#z7
‘/L>

{

- MAM W ®
Subject: Cemini and Apollse Jpacesraft Date: & mber 6, 13563
Cuntrols and Dilsnlays ) {
w from: P, R, Knaffl
MEHCRANIDGY 'OR FiLED

In response to a recuest L{rom MD(3S), the attached

muuws“ndum from G. M. Lou tv J. P. Shea (M-C S 1000~204) hau

been revicusd te ascens whether 1t is consistent with the
fvuomﬁch&UlOnw contalned in the Dellceocmm meomorandum on dis-
plays and controls, dated day 21, 1905.

In general, it appears falr to state that the HASA
menorandum o¥presced vievs wnich are consonant with thise ex-
prossed in the Jellcomm decument. IP the statements in the
NASA memorandum accurataely reflect the design implenme nuau¢on
policy at M3C, then this, tou, ig in accord wlith Bellco VieUs.

There 1s one portion in iHr. Low's memerandum {which
anparently wag writiten by Majer Leroy Paige, a knowledgzeabdle
and comnetent expert in the hwwman factors arca) which points
to a sitvation which may becopme a nreblem avea. This question
conters about the manner of marking the attltude ball indlicater
used to display »ahible atticude to the astronaut. As the
IASE reviewer stated, "The éilference betueen /Cemini and
Apolle/ will shou un in the matter of location of the poles
i'or the cor verging coordinates.  in Gemini, ah@ poles are at
£20° piteh. /Cﬂn'*“““cnal 8 baill markinss as drawn represcnta-
tively in FPicure 1 /7 In the Apscllo (i they are at #30° yawu,
coineldent with thé areas of gimbal lock.” /A.I.T. configur
tion as schematized in TFigure 2_/

The Dell as chlie
poin uv a poie unrelia ity
Joom 3 apparenti dioplacement
at vihiich the coordd I migh @
this nroblem area cropned up AT Lhc MJILT.
puidance system ue c Yall-attitude" operation
in L“o O could bo a.  Hevertheless, the cur-

igned (i that, in order to zvold

Ci{ av inity of £30° yeuw must
10 the ¢ cperate reliably. TFur~
given th re M,I.7. recommendations
wlirine the gpears to be reasonable.
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Since the Genini vehicle is not similarly con-

stralned continued use or COHVUuuiOu 1 8-ball markings has
been employed on 1ts attiltude indicator., The NASA memorandum
does not indicate what sort of markings will be employed on
the LEM ball, but the argument (1f Ceminl is to be used as a
"raining bed" for Apollo) 1s the same in eilther case., TFigure
3 is a rough drawing oi what the Gemini attitude indlcator
would show if the vehicle were rolled approximately 6C° clock-
wise. With the display as shown, the approprilate control
action to roeturn the vehicle to an upright positioa is to
displace the attitude control stilck to the left. Fimure 4
shows a sketeh of the position of the Apollo Cl 1ttitude ball
(FDAI) using the M.I.T. mavrkings if the Apollo CM were rolled
anproximately 36° counter-clockuise, Here, the anpropriﬁte
contrel scetion to return the yehicle Lo 'n'l m‘nﬂ‘i ght position

T

s & displacement of the attitude control i@ 3ob Lo tne right,
ote, however, that in Figure 1 and in Flgure 2 a casual, or
quick glanc at The indicator hbeﬂ to show that they are

in the same pOuiLlOUu in both cages It would be unfortunate
indecd if, under The stress of a par “oicular situation, the
astronaut fl‘iﬁ“ une Ci vere o commit a critlcal cfror solely
because he was ained on a display system in whlch this con-
trol action was appropriate!

While this potential source of unreliability is more
likely for CM/LEM differcnces, 1t also pertains to Gemlni/
Apolio differences if Ceminil I5 to be used as a "training bed"
Tor Apollo, It is most strongly urged that the ball markings
on the LEM be consistcent with those in the CM.

If an itenm by itenm review of the NASA memorandun

is required, it can be supplied. It does not, at this time,
appear ﬁe O°sarJ. Many of the minor mi‘cr\,ncc that may
anpear to oxist betwecen th2 RBelleomm and the NASA memoranda
are a function of The throc-month difference of their dates
oi “ssvn“ce (since this 1s such a rapidly evolving pro ocgram).
The differences scem to point to at least Oﬁe conclusion:
"Rizht nc." is apparently not too carly to visit MSC and/or
Grumman and North American %o obtain the lauest version of
L e

displays and controls to be used with the Apollo Cl and tThe
?M Actv“uanG at relevant meetings, currently scheduled
for September 17 and October 1, has been planncd

ORIGINAL SIGNED Bx

11322-PRX-RR : ?. R, Knaf?f
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Messrs., J. A. Hornbeclt
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i " UNITED STATES GOVERNMENT =~ ~ " « . i . . . ‘

Memorandum ~ ~  asisssz g
: ‘ ' ; : » ’ f«i DA R ]
i+ . T : uD(S)/Shea . . DATE: 1359 S %
! I . » ' In reply refer to: s
! . . - M-C S 1000-204 -, . s
: FROM :  MD(P)/Iow \ YT pen » ;
' o ‘ ~ : : . o A o (
SUBJECT: Gemini and Apollo Spacecraft Controls and Displays MUG 13».1’%@ S ,
E , . , VRN RS

, _ ‘
Your memo of July 19, 1963 apg.its -attachment, "Display and Control

Recommendations made During the Gemini-Apollo Guidance and Navigation - .
Systems Comparison Study", May 21, 1963, have been reviewed against MSC * =~ ..

" estimates of present status and probable outcomes of design thinking on -~

g ‘ " controls and displays for Gemini, ‘the Apollo CM, and the Apollo LEM. - s,

.+~ .- Results of this review are summarized in the following comments and = I

’ "' ' discussion keyed to the comments in the Bellcomm memo. - - : :

General Statements

1. Not only do the displays and controls planned for Gemini and . -~ . i
Apollo "appear capable of performing” as required, they are (or are pro- SR
. Jected to be) remarkably consistent from vehicle to vehicle in view of
the unique character of the mission of each. Existing differences in .
- "design philosophies" are more a matter of necessity than of arbitrary - -~~~ - |
. choice. . : .

2. "Commonality in controls and displays" is important to astronaut
reliability. There are instances, however, where overriding considerations -
may force a departure from strict commonality in the iInterest of man/

t machine reliability. Similar spacecraft functions should be accomplished
by similar estronaut actions on all vehicles except in those cases where
situational factors make & contrary choice more prudent. The present ; -
- design concepts follow the rule of similar action for similar function to- =~ = .
‘the maximum extent compatible with intelligent consideration of the o
situational requirements .of the different vehicles. It is simply not true
that "little attention has been paid to commonality" in the design of
control and display equipment aboard the three vehicles.

SR

f Specific Comments

1. All three vehicles will feature 3-axis ball attitude displays.
These will be mechanized conventionally (yaw around the vertical axis,
pitch around the horizontel axis, and roll around the longitudinal akis) .
with "fly to" control/display movement relationships (control toward ' R
displaced indicator to null the indication). Gemini and Apollo attitude
A displays include rate and error needles (combined in Gemini with dif-. -
ferentiel indication a matter of mode selection). These needles will =
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probably be mechanized for "fly to" movement. Rate and error indicators
in the ILEM are presently envisioned as separate from the ball display to
facilitate presentation of rate and error information alone (no pictorial
display) at the co-pilot station. These indications will also be "fly to".

2. The question of horizontal pitch markings versus vertical lines
involves an exercise in semantics. All ball indicators will have both
horizontal and vertical markings, with the horizontal markings intended
primarily for mediation of pitch information. The differences between
vehicles will show up in the matter of location of the poles for the
converging coordinates. In Gemini, tHé poles are at * 90° pitch. In the

Apollo CM they are at T 90° yaw, coincident with.the arecas of gimbal lock. |

Since markings are somevhat ambiguous in the immddiate vieinity of a pole,
it is sensible to locate poles at those points on the ball where gimbal

- lock restrictions operate otherwise. The four-gimbal Gemini system has

no gimbal lock problem. Markings on the IEM attitude ball are subject

to further study, but will necessarily be consistent with the unique
display problems attendant upon operations at or near the lunar surface,
where conflicts between instrument displays and out-the-window views
must be minimal. Current thinking tends foward a four-gimbal system,
Maneuver requirements for the LEM may not be compatible with the gimbal-
lock restrictions of three-gimbal systems. T

3. Vertically oriented attitude controllers are currently pre-
seribed for all three vehicles. The grip configuration will be somewhat
different from vehicle to vehicle in accordance with the special require-
ments in each case (e.g., the Gemini Controller is operated by the right
hand of one astronaut, the left hand of the other). The control movement/
vehicle response relationships will be standard: . fore and aft pivot for

pitch, left and right for roll, and rotation around the vertical axis for
yav.

L. Translation controllers will be standard throughout all vehicles
to the maximum practicable extent with respect to both mounting orientation
and movement relationships. In Gemini and the Apollo CM they are oriented
such that control movement in a given direction produces vehicle motion
in that direction. The design of the IEM controller will probably be
unique as a solution to the problem presented by the requirement that the

-.controller be used for both translation control and engine throttling.

The problem is being studied at present; a design decision is expected
within a few weeks. 2

2. Range and range-rate indicators are still under study for the
Apollo vehicles. The advantage of‘the circular indicators used in Gemini,
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whereby range and range rate needles are kept in a prescribed relationship
Tor solution of a rendezvous problem, can be realized equally xreadily
with linear scales for which other advantages may accrue (e.g., range

is a linear concept). Standardization on circular scales, as opposed to
operating principles, would not appear to be desirable at-this time.

6. Effort should be made to standardize the configuration of
displays and controls serving the same function vherever valid reasons to
the contrary do not exist. Where such.reasons do exist, however, individ-
ual configurations will need to sa%;oﬂy requirements and dictates of the
specific situations. For example, the delta-welocity display for the LEM
may be of a special type vhich can mediate information for resolution of -
the special problems of operations near the lunar surface. For ILEM
rendezvous operations, the Gemini delta-velocity indicator might otherwise
be satisfactory. Reentry displays for Gemini and Apollo, as another
example, will need to reflect differences in the respective dynamics of
entry from earth orbit versus entry from trans-earth trajectories.

,4 ¢W/ov—d"

FP=13-63
George M. Low
Deputy Director of Manned Space Flight
(Programs) ‘

ce: FCOD, MSC ) )
Attn: James Shows

MSA(LDP:nls) 8/6/63 ext. 3806




