 
i n s t a l l e d  t o  a common navigation base. Double concentric bellows would 
be used between the OMU and the pressure w a l l .  The Rendezvous Radar antenna, 
as proposed, would be at tached t o  t h e  Navigation Base with a t r ipod  mounting; 
t h e  three  mounting arms penetrating the pressure w a l l  (Reference 3) .  

The navigation base and associated equipmerft would be i n s t a l l e d  on 
t h e  r i g h t  hand s ide  of the cabin. 
degrees i n  tk vehicle  y-z plane, and have almost fill 360" r o t a t i o n  i n  
the  vehicle  x-y plane t o  give a toro ida l  swept volume. 

The radar antenna would sweep out 2 30 

It was proposed t h a t  the  AGC b e  i n s t a l l e d  under the r i g h t  hand s e a t .  
The PSA was located under the navigation base assembly. 
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Subject : M E C m I C A L  INSTALLATION OF SENSING SYSTEMS (Cont. ) 

I n  answer t o  a question concerning i n s t a l l a t i o n  alignment tolerances,  
P. Bowditch s t a t e d  the OMU misalignment must be held t o  1 a r c  minute maxi- 
mum, IMU must be i n s t a l l e d  t o  have a maximum misalignment of 20 minutes 
s t a t i c  and 2 m . r .  dynamic. 

T. Kelly asked whether Grumman o r  MIT would have respons ib i l i ty  f o r  

If the base were i so-  
the Navigation Base. M. Traegeser s t a t e d  t h a t  i f  the base were an in tegra ted  
p a r t  of t h e  vehicle ,  Grumman should be responsible.  
l a ted ,  i t  should be furnished by MIT as i s  now being done f o r  t h e  CM. 

A. Shreeves gave a de ta i led  discussion on LEM v ibra t ion  and shock environ- 
ment. H e  discussed the differences between these environments f o r  LEM and 
CM, based on the  r e s u l t s  of Grumman's Common Usage Study. The LEM vibrat ion 
regime during lunar  landing was described as a superimposed s i n e  and random 
components. The random component ranging from 5 cps t o  2000 cps, would 
increase l i n e a r l y  t o  100 cps, remain constant from loo-500 cps and then 
decrease l i n e a r l y  out t o  2000 cps. The s i n e  component would have a l i n e a r  
increase from 5 t o  400 cps and remina constant out t o  2000 cps. The maxi- 
mum would be 7 g ' s .  

The maximum shock f o r  LEM would be 12 g on lunar  landing. This i s  
higher  than any shock spec i f ied  for CM equipment, with the exception of 
100 g spec i f ied  f o r  crash e a r t h  landing -- t h i s  does not require  equip- 
ment survival .  The ensuing discussion pointed out t h a t  CM equipment was 
designed f o r  20 g shock resu l t ing  from e a r t h  re-entry. This i s  not an 
abrupt  accelerat ion onslaught, 
described by A. Shreeves as having a 15 mil l i - see  r ise  t i m e  with a maximum 
s t r o k e  of 15 inches. 

The LEM 12 g shock on lunar  landing was 

J. Russell  asked what specif icat ion was being used by MIT f o r  present  
v i b r a t i o n  tes ts  on sub-assemblies, D. Hoag rep l ied  t h a t  a bas ic  NAA spec- 
i f i c a t i o n  was being used. 

P. Bowditch pointed out t h a t  the CM navigation base mount was pr imari ly  
f o r  s t r a i n  i s o l a t i o n .  

The use of the  r e t i c l e  was suggested by T. Kelly as a p o s s i b i l i t y  i f  
landing phase v ibra t ions  precluded-the use of the SCT. 
Traegeser and D. Hoag concluded t h a t :  

A discussion b y  M. 

a )  

b )  

With the 90" down v i s i b i l i t y  proposed f o r  the LEM vehicle  config- 
ura$ion, the r e t i c l e  was not necessary. 

The r e t i c l e  has only 1 t o  1 o p t i c a l  viewing. 
.j "he gives capabiiiiy- foi- l - - - a z - -  -:+- L - ~ ~ ; ~ ~  Laiiuui6 DL CIC UL-I L~~~ 
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ACTION ITEMS 
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1. Grumman will define a preliminary v ibra t ion  regime f o r  LEM. 

2 .  Grumman wi l l  provide an a t t i t ude  p r o f i l e  of LEN during descent f o r  
present  "Nominal" t r a j ec to ry .  

3. Grumman w i l l  provide a philosophy on the  use of t he  scanning telescope. 

4. MIT will submit cons t ra in ts  and form fac to r s  on primary G & N equipment. 

5. MIT will provide c r i t e r i a  against  which present  G & N equipment i s  
being qua l i f ied .  
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AGENIlCl ITEM # 4 

Subject: DISPLAY INTERFACE 

J. Nevins presented two drawings Control and Display Panel and G & N 
(References 4 and 5 )  Display - LEM. 

The panel groupings were shown as: 

System Engineers Display Panel 
P i l o t ' s  Display Panel 
Power Panel 
Center Man Panel 

The following controls  were ident i f ied :  

IMU Controls 
Radar/Optics Control Group 
Manual Att i tude Controllers 
Manual Thrust Controllers 
Computer Over- Ride Control 

The following displays were ident i f ied :  

Condition Lights 
Clock 
Att i tude - Att i tude  Rate (FDAI) 
Range 
Range Rate 
Alt i tude 
Altirtude Rate 

(Documents on crew tasks re la ted  t o  the AGE were not  discussed, but  
a r e  incorporated i n t o  the  minutes as references 6 and 7) .  

J. Russell questioned t h e  reference used for thedisplayed a t t i t u d e  
angles .  D. Hoag s t a t e d  t h a t  these angles were IMU gimbal derived. It was 
questioned whether t h i s  information would be meaningful t o  the  p i l o t ,  par- 
t i c u l a r l y  during landing. 
with respect t o  l o c a l  v e r t i c a l  a t  the landing s i t e .  

M. Traegeser suggested t h a t  the IMU be al igned 



AGENDA ITEM # 4 

ACTION ITEMS 

1. Grumman w i l l  provide ground rules on controls and displays. 

2. MIT w i l l  submit information on electro-luminescent panel displays. 
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3. MIT will submit information on "condition lights." 
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AGENDA ITEM # 5 

Subject: COMPUTER AND PSA (POWER AND SERVO ASSWLY) INSTALLATION 

Sl ides  showing the  ex is t ing  computer and PSA configurations were shown 
and discussed by E. Dug:gan. 

The computer has f i v e  removable t r ays ,  four  symmetrically arranged and 
the  f i f t h  loca ted  above the symmetrical array.  The f i f t h  t r a y  was described 
as a spare.  The ou t l ine  dimensions of the  computer a r e  20 x 7 x 24$. 

I n  response t o  question by R. Carbee it was s t a t e d  t h a t  t he  computer 
t r ays  requi re  a clearance of 232 inches f o r  removal. 

The PSA present ly  has nine trays;  t h i s  could possibly be reduced t o  
The PSA trays are 16$ x 4 x 2. e igh t  t r ays  f o r  LEM. 

The same form f a c t o r  was proposed f o r  the  LEM assemblies. 

E. Duggan proposed the  t r ays  be mounted d i r e c t l y  t o  cold p l a t e s  t h a t  
It was a l s o  would be an i n t e g r a l  p a r t  of t he  frame and supplied by MIT. 

proposed t h a t  MIT supply the cabling between the  Computer, PSA and IMU. 

R. Carbee questioned the  weight savings r e su l t i ng  from i n t e g r a l  cold 
p l a t e  design. E. Duggan s t a t e d  tha t  a 20 pound savings would r e s u l t .  

The rope core memory w a s  described as consis t ing of th ree  l ' s t icksl '  
with approximately 1000 cores (1024) p e r  s t i c k .  
f l e x i b i l i t y  ex i s t ed  with the rope core memory. 
two weeks would be required f o r  program changes. 

C. Moore asked what program 
It was s t a t e d  t h a t  up t o  

A sample log ic  s t i c k  (unpotted) was ava i l ab le  and was c i r cu la t ed  f o r  
genera l  inspect ion.  
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AGENDA ITEM # 5 

ACTION ITESIS 

MIT and Grwnman w i l l  j o i n t l y  study packaging concepts f o r  the  Apollo 
Guidance Computer and the  Power and Servo Assembly, The study w i l l  consider:  

1. The p o s s i b i l i t i e s  of mounting t r a y s  d i r e c t l y  t o  cold p l a t e  
thereby eliminating the  frame used i n  the  present  CM package. 

P o s s i b i l i t i e s  include bu t  should not be l imi ted  to :  

a )  
b )  

c )  

I n t e g r a l  t r a y  and cold p l a t e  design. 
Tray and separate  cold p l a t e  with cold p l a t e  fabr ica ted  
and in t eg ra t ed  with t r a y  by MIT. 
Cold p l a t e  fabr ica ted  by G U C  as p a r t  of s t ruc tu re  with 
t r a y  mounting arrangement j o i n t l y  determined by MIT/GAEC. 

2. Gnunman will f'urnish t o  MIT t h e i r  present  concept on equipment 
arrangement. 

3. MIT w i l l  supply the  following information t o  Grumman: 

AGC Thermal p ro f i l e  of C/M t ray .  
AGC Tray s i z e  andmounting f o r  LEM. 
AGC Module size and mounting. 
PSA s i z e  and mounting f o r  C/M. 
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AGENDA ITEM # 6 

Subject: IMU AND SYSTEM THERMAL DESIGN 

Thermal design considerat ions for  t h e  AGE were discussed by E. Hickey. 

The following IbU thermal design da ta  w a s  given: 

a)  
b )  
c )  
d )  
e )  
f )  
g)  

Maximum component design temperature 180'~. 
Minimum component design temperature 50°F. 
Limits on component temperature va r i a t ion  f +OF. 

Nominal i n l e t  coolant temperature 45OF. 
Tolerance on i n l e t  coolant temperature f 3loF. 
Coolant Flow Rate 33 lbs/IFr. f 3. 
Pressure Drop 1.5 PSI (6% 33 lbs/Hr and i n l e t  temperature of 45OF)- 

For storage condlftion, a 2 l5'F spread i n  IMU temperature can be to l e ra t ed .  
If the  temperature drops below 45OF, r eca l ib ra t ion  w i l l  be required. 

The I M U  w i l l  be pressure sealed with an i n t e r n a l  ,Pressure of approxi- 
mately 15 ps i .  
days mission time. 

This pressure i s  expected t o  be a minimum of 3.5 p s i  a f t e r  four  

The AGC thermal c h a r a c t e r i s t i c s  were presented: 

Power dens i ty  100 watts/cu. in.  
Heat s ink  temperature 90' t o  110' F. 
Heat s ink  loading 0-3 watts/sq. inch. 

Grumman's requirements were s ta ted  as 1 watt/sq.inch heat s ink  loading and 
cold p l a t e  temperature range of 00 t o  130°F. 
requirements would be a problem. 

E. Hickey agreed t h a t  t h e  conf l i c t ing  

The power d i s s ipa t ions  for eachmajor  assembly were presented as:  

Computer 
PSA 
SCT 
m 
CDU' s 

175 Watts 
402 Watts 
20 Watts 
80 Watts 
30 Watts ( t o t a l )  

It was-requested t h a t  a copy of the document showing these  powers be l e f t  
D. Hoag s t a t e d  t h a t  system power requirements were given i n  t h e  with Grumman. 

cu r ren t  rev is ion  of t h e  Weight and Balance Report, previously submitted t o  
Grumman. 
power f o r  each major assembly. 

It w a s  pointed out  that t h i s  document d i d  not e x p l i c i t l y  show t h e  

E. Hickey and A. Boyce discussed s l i d e s  showing the  IMU i n t e r n a l  assembly. 
The TW's general gimbal configuration and bas i c  components were i d e n t i f i e d  - 
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gyros, accelerometers, blowers and ADA. 
50,40, 40 proceeding from inner  t o  outer gimbal. 
described. Four s t a i n l e s s  s teel  in se r t s  a r e  used t o  e s t a b l i s h  a reference with 
respect  t o  the  navigation base mounting plane. 
ment reference within the  plane. (Reference 8; copies included with minutes). 

The IMU has a t o t a l  of 130 s l i p r i n g s  - 
IMU mounting provis ions were 

Locating pins  are used f o r  a l ign-  

ACTION ITEMS 

1. Grumman w i l l  review present MIT equipment cooling requirements. J o i n t  
discussions w i l l  be held t o  resolve e x i s t i n g  incompat ib i l i t i es  on IMU 
coolant i n l e t  temperature and AGC cold p l a t e  f l u x  dens i t i e s .  

2. Gnunman w i l l  def ine t h e  thermal environment f o r  a l l  LEM Navigation- Guidance 
equipment . 
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AGENDA ITEM # 7 

Subject: ELECTRICAL AND FUNCTIONAL INTERFACES 

The e l e c t r i c a l  in te r faces  between primary G & N and o ther  LEM systems were 
defined by D. Hoag. 
in te r faces  be defined and I C D ' s  issued: 

M r .  Hoag suggested t h a t  within the  next month, t h e  following 

1. Steer ing Errors  - ex i s t ing  s ignal  i s  800 cps, sca le  0.3 t o  0.5 
Volts/degree. 

2. 8 - B a l l  display.  
from each IMU ax i s  and converts t o  400 cps t o  dr ive  8 - b a l l .  

NAA present ly  takes  800 cps s i n  and cos outputs 

3. E l e c t r i c  Power - MIT/GAEC determine: 

a)  
b )  

Who is  responsible f o r  the power switching. 
Use of separate  turn-offs  f o r  IMU, AGC, OW. 

4. Computer i n t e r f aces  t o  be resolved. 

a)  Thro t t l ing  command - MIT p re fe r s  a pulse t r a i n  command with 
pulse rate proport ional  t o  des i red  thrust r a t e  of change. 

b )  Engine s t a r t / s t o p  commands. 

c )  Computer clock. 

5. Fai lure  l i g h t s  - a decis ion is required on who w i l l  supply these.  

6. Computer programming - (operat ional  procedures must be es tab l i shed) .  

7. Cabling - MIT proposes t o  supply cabl ing i n t e r n a l  t o  the  primary 
N & G equipment, The cabling requirements f o r  connection t o  ex terna l  
equipment must be mutually defined, 

P. Felleman discussed slides showing t h e  radar,  computer and op t i c s  i n t e r -  
faces,  
t o  t h e  Scanning Telescope (SCT) during search mode. The in t e r f ace  between t h e  
SCT and the  gimbal axes readout w a s  shown as a two-speed synchro system. 1 x, 
64 x synchro rece ivers  on t h e  antenna t runnion (x)  axis and $x, 1 6 ~  rece ivers  on 
t h e  antenna shaf t  (y )  axis would be matched t o  t ransmi t te rs  on respec t ive  sha f t  
axes of t h e  SCT. 
MIT e n t i r e l y  (mechanically and e l e c t r i c a l l y ) .  
be s tandard synchros -- s i z e  8 o r  size 11. 
minutes). 

It w a s  proposed t h a t  t h e  rendezvous radar  giniballed antenna be slaved 

It w a s  proposed that  these  matching synchros be spec i f ied  by 
P. Felleman s t a t e d  t h a t  these  would 

(Reference 9 ,  copies included with t h e  

A r e l a y  closure on rendezvous radar lock-on would give a 102.4 kc input  t o  the  
--- Am-- - tc? h d k & e  the e111 nf w n r c h  mode. 
pu ts  t o  t h e  computer would be through t h e  SCT shaf t  and trunnion axes encoders. 

After lock-on, antenna gimbal angle in-  
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Rendezvous radar  outputs (range, range rate) and landing radar  outputs 
( a l t i t u d e  and x,y,z v e l o c i t i e s )  would be read i n t o  the  computer through a time- 
shared high speed counter. 
addi t iona l  proposed in t e r f aces  between t h e  radar  and computer a r e  shown i n  
Reference 9,  Figure 3. 

Details are shown i n  Figure 2 of Reference 8. The 

I ACTION ITEMS 

1. 

2. 

3. 

4. 

5 .  

6. 

7. 

8 .  

9. 

10. 

Grumman w i l l  e s t a b l i s h  In te r face  Control Document format and procedure. 

MIT w i l l  fu rn ish  t o  Grumtnan complete drawings of a l l  primary Guidance and 
Navigation equipment planned for use i n  LEM down t o  t h e  lowest replaceable 
assembly l eve l .  (Details on primary G & N as now configured f o r  CM i n  
U,UUI - J J < + <  V l V I l  -- + A  "V IUJ 1 o - r n * r + n  VU"" =f ~~7ifi..~bi,~r,E prmccef i  fFr L.r;'M- ) 

MIT w i l l  provide a l i s t  of on-board spares, l e v e l  and method of maintenance 
f o r  each major assembly of the  primary G & N equipment. 

MIT w i l l  provide information of f a c i l i t y  requirements a t  Grumman, with 
d e t a i l e d  j u s t i f i c a t i o n  f o r  t he  working a rea  requirement (c leanl iness  standards,  
e t c . ) .  
ment t o  be i n s t a l l e d  w i l l  be furnished. 

A schedule f o r  t h i s  f a c i l i t y  w i l l  be es tab l i shed  and a l i s t  of equip- 

Grumman w i l l  provide information on preliminary design and i n s t a l l a t i o n  data 
f o r  descent and ascent engines and RCS; d e t a i l s  t o  include: 

Charac te r i s t ics  of start and cut-off t r a n s i e n t s  
Ullage requirements 
Dynamic response of t h r o t t l i n g  mode (descent)  
Minimum impulse 
Duration 
Moment a r m s  
Description of modes of operation of RCS, t o  include SCS log ic  

Grumman w i l l  supply vehicle  information as ava i lab le .  

Grumman w i l l  submit t o  MIT information on SCS modes of operation with block 
diagrams. 

Grumman w i l l  f u rn i sh  a def in i t ion  back-up guidance concept ( i n e r t i a l )  and 
Grumman d e f i n i t i o n  of i n t e r f ace  with primary N & G system. 

Grumman w i l l  def ine  t h e  e l e c t r i c a l  i n t e r f ace  between CSM and LEM when 
docked. (any umbil ical  on launch pad). 

MIT w i l l  fu rn ish  Grumman detai led and complete descr ip t ion  on primary G & N 
i n t e r f a c e s  with t h e  LEM FCS/SCS: 

3.) ! k i t t e n  d-esrri8t.i on of a t t i t ude  e r r o r  signals:  whole angle s igna ls  
and t h r u s t  cont ro l  s igna l s  f o r  each mode of operation (f 'unctional 
writeup).  
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b )  Interface l i s t  of inputs and outputs and type of s igna l  ( d i g i t a l ,  
analog, syncho, resolver ,  etc. ). Is 16 speed-signal avai lable? 

e )  Scaling, c a r r i e r  and modulation technique, resolut ion,  expected 
noise leve ls ,  etc. ,  f o r  a t t i tude ,  a t t i t u d e  e r r o r ,  accelerometer out- 
put, t h r u s t  command s ignals ,  e t c .  

11. MIT w i l l  def ine t h e  programming techniques or parameters control led during 
various f l i g h t  phases. (For example, def ine t r a n s i e n t  problems t h a t  might 
occur when switching between programs, guidance modes, e tc .  ) . 

12. MIT w i l l  submit an out l ine  of IMt? alignment procedures f o r  each mission 
phase, i f  d i f f e r e n t .  (e.g., l una r  o r b i t ,  parked on lunar  surface) .  

1 2  P a r f c  f a i l i i w n  n f f n e f c  a n a l v c i c  - (whaf nnrtinnc. cf' ~qij-fi,mefit. i n  pr imary 
-----&l - - - \ .' --- " r-- ------ -2. &-& .,- ...-&-.",A- -AA--"- 

G & N i s  disabled and/or s t i l l  available f o r  p a r t i a l  use) t o  be provided 
by MIT. 

14. A funct ional  block diagram of primary G & N system (flat-schematic) w i l l  
be submitted t o  Gnunman. 

15.  MIT w i l l  define standby power requirements for AGC and major assemblies 
during a l l  mission phases. 

16. MIT w i l l  submit midcourse and rendezvous AV requirements. 

17. Grumman and MIT w i l l  mutually define t h e  in te r faces  between LEM radar  equip- 
ment and other  N & G equipment. 

18. Grwnman and MIT w i l l  j o i n t l y  e s t a b l i s h  t h e  handling procedures f o r  N & G 
equipment a t  GAEC . 
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a)  

b )  IMU Coarse Alignment 

c )  -.Fine Alignment 

d )  Midcourse Navigation Measurement 

e )  Thrusting Program (Non-Launch) 

MIT/IL S l ides  No. 24329 

MIT/IL S l ides  TP 8003-1,2,3; LEM Radar - Optics-Computer In te r face .  

Crew Tasks for :  

Earth or Lunar Orbit  Navigation Measurement 

t h r u  24334, IMU - 3 f o r  Apollo G & N Equipment. 

* Copies included with the  minutes. 



. 

Massachusetts Institute of Technology 

Cambridge 39, Massachusetts 
Ins tfumentation Laboratory . 

John Dahlen 
18 March 1963 

NOTE: 

LEM Primary Landing Mode of Operation 

By primary mode of operation we  mean the recommended mode 
when all systems a re  GO. Refer to Fig. 1 for picture of events. 

1. 

2. 

3. 

4. 

5. 

Prior to separation of the LEM from the mother spaeecraft, 
the G&N system is checked out and aligned. 

The LEM separates from the mother spacecraft using i ts  
reaction control system jets, operated in the manual 
translation mode. 

The LEM is injected into the equal-period transfer orbit 
by applying approximately 460 feet per second velocity 
increment with the descent engine. Guidance is via the 
fully automatic thrust vector control mode. --- This maneuver 
lasts about 30 seconds. 

During the approximately 30 mimte  coast period to 
pericynthion the crew monitors system operation and prepares 
for  the landing maneuver. 
radars  may be checked during this phase by tracking the trans- 
ponder on the other vehicle. 
checked shortly before pericynthion by having it radiate toward 

Both the LEM and the C-SM rendezvous 

The landing radar can also be 

the lunar surface and monitoring the return. 

At pericynthion the descent engine is started by the G&N system. 
The initial descent is a fully automatic all-inertial mode, and 
lasts until the LEM is approximately 20 miles from the landing 
point. Velocity and altitude a r e  displayed on the AGC display 
unit, Doppler inputs resolved by the AGC are also displayed, 

------- 

even though they a r e  not yet introduced into the guidance 
equa tiona. 
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6 ,  At a distance of about 20 miles from the landing point the 

radar altitude information begins to become more accurate 
than the inertial altitude. At this point i t  is used by AGC 
to update the altitude coordinate in a smooth manner. 

7, At 15 miles the astronaut can begin to use his  telescope in 
order to monitor the landing area. 
in the AGC mode of operation which accomplishes the 
following: The telescope is pointed by the AGC at the landing 

. point for which the guidance system is steering the vehicle. 
Let us refer to the astronaut in the right seat  as being the 
navigator. The navigator looking in the telescope eye-piece 
wi l l  see  the landing point in the center of the field with the 
crosshairs directly over the predicted landing point. The 
magnification of the telescope permits the navigator to judge 
more accurately the suitability of the landing spat than can 
the pilot, Also  a t  this point the abil'ty of the pilot to see the 
landing area is somewhat questionable, depending on the visibility 
permitted from his'seat. 
are such that large angular accelerations of the vehicle wi l l  cause 
motion of the landing area in the field. 
that this wil l  be a serious problem. 

The telescope is placed 

The dynamics of this telescope mode 

However, i t  is not felt 

If the navigator does nDt like the landing area he s o  informs the 
pilot. The pilot has an approximate indication of where the 
spacecraft is headad because the! computer controls the yaw 
degreQ of freedom of the vehicle so as to place the landing area  
in the Xsc Zsc (pitch) plane. Refer to Fig. 2 for axis definitions. 
With the pilot 's permission, then, the navigator can chanze 
landing site by momentarily disengaging the AGC mode with the 
toggle switch at  his left hand. Then, using the optics stick, the 
navigator paints the telescope at  a desirable landing point. When 
he has the crosshairs on the desired landing point he relases the 
toggle gwitch, 

- -  

The computer then r e a d s  o u t  the angles of the 

1-2 
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telescope and the IMU with respect to the navigation base, 
thereby determining the bearing of the new landing point. 
The  computer then steers the bug for this point. 
telescope is n3w back in the AGC mode of operation sa 

that it  w i l l  follow the new landing point. I t  is possible for 
the  navigator to change the landing point s everal t imes  
before the flare is initiated. 

The  

8. At a distance of about 10 miles from the landing point, the 
d oppler velocity information also begins to become useful 
to the computer and s o i t i s a ssimilated into the g aidanc'e 
e qua'tions with a gradually inereasing weighting iunc tion. 

9. Next wil l  b e  an  automatic flare maneuver which levels the 
flight path. 
s elect the altitude to which the LEM wi l l  f l a r e  out. 
p r io r  t o  the  f l a r e  the pilot will instruct t he  navigator to punch 
into the computer through the keyboard the altitude a t  which h e  
d esires t o  flare out. If he daes not do anything, the computer 
w i l l  flare the vehicle out to a predetermined altitude, say 
two hundred feet. Now i t i s  going t o  cost'fuel t o  flare out 
at a high altitude, consequently the pilot w i l l  oniy choose an 
altitude higher than the one  stored in the  program when he 
h a s  reason t o  b e  app-ehensive about the suitability of  the 
terrain.  

Before this happens the pilot has  the ability to 
Therefore, 

10. The flare-outs puts  the c raf t  into a level path w i t h  a constant 
velocity of 5 0  fpet p e r  second. 
c onstant and  vertical. 
A LTITUDE HOLD mode of operation. 
would co ntinue i n  this condition for a v e r y  f e w  seconds, 
followed by an  a utomatic 1 et  d own phase which places the  LEM 
o n the intended 1 anding point. 

8 
The attitude of the vehicle i s 

This  wil l  be referred to as t h e  
Normally, the vehicle 

* While it does not seem advisable a t  this time, the provision does 
exis t  for the piioi io change uiis V o l U L A b J  uy m u  U A & 3 b A U b b u . 6  

prior to flare out. 
& * - * -  - - - y - - : L - -  L-- _ _  :--&-...A,Im* tka b p - p  ..-- 

f-3 
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11. The automatic let down phase has as initial condition the LEM 
travelling horizontally in the vertical attitude a t  a speed af 
50 feet  per  second. The let down phase s ta r t s  by pitching up 
so as to reduce the velocity. The vehicle re turns  to the vertical  
artitude when the horizontal velocity goes to zero. The 
thrott le has been regulated by the AGC to attain an altitude of 
100 feet  and a sinking speed of 10 feet per second a t  this point. 

Now the LEM descends vertically* to ~e lunar surface, while 

- 

5:i--L-&g gpe& is gradually r-eduCed te 5 feet per E;e<oibd oi- 

less. If there exists an altitude below which the radar  can no 

The all-inertial constant velocity let 
longer be trusted, the descent can be completed in an all-inertial 

c onstant velocity mode, 
down does not require visibility from the cockpit, nor does i t  
r equire functioaing of the altimeter. It only requires proper 
functioning of the inertial guidance system which, of course, 

is no problem, 

12, Now, if after the flare-out and before the terminal let-down, the 
pilot did not like the looks of the terrain, he has two alternatives 
available to him for selecting a new landing - -  point. First he h i t s  

the OVER-RIDE button to prevent the terminal - let-down. So 

lorig as he holds this button down the LEM will  remain in 
ALTITUDE HOLD, When this button is released, the ---- let-down 
w i l l  s ta r t .  

13. If the new landing point should be some distance away because 
of a gross  misjudgment on the par t  of the pilot or  the navigator 

i n  selecting this area ear l ier  in the trajectory, the navigator 
can then select a new point using the telescope mode of operation . 
alr ead y de s cr ib  e d . 

* The terminal descent need not be vertical. 
indicate the need for a slant approach which can be programmed 
into the AGC as readily a3 a vertical approach. 

Later information may 



14. 

15. 

If, however, the landing area  is generally suitable but 
has certain obstacles to be avoided, which is probably the 
most realist ic case, then small  changes in the intendad landing 
point can be accomplished as follows: The pilot has  over- 
ridden the terminal let-down maneuver so that the LEM is now 
proceeding at  constant altitude 50 feet per second in a vertical 
attitude. The pilot can see the surface ahead of him. 
pilot also has good judgment based upon his  experience in 
training that when he re leases  the OVER-RIDE button to 
initiate ine iei-down maneuver he knuws ab>u'r huwiriucii f G i w i i r d  

-- 

The 

travel wi l l  be accomplished during the time i t  takes the forward 
velocity to be arrested. So, i f  there appears ahead of h i n  a 
suitable landing area, the pilot waits until he is at known distance 
in advance of the desired landing point and then releases the 
OVER-RIDE button which initiates the automatic terminal 
let-down maneuver. --- 
If there a r e  not suitable landing areas  directly ahead of the 
spacecraft then the pilot can change his heading as follows: 
Remember now the spacecraft is travelling at  constant altitude 
and 50 feet per second over the lunar surface. - -  The OVER-RIDE 
button is being held down. The pilot now uses his control stick 
to roll the ship over to some roll angle in the same manner he 
would bank an aircraft. The G&N system automatically controls 
the throttle to maintain the HOLD altitude. The system controls 

spacecraft yaw attitude to hald the velocity vector in the 
XscZsc (pitch) plane and controls pitch attitude to hold constant 
speed. Note, then, that OVER-RIDE during ALTITUDE HOLD 
not only delays the - automatic let down but i t  takes control of 
roll  attitude away from the AGC and gives i t  to the pilot. From 

the cockpit this looks and feels like a conventional coordLnated 
aircraft  turn. When the craft  is headed in the desired new 
direction the bank angle is returned to zero. 
button 1s reieased wr're1i ihe p i h t  f i i ~ h ~ ~  to W t k k  L!e 

The OVER-RIDE 

automatic let-down. 
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16 The need may exist for small  translations on the order of 
50 feet o r  less daring the terminal dcscent. 
that these translations be accomplished with the RCS thrusters 
in the manual t r a n s ~ t f o n  mode already provided in the control 
system. The automatic terminal descent would be interrupted 
by the OVER-RIDE button. 
terminal descent causes the AGC to relinquish attitude command 
authority by switchirg: the control system to man& translation 
mode. 
altitude existing when the OVER-RIDE was depressed. 
Releasing the button would tell the AGC to resume control of the 
terminal descent from the new position. 

17. Also during the terminaldescent the AGC wi l l  correct  the yaw 
angle (rotation about Xsc) so that the LEM wi l l  se t  down in the 
proper azimuth orientation to permit tracking the mother shir, 

f rom the lunar surface. 

It is proposed 

- -  
-- 

--- 
Depressing this button during 

The AGC retains control of the throttle to maintain the - 

18, Note that the AGC Display will  indicate time remaining before 
the next mode so that the pilot will  know how much time he 
ha8 to change his mind, 

SpecMically, we will display: 
TIME-TO-GO TO: 

a. separation 
b. descent engine s t a r t  
c. flare out 
d. automatic let down 
e. la tes t  possible let down (when in over-ride mode) 
f .  touch down 
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