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Simulating Gemini-Agena docKing

Moving- and fixed-base simulator experiments show that the astronauts
will be able to develop the skill for visual docking day or night

By HOWARD G. HATCH JR., DONALD R, RILCY, and JERE B, COBB

WASA Langley Research Cantar

Dieveloping the necessary rtechniques
and demonstrating the abilicy of hu-
man pilots to use them [or docking twa
vehicles In space represens a prime
mission of the Gemini program. Ac-
complishing this will not only insure
snccess of the lunarorbirendezvous
technique for exploration of the Moon
but wther space missions as well.

Ar present, man’s capahilities and
limitarions in space operations are
relatively unexplored. Project Mercury
experience has shown that man can
contribure significantly to a successful
mission. In Project Gemini, man's role
will be expanded. Besides duries as
an observer, systems monitor, and svs-
tems backup, the astranaut will he
utilized as a primary system in the
docking phase of orbital rendesvous.
For this operation, he will serve as the
primary system for information gather-
ing, guidance logic, and control ap-
plication,

Although final verification of the
success of this increased human par-
ticipation in space operations must
await actual Highes, ground-hased
simulators are bBeing uwsed extensively
ta explove the wide range of opera-
tonal situations thar the asmronaue
vould  encounter.  Fullscale  simula-
tions of the docking of the Gemini
spacceraft and  Agena  rarger  have
recently been completed at the NASA
Langley Research Center using hoth
fixed- and moving-base simulators,
This article presents research resulls
with hoth simulations for pilot ahility

to dock successfully, piloting tech-
nigues, and performance with the pilat
using anly visual ohservaton of the
Apena rarget for guidance informa-
tipn.  Both rate.command {primary)
and  acceleration-command  (hackup)
modes for attitude control bave been
investigated, as well as the effeces of
control-jer  malfuncrions and target
lighting conditions.

The Simulators. The moving-hase
simulatar, shawn on page 75, consiated
of a fullscale Gemini model mounted
e a hydraulically driven gimbal svs
tem  suspended by eight supporting
cables from an electrically driven over-
heud carriage! A dolly moonted on
the main carriage provided laceral
maotion while the whole system moved
longitudinally. A cahle drum on the
dally reeled and unreeled the cahles
for vertical motion, The cable arrange-
ment and attachment angles were de-
signed to prevent penduluming. The
aystem allowed the pilot to move in
six degrees of [reedom, which he con.
trolled from the capsule through a
ground-based analog computer.

The [ullscale Agena target model
did nor move. It was suspended by a
single cable and held in place by
four stabilizing cables. Three models
of the Apena, shown on page 75,
were used during the program. The
Arst was a lighiweight mode]l of wood
ared paper used during the initial
checkour and familiarizadon to reduce
chances of pilat injury in the event aof
a high-speed collision. After the famil-
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jarization period, the metal model was
wsed because it had a more realistic
spring-mounted  docking ring. The
chird medel, constructed by McDonnel]
Aifrcralt, was an actual mockop of
the Agena docking ring.

The fxed-base sinulator, ilustraced
on page T, employed a modifed Air
Force F-131 pgunncry rainer and a
fullscale  wooden  mockup  of  the
Gemini vehicle housed in a 20-fr-diam
spherical projection sereen. A cloged
circuit television svstem and & two-
axis mirror projected a [ull-size image
of the Agena target on the screen. A
small model of the Agena target having
three anguolar degrees of [reedom was
mounted on a range bed in front of
the TV pickup camera. By a combina
tion of model and mirror movements,
a Full =zix deg‘rﬂea aof freedom  was
obtained and commanded throwgl ana-
log computing equipment,

Gemini Orbital-attitude and Maneu-
vering Control System (OAMS). This
is the propulsion system wsed Lo con-
tral Gemini in erbic. 'The (QAMS con-
trol jets reside in the adapeer attached
to the reentry moduole, as shown in
the skerches on page 76. ‘There arc 16
jets, eight for translation and eight (or
attitude, Because of CG location,
having all the control jers an the
adaprer allows control coupling Le-
tween lranslation and rotation. Thus,
in terms of mation of the hody axes,
when a vertcal or lateral mranslation
is commanded, a pitch or vaw rotation
will alse occur. Similarly, when pitch



or vaw are commanded, a vertical o
lateral translation takes place.

Two of the OAMS artimude-control
modes were studied in the simula
tions. One was  the rate-command
mode, in which a deHection of the
hand contraller commands an attitude
rate proportional te the controller de-
flection; zero defllection holds the at-
titude drifts to within 0.2 deg/sec, The
ather was rthe dircct-control mode, in
which a deflection of the hand con-
trofler actuated a microswitch  that
commanded full thruse from dhe jets
With both modes, on—oll acceleration
control was wsed for translation.

Cemini has two three-axis hand con.-
trallers, one for attitude and one [or
translation. The grip-type attitude con-
troller sits in front of the right arm
rest. Pitch iz obrained by tilting the
control handle fore and aft; roll, by
tilting the handle right and lefr; and
vaw, by twisting the handle righi and
lefr. The lever-type translation con
treller attaches to the instrument panel
just in frone of the left arm rest. For
rranslation, the control handle is moved
in the direction of the desired accelera-
tion aleng the three principal axes,
In the simulations, three-axis grip and
lever controllers were used, bur usually
they were not the actual Gemini
maodels, Two threc-axis fngertip con-
trollers were used in the fixed-base
simulatar,

Gemini-dgena  Docking Arrange
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ment. Docking will be performed by
guiding the Gemini nose into the dock-
ing ring mounted on the orbiing
Agena. The docking ring has a conical
inner surface to channel the Gemind
nuse into latching position and is shock
mounted 1o absorb the contact momen-
wm. A V-elot in the docking ring
and an index har on the Gemini will
provide the necessary roll alignment
for the latching mechanism. Onece
Cemini latches on, the two vehicles
will bhe drawn togecher and made
rigid auromacically.

To latch, the center af the Gemini
mose must he within 1 ft of the center
af the docking ring, and the relative
attitudes must be within 10 der. The
ring will accept a radial velocity of
0.5 fps and a longitudinal velocity of
1.5 fps. Exceeding these mlerances
may not mean an unsuccessbul mission.
For example, if the Gemini nose posi-
ton and attitude were out of rolerance
but the contact velociry low, the two
vehicles would bump together and
Gemini simply could not latch, The
pilat could back away and ry again.
Bur if contace velocities are high, there
could be seructural damage.

In these simularions, runs were
terminated when the Gemini made
first contact with the docking ring. A
run was considered our of tolerance if
any variable exceeded the tolerances,
even though the conditions in acrual
flight might not have caused a failure,

© Moving-base simulator, above,
consisted of full-scale

Gamini modsl meuntad in

a hydraulicaily-driven gimbal
system suspended by eight
cables. Tha threa phatos
balow show pilol's view of tha
Agena target at vanous
distances with vehicles
aligned; this is the

pa per-and-waad target usad
at first. The photo at far

left shows the first matal
sgena model, and the photo
at laft shows the final

actunl mochup of the Agena
dochking ring constructad

by McDonnell Aircraft.
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The fixed-base simulator employed & modified F-L51 gunnery
trainer with & full-scale woosden mockup of Gaminl, In tha

manmier indicated in the illusteation abowve

The pilots, ying from the lefc seat,
took conmrol of the Gemini [rom the in
irial eonditons and tried o maneuver
the vehicle until it entered the dock-
ing ring within the specified tolerances.
The pilot eould use whatever rech-
nigue he preferred without pardcular
regard to fuel or lime, During the
simulations described here, the piloes
wsed ouly cueof-the-window reference
for guidance information-—thal is, no
IS rumentation.

The range of initial conditions werc
defined by construciion and  safety
requirements  for  the  moving-base
simulater and by TV and model-scal-
ing requirements [or the Axed-base.
The moving-hase simulator’s maximum
initial  displacemenss were 125 Fr
longitudinally, =10 {t vertically, and
=5 fr lacerally. The fixed-hase simu-
lator’s maximum inicial displacements
were 250 [t longitudinally, =*=75 fr
vertically, and 4100 {t laterally. In
addition, various inftial Gemini alei-
tide angles, attitude rates, and rrans
lation wvelocities were investigated in
‘both simulations.

Most af the subjects used in these
studics were NASA research test pilos.

Ratecommand Rerults, Results of
rare-command studies with the fAxed-
base simulator showed thut with a
fully illuminated target a pilot could
consistently complets visual docking
within the specified tolerunces.* The
task was not exceedingly difficult, but
it did 1ake a number of runs to reach

*a high level of proficiency, The tight

i)

deadband (0.2 degisec)  cmploved
in the automatic attilude-control svs-
tem simplified the pilot’s conool and
visual tasks, because the problem was
reduced to oone of three degrees of
translational freedom except for an o
casional arcicude correction. Thus, all
motions between the vehicle and rhe
tarpet could he considered primarily
ws translation. Rate-command contral
was found to be wellsuited for the
docking rask.

Dhrect-control  Aesults. In direct
control visual docking, studied with
hoth simulators, it was [owund that,
although successtul dayeime docking
conld be consistencly obtained, it was
ditficult to Tearn and nuwmwerous Aights
were required to become praficient,
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In the direct mede, the normal
difficulties with on-off acceleration
control (requirement of separate con.
trol inputs to sturt and siop a motion, |
ancl the lack of damping) were com-
plicatcd by the contral coupling and.
power, The coupling  was
hothersome because a correclive con-|
trol inpur in one degree of freedom
could upset another which was prop.’
erly aligned. The control power, par §
ticularly for artitude, added complex.
ity because it was high enough o]
make precise control dilicale,. As a
consequence of these various contrpl
difficulties, the pilots found they eonld !
not make rapid or large corrections |
abour more than ane or two axes at a
time without overshooting or aver- |
eontrolling. These control difficulties |
wire most annoving during [nal ap- |
proach with the Agena, because the
pilot was trying to coutrol precisely
for accurace alipnment. The difficulties
were particularly disturbing i numer
ous  last-second  correcticng  were e
quired.

Fisual Difficulties. The basic visual
task involved separating general mo- -
tion herween the target and vehicle
into six separate degrees of freedom.
The pilows found this task difficule
tar small rates, especially if the motion
was coupled, such as yawing left and
translating right. so chat the Gemini
nose  did oot move wvertically or
laterally with respect to the targer.
It was also difficult to derermine zero
rate. Consequently, there were usually
rusidual rates in all degrees of freedom. |
These difficulties were artributed par- |
tially to the pilot being to the lefo of
the wvehicle's centerline. TFrom  this
viewing point, the pilos felr ic was

control

o R e e S

] e B R T PR

TRANSLATION CONTROL

~REENTRY
/" MODULE

ADAPTER
MOCULE—"




harder o estimate alignmene than i
would he from directly over centerline.

This problem of parallax can he
seen in the set of three photos of the
paperand-wood Agena model an page
75, which shows the pilot's view with
the vehicles aligned at various dis-
tautices. The  pilot’s  wisual-alignment
cupability, as decermined with cthe
moving-base simulator?® was 2-3 deg
in atritude and Z-4 in. in nose posi-
vion at ranges closer than 50 fr. Since
the residdual rates were novmally very
slow, it ook some time for  these
positional errors w develop, and thus
some time for the pilol w recognice
the ratex present. The pilots were
alwavs a licele lace, cherefore, in their
corrections. I they were lale in several
degrees of freedom, especially when
near the target, and eried to correer
multiple errors  rapidly, then they
woitld encournter the conerol dithculties.

To recapitulate, the main ditfical-
ties in direct-mode docking without
instruments were a small uncertainey
in visually determining relative align-
ment and inability to make numerous
rapid enrrections. These difficulties
were  most  prevalent  during  final
alignment with the Apena,

Paloty Solution af Difficelties, The
pilots found several merhads of avoid-
ing or remedying cthe difficultics in
direct-control visnal docking—the con-
trol  method, the visual
method, and the technique wsed o
maneuver toward the Agena.

The control problems were avoided

by using very small inpuwss to reduce
the coupling effect and handle the
contral power. By controlling in one
degree of freedom ac a time, more-
over, they could handle the accelera-
Lion-type contral.
CSince the pilots preferred o ose
small eontral inputs, the resulting rates
were very slow and required  some
time for the correction o be com-
pleted. T0 pilots concentrated on one
vorrection too long, then other errors
could build up because of residual
rates. Instead, the pilots would scan
from one degree af freedom o another,
Il o correction was necessary, they
wounld make the conwol input, con-
tinue in the scan, and then ohserve
the results of that input in the nex:
scan cycle, In this ‘manner, they could
prevent errors from building up in all
axes and yet control in one degree of
freedom at a time,

Reviewing the rechnigues uwsed to
maneuver toward the rarger, it was

tracking
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DOGKING TERMINAL CONDITIONS

Irmitsal conditions: Ronge 50 f; range rate, 0 fps: nose misallgnment, 2.5 f&.

ANERAGE OF STANDARD 1
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PITCHANGLE BER: . qon wuvey sy s 2.2 1.9%
ROLL AMGLE, DEG . . . . . . .. ... ..., I 400 2,05
AW ANGEE DEG: och Son 0L DE S | ile < Lug
VERTICAL NOSE POSITION, FT . . . ... ... 0,31 .29
LATEHAL NOSE POSITION, FT . . . . . . . . .. .22 .24
WERTICAL NOSE RATE, FT/SEC i 012 Q15
| LATERAL NOSE RATE, FI/SEC . ... ... 1,09 009
LUN[;!TUDIMAL VELDCITY, F?rSEC ....... .54 02z
.ﬂTI‘]TLIDE FUEL, LE . Gnd ey paeE 0,95 (6%
TRAMSLATICN FUEL LB ............ 1.95 L%
FLIGHT TEME, SEC . . . . . . . . . . . . .. R 55.4
EFFECT ON FUEL AND FLIGHT TIME OF ALTERING APPROACH VELOCITY
Initial conditions: Renge 50 ft; range rate, o 'ps; nose misalignment, 2.5 ft.
e e : ] I
PERCENT
— FUEL, L8 FLIGHT TNE, SEC g
VELOCITY o
STANDARD STANDARD HAL
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CONSTANT &l nr i) 29 &4
DECREASED EN1] L1 1046 L] 18.5
STOPPED | 5.1 222 K5 H
| ARD =l
| REVERSED
VERTICAL AND LATERAL TRANSLATION WITH JET FAILURE
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| FAILURE FAILURE
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1B TEARED:PT . e susesy & 40 10 Zh 40 10 2h
MNUMBER OF RUNS . . . . . e 1 11 11 1 1 “H
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JET-MALFUNGTION EFFECT ONM FUEL CONSUMPTION AND FLIGHT TIME
MOVING BASE e mag L
LA FIXED=3A%E 51 MULATOR
CONTREOL MODE , ., DIRECT RATE COMMAND DIRELT
NUMEBER OF PILOTS 5 H 3 1 ? z
INATIAL RAMGE, FT. # 50 280 280 290 280
oy . IET ; JET JET
PLIGRI CONDITION . | NORMAL |y cuncrion | MORWAL | woarrimcrron | MORMAL | s eonerion
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FLIGHT TIME. 3EC . 121 = hEL ] 431 04 43
PERCENT OF RUMNS IN
[DLERAMCE. | . .4 ¥5.0 86,01 1.5 &5 58,00
MUMBER COF FLIGHTS L2 1 171 20 36 5|

found thar a preferred approach had
evolved, and many of i characrer-
isticd eonld he attributed o avoidiog
or remedving some of the areas of
difficulty. A set of graphs atop page
78 show a rtime history of the pre

ferred type of approach, as raken with
the moving-base simulator. One of Lthe
distinpuishing features is the use of a
constant closure velacity of approxi
mately 1/2 [ps. Data from the Axed-
base simulator also showed a coostant
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closure velocity of 1/2 fps was de-
sirable during the last 30-100 fu. Az
the greater ranges up to 290 fr, how-
ever, closure velocities of 1-2 tps
were found desiruble. A constant clo-
sure rate, in effect, allowed the pilot o
distegard that (longitudinal) degree
of freedom and concentrate mMore on
alignment. Another reason for use uf
constant closure rate is that the pilots
found a tendency (o overcontrol if
they stopped just in front of the
targee. ‘Thiz occurred because the re-
sules of coowol inputs were more ap-
parent with the Gemini nose close Lo
the docking ring.

Another feature ol this approach is
the pilots’ preference o align on the
target during the final pact of the ap-
proach, as the time history illuseraces.
The distance at which they attempted a
close alignment depended on the ini-
tial range and offser conditions, buc
was usually of the order of 20 o 73
fr. Ky having the Gemini aligned
during the last of the approach, the
small rates were easier [0 sepatate
and small errors were easier to dis-
tinguish, Also, by having the artmde
aligned, verrical and lateral tratsla-
tion inputs led tw motions in the
vertical or lateral planes, rather than
in some comhbination of these planes.
Finally, by being aligned as close as
possible before the vehicle reached the
target, the pilot could avoid makiog
numerous lastsecond control  inputs
and could thus aveid the contrel dif-
ficulty, Although the rates  were
brought as closely as possible to rero
al comlact, it was practically impossible
to have all the rates zero, especially
with the direct-control mode. Learn-
ing to accepr small in-tolerance rates
and positional errors at contact was
diflicult.

The characteristics of the preferred
approach  helped  solve  problems
cieated by a jet malfuncrion, as will be
discussed larer.

Thus, the pilos found ways of over-
coming the difficulties associated with
docking visually with the dircet-con-
trol mode, and were able to become
very proficient.

The top table on page 77, sum-
marizes the results of 124 runs made
by five pilots, each of which had 4
50 previous practice Tuns. Since the
pilots were asked only to dock within
the specified tolerances, these results
may oot represent the absolute ac
curacy that is possible, The runs were
made on the moving-base simulator

i

they had to stop 1o prevent outof.
poleranee  erminal  conditons.  The
second  tahle on page 77 illustrates
the effect of altering the approach
velocity, There is a sharp increase
in fuel consumption and Hight time if
stopping becwemes necessary, but this
condition occurred only 129 of the
time, The main reason for the sharp
increase i3 the pilots preference of
backing away 20 fr or so before ar-

from an initial range of 50 {t with a
nose offset of 25 ft and no initial
velocity, Included are tuns in which
tranalation-jer failures were simulated
but produced no detectable ettect.
These results represent averages of
the ahsolute crror at fcst contact and
are well within the tolerances. A re-
view of the dara showed that there
was a tendency to be yawed o the
left and to have the CG positioncd

TIME HISTORY OF RUN ON MOVING-BASE SIMULATOR

1L.O 4 v
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Ona pilet's funl and flight-time results on fixed-base simulater
far two diflarent attitude-contrel modes {initial range, 260 ).

to the right of the rargec’s center-
line ar first concact. This tendency
was apparent in 75% ol the rups.
The average angle was 1.3 deg and
the average CG displacement was 0.5
fr. The tendency was attributed to
difficulty in judging the parallax angle.

The pilors preferred to uwsc a con-
stant closure velocity, hut occasinnally

tempting to stare toward the Agena
again. This distance allowed them to
use the desired approach rather than
trying to align just in [ront of the
target,

Dacking success, as defined here
based on first contact, was 97.6%.
At no time was a contact velocity
our of tolerance. All runs could have

Astronautics & Aeromautien
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Technique used to dock with the “down’™ verlical jet lailed. Seguence shows
(1} wvahicle approach below centarine, (2] pilot applies an upward thrust,

(3] pilot tries fo slop upward rata, (1) vehicla overshoots centerline,

pilul brakes and rolls to 9 deg, {3) downward velocity achleved with

lateral jats, (6) pilot rolls back to zers degrees and stabilizes, and

7] pilot continues by approaching from below centerline and adjusts closure
rates 1o eliminate further nead of downward thrust,

been completed it the
pilot had been allowed to back away
and try again,

Camparison of Conirol Modes. The
eftect of attide-control wode oo fuel
consutnption  and  flight  time  was
sindied on the fxed-hase simulator.
The pair of graphs on page 73 repre-
sent one pilot’s experience with bath
control modes from an initial range of
280 fr. The large scatter in fucl con-
sumption—up to 45 Ib, as compared
with the [uel usage cited in the tahle
just mentioned—is due w the much
larger initial range and the resulting
longer flight times. The fuel uzapge as
a function of inirial range is not ex-
pected to continue to increase at the
sae rate as it did between 50 and
280 fr. Ar the much larger ranges,
erminal-rendezvous  studies  have
shown that the pilats wauld nae try to
contral as precisely as they did at the
closer ranges. The larger fuel and time
usages resulted fram runs in which rhe

sticcessfully

pilot had to stop the closure to prevent
out-of-tolerance  terminal  conditions.
The graphs show that the pilot was
able to dock with the direct mode as
efficiently fuelwise as he could with
the rate-command mode,  although
there was a tendency Lo use more
time in the direct mode. The scacter
of the direct-mode data and the fewer
runs indicate that the pilot had not
reached peak proficiency.

Contral-fet Malfunction with Direct-
control Mode, In studying this, the
OAMS jets were divided into three
classes—attitude, speedup and braking,
and vertical and lateral ranslation jets.
Each class presents a different rtype
of prohlem. In addition, two cascs of
jer malfunction were considered. Cne
was the "stuck-open”™ case, in which
the jet fired continuously, and the other
wasz the “stuck-shut' case, in which the
jet would not fire. A few preliminary
stuck-npen cases were simulated, and
it was found that the pilot could not

Docking alds used on the Agena-targel models included illuminated rods
on tha line of sight and lights an the and of posts on the line of sight.
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control the vehicle under these cir
cumstances. Actually, if the pilot ex-
pericnced a stuck-open jet failure, he
could isolate the hum jet and then
turn it off. Thus the problem reduces
to the stuckshut case,

Atitude-jet Failure. - There are
eight OAMS attitude jets—four pui-
marily for pitch and four primarily far
vaw. Rofl is timeshared with either
setoat pilot option by means of a
selector switch in the wvehicle. In
normal operation, the jets fire in pairs
1f one pair fails, coupling can occur
because of the jer arranpement. For
example, consider that the left pitch-
down jet failed. A pitch-down com-
mand will be accompanied by a rolling
acceleration to the left during the
command. As the desived pitch angle
is obtained, the coupled roll angle can
easily he correcred if roll is being
vime-shured with yaw. However, if roll
is being time-shared with pitch, then a
more complex problem exists, A pitch-
down comumand will sdll canse a roll
to the left while pitching downward;
but when the vehicle is rolled right to
correct the coupling, it will alse pich
back up in the roll. The failed jet 15
actually one of the roll jets. This prob
letu of having a [ailed jet in roll contral
can he handled easily by throwing the
switch to have the roll time-shared with
Vaw.

Since pitch- and  yaw-jer  failures
present similar problems, only pitch
failures were considered in the study
with roll time-shared with yaw. When
surprise pitch-jet failures were simu-
lated, they were seldam noriced. Out
of eight pitch-jer failures, only one was
recognized. Since very small control
inputs were used, and there werc
normally small residual rates present,
the pilot did not observe that a roll
couple was associated with a piich
input in his visual-scanning process.

S50 a pitch-jet failure did not canse
any serious problems. It is possible
that a larpe pitch rate commanded
at the lust second belore contact eould
cause the index har to miss the slot:
hue this situation was  avoided by
having the Gemini well-aligned during
the final part of the approach.

Speedup and Braking Jets. The
speedup and braking jets also fire in
pairs, and are arranged such rhar fail-
ure of a speedup jet gives a pitching
acceleration  while the speed is in-
creasing, Failure of a hraking jer pro-
duces a vawing acceleration while
braking, The resulting angular acceler-
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atinns approach the available contol
power in pitch and yaw; and when
the pilot attempes to speed up o or
brake from the normal closing velocity
of 1/2 fps, significant angular coupling
vesulis. If a failure in either pair of
jets was noticed at large ranges, the
pilot could cumpensate for the in-
duced pitch or yaw while speeding
up or braking., The Hight could be
conoinued, but the pilot had eo re
member that any additonal thrusting
with the pair of jets in which the
failure ocgurred would produoce an ab-
normal pitch or yaw. If the pilot
thrusted with a failed jer when very
close to the targel, then contace could
occur before he could compensate tor
the induced coupling.

Consequently, there is a crirical
minimum range helow which thruscng
with a failed jet could cause out-ol-
wolerance  terminal  conditions. The
critical range depends on  closurc
velocity, acceleration capability, and
pilot reaction, For these simulator pro.
grams, it was helow 5 ft.

The pilows avoided the problems of
thrusting at ranges closer than the
critical minimum by using the con-
stane-velocity approach and being well
aligned at the critical range, so that
oulal-tolerance errors would not huild
up and create a need for altnng
the approach specd.

When surprise braking-jet failures
were simulated, only 5 our of 32
were  recognized  because the  pilots
oualy had to stop five times, None of
the fve were out af rolerance be-
cause the pilor had made his decision
to stop before he reached the critical
minimum range. The fuel consump-
tion and Hight time for the fve runs
were comparable to the data given
in the second rable on page 77 in
which the pilot stopped and reversed
his closure velociry,

Fertical and Lateral Translation et
Failures. The vertical and lateral trans-
lutivn jets fre singly. When one [ails,
there can be na translaton in thar
dircction. This type of failure was
found tw be the most troublesome,
and it was detecred more readily thun
the other.

Surprise failures were simulated ac
ranges of 40, 10, and 25 fr on the
moving-hase simulator and at about
125 £t on the fixed-base simulator. The
percentage of runs in which a failure
was derceted was a function of when
the failure was initiated, as indicated
by the third rable on page 77. Thure
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was poor recognition of failures inici-
ared ar short ranges because, i the
preferred approach, the pilots normally
did not have to use the jer any more
at close range.

The technigues wsed in performing
the docking maneuver with a mal-
functioned verrical or laterul jet beiong
similar in principle, one illustrative
example, with rhe down verrieal jer
will serve to explain them all. There
were several situations in which the
vertical position and/or vertical ratc
required a downward thrust: but to
simplify the discussion, only one in-
stance will be discussed. This arose
when the vehicle was below the larget
centerling and an upward thruse was
applied. As the vehicle reached the
centerline, the pilot attempted o de-
crease the rawe with the down  jet,
but found he could not do so. As
a resulr, he overshot cthe centerline.

DAYLIGHT AND DARKSIDE DOCKING PERFORMANCE

acceptable Hmits, Thus, the pirch
method would not be acceptable
ranges less than %0 [t. where th
vehicle must be stopped before achie
ing a downward rate. In the rolling
method, the roll angle required would]
normally be 90 deg, and much i
time wounld he consumed while rorg
ing through che large angle aond
stabilizing. The time element was
particular concern with the direc
contral mode; but with the rollin
method, the pilot could rtoll eithe
to the right or 1o the lefc and st
keep the arget in view.

Aside from abtaining the dﬂwnwa.n.l
rate, the piloat also had tw consider
the lateral errors when one of the
metheds was chosen to obrain a down-
ward velocity. Lateral errors would &
establish whether to yaw when using
the pitch method, as well as the
direction af roll and the desired angle.

A, Moving-basze simulator (direct-contrel made: Initial ranga, 50 [}, ; i
R R - o LA Tt = Ik
Parformance | Daylight Dark | Dark with aids '
Fuel, b | 2.8 8.7 5.0
Flight time, sec 1M 208 177
Parcent of runs in tolaranca 9r.4 73.3 | 8.9
H. Fixed-base simulater {rate-command control moda; initial range, 230 ft).
Daylight Dark Dark wilh aids —l
Parformanace " PilotA | Pilot® | PliotA | PilotB | Pilot A | Pilot8
Fuel, Ih 17.1 18.2 19.7 2.0 13_..": 16.4
Flight Lirme, sec 178 215 253 273 167 180
Paicent of runs in talerance 9.0 7a.n R0 Bl 2 109 1M .
- Ea
e

The overshoot depended on the up-
ward wvelocity. At the larger ranges,
where higher rates were used, the over-
shoot was quite large: but at close
range where very simall verrical rates
were used, the overshoot was less.
In ecither case, the vehicle ended up
above the target ceneerline and re-
quired a downward velocity,

Two methods of achieving the emer-
gency downward velociey  are (1)
pitch and use the longitudinal jets and
{2y roll and nse the lateral jers. 'U'here
were several things to consider with
these cinergency methods, In the pitch-
ing methad, anly a 30-deg angle was
necessary to ohtain an acceleradon
component eyual to that produced
by the [ailed jet. However, the pitch
anpgle required could causc the pilot
to lose sight of the target. Moreover,
use of the longimudinal jer affected
the clasure rate, and care had w be
taken to keep the closure rate within

s

The approach technigque used JHH‘E
making the initial correction depended |

Lo a certain extent on the range at
which failure was noticed. Nr:rrmall}'.
at the larger ranges where the over
shoot would carry the wvehicle some | i
distance above the target a.enterlme,:-
the pilot would remain ahowve r.hr:i
centerline during the approach. Alter 4
the carreetive downward rare hud been |
obrained, he would remain in positon é
to adjust the wvertical rare either up-
ward or downward, unul he was

certain he had obtained a good cor 5,1
rectinn. The ideal correction would be

to pass through the target centerling %
at the same time that the vehicle
nose reached the docking ring. For_
all practical purpeses, however, it
would be beuter to aim a lirce low.
The good vertical jer woulld allow
another correction and dhus one overs,
shoot would be possible, If the failureg
went unmoticed until very close @
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the rargee, where large vercical dis-
placements are nat desirable, an ap-
proach from above the targer was not
always possible. In the dme it touk
w roll 1o 90 deg and back the vehicle
could drife through the centerline,
Then the pilot would have w approach
from below it. The sequential photo
on page T9 shows this situation.

During the approach, the pilot must
adjust the closing velocity and verti-
cal welacity so that the vehicle will
pass through the centerline at conuct
with the docking ring; and he must
carefully avoid a need to use the
downward jet. IF the wehicle doss
overshoot and  requires a doewnward
thruse, it is necessary to brake, back
away, and repeat the whole process.

It can be readily seen chat a lateral-
jet failure can be treated in the same
manner, the yaw of the vehicle being
used instead of pitch or the 90 deg
roll method being used again.

It was the experience of the pilow
that, with proper training and practice,
a docking could be completed with any
of these failures withour any undue
difficuley  and  still  remain  within
specified tolerances.

The method of closure used when
compensating for a failed translation
jet necessitated deviating  from  the
“preferred-approach” technique. As a
resule, the pilols were not able to
use some of the methods of avoiding
the control and visual areas of dif
ficulty—such as approach along  the
targee cenlerline, use a constant clo-
sure velocity, and avoid multiple last-
second corrections. This facr, wogether
with the extra maneuvering involved.
caused a large imcrease in fuel and
time, as last table on page 77 shows.

There was also a decrcase in the
percentage of runs within lelerance.
This decrease, and the increase in
fuel and tme usages, indicate the
difficulty of the task, It was [elr,
however, that with more practice tha
percentage of in-lolerance runs would
equal the normal operation’s. The
tahle just menuoned gives average
results, including data taken from pilots
who had nat reached peak probciency
in narmal operation and therefare
could not be expected to achicve a
high level of in-tolerance runs with a
failed jer. *

It ran be seen that experience is a
factor. Some of the pilos who [lew
the moving-base simulator achieved
100¢% in-tolerance daytime runs, both
normid and with malfuncrions. A high
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level of proficicocy can be attained
with direct-mode contral if the pilocs
have pnough training.

Cantrol-fet Mualfunction with Rate-
command Mode, The OAMS jets can
again be divided into the three classes

attitude, speedup and braking, and
vertical and lateral translation. Data
were gbtained, however, only for verli
cal and lateral mranslation jet [ailures,
and only the stuck-shut case was con-
sidered. For the first rwo classes of
[ailure, the automatic system would
eliminate most of the piloting prob-
lems. Ong exception concerns an at-
titude-jet failure with roll time-shared
with the failed jet. 1[ a pitch-down
signal is commanded and only one of
a pair of jets fres, a toll couple ocenrs.
The automatic system immediately
fires the opposing roll jer, at the same
time creating a pitch-up force equal
and opposite to the pitch-down force,
thereby canceling it Thos, to get
pitch contral, roll contrel must he
switched to time-share with the yaw
thrusters.

When translation-jet failures were
simulated, it was found thar the dif
ficultics encountered were the
as with the direct mode; but as with
narmal operacions, the task was easier
in rate command,

Narkside Docking, Darkside docking
prabably will be an operational condi-
tion in the Gemini-Agena progran.
Initial considerations for lighting the
Agena specified that only the docking
ring be illuminated. A series of simu-
lator runs made with this initial light-
ing arrangement showed a degrada-
tion in pilot performance as compared
with daylighe operation. The table on
page 80 shows that both fuel con-
sumption and Hight rime increased for
darkside docking.

More importantly, however, the per-
centage of in-tolerance runs decreased,
The hasic problem was loss of visnal-
alipnment cues, which made control
more difficulr. With only the docking
ring lit, the pilot lost lree dimensional
cues that provided telative alignmene;
and since the nose and imdex Dar
could not be seen unless it was sil-
houerted against the docking ring, it
was dificuls to estimare the vehicle's
relative articude.

Because of the loss of cues, larger
prrors  developed  before  the  pilot
recognized them. Large multiple errors
had to be corrected close oo the target.
Although this task was very difficult,
one pilot using the moving-hase simu-
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lator made bLetter than 0% of his
within rtolerance. Mevertheless,
same degradacion can be expected, as
evidenced by the average of 73.3%
runs in-tolerance obtained by several
pilos.

Resulis with the fxed-base simu-
lator also showed that darkside dock-
ing was more dilicult, even for the
simpler rate-command artitude-control
mode, The fixed-base simulator resules
include one pilot who had made only
a few docking Tuns, Here again, then,
the low percentage of in-tolerance
runs can be attributed o the pilot
not rvaching peak proficiency, The
results for pilat A are believed to bz
more represcntative of a highly trainer
man using the rate-command atticude-
control mode.

To improve darksidedocking per
formance, particularly in-telerance con-
ditions at contact, a oumber of dock-
ing runs using both simulators were
made with wvarious visual aids. The
drawings on page 79 show two of the
more sueccssful ones for the Agena,
both giving the same basic boresight
information. The aids were envisioned
as spring-loaded rods and Hip-out puosts.
Besides aids on the Agena, a light
was mounted on the Gemini in the
maoving-hase simulator to illuninate
the imdex bar and wvehicle nose. In
the fixed-hase simulator, only the index
bar was illuminated. The wble on
page 80 inclodes rost results  using
these aids. Darkside-docking perform-
ance approached daytime when the
aids were used,

Concluding Remarks. These Gemini-
Agena docking studies have showu the
rate-command mode well suited  For
visual docking, and the direct-controel
mode within the capabilicy of the
pilots in spite of the control conpling.
However, pilots need considerable
training and practice to reach peak
proficiency. Tests also show that visual-
manual docking can be completed with
a control jet inoperative. For darkside
docking, visual aids enable the pilot
to dock with success wpproaching day-
Lime operation.
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