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SUBJECT: Gemini and Apollo Spacecraft Controls and D i s p l a y s  BUG 1 I 

1 
I 

1 

I / 
Your memo of July 19, 1963 c q f i . J t s  attachment, "Display and Control 

Recommendations mde During the  Gemini-Apollo Guidance and Navigation 
Systems Comparison Study", May 21, 1963, ham been reviewed against  MSC 
estimates of present s t a tus  and proba3i.e ou-iZoms ef iissiga tihiriibg on 
controls and displays f o r  Genini, 'the Apollo M, and the Apollo LEX. 
Results of th i s  review a re  summarized in the following comments and 
discussion keyed to the comments in  the Bellcomm memo. 

General Statements 

Apollo "appear capable of performing" as required, they are (or  are pro- 

the  unique character of the mission of each. 

choice. 
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1. Not only do the  displays and controls planned f o r  G e m i n i  and . ;I 

I '  

jected to be) remarkably consistent from vehicle t o  vehicle i n  view of 
, I 

i Existing differences i n  
. "design philosophies" are more a matter of necessity than of a rb i t ra ry  -. I 

I "Commonality i n  controls and displays" is important t o  astronaut 

Similar spacecraft f'unctions should be accomplished 

- *  I r e l i c b i i i t y .  There are instances, however, where overriding considerations ~ I 
m y  force a departure from s t r i c t  commnality in the in t e re s t  of man/ 
machine r e l i a b i l i t y .  
by similar astronaut act ions on a l l  vehicles except in those cases where 
s i tua t iona l  fac tors  make a contrary choice more prudent. The present % i  design concepts follow the rule of similar action f o r  similar f'unction to i the  maximum extent compatible with in t e l l i gen t  consideration of the 
s i tua t iona l  requirements of the different  vehicles. It is  simply not t rue  ' . 
t h a t  " l i t t l e  a t ten t ion  has been paid t o  commonality" in the design of 

> i  control and display equipment aboard the three vehicles. 

Specific Comments 

. I  I These w i l l  be mechanize5 conventionally (yaw around the ve r t i ca l  axis, 

displaced indicator t o  n u l l  the indication). 
displays include rate and e m r  neefics (combined in Gemini w i t h  d i f -  . 
f e ren t i a1  indication a matter of mode selection).. . . .  These needles will 

i 
I 
1. 

* -  I 
I 

! 
1. All three vehicles w i l l  feature' 3-axis bal l  a t t i t ude  displays. 

- 1  
i 

- i  

i 
i 

p i t ch  around the horizontal  axis, and r o i l  sound "ne longitudinal axis) 
w i t h  "fly to" control/display mveliient relationships ( control toward 

' I  1 Gemini and Apollo a t t i t ude  
/ 
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probably be mechanized for  "fly to" movement. Rate and er ror  incU.cators 
i n  the I;EM are  presently envisioned as separate from thc  b a l l  dlsplay t o  
f a c i l i t a t e  presentation of rate and error  information alone (no p i c t o r i a l  
display) a t  the  co-pilot station. These indications w i l l  a lso be "fly to". 

2. The question of horizontal pi tch markings versus ve r t i ca l  l i n e s  
involves an exercise in  semantics. 
horizontal  and ve r t i ca l  markings, with the horizontal markings intended 
primarily fo r  mediation of p i tch  information. 
vehicles w i l l  show up in  the mtter of lot-ation of the poles f o r  the 
converging coordinates. I n  the 
Apollo CM they a re  a t  ? 9C0 yai?, coincident with,-the areas of gimbal lock. 
Since markings a re  somewhat ambiguorls i~ the  L&di.te ~ i c h i t y  of 8 pele, 
it is  sensible t o  locate poles a t  those points on the ba l l  where gimbal 
lock r e s t r i c t ions  operate otherwise. The four-gimbal Gemini system has ' r \ no gimbal lock problem. bkrltings on the a t t i tude  ba l l  are  subject 

\ t o  flrrther study, but w i l l  necessarily be consistent with the unique 
display problems attendant upon operations at o r  near the  lunar surface, 
where conf l ic t s  between instrument displays and out-the-window views 

' must be minimal. Current thinking ternda tsmrd a fow-tgj;m'raa;b system, 1 Maneuver requirements f o r  the LEI4 not be collrpatible with the gimbal- 

All ba l l  indicators w i l l  have both 

The differences between 
I 1." In Gemini, the poles are  a t  f goo pitch.  

. 

lock r e s t r i c t ions  of three-gimbal systems. _- 
3 .  Vertically oriented a t t i t ude  controllers a re  currently pre- 

i 
scribed f o r  a l l  three vehicles. The gr ip  configuration w i l l  be somewhat 
d i f fe ren t  from vehicle t o  vehicle i n  accordance with the special  require- 
ments i n  each case (e.g., the  Gemini Cantroller i s  operated by the right 
hand of one astronaut, the l e f t  hand of the other). 
vehicle response relationships w i l l  be standard: fore and a f t  pivot f o r  
pitch, l e f t  and right for  ro l l ,  and rotation around the ve r t i ca l  axis f o r  
yaw. 

The control movement/ 

4. Translation controllers w i l l  be standard throughout a l l  vehicles 
t o  the maxkm practicable extent with respect t o  both mounting orientation 
and movemeat relationships. 
such that  control movement i n  a given direction produces vehicle motion 
i n  that direction. 
unique as a solution t o  the problem prescnted by the requirement that the 
control ler  3e used for  both t ranslat ion control and engine thro t t l ing .  
The problem is  being studied a t  present; a design decision is expected 
within a few weeks. .$ 

Jh Gemini and the Apollo CM they are oriented 

Tne design of the I;EM controller w i l l  probably be 

. .  
I .  
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5. Range and range-rate h d l c a t o r s  are s t i l l  under study f o r  the I 

The advantage of the circular indicators used in Gemini, Apollo vehicles. 

, 
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whereby r a g e  and range r a t e  needles a re  kept i n  a prescribed relationship 
for  solution of CL rendezvous problem, can be real ized equally readi ly  
with l i n e a r  scales f o r  which other advantages may accrue (e.@;., range . - -  
i s  a linear concept). 
operating principles, would not appear t o  be desirable a t . . th is  time 

Staniiardization on i i r c t i k r  scales, as opposed to 

\ 

6. Effor t  should be nade t o  standardize the configuration of 
displays and controls serving the same flrnction wherever va l id  reasons t o  
the contrary do not exist. Where such..geasons do exis t ,  however, individ- 
ual confignat ions w i l l  need t o  saJcis3 requirements and d ic ta tes  of the 
specific s i tuat ions.  3'or cxm-ple, the delta-xelocity display f o r  the IDS 
m y  be of a q e c i d .  vhic2.1 can nediate i n T o m t i o n  f o r  resolution of 
the special  problems of operations.rear the lunar surface. 
rendezvous operations, the G e m i n i  delta-velocity indicator might Other~i6e 
be sat isfactory.  Reentry displays for Gemini and Apollo, as another 
exangle, will need to r e f l e c t  differences in the respective dynamics of 
e n % g  from earth o r b i t  versus entry f'rom trans-earth trajec"tarie8. 

. tq..V- 

For IEM 

George M. fiow 
Deputy Director of Mannea space Flight 
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