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stant-amplitude snaking oscillation as the
operator translates toward or away from the
target.

The foregoing procedures first appear com-
plicated and overly sophisticated. In actual
practice. the pilot never consciously thinks of
the rules while using the Hand Held Ma-
neuvering Unit. Application of the pro-
cedures may be compared with the actions
and reactions required to ride a bicycle. The
skilled operator of the Hand Held Maneu-
vering Unit looks directly at the target. The
control loop ix closed directly from the target
motion to the evesx and brain of the usperator,
with resulting error signals feeding the op-
erator’s muscular command system. The con-
trol system of the Hand Held Maneuvering
Unit is a personal acdaptive control system.
The accuracy of this system in space with all
the 6 degrees of freedom active is not vet
known, inasmuch as the planned Gemini
flight evaluations did not cover this point.

On the 3-degree-of-freedom air-bearing fa-
cility, using any one of the three rotational
axex and two translation axes. the accuracy
of a skilled operator is within less than 1 inch
of the intended target (from distances of
approximatelv 25 feet). At longer ranges,
the same degree of accuracy could be main-
tained because the control logic is a termi-
nal-guidance type. Also, the operator’'s axis
system does not have to be alined with the
direction of motion while using the Hand
Held Maneuvering Unit. The operator must
physicallv see the target and point at the tar-
get while keeping the thrust force through
his center of gravity. With regard to ease of
use, the Hand Held Maneuvering Unit was
designed <o that when held in the operator's
right hand with the thrust line alonyr the op-
erator's X-axis, the muscles in the rigrht arm
and hand are in a completely unstrained
position.

Astronaut Mancuvering Unit Control Logic

The control logric preferred by the pilots
of Gemini IX-A and Gemini XI! follows.
From an initially stabilized position. gen-

erally facing the target, thrust is applied to
produce a forward velocity proportional to
the range to be flown. As soon as this ve-
locity is achieved, vaw 90° away from the
original attitude and coast toward the tar-
set. The line-of-sight drifts of the target can
be eliminated by using the up-and-down and
fore-and-aft translational thrusters. Just
prior to arriving at the target, vaw back to
the original attitude facing the target and
apply braking thrust.

This control procedure involves only two
discrete vaw rotations and no roll or pitch
rotations. The control precedure minimizes
attitude-control fuel requirements because
the inertia of the extravehicular pilot is at a
minimum about the yvaw axis. Also, the con-
trol procedure is probably the simplest for a
maneuveriny unit that does not have lateral-
translation cuapability.

Air-Licaring Training Equipment

The mest important vequirement for an
air-bearinyz facility, and the most difficult to
achieve and maintain, is a flat, hard. smooth
Hoor. The tloor of the Air-Bearing Facility at
the Manne:« Spacecraft Center consists of 21
caxt-steel machinist’s lavout tables each 3
feet wide by 8 feet long. Euch table weijrhs
about 2200 pounds and is flat to within ap-
proximately 0.0002 inch. The pattern is
~seven tables witle and three tablex long com-
prising o total floor area of 21 by 24 feet.
Atter leveling, the joints between :djacent
tables are accurate to about 0.0004 inch, and
the overall tloor is estimated to be tlat within
approximately 0.002 inch. The leveling-pro-
cedure must be repeated about every 6
munths, due to settling of the buildinyr foun-
(lation. This degree of floor accuracy allows
free movement of simulators with air cush-
ions approximately 0.001 inch thick. Such
low flight altitudes are desirable because the
required airtlow is quite low, and the atten-
dant possible turbine-blade (jet propulsion)
effect resultinyg from uneven exhaust of the
air from the air bearinys is neglizibie, This
turbine-blade effect is extremely undesirable
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because it confuses the results produced by
low-thrust jets such as those of the Hand
Held Maneuvering Unit.

Figures 9-10 to 9-13 show some of the
air-bearing simulators utilized for extra-
vehicular training during the Gemini Pro-
gram. Figure 9~10 shows the Gemini X pilot
on a yaw training simulator in preparation
for that mission. In this particular case,
compressed air for the Hand Held] Maneuver-
ing Unit, for the pressurized suit, and for
floating the air-bearing equipment flowed
from a 130-psi service air supply through a
dual umbilica!l identical to the one used in the
Gemini X flight. A skilled technician was
employved to minimize the effect of the um-
bilical drag during training.

Figure 9-11 shows the Gemini VIII pilot
during a yaw training session prior to the
mission. The Extravehicular Support Pack-
age was supported by metal legs: three sup-
porting air pads were utilized for the
necessary added stability because of the large
combined mass and volume of both the Ex-

FiGUuRe 9-11.—Thiee-pad air-hearing simulator for
yaw-axis training with backpack-supported ma-
neuvering devices.

F1GURE Y-10.—Single-pad air-bearing simulator for FIGURE -12.—Three-pad air-learinz simulator dar-
yaw.axis training with Hand Heuid Mancuvering ingg pitch-uxis training with Hand Held Mancu-
Unit. vering Unit.
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FiGURE 9-13.—Three-pad air-bearing simulator dur-
ing roll.axis training with Hand Held Maneuver-
ing Unit,

travehicular  Support Package (backpack)
and the Extravehicular Life-Support System
(chest pack). In the simulator, compressed
air for ttoatinyr the platform is carried in an
oxygen bottle mounted on the platform; and
compressed air for the Hand Held Maneu-
vering Unit is carried in a high-pressure
bottle located inside the Extravehicular Sup-
port Package (as on Gemini VIII). No um-
bilical or tether was utilized. This simulator
was also used in training for the Astronaut
Maneuvering Unit.

Figure 9-12 shows the Gemini X pilot in
pitch-axis training on a different type of
simulator. The cot is made of lightweight
aluminum tubing which does not appreciably
change his inertia in pitch. Three pads are
used to provide satisfactory tipping sta-
bility. The compressed air needed to power
the Hand Held Maneuvering Unit, to pres-
surize the suit, and to float the air-bearing
equipment is supplied by the service air sup-
ply through the *3-inch-inside-diameter um-
bilical (fig. 9-12). This umbilical contains
small air-bearing supporters which allow
more accurate simulation of the in-space
effect of a similar umbilical.

Figure 9-13 shows the Gemini X pilot in
roll-axis °"raining on the same simulator.
Roll-axis training was practiced by looking
at the target while translating to it, and by

looking at the ceiling while translating to the
side. The latter case is important because in
normal use of the Hand Held Maneuvering
Unit, rolling velocity should be kept at zero
while translating and looking forward.

Types of Training Runs

The following is a representative list of
the types ot training runs made on the air-
bearingr equipment in preparation for extra-
vehicular activity maneuvering. The runs
were made in the yaw and pitch modes: most
were also made in the roll mode.

(1) Familiarization with air bearing.

(2) Use of muscle power to control atti-
tude.

(3) With Hand Held Maneuvering Unit in
hand, control attitude while being towed to
turpret.

(4) With hip-kit compressed-air bottle
and no umbilical, translate from point 4 to a
collision with point B. The points 4 and £
ire any two specitic points in the training
e,

(5) Repeat preceding step, but completely
stop 1 foot in front of point B.

{6) With initial rotational velocity at
point A, stop rotation, proceed to point B, and
stop completely 1 toot in tront of point B.

(7) With Loth initial random rotation and
translation in vicinity of point A. stop hoth
inttial retation and transiation, proceed to
point B, and stop completely 1 foot in front
of point B.

(R) Starting from rest it point A, inter-
cept a target moving with constant velocity
at right angles to the line ot sight.

(9) Make precision attitude changes of 45
and 90 , stopping any translation existing at
end of run,

(10) Without the Hand Held Maneuvering
Unit, practice pushing off trom simulated
spacecraft and stopping coompletely by gently
snubbing the umbilical.

(11) Practice hand walking the umbilical
back to the simulated spacecraft, being care-
ful not to generate excessive translational
velocity.
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(12) Investigate elasticity and wrap-up
tendencies of umbilical by bitting end of
umbilical with various initial translational
and rotational velocities.

Amount of Training

Air-bearing training received by the prime
pilots of Gemini IV, V1II, 1X-A, X, and XI
follows:
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The #-Degrec-ol-Freedom Simulator

In addition to the 3 hours of air-bearing
tiaining with the Astronaut Maneuvering
Unit in preparation for Gemini IX-A extra-
vehicular activity, the pilot completed ap-
proximately 11 hours of training on the
Manned Aerospace Flight Simulator (fiy,
9-14). This simulator consisted of a produc-
tion-type Astrunaut Maneuvering Unit with
controls wired into a hybrid computer fa-
cility. The simulator provided the subject
with small-amplitude pitch, roll, and yaw
rotations and up-and-down translation ac-
celeration cues which later were damped out.
The visual displav simulated clouds over an
ocean, and a4 horizon with blue and red dots
representing the front and rear ends of a
targret vehicle. These were all projected on
the inner surtface of a spherical screen
mounted alout 8 feet in front of the pilot.
The dots varied in size to represent 4 target
vehicle at ranges from approximately 250
feet to essentially zero range. The object of
most training runs was to aline the two ends
of the spacecraft (superimpose the dots),
and to move in o a simulated arrival posi-
tion with respect to the target.

Ficunk, 9-14.—The Manned Ac¢rospace Flight Simu-
lutor used during training with the Astronaut
Maneuvering Unit.

Inertia Couplinge Training-Aid Model

During the Gemini VIII extravehicular
Lraining, the gquestion arose as to whethey
conteelled rotations about one axis of an ex-
travehicular pilot might lead to uncontrolled
rotations about the other two axes due to
inertia coupling or product-of-inertia effects.
To wain a qualitative idea of the possible
seriousness of these effects, a 1-to-4.5 scale
muodel of the Gemini VIII pilot was con-
structed and mounted in a set of extremely
light grimbals. The model (tigr. 9-15) was
based upon three-view scale photographs of
the pilot in a pressurized suit, and carved
from wood. The scale weirht and center-of-
pgravity position of the pilot, the Extirave-
hiculiav Support Package, and the Extra-
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Ficure 9-15.—Inertia coupling training-aid model.

vehicular Life-Support System were closely
duplicated, although no attempt was made to
measure and duplicate the moments of inertia
of these items. The gimbal arrangement is
shown in figure 9-16. The yaw axis is at the
top: the halt-pitch gimbal is next; innermost
is the rell gimbal, which consisted of two ball
bearinyrs inside the body of the model. The
vaw and pitch gzimbals were also mounted on
ball Learinys, The gimbal weight was only
about 0.2 that of the model.

Investigations of inertia coupling effects
were conducted by rotating the model about
vone of the major axes while holding the other
two axes fixed, then by suddenly releasing
the two fixed gzimbals. The following results
were observed.

(1) Following a pure yaw rotational in-
put, when the pitch and rol! gimbals were
released, slow up-and-down chanyes in pitch
attitude resuited. As the motion slowed due
to gimbal-beariny friction, the model rotated
90 in roll so that the original yawing motion
became a pure pitching motion. This attitude
then was stable because no coupling was evi-
denced if the model was again spun about the
oryyrinal axis of rotation.

(2) Following a pure pitch rotational in-
put, the model merely slowed to zero rota-

Ficuge 9-16.—Inertia coupling training-azid model
showing gimbal suspension system.

tional velocity  (because of gimbal-bearing
friction) without exhibiting inertia coupling
tendencies of anv kind.

(3) Fallowing a pure roll rotational input,
release of the pitch and yvaw gimbals imme-
diately resulted in a confused pitchings, yaw-
ing, and rolling tumblinss motion.

The behavior of the model was obviously
in consonance with the observed shape ot the
model. For example. the mass distribution of
the model, and ailso of an extravehicular pilot,
are almost svmmetrical about the Y7 plane:
therefore, practically no rolling or yawing
moments are generated due to the effects of
centrifugal force acting upon local mass
asvmmetry when the model is pitched. How-
ever, the model with backpack and chest pack
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is considerably asymmetrical about the YZ
plane; therefore, it is not surprising that
large pitching and yawing moments resulted
from pure roll.

The tests performed with the model re-
sulted in adoption of the following simple
maneuvering rules for the extravehicular
pilot. The rules are designed to eliminate or
reduce greatly the chance of encountering
inertia coupling effects.

(1} Never roll. Always establish the atti-
tudetoward the target by yawing, then pitch-
ing. Never roll while translating.

(2) In case inertia coupling effects are en-
countered, always stop the rolling velocity
first, the yawing velacity second, and the
pitching velocity last.

In connection with possible inertia cou-
pling effects, two final comments should be
made. First, the extravehicular pilots were
not unique in being subject to inertia coupling
effects. Airplanes and spacecraft are also sub-
Ject to such coupled motions. Second, it is
difficult to understand how these effects could
be encountered by an extravehicular pilot at
the end of an umbilical or tether. In such a
case, the umbilical or tether should effectively
eliminate all large rotations other than those
about the axis of the umbilical or tether. This
observation strongly suggests that tether and
umbilical reels, controlled by the extravehicu-
lar pilot, should be developed as soon as pos-
sible. Air-bearing tests indicate that body
rotations which can cause umbilical wrap-up
about the subject tend to be eliminated rap-
idly by the umbilical as long as the subject
does not already possess translational velocity
toward the spacecraft umbilical attach point.
The reason for this action is that the rota-
tional energy causing wrap-up has to be con-
verted to translational kinetic energy in order
for wrap-up to continue. The proportionality
factor for energy transformation in this di-
rection is yualitatively very low. Therefore,
the practice of always operating at the end
of a straight umbilical may help eliminate
undesirable angular rotations about the two
hody axes not coincident with the axis of the
umbilical.

2

Hand Held Maneuvering Unit Flight
Performance and Comparison With
Ground Training

Gemini IV Extravehicular Activity

The Gemini IV pilot made the first powered
extravehicular maneuvering in history. Fig-
ure 9-17 is one of the many photographs
taken by the command pilot and shows the
extravehicular pilot in the perfect posture
for maneuvering with a Hand Held Maneu-
vering Unit, The pilot described his experi-
ences with the Hand Held Maneuvering Unit

and with the umbilical as follows:

I left [the spacecraft] entirely under the influ-
ence of the gun, and it carvied me vight straight out,
a little higher than 1 wanted to zo. I wanted to
maneuver over to your [command pilot's] side, but
[ maneuvered out of the spacecraft and forward
and perhaps a little higcher than I wanted to be.
When I got out to what [ estimate as probably one-
half or two-thirds the way out on the tether, 1 was
out past the nose of the spacecraft. I started a yaw
to the left with the gun and that's when [ reported
that the sun reaily worked quite weil. I believe that
1 stopped that yaw, and I started translating back
toward the spacecraft. It was either on this trans-
Jation or the one following# this that [ ot into a bit

FIGURE 9-17—Extravehicular activity doring Gem-
ini IV, Note classic posture exhibited by pilot for
maneuvering with Hand Held Maneuverine Unit.
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of a combination of pitch, roll, and yaw together.
I felt that I could have corrected it, but 1 knew that
it would have taken more fuel than I had wanted to
expend with the gun, so I gave a little tug on the
tether and came back in. This is the first experience
I had with tether dynamics and it brought me right
back to where I did not want to be. It brought me
right back on top of the spacecraft, by the adapter
section,

This is the first time it had happened. I said [to
command pilot]: "“All rieght, I'm cominizr back out
[to front of sparecraft] again.” This is one of the
most impressive uses of the gun that I had. I started
back out with the gun, and I decided that I would
fire a pretty good burst too. I started back out with
the gun, and [ literally flew with the gun right down
along the edge of the spacecraft, rizht out to the
front of the nose. and out past the end of the nose.
I then actually stopped myself with the gun. That
was easter than I thought. I must have been fairly
fortunate, because I must have fired it right through
my cg. | stopped out there and. if my memory serves
me right, this is where I tried a couple of yaw ma-
ncuvers. [ tried a coupie of yaw and a couple of
pitch maneuvers, and then I started firing the gun
to come back in [to the spacecraft]. I think this was
the time that the gun ran out. And, I was actually
able to stop myself with it out therc that second
time too. The longest firing time that I put on the
gun was the one that ! used to start over the doots

up by the adapter section. I started back out then. -

- I probably fired it for a 1-second hurst or something
like that. I used small bursts all the time. You could
put a little burst in and the response was tremen-
dous. You could start a slow yaw or a slow pitch.
It seemed to be a rather efficient way to operate. |
would have liked to have had a 3-foot bottle out
there—the biggrer the better. It was quite easy to
control.

The technique that I used with the gun was the
technique that we developed on the air-bearing plat-
form. I kept my left hand sut to the side [fig. 9-17]
and the gun as close to my center of gravity as I
couid. I think that the training I had on the air-
bearing tables was very representative especially in
yaw and pitch. I felt quite confident with the gun
in yaw and pitch. hut I felt a little less confident in
roll. I felt that I would have to use too much uf my
fuel. I felt that it would be a little more difficult to
control and I didn't want to usc my fuel to take out
my roll combination with the yaw.

As soon as my pun run out [of fuel] T wasn't able
to control myself the wuy I could with the 1run. With
that gun, I could decide to o to a part of a space-
craft and very confidently wo.

Now [ was working on taking some pictures and
working on the tether dynamics. [ immediately rea-
lized what was wrons. 1 realized that our tether

was mounted on a plane oblique to the angle in
which I wanted to translate. I remember from our
air-bearing work that every time you got an angle
from the perpendicular where your tether was
mounted, it [the tether] gave you a nice arching
trajectory back in the opposite direction. You're
actually like a weight on the end of a string. If you
push out in one direction and you're at an angle
from the perpendicular, when you reach the end of
a tether, it neatly sends you in a long arc back in
the opposite direction. Each time this arc carried me
right back to the top of the adapter, to the top of
the spacecraft, in fact, toward the adapier section.

Once thing though that I'll say very emphaticaily—
there wasn’t any tendency to recontact the spacecraft
in anything but very gentle contacts. I made some
quite interesting contacts. I made one that I recall
on the bottom side of the right door in which I had
kind of rolled around. I actually contacted the bot-
tom of the spacecraft with the back of my head. I
was faced away from the spacecraft, and I just
drifted right up ajrainst it and just very lightly con-
tacted it. I rebounded off, As long as the pushoffs
are slow, there just isn’t any tendency to get in an
uncontrollable attitude.

Gemini X Extravehicular Activity

It was intended that the Gemini X pilot
pertorm an extensive evaluation of the Hand
Held Maneuvering Unit including precise
angular attitude changes and translations.
However, the light plan for the extravehicu-
lar activity required a number of other ac-
tivities prior to this evaluation. One of the
planned activities was to translate to the
target vehicle at very short range usifg
manual forces alone and to retrieve the Ex-
periment S010 Agena Micrometeorite Col-
lection package attached near the docking
cone. The pilot described the use of the Hand
Held Maneuvering Unit at this time as fol-
lows:

Okay. we're in this EVA. I got back and stood up
in the hatch and checked out the szun and made sure
it was squirting nitrogzen. That's the only gun check-
out T did. In the mcantime. John mancuvered the
spaceeraft over toward the end of the TDA, just as
we had ptanned. He got in such a position that my
head was 4 to 5 feet from the docking cone. It was
upward at alwout a 45° angle. just as we planned.
I helicve at one time there you said you had trouble
seeingz it, and | zave you [command pilot] some in-
structions about “forward. forward." “stop. stop.”
So I actually sort of talked John into position.
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I translated over by pushing off from the space-
craft. I floated forward and upward fairly slowly
and contacted the Agena. I grabbed hold of the dock-
ing cone as near as I can recall, at about the 2 o'clock
position, If you cali the location of the notch in it,
the 12 o’clock, I was to the right of that—at about
the 2 o'clock position and 1 started crawting around.
No, I must have been more about the 4 o’clock posi-
tion, because I started crawling around at the dock-
ing cone counterclockwise, and the docking cone
itself, the leading edge of the docking cone. which
is very blunt, makes a very poor handhold in those¢
pressure gloves. I had great difficulty in holding on
te the thing. And. us i matter of fact, when I pol
over by the S010 packase and tried to stop my mo-
tion, my inertia (the inertia of ] my lower hody, kept
me right on moving and my hand slipped and [ fell
off the Agena.

When  fell off, I igured I had either one of two
things to do. I could either pull in on the umbilical
and pet back to the spacecraft, or I could use the
gun, And I chose to use the gun. It was floating free
at this time, [t had come loose from the chestpack.
So, I reached down to my left hip and found the
nitrogen line and started puliing in on it and found
the gun, and unfolded the arms of the gun and
started looking arvound. [ picked up the spacecraft
in view. I was pointed roughly toward the space-
craft. The spacecraft was forward and below.me on
my left. The Arena was just about over my left
shoutder and below me, or down on my lcft side and
below me, I used the gun to transiate back to the
cockpit area. Now, [ was trying to thrust in a
straight line from where I was back to the cockpit,
but in leaving the Ajszena f had developed some tan-
gential velocity, which was bringing me out around
the side and the rear of the Gemini. So what hap-
pened was, it was almost ay if [ was in an airplane
on down wind for a landing, and in making a left-
hand pattern I Aew around and made a 180° left
descending turn, and flew vight into the cockpit. It
was a combination ‘of just luck, 1 think, being able
to use the gun. At any rate, I did return to the
cockpit in that manner, and John ajyrain maneuvered
the spacecraft. When [ got to the cockpit, 1 stood
up in the hatch and held un to the hatch. John ma-
neuvered the spacecraft again up next to the Arcna.
This time we wetre, I think, slightly farther away,
because 1 felt that rather than tryiny to push oif L
would use the gun and translate over. And I did, in
fact, squirt the zun up, depart the cockpit and trans-
late over to the dockin@ cone using the gun as a
control device. The run ot me there. It wasn't ex-
tremely accurate. What happened was, as | was
roing over, | jruess in leaving the cockpit, | some-
how developed an inadvcertent pitch-down moment,
and when I corrected this out with the gun, [ de-
veloped an upward translation as well as an up-

ward pitching moment. So 1 did damp out the pitch.
I converted that downward pitch moment into an
upwanrd pitching moment, and then I was able to
stop my pitch entirely. But in the process of doing
that, | developed an inadvertent up translation,
which ncarly caused me to miss the Agena. As a
matter of fact, I came very close to passing over
the top of Lhe Aucna; and 1 was just barely able to
pitch down with the gun and snag a hold of the
docking cvone as I went by the second time.

During further technical debriefings, the
Gemini X pilot made several other comments.
Concerning the response characteristics of
the Hand Held Maneuvering Unit, he statecl
that the thrust levels of 0 to 2 pounds were
about right. These levels provided adequate
translational response without making the
rotational response seem overly sensitive. The
GGemini IV pilot made the xame comment.

With respect to ability to transfer the con-
trol skitls acquired on the l-degree-of-free-
dom air-bearing simulators to the 6 degrees
of freedom existing in space, the Gemini X
pilot stated that the transfer was easv and
natural. He was, perhaps, a little surprised
that the pitch deyrce of freedom gave more
vontrol trouble than the yaw degrree of free-
dom. Due to a very low body inertia about the
yaw axis, vawing motions srenerated with the
Hand Held Manenverings Unit are naturally
much faster than either pitch or roll motions.

Finallv. in answer to the question of
whether he had acquired any rolling motions
during brief pertods of maneuvering with
the Hand Held Maneuveringe Unit, the Gemini
N pilot stated that no rolling motions what-
vver had been experienced. This is significant
for two reasons:

(1) Based upon indications of the inertia
coupling madel, and upon the Gemini 1V ex-
Cravehicular activity, the Gemini X pilot had
Lrained specitically to avoid rolling motions,
and tu stop them immediately if they should
neeur.

(2) [If rolling motions can be totally elimi-
nated. then control with the Hand Held Ma-
neavering Unit is reduced practically to a
simple S-desrree-of-freedom situation involv-
tngr vawing and pitchings rotations, and linear
translations,
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Concluding Remarks

Based upon the short periods of extra-
vehicular maneuvering during two Gemini
missions, the Hand Held Maneuvering Unit
is a simple device suitable for translating
easily between selected points on a spacecraft
or anywhere in the general vicinity of the
spacecraft. Thrust values ranging from 0 to
2 pounds are desirable for present-day Hand
Held Maneuvering Units. Controlled move-
ment about a spacecraft on a fixed-length
umbilical without a maneuvering device is
difficult, if not impossible. However, such
maneuvering does not appear to result in
uncontrollable attitudes if care is taken to
avoid large translational velocity inputs when
leaving the spacecraft.

As a result of work with a gimbal-mounted
scale model of an extravehicular pilot, it ap-
pears that confused tumbling motions due to
inertia coupling effects are likely to occur
during extravehicular maneuvering if exces-
sive simple rotational velocities (especially
rolling velocities) are attained. Therefore, it
is recommended that until additional extra-
vehicular maneuvering experience has been
srained. rolling velocities be maintained close
to zero during extravehicular maneuvering,
and the extravehicular pilot mass distribu-
tion be kept nearly symmetrical.

Three-degree.-of-freedom air-bearing simu-
lators are satisfactory devices for extra-
vehiculir maneuvering ground training. A
minimum of 1¢ hours of such training is
recommended.
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MEDICAL ASPECTS OF GEMINI EXTRAVEHICULAR

ACTIVITIES

By G. Freo Kerty. M.N., Medical Operations Office. NASA Manned Spnacecraft Center: and D. Owen
Coons. M.D.. Medical Operations Office, NASA Manned Spacecraft Center

Introduction

The medical aspects of Gemini extrave-
hicular activities are principally concerned
with the physiological responses to high
workloads, high thermal stresses, and low
fatigue tolerance. Analysis of physiological
inatrumentation data, from extravehicular
flights and training operation: contributed
significantly to the understanding of extra-
vehicular workloads and the means of cons
trolling these workloads.

Background

The success of the Gemini IV extravehicu-
lar activity provided the initial contidence
that man could accomplish extravehicular
operations easily and with & minimum of
physiological constraints. The Gemini IV
mission also tended to indicate thut elaborate
physiological instrumentation would not be
required. Accordingly, medical instrumenta-
tion requirements for future extravehicular
activities were kept to i minimum. The re-
quirements included one lead for an electro-
cardiogram and one lead for obtaining respi-
ration rate. Because the pilot was able to
monitor the suit pressure, this measurement
was deleted for Gemini IX-A and subsequent
flights. Other instrumentation which would
have been desirable included carbon-dioxide
concentration and body temperatures: how-
ever, feasible means of measuring these pa-
rameters were not readily available.
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Medical Evaluation of Extravehicular

Activities
During the extravehicular portions of
Gemini IX-A and XI. excessive workload

appeared to be a limiting factor. An evalua-
tion of dight data indicated that there may
have been an excessive thermal load imposed
upon the extravehicular pilot during these
activities. The high respiration rates encoun-
tered during Gemini XI indicated that a
buildup in the carbon-dioxide level may have
been a problem. Since there were no actual
data on thermal conditions, oxygen, or car-
Lon.dioxide levels, and no direct measure of
met:alolic load, a quantitative evaluation of
the potential problem areas was not possible.

Although there was no direct measure of
metabolie load, the electrocardiogram and
impedance pneumoxram provided some use-
ful information, but only if certain limita-
tions and inaccuracies were considered. These
parameters have heen monitored during a
great many physiological and psychological
tests under widely varying conditions. This
information reconfirms that heart rate re-
sponds to psychologicil, physiological, and
pathological conditions. There is considerable
individual variation in these responses. How-
ever, in the absence of i more scientific ap-
proich to the problem. and because a quan-
titative indication of the workload actually
experienced in flight appeared to be of pri-
mary importance, the feasibility of using
heart rate as a quantitative indication of
workload was investigated.
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On Gemini IX-A, X, XI, and XII, preflight
and postflight exercise tests using the bicycle
ergometer were performed on the pilots.
During the tests. the subject performed a
measured amount of work in increasing in-
crements while heart rate, blood pressure,
and respiration rute were monitored; peri-
odic samples of expired pas were collected
for analysis. The data were translated into
oxygen utilization curves and heat-eneryy
plots  (#yr. 10-1). Usinyg the plots and the
heart-rate datia obtained during each fliyrht
(figs. 10-2 and 10-3), an approximate work-
load curve was plotted against the time line
for the extravehicular activity. The derived
data were not entirely believable, since there
is nomethod to account for the effect on heart
rate restilting from thermal or other environ-
mental variations. Also, the psychoyenic ef-
fect of a new and different environment could
certainly increase the heart rates without a
corresponding chanygre in metabolic rate. The
plots were useful in evaluating the workloads
forr the Gemini XII extravehicular activity.
The accuracy of the plots may be expected to
increase as the oxyuzen consumption increases
toward maximum oxyyren utilization. This
value varies with individuals and with the
deyrree of physical conditioning, and is de-
pendent upon the amount of oxypren which
can be transported from the environment to
the hody tissues.

The area of major interest in evaluating
workloads duriny extravehicular activities is
during high workload periods. Furthermore,
any error introduced by unknown factors
would increase the observed heart rate for
a yriven workload level. This tends to increase
the: usefulness of such a plot for preflight
planning and for infliyzht monitoriny of extra-
vehicular activities. When data from previous
fliyrhts, altilude chambier tests. 1g  walk-
throughs, and underwater zero-g simulations
are examined in this manner, a quantitative
indication may be derived of work expended
on various tasks (fi. 10-4), This is impotr-
tant in the postflight assessment of the rela-
tive phyvsioloyical cost of various tasks. and
in determining acceptable tasks and realistic

time lines during simulations and preflight
planniny. The use of heart-rate and respira-
tion-rate data, when coupled with voice con-
tact and an understanding of programed
activities, proved an extremely important and
useful method for real-time monitoring of
extravehicular pilots.

The mujor factors which apparently pro-
duced the hiyhest workload prior to Gemini
XII were hixh suit forces, insufficient body-
position restraints, and thermal stress. This
was indicated when the Gemini XI pilot ex-
pended an exceptionally hirh effort in attach-
ingr the spacceraft ‘tarpret-vehicle tether to
the dockinyr bar. Difticulties in maintaining
hody position in the weijrhtless environment
made the task much more difticult than had
been expected.

The pilot used the laryre torso and leg
muscles in attempting to straddie the space-
craft nose and found that he had to work
ajrainst the pressurized space suit in order to
force his legs into an unnatural position. The
hiprh workload subjectively described by the
pilot was contirmed by heart and respiration
rates (tigg. 10-2(d)). The hirh respiration
rates also indicate the possibility of increased
carbon-dioxide level. The Extravehicular
Life-Support System was not designed to
handle workloads of the maynitude indicated
v these rates in terms of either thermal con-
trol or carbon-dioxide removal. It is probable
that the thermal and carbon-dioxide buildup,
alongr with psychoprenic factors which were
certainly present, contributed to the hiyph
heart rates recorded. However, this would
make heart rate and respiration rate data no
less useful in the real-time monitoriny of a
crew duriny flisrht if stress or potential dan-
rer were in fact present.

In planniny for Gemini XII, it was deemed
important to avoid workloads which would
exceed the capacity of the Extravehicular
Life-Support System. It had heen determined
that the Extravehicular Life-Support System
was capable of handling 2000 Btu hr while
maintaining a carbon-dioxide level equal to
approximately 6 mm of mercury. During the
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pretlight erizomets  studies (fig. 10-5), the
pilot heart rate w s 122 Leats per minute
when the workloi = was 2000 Btu hr. [t
should be noted th: a total heat capacity
higher than 2000 ‘v - was possible for
short periods of time il that sustained heat
dissipation of a perventage of thermal load
produced by higrher levels of work was also
within the capabilities of the Extravehicular
Life-Support System. Beciuse of these and
other factors which are known to cause in-
creases, heart rates above 122 beats per
minute were expected and observed duwrings
the planned extravehicular activitics an Gem-
ini XII. Figure 10-3(¢) is a graph of heart
rate related to events during the Gemini X1l
uinbilical extravehicular activity., Only once
did the pitot’s heart rate exceed expected
levels. This occurred during a period of un-
<cheduled activities when psychoyenic factors
contributed heavily to the heart rate. When
the pilot was asked to decrease the activities,
heart rates returned to a resting level in less
than 1 minute.

During each period of standup extrave-
hicufar activity in Gemini XII, two sessions
of programed exercise were performed. The
exercises consisted of movingg the arms
against the restrictive forces of the pressur-

ized space suit. Both arms were brought from
the neutral position to the sides of the helmet
once each second for 60 seconds. An attempt
was made to correlate heart rate during these
inflight exercise periods with preflight exer-
cise tests (Hyr. 10-5). When compared in this
manner. there appeared to be no significant
ditference between the heart-rate data for
the exercises performed betore flight and
those performed in tlight. @nly qualitative
conclusions, however. can be drawn from
these data, Quantitative and scientifically
vilid conclusions must await the results of
more detailed and precisely implemented in-
fligrhl medical experimentation in which con-
trolled conditions are possible and adeguate
data colleetion is feasible.

Certain other factors are considered sig-
niticant in the medical aspects of the Gemini
extravehiculay activities. One of these tac-
tors. the art of conserving energy, has been
brietly mentioned, wul was demonstrated by
the pilot of Gemini X1I. The pilot of Gemini
NIT was able to condition himselt to refax
completely within the neutral position ot the
suit. He consciously tried to determine when
aoaroup of museles was found to be tense
while performing no useful work, and then
tried toe subjectively relus these muscles. Alf
mavements were slow and delibarate. When
<mall movement of the Anjrers was sullicient
1 perform a task, the pilot used only the
necessary museles, If a restraint strap would
substitute T'oy muscle action. the pilot would
rely on the restraint strap to maintain posi-
tion. i would relax the muscles which
wauld etherwise have been required for this
Laxk.

('hronic faliyrue o degraded physical ¢on-
dition may have been a problem during extra-
vehicular activity. Steep during the tirst night
ol each Ilight was inadequate, and prepara-
tion activities for cextravehiculiar maneuvers
were detailed and  fatigruing. Furthermore,
the pace of pretlisrht activities and the pres-
sures of planning, training, and preparation
to meet a tlisrht schedule predizposed the crew
to fatisgrue. During the tinal weeks of prepa-
vation tor a tligght, enach crew found that time
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Ficure 10-3.—Physiological data duving umbilical
extravehicular activity.

for rest, relaxation, and even physical condi-
tioning was at a premium, and often these
activities were omitted.

The possibility exists that hematological or
cardiovascular changes observed in weight-
less flight decrease the metabolic efficiency of
man duringr the extravehicular activities re-
quiring a relatively high workload. Until
motre detailed information is available from
well-founded medical experimentation curing
flight, the relative importance of such factors
cannol be assessecl.

Cnnclusions

The experience gained trom the Gemini
extravehiculir activities has nrovided infor-

mation which will be invaluable in planning
future missions, There have leen no indica-
tions that the efficiency of man during extra-
vehicular activities i1s significantly alterecl.
The mujor factors which appear to have pro-
tluced the higrhest workload (during the extra-
vehicular activity are high suit forees, insuffi-
cient hody-position auds, and thermal stress.
The success of Gemini XIT conelusively dem-
onstrated that these factors can e minimized
through carefut planning.  Evaduation  of
physiotogical factors during the extravehicu-
lar activity has heen significantly compro-
mised by the lack of wdeguate instrumenta-
tion. Much can he learned about the physi-
alogical responses to extravehicular activities
from simulations in the zevo-pr abreralt and
in ap underwater mockup. Without specihic
knowledge ot the thermal and environmental
conditions, however, o realistic simulation of
extravehicular activities will be incomplete
and possibly misleadings.

The successtul completion of the Gemini
extravehicular activities indicates that life-
support planning has heen eszentiully =oundl.
The =uccess of Gemini XII indicates that
within the limitations of the experience
wained. time lines and work tasks can be
tailored so that flight objectives can be accom-
plished. There are no medical contraindica-
tions to presently plunned extravehicular
activities.
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11. SUMMARY OF GEMINI EXTRAVEHICULAR ACTIVITY

By ReciNALD M. MacueLL. Office of Spacecraft Management. Gemini Program Office, NASA Manncd
Spacecraft Center; Larry E. Betr, Crew Systems Divisstun, NASA Manned Spacecraft Center:;
NormanN P. SHYKEN, Senior Engineer, McDonnell Aircraft Corp.: and James W. Prim /11, Offce 5}
Spacecrafjt Management, Cemini Program Ofice. NASA Manned Spacecraft Center

Introduction

The Gemini Program has provided the first
experience in extravehicular activity in the
U.S. manned space effort. The original c¢bjec-
tives included the following:

(1) Develop the -capability for extra-
vehicular activity in free space.

(2) Useextravehicular activity to increase
the basic capability of the Gemini spacecraft.

(3) Develop operational techniques and
evaluate advanced equipment in support of
extravehicular activity for future programs.

In general, these principal objectives have
been met. Some of the problems encountered
during the equipment evaluation caused the
emphasis to be shifted from maneuvering
equipment to body-restraint devices.

The initial Gemini design guidelines con-
templated missions with 30 to 60 minutes of
extravehicular activity with very low work-
loads and metabolic rates (500 Btu/hr).
Various ground simulations subsequently in-
dicated the need for longer periods of extra-
vehicular activity and greater heat-dissipa-
tion capabilities if significant useful results
were to be obtained. The design criteria for
the extravehicular life-support equipment
were ultimately set at a mission length of
140 minutes with a normal metabolic rate of
1400 Btu/hr and a peak rate of 2000
Btu/hr. The fiight results indicated that in
several instances this metabolic rate was un-
intentionally exceeded. The final mission,
Gemini X1II, demonstrated the equipment and
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procedures by which the workload and the
metabolic rates could be maintained within
the desired limits.

One of the most difficult aspects of develop-
ing an extravehicular capability was simu-
lating the extravehicular environment. The
combination of weightlessness and high vac-
uum was unattainable on Earth. Zero-gravity
aircraft simulations were valuable but occa-
sionally misleading. Neutral buoyancy simu-
lations underwater ultimately proved to be
the most realistic duplication of the weight-
less environment for body positioning and
restraint problems. The novel characteristics
of the extravehicular environment and the
lack of comparable prior experience made
intuition and normal design approaches occa-
sionally inadequate. The accumulation of
Hight experience gradually led to an under-
standing of the environment and the tech-
niques for practical operations.

Extravehicular Mission Summary

Extravehicular activity was accomplished
on 5 of the 10 manned Gemini missions. A
total of 6 hours 1 minute was accumu-
lated in five extravehicular excursions on an
umbilical (table 11-1). An additional 6 hours
24 minutes of hatch-open time were accu-
mulated in six periods of standup extra-
vehicular activity including two periods for
jettisoning equipment. The total extravehicu-
lar time for the Gemini Program was 12
hours 25 minutes.
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TABLE 11-1.—Summary of Gemini Extravehicular Activity Statistics
! | . | Umbiticat Standup | Total
Mission Life-support | Umbilical | Maneuvering | extravehicular time, extravehicular
system length. ft device | activity time, | hr:min- acrivity time,
| | hr:min hr:min
| |
= |
v VeM 25 Hand Held 0:36 None 0:36
Maneuvering
Unit .
VIII ELSS, ESP 25 | Hand Held None} Neone None
| Maneuvering |
| | Unit
IX-A | ELSS, AMU 25 | Astronaut 2:07 Nene 2:07
Maneuvering
Unit
X ELSS 30 | Hand Held 03y 0:30 1:229
Maneuvering
Unit ‘
A6\ ELSS 30 | Hand Held 0:3:3 2:1,0 2:43
| Maneuvering |
Unit
NeIT ELSS | 225 | Noune 2:06 324 3:30
| } I
Totals for Gemini Program 6:01 6:24 12:25

* Includes mission equipment jettison time.

Gemini IV

Two of the objectives of the Gemini IV
mission were to establish the initial feasi-
bility of extravehicular activity and to eval-
uate a simple maneuvering device. The life-
support system was a small chest pack called
the Ventilation Control Module, with oxygen
supplied through a 25-foot umbilical hose
assembly (fig. 11-1). The Hand Held Maneu-
vering Unit was a self-contained, cold-gas
propulsion unit which utilized two 1-pound
tractor jets and one 2-pound pusher jet. The
G4C space suit was worn with an extra-
vehicular cover layer for micrometeorite and
thermal protection. While outside the space-
craft, the pilot also \wore a special sun visor
designed for visual 1. tection.

The Gemini IV pilot was outside the space-
craft for 20 minutes and followed the time
line shown in figure 11-2. The results proved
the feasibility of simple extravehicular ac-
tivity without disorientation. The utiaty of
the Hand Held Maneuvering Unit for self-

propulsion without artificial stabilization was
tentatively indicated, although the 20 seconds
of available thrust were not enough for a de-
tailedl stabilityv and control evaluation. The

FIGURE 11-1.—-Gemini IV extravehicular system.
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Day
Night )
! Ground elapsedtime

0d:15

Hatch open
Install Lé-mm camera
04:20 install umbilical quard

04:25 Standingin seat. Preparing Hand Held
Maneuvering Unit

Illlllililllil

f Egress trom spacecrafl using Hand Held
Maneuvering Unit
Hand Held Maneuvering Unit evaluation

— 04:30

Hand Held Maneuvering Unit out of propellant

Umbilical evatuation

8
&

Smeared command pilot's window

lfllilllllll'i_]_f

E 04:45
Standing on spacecraft surface

— 04:50 Standing in seat, starting ingress

~ s Hatch closed

1 2ay
FIGURE 11-2.—~Gemini 1V extravehicular time line,

extravehicular pilot evaluated the dynamiecs
of a 25-foot tether, and was able to push trom
the surface of the spacecraft under gross con-
trol. The umbilical tether caused the pilot to
move back in the generai direction of the
spacecraft. The tether provided no means of
body positioning control other than ag a dis-
tance-imiting device. Ingress to the cockpit
and hatch closure was substantially more
difficult than anticipated because of the high
forces required to pull the hateh fully closed.
The hatch-locking mechanism also malfunc-
tioned, complicating the task of ingress.
Efforts by the extravehicular pilot in coping
with the hatch-closing problems far exceeded
the cooling capacity of the Ventilation Con-
trol Module. The pilot was overheated at the
completion of ingress, although he had been
cool while outside the spacecraft. Several
hours were required for the pilot to cool off

after completion of the extravehicular
period. huwever, no countinuing aftereftects
were noted. Because ot the previous hatch-
closing problems, the hatch was not opened
for jettisoning the extravehicular equipment.

The intlight experience snowed that sub-
stantially more time and effort vere required
to prepare for the extravehicular activity
than had previously been anticipated. The
ncreased hazards ot extravehicular activity
dictated meticulous cave in the inflight check-
out before the spacecraft was depressurized.
The flight crew found the use of detailed
checklists i necessary part of the prepara-
tions for extravehicular activity, The Gemini
IV mission proved that extravehicular ac-
tivity was feasible. and indicated several
areas where equipment performance needed
improvement.

Gemini VIII

The next exXxtravehicular activity was
planned for the Gemini VIII mission and was
intended te evaluate the Extravehicular Life-
Support System. This svstem was a chest
pack with a substantially greater thermal
capacity than the Ventilation Control Module
used during Gemini IV, and had an increased
reserve oxygen supply. In addition. the extra-
vehicular activity was intended to evaluate
the Extravehicular Support Package. a back-
pack unit containing an independent oxygen
supply for life support: a larger capacity
propellant supply tor the Hand Held Maneu-
vering Unit; and an ultrahigh-frequency
radio packajre for independent voice «om-
munications. A cetailecdd evaluation was also
planned on the Hand Held Maneuvering Unit
while the pilot was on a 75-foot lightweiyzht
tether. The extravehicular equipment ix
showm in figure 11-3. The Gemini VIII mis-
sion was terminated before the end of the
first day because of a spacecratt control-=y-s-
tem malfunction, and no extravehicular ac-
tivity was accomplished.

Equipment design became very complicated
during preparation for the Gemini VIII mis-
sion because of the need to provide the pilot




130 GEMINI SUMMARY CONFERENCE

FICURE 11-3.--Genini VII] extravehicular system.

with connections to a chest pack, a backpack,
several oxygen and communication lines, and
a structural tether. Acceptable designs and
procedures were established; however, the
handling procedures were more difficult than
was desirable. Although the Gemini VIII
extravehicular equipment was not used in
orbit, its use in training and in preparation
for flight provided initial insight into the
problemsg of complicated equipment connec-
tions.

Gemini IXN-A

The prime objective of the Gemini IX-A
extravehicular activity was to evaluate the
Extravehicular Life-Support System and the
Air Force Astronaut Maneuvering Unit. The
Astronaut Maneuvering Unit was a backpack
which included a stabilization and control
system, a hydrogen-peroxide propulsion sys-
tem, a life-support oxygen supplv, and an
ultrahigh-frequency radio package for voice

communications. The mission |
for the extravehicular activity

lar to the profile intended for
The hatch was to be opened
daylight period ‘when good ct
could be established with the
tions in the continental Unite
first daylight period was to

familiarization with the envir
performance of preparing simj
and experiments. The succ
period was to be spent in the :
ment section of the spacecraft
and donning the Astronaut

Unit. The second daylight per
spent evaluating the Astronaut
Unit. At the end of this period
to return to the cockpit, disca
naut Maneuvering Unit. com)
scientific photographic experi
gress. The equipment tor extr:
tivity during Gemini IX-A is
ures 114 and 11-5.

The Gemini IX-A extravehi
proceeded essentially as planne
daylight period. and is indicatt
line of figure 11-6. The pilo
higher forces than expected i:
hatch in the partially: open pos
condition did not cause any in
culties. While outside the s
pilot discovered that the familia
and evaluation: required more
fort than the ground simulati
minor difficulties were experie
troiling' budy position. Prior to
first orbital day. the pilot pro
spacecraft adapter and began
tions for donning the Astrn .
ing Unit. The task of prepar
naut Maneuvering Unit requi
work than had been anticipate
because of the difficulties in mai
position on the foot bar and th
At approximately 10 minutes
the visor on the extravehiculay :
beyran to fog. The fogging inc1t
erage and severity until the crew
to discontinue the activities wit:
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FIGURE 11-4.—Gemini [X-A extravehicular system.

naut Maneuvering Unit. After sunrise, the
fogging decreased slightly, but increased
again when the extravehicular pilot expended
any appreciable effort in his tasks. Although
the Astronaut Maneuvering Unit was finallyv
donned, the extravehicular activity was
terminated early because of the visor fog-
ging, and the Astronaut Maneuvering Unit
was not evaluated. The pilot experienced
further difficulties in moving the hatch in
the intermediate position; however, the
forces required to close and lock the hatch
were normal. The overall time line for the
Gemini IX-A extravehicular activity is
shown in figure 11-6.

FiGURE 11-5.—Gemini IX-A adapter provisions for
extravehicular activity.

Postflight evaluation indicated that the
Extravehicular Life-Support System func-
tioned normally. It was concluded that the
Astronaut Maneuvering Unit preparation
tasks and the lack of adequate body re-
straints had resulted in high workloads
which exceeded the design limits of the Ex-
iravehicular Life-Support System. Visor fog-
ging was attributed to the high respiration
riate and high humidity conditions in the hel-
met. The pilot reported that he was not ex-
cessively hot until the time of ingress. It was
concluded that the performance of the Extra-
vehicular Life-Support System heat ex-
changer may have been degraded at this time
because the water supply of the evaporator
hecame depleted.

As a result of the problems encountered
during the Gemini IX-A extravehicular ac-
tivity, several corrective measures were ini-
tiated. To minimize the susceptibility to visor
fogging, it was determined that an antifog
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solution should be applied to the space-suit
helmet visors immediately prior to the extra-
vehicular activity on future missions. Each
extravehicular task planned for the succeed-
ing missions was analyzed in greater detail

Day
Night 1
& Ground elapsed time

Hatch open
Stard in seat

- tquipment jettisoned. Deploy handrail
= Retrieve Experiment S012 package. Sunrise
18 Position detiris cutters

— Mount 16-mm camera

70-mm pictures

—49.40 Attach docking bar mirror

pe Umbilical evaluation
Velcro hand-pad evaluation

—49:50 Return to cabin
= Rest

Hand L6-mm camera In

Install 16-mm camera
- Stand in seat

- Close haich

- Move to adapter. Relsase handbars

Standing on foot bar

- Position mirrors

- tnstow penlights
Connect black tether hook

- Pilot reported hot spots
Rest

= Connect orange tether honk

Sunset. High llow on Extravehicular Lite
= Support System

for the type of body restraints required and
the majrnitude of the forces involved. An
overshoe type of positive foot restraint was
installed in the spacecraft adapter and was
designed to be used for the extravehicular

Day

Night i
* (i)und etapsed time

- 50:25

— 50:30
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51:20

51:25
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-
— 51:30

Stopped work on tether hook. Astronaut

Maneuvering Unit inspection
1 U

nslow attitude control arm
Unstow translational control arn,
Reported visor 1ogged. Rest
Unstow oxygen hose
Opening oxygen supply

Oxygen valve open. Relsase nozzle extensions
Back into Astronaut Maneuvering Unii. Visor
togged. Rest

Switch %0 Astronaut Maneuvering Unit
electrical cable

Sunrise

Astronaut Maneuvering Unit acttvities termin-
ated. Waiting for visor to clear

Switch back to umbslical
Pitot out of Astronaut Maneuvering Unit

Pilotback at hatch. Resting

Visor 40 percent fogged
Removedocking bar mirror

Visor fogging increased. Taking pictures
ingress starled

| m P

Hatch closed W Night

FIGURE 11-6.—Gemini [X-A ¢xtravehicular time line,
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tasks planned for Gemini XI and XII. The
analysis showed that all extravehicular tasks
planned for the Gemini X, XI, and XII mis-
sions could be accomplished satisfactorily.
As another corrective step, underwater sim-
ulation was initiated in an attempt to dupli-
cate the weightless environment more accu-
rately than did the zero-gravity aircraft
simulations.

Geminmi X

The prime objective of the Gemini X extra-
vehicular activity was to retrieve the
Experiment S010 Agena Micrometeorite
Collection package from the target vehicle
that had been launched for the Gemini VIII
mission. The package was to be retrieved
immediately after rendezvous with the Gem-
ini VIII target vehicle, and the umbilical
extravehicular activity was to Jast approxi-
mately one daylight period. In addition, it
was planned to continue the evaluation of the
Hand Held Maneuvering Unit; to retrieve
the Experiment S012 Gemini Micrometeor-
ite Collection package from the spacecraft

adapter; and to conduct several photographic_

experiments. Photography was scheduled for
11/ orbits during a period of standup extra-
vehicular activity.

The extravehicular equipment included the
Extravehicular Life-Support System, the im-
proved Hand Held Maneuvering Unit, and
the new 50-foot dual umbilical. One hose in
the umbilical carried the normal spacecraft
oxygen supply to the Extravehicular Life-
Support System. The other hose carried
nitrogen for the Hand Held Maneuvering
Unit. The umbilical was designed so that the
Hand Held Maneuvering Unit and all oxygen
fittings could be connected before the hatch
was opened; however, the nitrogen supply
for the Hand Held Maneuvering Unit had to
be connected outside the spacecraft cabin.
The configuration and operation of this um-
bilical were simpler than the complicated
connections with the Gemini VIII and IX-A
equipment. The 50-foot umbilical had the dis-
advantage of requiring a substantial increase

in stowage volume over the 25-foot single
umbilical assembly used on Gemini VIII and
IX-A. The extravehicular equipment for
Gemini X is shown in figure 11-7. For the
standup extravehicular activity, short exten-
sion hoses were connected to the spacecraft
Environmental Control System to permit the
pilot to stand while remaining on the space-
craft closed-loop system. The pilot also used
a fabric-strap standup tether to take any
loads required to hold him in the cockpit.
The standup activity commenced just after
sunset at an elapsed flight time of 23 hours

==
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—_ \ ;
o

x i
FICurRe 11-7.—Gemini X extravehicular system.
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24 minutes, and proceeded normally for the
first 30 minutes (fig. 11-8). The pilot was
well restrained by the standup tether, and
since there were no unusual problems with
body positioning, ultraviolet photographs of
various star fields were taken with no diffi-
cuity. Immediately after sunrise, both crew-
members experienced vision interference
caused by eve irritation and tears, and the

Day
Night
J Ground elapsed time

t 23:20
Sunset
Hatch ogen
~23.25 EQuipment jettisoned
Experiment SOI3 camera mounted
< Pilot s13nding in open hatch

Experiment S0i3 photography

TT 1111

~
o
w

Left shoulder Strap restraining pilot

Pilot feeling warm

Eight emposures tor £xperiment S013
Pilot starts to cool off

Twelve out of twenly Experiment SOI3
phorographs obtained

= Body pesitioning no problem

- Sunrise
Experiment SOL3 completed

Experiment S013 camera handed to command pilot
B Pilot lowered sun visor and received
Experiment M40 color plate

Photographea color plate

- Eye irrilation first reported
- Color plate discarded

| Experiment SOL3 bracket discarded

— Hatch ¢losed
3 Day

M Night

— =245

FIGURE 11-8.—Gemini X standup extravehicular
time line.

crew elected to terminaite the standup.activity
at this time.

The eye irritation subsided gradually after
ingress and hatch closure. The cause of the
eve irritation was not known, but was be-
lieved to be related to the simultaneous use
of both compressors in the spacecraft oxy-
gen-supply loop to the space suits. The crew
verified that, prior to the umbilical extrave-
hicular activity, no significant eye irritation
was experienced when only one suit com-
pressor was used while the cabin was de-
compressed.

The Gemini X umbilical extravehicular ac-
tivity was initiatecd at an elapsed flight time
of 48 hours 42 minutes, immediately after
rendezvous with the Gemini VIII target ve-
hicle. The sequence of events is indicated in
ficure 11-9. The pilot retrieved the Experi-
ment S012 Gemini Micrometeorite Collection
package from the exterior of the spacecraft
adapter, then moved outxide to connect the
nitrogeen umbilical supply line for the Hand
Held Maneuvering Unit. The pilot then re-
turned to the cockpit. Meanwhile, the com-
mand pilot was flying the spacecraft in close
formation with the target wvehicle (fig.
11-10). With the docking cone of the target
vehicle approximately 5 feet away, the pilot
pushed off from the spacecraft and grasped
the outer lip of the docking cone. In moving
around the target vehicle to the location of
the Experiment S010 Agena Micrometeorite
Collection package, the pilot lost his hold on
the smooth lip of the docking cone and drifted
away from the target vehicle. He used the
Hand Held Maneuvering Unit to translate
approximitely 15 feet back to the spacecraft.
The pilot then used the Hand Held Maneu-
vering Unit to translate to the target vehicle.
On his second attempt to move around the
docking cone, the pilot used the numerous
wire bundles and struts behind the cone as
handholds. and was able to maintain satis-
factory control of his body position. Re-
trieval of the Experiment S010 Agena
Micrometeorite Collection package was ac-
complished without difficuity. While carrying
the package, the pilot used the umbilical to
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Day

Nigni
Ground elapsed lime

‘ 48:35 Exiravehicular Life Suppect System on medium ttow
i Sunrise

I
‘
&
oo
-3
o

Haich open

Hangratl depioyed

&
&

Experiment S012 reirieved from adapter
48:50 Nitcogen quick-disconnec! hookup Initiated
Nitrogen hookup completed

Pilot checked out Hand Held Maneuvering Unit
48:55 at hatch
Lpilot pushed off from spacecraft to target vehicle
Tpilot let go of target vehicle. Translated 1o Space-
craft with Hand Held Maneuvering Unit {15 feell
49.00 v Extravehicular Lite Support System on high flow
].Transla(ed 10 target vehicle with Hand Held
Maneuvering Unlit {apout 12 feell

49:05 Experiment SOL10 removed from targel vehicle
Hand-over-hand return using umbilical
Loss of 70-mm s1ill camera reported

o
o
P
o

Hand Hetd Maneuvering Unit nilrogen line
disconnected néar hatch
Ingress commenced

oS
il
-
w

Pilot untangting umiihcal

49:20 Haten closed

49:25

T'I'IIIIT'I'ITTT'[_fT'I‘lTTTTliIlll'l]'II'I'llllITIerYYY]

Sunsel O Day

M Night

FIGURE 11-9.—-Gemini X umbilical extravehicular
time line.
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pull himself back to the cockpit. At this time,
the spacecraft propellant supply had reached
the lower limit allotted for the extravehicu-
lar activity and the station-keeping opera-
tion, and the extravehicular activity was
terminated.

During the first attempt to ingress, the
pilot became entangled in the 50-foot umbili-
cal. Several minutes of effort were require«l
by both crewmembers to free the pilot from
the umbilical so that he could ingress. The

“Experiment SO10
package

FIGURE 11-10.——Beginning of the Gemini X
extravehicular transfer.

hatch was then closed normally. Fifty min-
utes later the crew again opened the right
hatch and jettisoned the Extravehicular Life-
Support System, the umbilical, and other
miscellaneous equipment not required for the
remainder of the mission.

During the umbilical extravehicular ac-
tivity. the pilot reported the loss of the 70-mm
still camera. The camera had been fastened
to the Extravehicular Life-Support System
with a lanyard. but the attaching screw came
loose. It was also discovered that the Experi- -
ment S012 Gemini Micrometeorite Collection
package had been accidentally thrown out
or had driftecl out of the hatch. The package
had been stowed in a pouch with an elastic
top. but appeared to have been knocked free
while the 5(-foot umbilical was being un-
tangled.

The principal lessons learned from the ex-
travehicular phase of this mission included
the following:

(1) Preparation foi- extravehicular ac-
tivity was an important task for which the
full-time attention of both crewmembers was
desirable. Combining a rendezvous with a
passive target vehicle and the extravehicular
activity- preparation caused the crew to be
rushed, and did not allew the command pilot
to give the pilot as much assistance as had
been planned.

(2) The tasks of crew transfer and equip-
ment retrieval from another satellite could
be accomplished in a ¢leliberate fashion with-
out excessive workload. Formation flyving
with another satellite could be accomplished
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readily by coordination of thruster operation
between the command pilot and the extra-
vehicular pilot.

(3) Equipment not securely tied down
was susceptible to drifting away during ex-
travehicular activity. even when precautions
were being taken.

(4) The bulk of the 50-foot umbilical was
a greater inconvenience than had been an-
ticipated. The stowage during normal flight
and the handling during ingress made this
length undesirable.

Gemini X1

The prime objectives of the Gemini XI
extravehicular activity were to attach a 100-
foot tether between the spacecraft and the
target vehicle, and to provide a more exten-
sive evaluation of the Hand Held Maneuver-
ing Unit. In addition, several experiments,
including ultraviolet photography, were
scheduled for standup extravehicular ac-
tivity. ‘The umbilical extravehicular activity
was scheduled for the morning of the second
day so that the spacecraft/target-vehicle
tether evaluation could be accomplished later
in that same day.

The equipment (fig. 11-11) for the Gem-
ini XI extravehicular activity was the same
as for the Gemini X mission, except that the
dual umbilical was shortened from 50 to 30
feet to reduce the stowage and handling
problems. An Apollo sump-tank module was
mounted in the spacecraft adapter section,
and incorporated two sequence cameras de-
signed for retrieval during extravehicular
activity. The Hand Held Maneuvering Unit
was also stowed in the adapter section. A
molded overshoe type of foot restraint was
provided for body restraint while perform-
ing tasks .in the spacecraft adapter (fig.
11-12). .

The Gemini XI umbilical extravehicular
activity was inijtiated at an elapsed flight
time of 24 hours 2 minutes. Almost imme-

diately, there were indications of difficulty.

The first significant task after egress was to
position and secure the external sequence

FIGURE 11-11.—.Gemini XI extravehicular system.

camera. After the camera was secured, the
pilot indicated that he was fatigued and out
of breath. The pilot then moved to the front
of the spacecraft, and assumed a straddle
position on the Rendezvous and Recovery
Section in preparation for hooking up the
spacecraft target-vehicle tether. While main-
taining position and attaching the tether, the
pilot expended a high level of effort for sev-
eral minutes. After returning to the cockpit
to rest. the pilot continued to breathe very
heavily and was apparently fatigued. In view
of the unknown effort required for the re-
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F1CURE 1)-12.—Foot restraints installed in the
adapter section for Gemini XI and XII missions.

maining tasks, the crew elected to terminate
the extravehicular activity prior to the end
of the first daylight period. Ingress and
hatch closure were readily accomplished. The
time line for the umbilical extravehicular ac-
tivity is shown in figure 11-13.

The Gemini XI standup extravehicular ac-
tivity was initiated at an elapsed flight time
of 46 hours 6 minutes, just prior to sunset.
The crew began the ultraviolet stellar. pho-
tographyv as soon as practical after sunset,
and the photography of star patterns was
readily accomplished. The extravehicular
pilot operated at a very low work level, since
he was well restrained by the standup tether.
As in the Gemini X standup extravehicular
activity, the crew had little difficulty with the
standup tasks. After completing the ptanned
activities (fig. 11-14), the pilot ingressed
and closed the hatch without incident.

Discussions with the crew and analysis of
the onboard films after the flight revealed
several factors which contributed to the high
rate of exertion during the umbilical activity
and the subsequent exhaustion of the pilot.
The factors included the following:

(1) Thelack of body restraints required a
high level of physical effort to maintain a
straddle position on the nose of the space-
craft.

(2) The zero-gravity aircraft simulations
had not sufficiently duplicated the extrave-
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Day

Nignt .
i Ground elapsed time
l-! 24.00 Seven minutes aiter sunrise

pr Hatch open

Standingin hatch
Handrail deployed
Experiment SOQ9 retrieved

= Extravehicutar camera moynteo

Pilot at spacecraft nose

Resting

Attaching spacecraftitarget-venicte tether
Tether on

Tether secured
Return to hatch

Resting

3

— 24:20 Start Film change

= Film change complete

— 24:25 Resting while standing irt hatch

— 24:30

- )

B Extravehicular camera demounted

~ Ingress compiete

— :35LHateh closed

& O D_ay
L) L2440 Seven minutes before sunset 8 Nignt

FiGURE 11-13.—Gemini XI umbilical extravehicular
time line.

hicular environment to demonstrate the dif-
ficulties of the initial extravehicular tasks.

(3) The requirement to perform a mis-
sion-critical task immediately after egress
did not allow the pilot an opportunity to be-
come accustomed to the environment. This
factor probably caused the pilot to work
faster than was desirable.

(4) The high workloads may have re-
sulted in a concentration of carbon dioxide
in the space-suit helmet high enough to cause
the increased respiration rate and the appar-
ent exhaustion. Although there was no meas-
urement of carbon-dioxide concentration in
flight, there was an indication of an increase
in concentration at high workloads during
testing of the Extravehicular Life-Support
System. For workloads far above design lim-



138

GEMINI SUMMARY CONFERENCE

Day Day
Night Night 4
i G;qunu elapsed time * Ground elapsed time
E 46:00 — [ 47:10
— 46:05 — 47.19
- Hatch open - Standing by for sunset
- Standing in hatch 7
— 46:10 — 47:20
- Experiment SOL3 camera installed 2
— 46:15 — a7.29
= Sunset ~
[: Experiment SO013 photography r
— 4620 — 47:30
= Pictures of Shaula =
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FIGURE 11-14.—Gemini X] standup extravehiculas

- tine line,



SUMMARY OF GEMINI EXTRAVEHICULAR ACTIVITY 139

its, this concentration could reach values that
would cause physiological symptoms, includ-
ing high respiration rates and decreased
work tolerances.

Gemini XII

The results of the Gemini XI mission
raised significant questions concerning man's
ability to perform extravehicular activity
satisfactorily with the existing knowledge of
the tasks and environment. The Gemini X
umbilical activity results had established
confidence in the understanding of extrave-
hicular restraints and of workload; however,
the Gemini XI results indicated the need for
further investigation. The Gemini XII extra-
vehicular activity was then redirected from
an evaluation of the Astronaut Maneuvering
Unit to an evaluation of body restraints and
extravehicular workload. Attachment of the
spacecraft ‘target-vehicle tether and ultra-
violet. stellar photography were other objec-
tives. The extravehicular equipment for the
Gemini XII mission included a new work
station in the spacecraft adapter (fig. 11-
15), a new work station on the Target Dock-
ing Adapter (fig. 11-16), and several added
body restraints and handholds. The pilot's
extravehicular equipment (fig. 11-17) was
nearly identical to that of Gemini IX-A.

Crossbar jettisoned
prior to
ravehicular activity

FIGURE 11-15.—Gemini XII adapter provisions for
extravehicular activity.

Ficuae 11-16.—Gemini XII extravehicular work
station on Tariet Docking Adapter.

The flight-crew training for the Gemini
XII extravehicular activity was expanded to
include two periods of intensive underwater
simulation and training (fig. 11-18). Dur-
ing these simulations, the pilot followed the
intended flight procedures, and duplicated
the planned umbilical extravehicular activity
on an. end-to-end basis. The procedures and
times for each event were established, and
were used to schedule the final inflizht task
sequence. The uncerwater traininszr supple-
mented extensive rround training and zero-
gravity aircrat't simulations.

To increase the maryin for success and to
previde a suitable period of acclimatization
to the environment before the performance
of any critical tasks, the standup extrave-
hicular activity was scheduled prior to the
umbilical activity. The planned extravehicu-
lar activity time line was intentionally
interspersed with 2-minute rest periods. Pro-
cedures were also established for monitoring
the heart rate and respiration rate of the
extravehicular pilot; the crew were to be
advised of any indications of a hiszh rate of
exertion before the condition became serious.
Finall.v, the pilot was trained to operate at a
moderate work rate, and flisrht and jsrround
personnel were instructed in the importance
of workload control.

The first standup extravehicular activity
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FIGURE 11-17.—Gemini XIl extravchicular system.

was very similar te that of the two previous
missions. As indicated by the time line in
figure 11-19, the ultraviolet stellar and the
svnoptic terrain photography experiments
were accomplished on a routine basis. During
the standup activity, the pilot performed sev-
era} tasks desisrned tfor familiarization with
the environment and for comparison of the
standup and umbilical extravehicular activi-
ties. These tasks included mounting the ex-
travehicular sequence camera and installing
an extravehicular handrail from the cabin
to the docking adapter on the tarwet vehicle.
The standup activity was completed without
incident.

FIiGURE 11-18.—Underwater simulation of Gemini
XII extravehicular activity.

The umbilical extravehicular activity prep-
arations proceeded smoothly, and the hatch
was opened within 2 minutes of the planned
time (fig. 11-20). The use of waist tethers
during the initial tasks on the Target Dock-
ing Adapter enabled the pilot to rest easily,
to work without great effort, and to connect
the spacecraft/target-vehicle tether in an
expeditious manner. In addition, the pilot
activated the Experiment S010 Agena Micro-
meteorite Collection package on the target
vehicle for possible future retrieval. Prior to
the end of the first daylight period, the pilot
moved to the spacecraft adapter where he
evaluated the work tasks of torquing bolts,
making and breaking electrical and fluid con-
nectors, cutting cables and fluid lines, hooking
rings and hooks. and stripping patches of
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FIGURE 11-10.—CGemini X1 Arst standup extravehicular time line.
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FIGURE 11-20.—Gemini XII umbilical extravehicular time iine
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Velcro. The tasks were accomplished using
either the two foot restraints or the waist
tethers, and both svstems off restraint proved
satisfactory.

During the second daylight period of the
umbilical activity, the pilot returned to the
target vehicle and performed tasks at a small
work station on the outsidle of the docking
cone. The tasks were similar to those in the
spacecraft adapter and, in addition. included
an Apollo torque wrench. The pitot further
evaluated the use of two waist tethers, one
waist tether, and no waist tether. At the end
of the scheduled extravehicular activity, the
pilot returned to the cabin and ingressed
without difficulty.

A second standup extrawehicular activity
was conducted (fig, 11-21).. Again, this ac-
tivity was routine and without problems. The
objectives were accomplished, and all the
attempted tasks were satisfactorilv com-
pleted.

The results of the Gemini XII extravehicu-
lar activity showed that all the tasks at-
tempted were feasible when body restraints
were used to maintain position. The results
also showed that the extravehicular workload
could be controlled within desired limits by
the application of proper procedures and in-
doctrination. The final, and perhaps the most
significant, result was the confirmation that
the underwater simulation duplicated the
actual extravehicular environment with a
high degree of fidelity. [t was concluded that
any task which could be accomplished readily
in a valid underwater simulation would have
a high probability of success during actual
extravehicular activity.

Extravehiculayr Capabilities Demonstrated

In the course of the Gemini missions, a
number of capabilities were demonstrated
which met or exceeded the ariginal objectives
of extravehiculal* activity. The basic feasi-
bility of extravehicular activity was well es-
tablished by the 11 hatch openings and the
more than 12 hours of operations in the en-
vironment outside the spacecraft. The Gemini

missions demonstrated the ability to control
the extravehicular workload and to maintain
the workload within the limits of the life-
support svstem and the capabiiities of the
pilot. Standup and umbilical extravehicular
operations were accomplished during eight
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Fircure 11-21.—Gemini XII second standup extra-
vehicular time line.
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separate nirhttime periods to confirm the
fearibility of extravehicular operations at
night.

The need for handholds for transit over
the exterior surface of the spacecraft was
shown, and the use of several types of fixed
and portable handhulds and handrails was
satisfactorily demonstrated.

The capability to perform tasks of varying
complexity was demonstrated. The character
of practical tasks was shown, and some of the
factors that limit task complexity and diffi-
culty were identified.

Several methods were demonstrated for
crew transfer between two space vehicles and
include: (1) surface transit while docked. (2)
free-floating transit between two undocked
vehiclex in close proximity, (3) self-propul-
sion between two undocked vehicles. and (4)
tether- or umbilical pull-in from one undocketl
vehicle to another. All of these methods were
accomplished within a maximum separation
distance of 15 feet.

The Hand Held Maneuvering Unit was
evaluated Dbriefly, but successfully, on two
different missions. When the maneuvering
unit wasx used. the extravehicular pilots ac-
complished the maneuvers without feeling
disoriented and without loss of control.

Retrieval of equipment from outside the
spacecraft was demonstrated on four mis-
sions. One equipment rétrieval was accom-
plished from an unstabilized passive target
vehicle, which had Leen in orbit for more
than 4 months.

Gemini X demonstrated the capability for
the command pilot to maneuver in close prox-
imity to the target vehicle while the pilot was
outside the spacecraft. The close-formation
flying was successfully accomplished by coor-
dinating the thruster firings of the command
pilot with the extravehicular maneuvers of
the pilot. No damage nor indication of immi-
nent hazard occurred during the operation.

Photography from outside the spacecraft
was accomplished on each extravehicular
mission. The most successful examples were
the ultraviolet stellar spectral photographs
taken during standup extravehicular activi-

ties on three missions and the extravehicular
sequence photographs taken with the camera
mounted outside the spacecraft cabin.

The dynamics of motion on a short tether
were evaluated on two missions. The only
tether capability that was demonstrated was
for use as a distance-limiting device.

The: requirements for body restraints were
established. and the capabilities of foot re-
straints and waist tethers were demonstrated
in considerable detail. The validity of under-
water stmulation in solving body restraint
problems and in assessing workioads was
demanstrated in flight and further confirmed
by postflight evaluation,

In summary, the Gemini missions demon-
strated the basic techniques required for the
uroductive use of extravehicular activity.
Problem areas were defined sufficiently to
indicate the preferred equipment and proce-
thires for extravehicular activity in future
space programs.

Extravehicular Limitations and Solutions

While most of the Gemini extravehicular
activities were successful, several areas of
»ignmificant limitations were encountered.
Space-suit mobility restrictions constituted
one basic limitation which affected all the
mission results. The excellent physical capa-
bilities and conditions of the flight crews
tended to obscure the fact that moving
around in the Gemini space suit was a sig-
nificant work task. Since the suit design had
already been established for the flight phase
of the Gemini Program, the principal solu-
tion was to optimize the tasks and body re-
straints to be compatible with the space suits.
For the 2-hour extravehicular missions, glove
mobility and hand fatigue were limiting fac-
tors, both in training and in flight.

The size and location of the Extravehicular
Life-Support System chest pack was a con-
stant encumbrance to the crews. This design
was selected Dbecause of space limitations
within the spacecraft, and the crews were
continuallyy hampered by the bulk of the
chest-mounted system.
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The use of gaseous oxygen as the coolant
medium in the space suit and Extravehicular
Life-Support System was a limiting factor
in the rejection of metabolic heat and in pilot
comfort. The use of a gaseous system re-
quired the evaporation of perspiration as a
cooling mechanism. At high workloads, heavy
perspiration and high humidity within the
2nit were certain to occur. These factors were
evident on the missions where the workloads
exceeded the planned values. As in the case
of suit mobility, the cooling system design
was fixed for the Gemini Program: hence,
any corrective action had to be in the area
of controlling the workload.

Work levels and metabolic rates could not
be measured in flight: however, the flight re-
sults indicated that the design limits were
probably exceeded several times. Inflight
work levels were controlled by providing
additional body restraints, allowing a gen-
erous amount of time for each task. and
establishing programed rest periods between
tasks. These steps, coupled with the under-
water simulations techniques, enabled the
Gemini XII pilot to control the workload well
within the design limits of the Extravehicular
l.ife-Support System.

The Gemini XI results emphasized the
limitations of the zero-gravity aircraft simu-
lations and of ground training without
weightless simulation. These media were use-
ful but incomplete in simulating all extra-
vehicular tasks. The use of underwater simu-
lation for development of procedures and for
crew training proved effective for Gemini
XII.

The sequence in which extravehicular
events were scheduled seemed to correlate
with the ease of accomplishment. There ap-
peared to be a period of acclimatization to
the extravehicular environment. The pilots
who first completed a standup extravehicular
activity seemed more at ease during the
umbilical activity ; therefore, it appears that
critical extravehicular tasks should not be
scheduled until the pilot has had an oppor-
tunity to familiarize himself with the en-
vironment.

Equipment retention during extravehicular
activity was a problem for all items which
were not tied down or securely fastened. By
extensive use of equipment lanyards, the loss
of equipment was avoided during the last two
missions,

Concluding Remarks

The results of the Gemini extravehicular
activity led to the following conclusions:

(1) Extravehicular operationin free space
is feasible and useful for productive tasks if
adequate attention is given to body restraints,
task sequence, workload control, realistic sim-
vlations, and proper training. Extravehicular
activity should be considered for use in future )
missions where a specific need exists, and
where the activity will provide a significant
contribution to science or manned space
flight.

(2) Space-suit mobility restrictions were
significant limiting factors in the tasks which
could be accomplished in Gemini extravehicu-
lar activity. For future applications, priority
efforts should be given to improving the mo-
hility of space suits, especially arm and glove
mobility.

(2) The Extravehicular Life-Support Sys-
tem performed satisfactorily on all Gemini
missions. The necessity for a chest-mounted
lncalion caused some encumbrance to the
extravehicular pilots. The use of gaseous
cooling is undesirable forthe increased work-
loads which may be encountered in future
extravehicular activity.

{4) Underwater simulation provides a
higzh-fidelity duplication of the extravehicular
environment. and is effective for procedures
development and crew training. There is
strong evidence indicating that tasks which
can he readily accomplished in a valid under-
water simulation can also be accomplished in
orbit. {"'nderwater simulation should be used
for procedures (levelopment and crew train-
ing for future extravehicular missions.
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{5) l.oose equipment must be tied down at
all times during extravehicular activity to
avoid loss,

(6) The Hand Held Maneuvering Unit is
promising as a personal transportation device
in frec space: however, the evaluations to
date have been tou bLrief to define the full

capabilities or limitations of this equipment.
Further evaluations in orbital flight should
Le conducted.

(7) The Gemini Program has provided a
foundation of technical and operational
knowledge on which to base future extra-
vehicular aclivity in subsequent programs.
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12. RADIATION ENVIRONMENT AT HIGH ORBITAL
- ALTITUDES

v PETER W. HiccIns. Space Physies Division. Science and Applications Direciorate. NASA Manned Space-
craft Center; Jostru C. LiLL, Space Physics Division. Scieace and Applications Birectorate, VA4SA
Manned Spacecraft Center: and Tinotuy T. Wik, Space Physics [ivision, Science and Applica-
tions Directorate, NASA Manned Spacecraft Center

Introduction

The Gemini X and XI space flights were
highlighted by high-altitude apogees achieved
by firing the Primary -Propulsion System of
the Gemini Agena Target Vehicle. In both
flights, the docked spacecraft/target-vehicle
combinations were carried much higher into
the Van Allen trapped radiation belt than
ever before in manned space flight.

This paper deals with the radiation envi-
ronment at these altitudes and the effect of
the environment on the two missions. An
attempt will be made to describe the premis-
sion radiation planning for the flights, the
inflight radiation measurement.s, the resuits
of the postflight data analysis, ancd the pre-
liminary conclusions.

Mission IPlanning Radiation Analysis
Environment Model

The radiation environment at the altitudes
under consideration was previously mapped
by unmanned satellites. The environment is
composed of electrons and protons trapped in
the Earth's magnetic field. Figure 12-1 shows
the electron distribution, A large portion of
the electrons were injected into space by a
high-altitude nuclear test conducted by the
United States in July 1962. These electrons
augmented the natural electrons by several
orders of magnitude and produced a dan-
gerous radiation environment in near-Earth
space. It has been observed that, fortunately,
the intensity of these artificially injected

Preceding page blank
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clectrons has been decaying. The decay fol-
jows the relationship

o—Atir (1)
where At is the elapsed time in days from the
test. and - is the decay parameter. The energy
of these trapped electrons ranges from sev-
eral thousand to several million electron volts.
but with a fast dropoff in intensity with
ereryy. The electrons are especially hazard-
ous to lightly shielded spacecraft.

Figure 12-2 shows the spacial distribution
of protons. These protons result from natural
causes and seem to remain relatively constant
in intensity with time. The energy of the pro-
tons ranges from a few thousand electron
volts to hundreds of million electron volts.

August 1964; ommidirectional liux,
elecicm2fsec: energy > 0. 5 MeV

2.0

1.0

Earth radil
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5% Lo 5% A8 %0 - &0

FiGURE 12-1.—Electron distribution in the Earth's
field,
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Befere Sept. 23, 1963; ommidirectional llux
protonsicmisec; energy = 34 MeV
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FiGURE 12-2.——DProton distribution in the Earth’s
field.

The hijrher enerpgy protons are quite pene.
trating and would contribute a radiation
within almost any spacecraft.

Electron and proton intensities and spectra
for near-Earth space have been carefully ana-
Ivzed and all of the recent satellite data have
heen assembled into an environmental model
(refs. 1 and 2). Since the electrons are time
dependent, the environmen! was presented
as that which would have existed in August
1964. With the use of equation (1), this: envi-
ronment can be moditied to apply to other
times.

South Atlantic Anomaly

Although the spacial distribution of the
trapped radiation is generallv symmetrical
in azimuth, the exception to this is quite
important at lower altitudes. It should be
recalled that the magnetic tield of the Earth
is approximately that which may be described
by a dipole magnet at the center of the Earth
(tig. 12-3). Actually, this idealized dipole
maygnet is both displaced from and tilted with
respect to the rotational axis of the Earth.
Because of the displacement of the imaginary
dipole location, a region of trapped radiation
(indicated by dots in fig. 12-3) is closer to
the Earth's surface on one side. In addition,

g >

Atlantic

FiGure 12-3.—South Atlantic anomaly diarram.

the tilt of the dipole rotates the region of
vlose approach southward from the equator
to the weneral vicinity of the South Atlantic.
Since the Earth’s magnetic field rotates with
the Earth, the region remains in this loca-
tion, and has been named the *“South Atlantic
anomaly.” In this location, the radiation belt
extends to the top of the atmosphere. Figure
12-4 shows the South Atlantic anomaly as
viewed on a constant altitude contour of 160
nautical miles.

The radiation fluxes and associated spectra
of the trapped electronss and protons in the
South Atlantic anomaly have been measured
by the following experiments flown aboard
several Gemini flights:

Experi-
ment no. Subject Mission
M404 ......... Proton-electron IV, VII
spectrometer
M405 ......... ‘Tri-axis magnetometer IV, VII, X, XI1
M408 ........ Beta spectrometer X, XII
M409 .......... Bremsstrahlung %, XIT
spectrometer

These experiments measured the exterior
spacecratt radiation environment during all
four flights and the interior cabin radiation
environment during Gemini X and XII. The
preliminary results of these experiments pro-
duced a valuable description of the radiation
levels in the South Atlantic anomaly at Gem-
ini altitudes. At these altitudes the previous



RADIATION ENVIRONMENT AT HICH ORBITAL ALTITUDES 151

=

!

I ey

~ S
| B

-

8 'S
.
/XN LA

/

%

S

!
b .

e
AR
e v:

g
£ o
E N e S|
g /9/
1 E = ib
" |

180 160 140 120 100 80 60 40 20

0 20 40 60 B0 100 120 140 1s0 180

Longitude, deg

FiGURE 12—4.—Location of radiation fluxes in the South Atlantic anomaly for 160-nautical-mile altitude, 28.5"
orhital srround track.

satellite model environments relied on very
limited data and were conseqguently inaccu-
rate.

The experiment results obtained during
Gemini IV and V]I were used in the pre-
mission planning of the Gemini X and XI
flights to define a realistic time rate of artifi-
ctal electron belt decav.

Radistion-Doxse Caleulalivas

Radiation-dose calculations are made by de-
termining the radiation environment within
the spacecraft and its resultant effect on the
crew. The exterior environment, the attenua-
tiun by the spacecrart, and the response of
the hody to the radiation must all be con-
sidered in the caleulations. In practice, the
caleulation of radiation dose is performed at
imtervats along the spacecraft trajectory and
then summed 1o express a total dose,

A precise caleulation of radiation dose re-
ceived by a c¢rewman is prohibited by the
uncertain factors in the calculations. The
detinition of the radiation environment used
is estimated Lo represent the actual environ.
ment only to within a factor of 2 or
when the variations of particle flux, energy.
and direction of motion are convidered. In
addition, the description of the shielding

about 2 point un the body of a crewman intro-
dnces another error faclor into the calcula-
tions. In the case in point, the shielding atten-
uaticn produced by the Gemini spacecraft,
I he shielding geometry is quite complex. The
shielding description resulting from an ex-
amination of the Gemini spacecratt mecham-
cal drawings is estimated to be accurate only
to within a tfuctor of 2 in the subsiequent cal-
culation of radiation dose within. Finally,
alter assumption of an environment und the
attenuation of the environment by the space-
cratl shielding:, a probable error results in
the calculation of 1 tissue dose to a crew-
member. The ervor arises from the uncer-
tainty that as an individual proton or elec-
tron progresses inte the human body, it will
deposit its energy in i certain volume ot the
tissue, and trom the uncertainty that the
tissne will respond in a precisie biological way
to the dose. The conversion from tlux at the
dise point to dose in the Gemini calculations
ix also estimated to be accuwrate to within a
tactor ot 2 or 3.

The uncertainties just described rarely add
at the ~ame point in the calculation. Instead,
each uncertainty may be treated as a mathe-
matical distribution with the factor men-
tioned as a deviation from the mean. In any
one caleulation for an individual particle, the
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resultant error approximates a random sam-
pling from each of the three distributions.
In the end. all the uncertainties mentioned
combine to produce an uncertainty factor of
about 3 in the published dose.

In igure 12-5. the pretiight estimate of the
radiation dose per revolution is @ function of
orbital position for a4 160-nautical-mile cir-
cular orbit. The dashed curve represents the
dose using the August 1964 model without
consideration of decay: the solid line shows
the dose decayed to time of tlight. The orbits
are identified by & symbol which is used again
to denote the dose per revolution for each
rrevolution. The effect of the South Atlantic
anomaly is clearly indicated. At this altitude.
virtually all of the radiation dose is receivecd
during the six orbits passing through the
anomaly,

The preflight estimate of the radiation dose
per rrevolution is shown in figure 12-6 for the
Gemini X high-altitude orbits. The dose as of
Augrust 1964 and the dose decayed to the time
of flight are plotted. Figure 12-6 illustrates
the diramatic increase in dose due to achievingr
high altitudes in the anomaly. In this case,
the decayed dose increased by a factor of up
to 50 in comparable revolutions: however,

the Gemini X projected dose was within the
allowable radiation limits for space flirht.

The yredicted dose for the two-rrevolution
high-altitude portion of the Gemini XI mis-
sion was less than 1 millirad. and indicated
that the Gemini XI high-altitude passes
would sulrject the flight crew to an insignifi-
cant amount of radiation. This seemed rea-
sonable since the Gemini XI flight would
achieve apogee away from the anomaly, but
not high enough to penetirate the intense
regions of trapped radiation.

P'rotection of SO0 Experiment Packaye

The high-ultitude excursion of Gemini XI
was not expected to pose a crew safety prob.
lem since the radiation doses were anticipated
le be very low: however, the exterior flux of
protons at these high altitudes presented a
threat to an important onboard experiment
packagee. The packayre was the Goddard Space
Flight Center/Naval Research Laboratories
cosmie-ray detector desirnated as scientific
Experiment S009, Nuclear Emulsions. If the
experiment were successtul, an unshielded,
time-diff erentiated, nuclear emuision would
be exposed at several magnetic latitudes out-
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FI1GURE 12-5.—Variation in radiation dose in South At.antic anomaly. Circular orbit, 160 nautical wmiles.
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FIGURE 12-6.—Variation in radiation rlose in the South Atlanticc anomaly for Gemini X. Orb:it, 160 by 400
nautical miles.

side the Eurth's atmosphere for the first time.
Subsequent identification of the cosmic rays
recorded in the emulsions was considered of
prime scientific importance in determming
the composition of cosmic rays. Therefore, it
was. considered imperative that the high-
altitude excursion of Gemini XI not jeopard-
ize the success of this experiment by exposure
to the higher fluxes of Van Allen belt protons
(fig. 12-2) present at the higher altitudes.
These protons could have rapidly ruined the
emulsion in the experiment by produciny; an
intense.background from which the charac-
teristic cosmic-ray tracks could not huve been
distinguished. .

In establishing the flight plan for Gemini
X1, many possible locations for firing the
taryget-vehicle Primary Propulsion System to
achieve the high-altitude orbits were exam-
ined for potential proton exposure. The hijrh-
altitude damage threshold of the Experiment
S009 package was established as 2x 10
protan/cm® within the emulsion. Upon exami-
nation, most of the possible locations for
initiating the firing had to be discarded. The
result of this analysis showed that initiating
the high-altitude maneuver over the Canary
Islands (so that the apogee would e achieved

in the Southern Hemisphere over Australia)
satisfied the minimum proton flux condition
and the Qight-plan constraints. The numerical
results of this analvsis are indicated in figure
12-7. A third revolution was considered as a
sifety factor, in the event that descent to a
lower altitude hid to be postponed for one
revolution.

The vlectrons were not expected to produce
i background in the cmulsion beciuse the
cxperiment package, located vn the extevior
surfuce of the spacecratt adapter, was to be
retrieved by the extravehicular pilot and
placed in the crew station tootwell betore the
high-apogree  orbits. The relatively heavy
shiceldingr provided by the footwell would
screen the lightly penetrating electrons, hut
would not completely attenuate the protons.

Inflight Measurements

Duringr the Gemini X and XI missions, an
active radiation dosimeter was utilized to
enhance flight safety Ly providing a yeai-
time measurement of the radiation-dose and
dose rate. and to take advantage of the hiyrh-
altitude portion of the Hight to obtain valu-
able ridliation data. This instrument (fig,



1000

) P o |

Proton flux, parficlesicm?/sec
1=
il Tl i B

GEMINI SUMMARY CONFERENCE

@rbit 28

180

@rbit 26 Orbit Z?T

i1.47 x 10%) (1, 65%107)
10 ! | ! { | = g ! i | | J
180 160 40 120 100 B0 60 40 20 0 20 100 120 140 160

west ——  East
Longitlude, deg
"FIcure 12-7.—Proton flux for Gemini X1
12-8). which was designated the Gemini

adiation Monitoring System, w:s designed.
developed, and fabricated at the Manned
Spacecraft Center especially for these fligghts.
The (iemini Radiation Monitoring Syvstem
consisted of twn separate dosimeters sharins:
the same package. Each dosimeter had an ion
thamber, electronics, and batteries. One dosi-
meter sensed the dose rate between 9.1 and
100 rads hr and the reading was indicated
on the lurge meter face. The other dosimeter
wWas an integrating sensor that accumulated
the dose in rads with time. This reading was
indicated on the small register and ranged
from 0.01 tu 99.99 rads. The switch in the
center was used to snub the dose-rate meter
needle to prevent launch vibration damage
to the delicate meter movement. The readings
from the Gemini Radiation Monitoring Svs-
tem approximated the skin cose at the loca-
tion of the instrument. No direct measure-
ment of the depth dose was made in real time.

M= Moo

o

3 3 INCHES

FIGURE 12-8.—Gemini Radiation Monitoring System,
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During the two high-altitude flights, the
Gemini Radiation Monitoring System was
stowed aboard the spacecraft until shortly
before the maneuver for attaining the high-
apogee orbits. After the Gemini Radiation
Monitoring System was unstowed, it was
placed at head height between the crewmen
on the Gemini X mission, and was affixed to
the inside of the left hatch on the Gemini XI
mission. In either case, the instrument was
read before the high-altitude excursion in
order to establish a baseline reading. Subse-
quent readings were made near the high
apogees, and the dose values were reported
to the ground flight controllers. Table 12-I
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presents the inflight crew radiation reports
of the readings from the Gemini Radiation
Monitoring System. In neither mission did
the readings have any influence on the flight,
since the reported values were well below
the sreplanned mission allowable dose limits.

Passive dosimeters have been worn by
crewmembers on all manned Gemini flights.
The passive dosimeters were packaged in
plastic (fig. 12-9) and contained: thermal
luminescent powder which, when heated, ra-
diates visible light proportionate to the radia-
tion absorbed: and various nuclear emulsions
which, under microscopit analysis, determine
the extent of radiation exposure. The meas-

TABLE 12-1.—Summary of Gemini Rudiation Monitoring System Readings

Greenwich mean Ground elansed I
Mission time, hr:min time, hr;min Reading netw.ork statinn Dose, rad
X 3:34 6:34 Roze Knot Vietor 0.00
4:49 8:09 Rose Knot Victor .04
4:59 3:20 Rose Knot Victor ‘ .18
3:17 8:37 Tananarive .23
14:53 13:14 ‘ 78
Postflight , | 91
XI 19:49 24:04 Rose Knot Vietor | .00
7:52 41:14 Carnarvon .02
10:02 4:3:23 Carnarvon { .02
Postflight | .03
I (After background
I removed}
| 1

;..E'.-|..|.|.1.‘|I. .I.u]4|.I2.| . .'3

F1GURE 12-9.—Gemini passive dosimeter.

ured doses approximuted a normal skin dose
at the location of the dosimeter. A summary
of the measurements for all manned Gemini
flights is provided in table 12-II.

Postflizht Analysis of Radiation Data

The Gemini IX-A readings (table 12-1i1)
are representative of Gemini missions not
attaining the high altitude. The table con-
trasts the increase in dose due to the Gemini
X high-altitude passes through the South At-
lantic anomaly with the negligible doses re-
ceived an Gemini XI after a much higher
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TABLE 12-I1.—Passive Dosimeter Results
for Gemini Manned Flights

Dose to left chesl

The proton environment calculated for the
high-altitude orbits of Gemini XI could not
be confirmed by inflight measurements. The
proton spectrometer data required for this

Mislhon “‘:g;:f;(’)’;]"r of ""m"::(’l‘" pilot, comparison were not obtained on the Gemini

o s XI flight. However, the Experiment S009
m FRETE ey 0.0:20 package indicated that the background of
v 4 days .040 protons in the emulsion was within toler-
Y 8 days 140 ance limits.
VI-A 1 day [ .05
Vil 14 days a8
Vi 11 hours Al dosimeters |- Undecayed dose

read less Lthan
0.010
IX-A 3 days 018 10 f
X 3 days 770 r
- - tleciron dose decayed
X L 3 davs 025 - to 7117166
X1l 4 days .015 -
l L

altitude flight opposite the anomaly in the |
Southern Hemisphere. ® Decayed dose

Figure 12-10 is a comparison of Gemini @
X inflight readings from the Gemini Radia- S1°

tion Monitoring System with the decayed and
undecayed calculational model. The dose read-
ings were made by the crew during the first
and seventh high-altitude revolutions. The
readings in the first revolution established
that the environment at that altitude would
not endanger the mission, and the crew was
advised to begin a sleep period. After awak-
ening, the crew reported the reading for the
seventh revolution. Because of the lack of
data, it is difficult to reach any definite con-
clusion based upon the relationships shown
in figure 12-10.

rTrran
o

© = Gemini radiation
° measuring system
readings

_xoRadiatiun dose
L 1 1 1 1 1 1 1 1 1 1 J

L e B R TER-. G TRRE AR o L G i
Time arter initation of high-altitude maneuver, hr

107!

Fi1Gureg 12-10.—Comparison of the Gemini X Radia-
tion Monitoring System readings and the calcu-
lation model.

TABLE 12-111.—Accumulated Radiation.Dose Comparisons

Calculated M easured
Gemini Radiation
Mission Aug. 1964 extimate, Decayed estimate, Passive dosimeter, Monitoring System,
rad rad rad rad
IX-Ar 0.30 0.090 0.018 Not applicable
X" 17.3 1.4 770 0.910
XI, .303 .091 025 .030
!

* Readings based upon 161-n.-mi. circular orbit for 3 days.
* Readings based upon 161- by 400-n.-mi. orbit for 12 hours, and 161-n.-mi. circular orbit for 2% days.
' Readings based upon 161- by 750-n.-mi. orbit for 3% hours, and 161-n.-mi. circular orbit for 2% days.
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Conclusions

One of the most important results of the
high-altitude flights of Gemini X and XI is
that manned space tflight at higher altitudes
is possible with a minimum of radiation dose.
This is due to the confirmed continuing de-
cay of the artificially injected electrons and
to careful planning of the trajectory. Extra-
vehicular activity, for example, would be
possible during many high-altitude orbits if
not performed while the spacecraft is pass-
ing through the South Atlantic anomaly.

Gemini X demonstrated the effect of the
South Atlzntic anomaly on the rapidly in-
creasing dose rate at the higher altitudes of
approximately 400 nautical miles. On the
other hand, Gemini XTI attained the highest
apogee, T42 nautical miles, over Australia
and was still free from significant radiation
doses.

Another important result is the reasonable
amount of agreement between the preflight

calculations and the measured values of ra-
diation dose. The differences are explainad
when the uncertainties of making these cal-
culations are considered. It is anticipated
that the shielding breakdown description for
the Apollo missions will be more accurate
than the description used for Gemini. An
operational environment sensor is to be in-
cluded on the Apollo missions; consequently,
the radiation calculation should agree more
closely with the measured values. As a result,
«reater confidence is provided for further ex-
ploration of the relatively unknown radiation
environment in space.
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Summary

One of the primary objectives of the
Gemini Program has been successfully
achieved, that of controlling the landing
point by modulating the direction of the in-
herent lift vector of the spacecraft during
reentry. The program has utilized two re-

entry guidance techniques which provided

steering commands based upon a logical as-
sessment of current and predicted energy
conditions. This paper presents a brief de-
scription of these two sets of reentry guid-
_ance logic, and a detailed description of the
results obtained from each Gemini spacecraft
reentry. During the Gemini Program, suc-
cessful landing-point control has been ac-
complished from Earth orbits varying from
an apogee perigee of 110 by 45 nautical
miles to an apogee/perigee of 215 by 161
nautical miles. The Gemini spacecraft has
been flown with an average lift-to-drag ratio
of approximately 0.19. This has resulted in
an average reentry maneuver capability of
300 nautical miles downrange and =27 nauti-
cal miles crossrange. The average footprint
shift due to the retrofire maneuver has been
25 nautical miles, and the averajre navigation
accuracy has been 2.2 nautical miles.

Introduction

One of the major objectives of the Gemini
Program was to demonstrate accurate touch-
down-point control through the use of tra-
jectory-shaping techniques during reentry.
This trajectory control was used to compen-
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sate for dispersions caused by unpredicted
retrofire maneuvers. by atmospheric varia-
tions, and by uncertainties in the aerody-
namic characteristics of the spacecraft. Fur-
ther. trajectory control greatly minimized
the recovery task for emergency reentries
such as occurred on Gemini VIII.

This paper describes the results of the re-
entry phase of each Gemini mission. How-
ever, a brief review of the aerodynamic
characteristics of the spacecraft and the
guidance logic used during Gemini will be
helpful in understanding the reentry results
of each flight. ;

Aevodynamic Characteristics

Aerodynamic lift is established on a sym-
metrical body, such as the Gemini vehicle,
by placing the center of gravity so that the
resuitant trim angle of attack provides the
desired lift characteristics. To maintain the
least amount of aerodynamic heating on the
spacecraft hatches and windows during re-
entry, the spacecraft was flown inverted with
the center-of-gravity oftset toward the pilots’
feet (fig. 13-1). In this inverted position, the
spacecraft was rolled to the bank angle re-
quired to utilize the lift vector for downrange
and lateral range-control capability. The
range control, or touchdown footprint, pro-
vided with the Gemini reentry center of
gravity was approximately 300 nautical
miles down range and 50 nautical miles
lateral range. When the maximum range was
tlesired, the spacecraft maintained a heads-
down or zero-degree bank angle (fig. 13-1).
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FIGURE 13-1.—Reentry contro) concepts.

Minimum range was obtained with either a
90 bank angle or a rolling reentryv to null
the effects of the lifting force.

The responsiveness of the spacecraft to
the requirred maneuvers for accurate touch-
down on the target point was dependent
upon the static and dynamic stability of the
spacecraft in the reentry region where the
range-control capability was most significant.
When a stable vehicle was not provided, the
correct bank angle could not adequately be
maintained for the correct response, and
thereby created touchdown errors. The most
significant amount of range-control capa-
bility existed while the spacecraft was in the
upper reaches of the atmosphere (fig. 13-2) ;
80 percent of the range-control capability ex-
isted between an altitude of approximately
250 000 and 170 000 feet. The total reentry
time from start of retrograde to deployment
of drogue parachyte varied from 29.0 min-
utes for Gemini VI-A to 32.5 minutes for
Gemini XII. and depended on the particular
retrograde orbit of each flight. Only 2.5 min-
utes were available for utilizing the lift capa-
bility to accurately adjust the reentry
trajectory. The necessity for accurate com-
mands and spacecraft responses during that
time was clearly indicated.

It was essentia) that the spacecraft ex-
hibit good stability characteristics during

Based on
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FIGURE 13-2.—Reentry maneuver capability as &
function of elapsed time from retrofire.

the effective lift portion of the trajectory in
order to achieve accurate touchdown control.
A qualitative summary of the stability char-
acteristics of the spacecraft indicated that
good static and dvnamic stability were pres-
ent in the region of most significance. At
lower Mach numbers, the stability charac-
teristics were from marginal to unstable, but
the range errors were minimum. The drogue
parachute was deployed at 50 000 feet to
avoid the unstable dynamic stability charac-
teristic. Results of the first few Gemini re-
entries raised questions concerning the
accuracy of the aerodynamics; however, the
analysis of the last seven flights indicated
reasonably consistent aerodynamic charac-
teristics for the Gemini reentry configuration.

Guidance Logic

Two different reentry steering techniques
were developed and used during the Gemini
Program, a rolling reentry technique and a
constant bank-angle technique. Both utilized
a predicted range computed from the range-
to-go of a reference trajectory, and from the
range contribution that was realized from
the deviation of navigated flight conditions
from corresponding reference guantities.
The reference ranges and the range-to-flight
condition sensitivity coefficients were stored
in the onboard computer memory as a func-
tion of a parameter relating navigated



CONTROLLED REENTRY 161

velocity and measured acceleration. Figure
13-3 illustrates the rolling reentry technigue
employed during the Gemini Program; this
techniquite was based on a zero-lift reference
trajectory. The control logic commanded the
direction of the spacecraft lift vector neces-
sary to steer to a zero-lift trajectory which
would terminate at the target. A lifting pro-
file was flown until a zero-lift trajectory co-
incided with the target point. At this point
a constant roll rate was commanded to
neutralize the effect of the inherent lifting
capability of the spacecraft.

Figure 134 illustrates the guidance logic
for the rolling reentry technique where RN
is the downrange component of the total
range between the spacecraft position and

_-Roll initiation

Guidance
initiation
Full-lite

- trajectory

Allituge

Zero-lint
Irajeclory *

Target :
o

L Maneuver

) capability

Range

FIGURE 13-3.—Gemini rolling reentry technique.
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FIGuaE 13—4.—Rolling reentry guidance logic.

the target; RC is the crossrange component;
and RP is the predicted zero-lift range. A
bank angle BC ix commanded based upon the
ratio of ’*C RN-—RP. The control technique
simultaneeusly nulls the downrange and
crossrange trajectory errors by continuously
updating BC based upon the ratio of range
errors, until the predicted zero-lift range
RP is equal to the downrange distance to the
target 2N At this point, if the crossrange
error is greater than a 1l-nautical-mile dead-
band, a 90° buank angle is commanded, the
direction depending on the sign (plus or
minus) of the crossranyre error. When the
crossrange error is within the deadband, a
zero-lift trajectory is initiated by command-
ing a constant roll rate. The rolling portion
of the trajectory is interrupted occasionally
in order to command any additional lift
necessary to steer back to the zero-lift tra-
jectory. The predicted zero-lift trajectory is
purposely biased early in the reentry to
always place the spacecraft in an undershoot
condition. thereby eliminating the need for
negative lift in order to reach the target.
This guidance logic was used on Gemini III,
IV, VIII, IX-A, X, XI. and XII.

Figure 13-5 illustrates the constant bank-
angle reentry technique. This technique is

Hatf-lift ;
trajectory”’ Fuii-tift
= .+ trajectory
=
=
Zero-lift
trajectory-’
Tarqel.‘ |
"
Range

Maneuver
T

apability

FIGURE 13-5.—(Gemini constant bank angle reentry
technique.
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based upon a half-lift reference trajectory.
The control logi¢c commands: a constant bank
angle which results in a lift profile that will
provide the proper longitudinal range for
landing at the target point. This is accom-
plished by determininsyr the difference be-
tween the ranire to the tarpet and the half-
lift reference-trajectory range, and by com-
paring the difference with a set of stored
reentryv-maneuver-capability: data in the
spacecraft computer.

Figure 13-6 shows the guidance jogic used
by the constant bank-angle reentry tech-
nigue. In this technique. RN is defined as the
downrange component of the total range be-
tween the spacecraft position and the target:
RC is again the crossrange component; but
RP is now the predicted half-lift range. A
bank command is jzenerated depending upon
the value of RN—RP. If RN is equal to RP,
a constant 60° bank angle is commanded ; if
RN is greater than I'P. a more shallow bank
angle is commanded : and if RN is less than
RP. a steeper bank angle ix commanded. The
magnitude of this bank angle is determined
by the stored downrange-extension capabil-
ity: of the spacecraft, AR. The crossrange
error is controlled by reversing the direction
of the bank angle when the crossrange error
RC is equal to the crossrange capability of
the spacecraft. The crossrange capability ix
again based upon the stored maneuver-
capability data. This guidance system was
flown on Gemini V, VI-A, and VIIL

Present position
/ of spacecralt

“Target
Half-lift

int
o .(M) P
AR

FIGURE 13-6.—Constant bank angle reentry
guidance logic.

Retrofire Performance

In order for the guidance system to steer
the spacecraft to a desired landing point, an
accurate deorbit maneuver had to be per-
formed. The spacecraft retrofire svstem con-
sisted of four solid-propellant retrorockets
which produced a velocity increment for de-
orbit of approximately 320 ft sec. The space-
craft :attitude was manually held at a pre-
determined constant inertial-pitch attitude
throusgchout the maneuver, while the rates
about the pitch. roll. and vaw axes were
damped by the automatic control system.
Excellent retrorocket performance was
achieved nn each of the missions, and the
crew was able to hold the pitch attitude
within approximately 2°.

Reentry Summary

The Gemini Program accomplished 11
successful reentries and showed that con-
trolled reentry was an operational capability
(ig. 13-7 and table 13-1). No reentryv was
attempted during the Gemini I unmanned
orbital flight. Gemini Il was an unmanned
suborbital flight designed as a spacecraft
heating test and as a check of the guidance
and navigation system. The rolling reentry
guidance logic was programed into the com-
puter; however, this logic was bypassed and
the reentry was flown open loop by continu-

E
f- - Gemini
.
&2l i Planned target
-2 »
§ 10 o
= = )4
¥4 0
.=.+ 70
£ V10 -
zc
S g _ i L e el g L
é 100 90 8 70 60 SO 40 30 20 10 0
= west =+ Fast

impact I1anding distance from target. n. mi.

FICURE 13-7.——~Relative landing points.
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TABLE 13-1.—Gemini Reentry Summary

Mission ! Miss distance, Navigation error, Significant comments

| n. mi. n. mi.
|

iI. \ 14 1.2 Footprint shift

IT1Y. -, ! 60 .8 | Lift-drag reduction

v, . .. : 44 Footprint shift, inoperative computer

\'4 - 91 474 Invalid position update

LTy, £ ORI 7 e No radar below 180 000 [t

VILe...oonz 6.4 2.3 | Lift-drag reduction

VIII... 14 . Emergericy reentry

IX-A. . . - .38 | k2

& R 3.4 ' 4.2

XDy 2.63 | 1.0 | Automatic reentry

+. 3§ B I Ty 2.8 24 Automatic reentry

ously rolling the spacecraft trom the point
of 0.05 g until an aititude of 80 000 feet was
attained. The zero-lift point shifted 14 nauti-
cal miles due to the retrofire maneuver, and
the spacecraft landed 14 nautical miles from
the planned touchdown point. The footprint
shift was caused by a combination of a pitch-
attitude error of 3.2° during retrofire and a
retrograde-velocity increment ‘that was 1.1
percent low. Postflight analysis showed that
the navigation accuracy at guidance termi-
nation was 1.2 nautical miles.

The first manned mission of the Gemini
Program was Gemini III, a three-orbit mis-
sion. To assure spacecraft reentry in case of
retrorocket failure, a preretrofire orbit ma-
neuver was performed with the spacecraft
propulsion system. This maneuver was com-
pleted 12 minutes before retrofire and re-
sulted in a vacuum perigee of 45 nautical
miles. The combined retrofire ancd preretro-
fire maneuver resulted in a footprint shift of
48 nautical miles. The retrofire maneuver
accounted for 24.9 nautical miles of this
shift. Before the deorbit maneuver, the tar-
get point was situated on the 60° contour
line of the footprint, and was offset from the
centerline approximately 10 nautical miles
toward the south. The planned guidance
technigue was to flv the backup bank angle,
which would simultaneously null the cross-
range and downrange errors. When either

the downrange or crossrange error was
nulied, the crew would fly the commands
generated by the spacecraft computer. The
Gemini IIl spacecraft experienced a de-
crease of approximately 35 percent in the
lift-to-drag ratio. resulting in a loss of ap-
proximatelv 160 nautical miles in the down-
range maneuver capability. The loss in capa-
bility, combined with the shift of the foot-
print due to the deorbit maneuver, caused the
target to be on the edsze of the maneuver
envelope of the spacecratt. Following the
planned procedure, the spacecraft landed GO
nautical miles from the target. Postflight
analvsis inclicated that if the crew had fol-
lowed the commanids renerated by the space-
craft computer cluring the entire reentry, a
miss distance of approximately 3 nautical
miles would have occurred. Navigation :ic-
curacy on this mission was 0.8 nautical mile.

Gemini TV was a 4-dav misxsion. A planned
preretrofire maneuver was to he followed 12
minutes later by a normaul retrofire. Based
upon the results of Gemini ITI. it was planned
for the crew to use the rolling reentry guid-
ance logic and to manually follow the com-
mands from the spacecraft computer during
the entire reentry. However, hecause of an
inoperative computer, it was necessary to
flv open loop by manually rolling the space-
craft throurhout reentry. The preretrofire
orbit maneuver and the retrofire produced
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a footprint shift of 50 nautical miles, 10
nautical miles resulting from the retrofire
maneuver. The spacecraft was to be rolled
at a rate of 15 deg sec: however, because the
roll-rate gvro had been turned off, the yaw
thruster produced an acceleration in the rolil
direction which was not damped. Thix caused
the roll rate to build to a maximum of 60
deg sec;, the spacecraft was still rolling
more than 50 deg sec ut drogue parachute
deployment. With the open-loop reentry,
there was no way to compensate for the pre-
retrofire and retrofire errors; thus, the space-
craft landed 44 nautical miles from the in-
tended landing point.

Gemini V was an 8-day mission and was
the first mission scheduled to use the con-
stant bank-angle reentry guidance logic. As
stated previously, the constant bank-angle
logic commands were based upon a compari-
son of the range differences (actual range
minus predicted half-lift range) with a set
of stored maneuver-capability data. Because
of the large reduction in the lift-to-drag
ratio experienced by the Gemini spacecraft,
the set of stored data was no longer valid;
therefore, erropeous commands were gen-
erated by the spacecraft computer. Because
of the short time between missions, it was
impossible to update the constants in the
program .for Gemini V and VI-A. However,
the computer calculations of the range errors
(RC and RN—RP) were displaved to the
crew and, as a result of preflight training,
the crew could interpret these calculations
to obtain the correct bank angle needed to
attain a small miss distance. Therefore, it
was planned for the crew to modulate the
spacecraft lift ve-ior based upon the display
of these range errors.

The Gemini spacecraft normally: required
a navigation update before retrofire. This
consisted of an Earth-centered inertial posi-
tion and velocity vector, and a range angle
through which the Earth had rotated from
the initial alinement of the Earth-centered
inertial system (midnight before lift-off) to
the time that the vector was valid. Wher. he

update was sent to Gemini V, the range
angle was in error by 7.9°. This caused a
navigation error in the Gemini V computer
of approximately 474 nautical miles. There-
fore, throughout the reentry the computer
displaved erroneous range data, and by the
time the crew determined that the computer
was in error, the spacecraft did not have the
maneuver capability to steer to the target.
The spacecraft landed approximately 91
nautical miles from the target. Postflight
analysis indicated that after compensating
for this initial-condition error. the naviga-
tion accuracy was 2.5 nautical miles. The
footprint shift due to retrofire was only 3
nautical miles. The velocity increment pro-
duced by the retrorockets was 0.2 percent
lower than predicted.

Gemini VI-A was a )-day rendezvous mis-
sion; the constant bank-angle guidance logic
was used in the same manner as on Gemini
V. Retrofire occurred in approximately a
161-nautical-mile circular orbit with a re-
sultant footprint shift of 22 nautical miles.
The shift was due to a 0.6-percent high in-
crement in the retrorocket velocity. The
spacecraft landed 7 nautical miles from the
target, and postflitht evaluation indicated
the navigation accuracy was approximately
2.5 nautical miles.

Gemini VII was a 14-day missibn that em-
ploved the constant bank-angle logic. Modi-
fications miide to several of the guidance
constants improved the usefulness of the
bank command generated by the spacecraft
computer: however, the primary crew dis-
play was still the range-error display. Retro-
fire occurred in approximately a 16l-nauti-
cal-mile circular orbit with a resultant foot-
print shift of 41 nautical miles. The space-
craft touched down approximately 6.4 nauti-
cal miles from the target, and the navigation
accuracy was 2.3 nautica) miles. A 40-nauti-
cal-mile loss-of-maneuver capability was due
to an overprediction of the movement of the
center of gravity during the 14 days of the
mission.
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Gemini VIII, a scheduled 3-day rendezvous
mission, was terminated by an emergency re-
entry into a secondary landing area. The
reentry was ordered after the flight crew
were forced to use the propulsion capability
of the Reentry Control System to stop a high
roll rate caused by a yaw-thruster anomaly
in the primary spacecraft propulsion system.
Because of the requirement for the propul-
sion capability of the Reentry Control Sys-
tem to control the spacecraft attitude during
reentry, one of the mission rules required
that activation of the Reentry Control Sys-
tem would require spacecraft reentry in the
next planned landing area. The Gemini VIII
spacecraft landed in the Western Pacific zone
(area 7-3) in the seventh revolution.

The rolling-reentry logic was used for
Gemini VIII and all subsequent Gemini
flights, and enabled the crew to manually fly
the bank-angle commands generated by the
spacecraft computer. Retrofire occurred
from approximately a 161-nautical-mile cir-
cular orbit and caused a 12-nautical-mile
footprint shift. The spacecraft computer cal-
culated that the spacecraft was 1.4 nautical
miles from the planned target at drogue
parachute deployment, and the spacecraft
was sighted on the main parachute by the
recovery aircraft. Because of the area in
which the spacecraft was forced to land, no
reentry tracking was possible; therefore, no
navigation accuracy was determined for this
flight.

Gemini IX~A, a :3-dav rendezvous mission,
used the rolling-reentry logic. The retrofire
maneuver produced a footprint shift of ap-
proximately 55 nautical miles. The rather
large footprint shift was caused by a retro-
rocket velocity that was 1.06 percent high
and by a spacecraft pitch-attitude error of
2.3°. The crew manually flew the bank-angle
commands generated by the spacecraft com-
puter and landed 0.38 nautical mile from the
target. Postflight evaluation showed a navi-
gation accuracy of 2.2 nautical miles.

Gemini X was a 3-day rendezvous mission.

Retrofire occurred from an orbit of 161 by

215 nautical miles. The footprint shift was
approximately 43 nautical miles, and the
spacecraft landed 3.4 nautical miles from the
target with a navigation accuracy of 4.2
nautical miles. The rather large navigation
error was caused by a yaw misalinement in
the inertial platform.

Gemini XI, a 3-day rendezous mission, was
the first to use the automatic mode of the
attitude-control system coupled with the
guidance commands to steer the spacecraft
to the target. Using the rolling-reentry logic.
the spacecraft landed 2.65 nautical miles from
the planned target with a navigation ac-
curacy of 4 nautical miles. A comparison of
the bank-angle profile flown by the automatic
system on Gemini XI with the profile man-
ually flown on Gemini VIII and X showed
only minor differences. The automatic sys-
tem responded immediately to any change in
the direction of the bank angle commanded
by the spacecraft computer, whereas a time
iapse occurred between command and re-
sponse when the flight crew manually flew
the bank commands. This time lapse, how-
ever, had no noticeable effect on the final
landing point of the spacecraft.

The last flight in the Gemini Program.
Gemini XII, was a 4-dayv rendezvous mission.
Gemini XII used the rolling-reentry logic
and was the second mission that empioyed
automatic reentry. The spacecraft landed
approximately 2.6 nautical miles from the
planned target, with a navigation accuracy
of 2.4 nautical miles. For the fifth time dur-
ing the Gemini Program. the spacecraft
descending on the main parachute was
sighted by the recovery forces.

Concluding Remarks

The reentries performed during the
Gemini Program have shown the followinyg:

(1) The guidance technique had to be de-
signed to be insensitive to large changes in
spacecraft lift capability. The use of the con-
stant bank-angle guidance technique was
clependent on an accurate estimate of maneu-
ver capability. It was, therefore, ineffective
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for a misssion of long duration where a large
center-of-gravity variation was present or
where spacecraft aerodynamic character-
istics were uncertain, as on Gemini VII. The
rolling.reentry guidance technigue did not
require a4 knowledge ol the spacecraft lilt
capability, and would steer to a particular
target as long as that target was within the
footprint.

(2) Displays had to be available so the
vrew could evuluate the performance of the
gruidance and navigation svstem, and back-
up procedures had to be developed to assure
safe reentry and accurate landingz in the
event of a guidance-system failure. These
displays had to provide enough information
to the crew to permit an intelligent evalu-
ation of the primary guidance system, If the
evaluation indicated a [ailure of the primary
syvstem, then backup procedures had to be
available to meet the following criteria: (o)
assure safe capture. (h) avoid wviolating
heating and or load-factor limits, and (¢)
function with a degree of accuracy such that
the recovery of the spuacecraft could be ac-
complished in a reasonable amount of time.

(3) Consistently accurate navigation
could be accomplished during reentry Dbe-
cause of a navigation-s.vstem design which
performed adequately in the presence of ex-
pected inertial-measurement-system uncer-
tainties. Even when a larye inertial-platform

error did occur, as on Gemini X, the effect
of the error on touchdown miss distance was
small, Lecause navigation errors built up
slowly before the region of maximum load
factor, then increased sharply; at the same
time. the maneuver capability decreased to a
small fraction of the totai near-maximum
load factor. Although the control commands
were incorrect late in reentry, because of
large navigation errors, the commands could
not disperse the trajectory to a great extent
hecause of the small maneuver capability. In
addition. the computer navigation equations
and integration techniques had been judici-
ously selected to he compatible with digital
computer operation.

(4) Reentry of the Gemini spacecraft was
successfully controlled both manualiy and
automatically. The ability of the pilot to ade-
quately control the spacecraft under high
load-factor conditions ufter long periods of
weightlessness was demonstrated. The de-
sirability of manual versus automatic control
was dependent upon the severity of the con-
trol-accuracy requirements, the frequency of
the-control commands, and the complexity of
the control limits imposed for crew safety.
Reentry from Earth orbit required some de-
gree of control accuracy but did not require
an immediate response to displayed com-
mands.
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tntroduction

Cooperation between the National Aero-
nautics and Space Administration (NASA)
and the Department of Defense (DOD), and
more specifically the Department of the Air
Force (USAF), is based on long historical
precedent and achievement. Many vears of
exchange of concepts, equipment, and experi-
mental activities between the National Ad-
visory Committee for Aeronautics and the
Air Force and its organizational predeces-
sors laid firm ground for later years. The
National Aeronautics and Space Act of 1958,
providing the responsibility for the direction
of the aeronautical and space activities of
the United States, further stipulated one of
the duties of the President, *‘. . . provide for
effective cooperation between the National
Aeronautics and Space Administration and
the Department of Defense. . . ." From the
earliest days, the new NASA and the USAF
cooperated in numerous formal and informal
ways. Air Force support of Project Mercury
established many of the mechanisms, tech-
niques, and fundament:l requirements for
Department of Defense support of the Gemini
Program. The lessons learned by both agen-
cies in exchange of fun(s. selection nf per-
sonnel, procurement of vehicles, pilot safety,
assurance of mission :uccess, and launch
support provided a tested foundation for
effective Air Force support of Gemini.

In tate 1961, when the decision was made
to proceed with what ultimately became the
Gemini Program, an ad hoc group comprised
of NASA and Air Force representatives was
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appoinied to recommend a detailed manage-
ment and operational plan ‘clearly indicat-
inyizr the division of efforts between NASA
and the DOD (Air Force)....” The NASA-
DOD ®@perational and Management Plan for
the Gemini Program (December 1961), with
subsequent revisions, became the basis for
the Air Force support of the program. The
Space Systems Division of the Air Force
Systems Command was designated to estab- -
lish the necessary relationships with the
appropriate NASA organizations to provide
for development, procurement, and launch
of the required launch and target vehicles.

Program oflices were established in Los
Angeles at the Space Systems Division of the
Air Force Systems Command to manage the
Gemini Launch Vehicle, « modified Titan II
Intercontinental Ballistic Missile: and the
Gemini Agena Taryret Vehicle. a modified
Arena upper-stayge booster. The launch ve-
hicle for the target vehicle. a modified Atlas
standard launch vehicle (SLV-3). was pro-
vitled by an existing program office of this
vehicle.

The management of the integration of the
three vehicles into the overall Gemini Pro-
gram was a function of the Gemini Program
Office. NASA Manned Spacecraft Center.
Within the Gemini Program Office, the prin-
cipal point of contact with the Air Force
Space Systems Division program offices was
the Office of Vehicles and Missions. A co-
ordinating committee <ystem was established
to maintain liaison, organization, and direc-
tion between various Government organi-
zations and contractors
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Highlights of Air Force Technical Support

One of the most diflicult aspects of system
program management is the need to freeze
designs in order to produce hardware on
schedule versus the ever-present need to in-
troduce changes. Reliability, time, and econ-
omy depend upon strict control of configura-
tion and maximum standardization of
production items, However, program evolu-
tion invariably leads to changing or ox-
panded mission requirements. In anvthing
but a pure production contract, unexpected
and difficult design problems and technical
difficulties are encountered. In addition,
attractive and desirable improvement areas
are developed as the hase of profgrram knowl-
edge broadens and progresses. All of these
sources of changze are exceedinzly difficult or
impossible to predict or schedule, and often
require significant expenditures of resources.
Program historiex. however, support the
premise that one of the kevs to program suc-
cess is the manner of administrative and
technical response to such changes. The
organization must incorporate a fiexibility to
change emphasis ancl absorb tasks. Technical
talents must be available. Financial support
must be timel) and of sufficient magnitude.
Skillful schedule planning must introduce
the changes to provide maximum realization
of improvements with minimum impacts on
reliability, manufacture, test. and training.
Finally, the motivation of all concerned must
be adequately planned in order to define and
maintain desired goals and purposes. During
the development of the Gemini hardware, all
of the typical change influences were en-
countered and dealt with within the frame-
work of the basic Gemini objectives. Some
influences never progressed bevond the
analvsis and study stage. while others were
translated into actual hardware configura-
tion changes, and still others were expanded
into major programs having critical effects
on the overall program.

Throughout the development of the Gemini
Launch Vehicle, every potentia! change,

every known vehicle characteristic, and every
operational plan was primarily viewed
agrainst the framework of a formal pilot-
safety program plan prior to any other con-
sideration of the change. This primary con-
sideration resulted in other studies and
chanyes,

(:emini Launch Vehicle

Within the Air Force Space Systems Divi-
sion, the Gemini Launch Vehicle Program
Office was assigned the responsibility for de-
veloping and procuring the Titan Il as a
launch vehicle and for the technical super-
vision (under a NASA Launch Director) of
the launches of these vehicles. In this func-
tion, the Air Force Space Systems Division
acted as a NASA contractor, and established
the necessary ajyrreements and contracts to
provide all of the necesxary services, equip-
ment. and vehicles.

The objectives: of the Air Force program
office, based upon the requirements outlined
by the NASA statement of work, were ex-
panded and established as the basis for all
resulting agreements and contracts. The fun-
damental objective was to exercise maximum
manaszement and technical control to strictly
minimize changes to the basic Titan II ve-
hicle. Changes were to be limited to those in
the interest of pilot safety, to those necessary
to accommodate the Gemini spacecraft as a
pavload, and to those necessary to increase
the probability of mission success. Implicit in
the basic objective were economy, high reli-
ability, maintenance of schedule, and maxi-
mum cooperation with the NASA Gemini
Program Office.

During the early months of the program,
extensive and intensive studies, analyses. and
tests were conducted to firmly identify all
required changes to the basic Titan II; to
identify all tests, procedures, and experi-
mental programs; and to provide the basis
for a set of detailed, comprehensive specifica-
tions for the vehicle.

In February 1962, a Technical Operating
Plan was coordinated between the Space Sys-
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tems Division and the Aerospace Corp. The
plan outlined areas of effort and responsi-
bilities of the Aerospace Corp. support of the
Space Systems Division by providing general
systems engineering and technical direction
of the Gemini Launch Vehicle Program.

As part of the established mission, func-
tion, and organization, the 6555th Aerospace
Test Wing is an extension of the Space Sys-
tems Division at Cape Kennedy and the East-
ern Test Range. The Wing represented the
Air Force in the launch-site acceptance, test-
ing, data evaluation, and launch of various
vehicles. In addition, the Winyg provided man-
agement control of the various vehicle con-
tractors, and integrated contractor and Gov-
ernment efforts, and assured Range support
and data during the checkout and launch se-
quences. In support of the Gemini Launch
Vehicle, various reliability, crew-safety, op-
erational, and other committees and working
groups were organized or supported. One
of the outstanding achievements of the

Gemini Program was the scheduling and ac-

complishment of the Gemini Laurich Vehicle
turnaround requiired for the Gemini VII and
VI-A missions leading: to the historical first
rendezvous of two manned space vehicles
(December 1965). Reference 1 contains a
brief review of the development of the Gem-
ini Launch Vehicle and of the flight results
of the first seven Gemini missions.

Typical Gemini Launch-Vehicie Test Chronology

After final assembly of the Gemini Launch
Vehicle at the 8altimore plant of the Martin-
M:rietta Corp., the propulsion and hydraulic
systems were checked for leaks, and the elec-
trical system was checked for continuity. The
vehicle was then tested in the Baltimore Ver-
tical Test Facility : this included a series of
countdowns and simulated launches. All oper-
ations were either performed or accurately
simulated and recorded.

The two stages of the vehicle were trans-
ported LY airr to Cape Kennedy, erected, and
assembled on Launch Complex 19. A detailed
checkout and verification test series was com-

pleted, culminating in a combined systems
test of the vehicle. After the spacecraft was
mated with the launch vehicle, a series of
joint tests was completed, including joint
ruidance and flight controls, simulated par-
tial countdown and launch ascent, tanking
exercise, and, for missions involving the tar-
sset vehicle, simultaneous launch demonstra-
tion.

teemini Launch.Vehicle Payload Margins

Development of  payloed  capability and
trajectory prediction techninies.—At the be-
ginning of the Gemini Program, all trajec-
tory and payload performance predictions
were based upon nominal values for all pa-
rumeters. Therefore, all launch vehicles had
the same payload capability except for varia-
tions due to mission differences. As vehicle
parameters became availuable they were in-
corporated., and frequently created substan-
tial changes in predicted payload capability.
Each parameter update was incorporated as
soon as available in order to maintain the
most up-to-date prediction possible. This was
desired to keep NASA continually informed
of the payload capability maryin for each of
the vehicles, so that mission changes could
be made to improve capability or to take
advantasre of excess capability. It was also
desired to show the necessity of making per-
formance improvement changes to the Gem-
ini Launch Vehicle. A number of performance
improvements were considered for the Gem-
ini Launch Vehicle during the early and mid-
phases of the program.

Tiggure 14-1 illustrates the changes in pre-
dicted Gemini Launch Vehicle minimum pay-
load capabilities compared with time, and the
chanwes in spacecraft weixhts, without ex-
periments, compared with time. Since experi-
ment weijrht averagred about 160 pounds, the
actual marygins between predicted capabilities
and spacecraft weirhts were less than those
shown. Near the end of the Gemini Program,
it was common for the predicted payload
capability margin to be negative. The worst
case was —282 pounds for Gemini IX-A.
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FicURE 14-1.—History of spacecraft weight and
predicted Gemini Launch Vehicle minimum pay-
load capability.

As with any taunch vehicle, the Gemini
Launch Vehicle was constrained to remain
within specified limits throughout the flight
envelope. In particular, the vehicle was con-
strained by aerodynamic heating, aerody-
namic Joads, axial acceleration, guidance-
radar look angles, guidance-radar elevation
angle, dvnamic pressure and angle of attack
at staging, Stage I hydraulic-actuator hinge
moment, and spacecraft abort criteria.
Studies early in the Gemini Program quanti-
tatively established limits in the constraint
areas. Maximum or limiting values of some
parameters were selected for nominal trajec-
tories such that, if the nominal trajectory
remained within these bounds, dispersed tra-
jectories would remain within the true
launch-vehicle and guidance-system capa-
bilities.

Although the nominal payload capability
for each Gemini Launch Vehicle was of con-
siderable importance, the predicted minimum
pavload capability was of even greater im-
portance. The minimum payload capability
was the weight of the spacecraft that could be
put into the desired orbit even under the
most disadvantageous launch-vehicle per-
formance. Most disadvantageous was defined
for the Gemini Launch Vehicle as the minus
3-sigma payload capability, or that payload

capability which would be equaled or ex-
ceeded 99.87 percent of the time. This per-
centage was shifted to 99.4 percent in the
latier part of the Gemini Program.

Gemini Launch Vehicle dispersion analyses
were initially performed by determining the
payload capability effects of dispersions in a
larre number of key vehicle parameters. The
parameter dispersions that were used were
the 3-sigma dispersions based apon test data
and theoretical analyses. Throughout the
Gemini Program, attention was directed to
refining estimates of 3-sigma parameter dis-
persions. Particular attention was given to
the parameters with the most significant
effects upon trajectory and payload capa-
Lility performance. From the beginning of
the Gemini Program, it was obvious that a
very rrood estimate of the overall 3-sigma dis-
persion could be determined by considering
the variations of a limited number of key
parameters. These parameters were those
which most affected the shape of the vehicle
trajectory in the pitch plane. The following
parameters were selected early and used
throughout the program for simplicity and
continuity :

Stage I Stage 11
Thrust Thrust
Specific impulse ............... Specific impulse
QOutage QOutage
Dry weight ....ccnrveecenes Dry weight

Usable propellant weight ‘ Usable propellant weight
Pitch programer error ..
Pitch gyro drift ............. l
WVANAR * wcicicisrscisamimsicsvsaatiss
Atmospheric density .......
Engine-thrust misaline-
ment in pitch.

Performance improvement program. —
Since the inception of the Gemini Program,
a vigorous performance improvement pro-
gram way pursued to meet the ever-increas-
ing requirements of payload capability.
Initially, the total weight of the spacecraft,
including experiments, was estimated at
about 7000 pounds for the long-duration mis-
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sions and 7250 pounds for the rendezvous
missions. It quickly became apparent that
these weights would be exceeded. The early
spacecraft-weight growth rate was approxi-
mately 35 to 40 pounds per month, and not
until deletion of the paraglider configuration
was some relief obtained. Increase in the size
of the spacecraft propellant tanks provided
another impetus in the search for higher
launch-vehicle payload capability. Ultimately,
the spacecraft weights increased to the point
where predicted launch-vehicle performance
margins relative to the minimum (99.4 per-
cent probability) payload capability were
consistently negative. Comparison between
actual spacecraft weights and achieved pay-
load capabilities is shown in figure 14-2,

In addition to spacecraft-weight increases,
changes in mission requirements had a sig-
nificant effect on launch-vehicle payload capa-
bility. On early flights a 5-hour launch-win-
dow requirement was imposed, necessitating
large ullage volumes in the propellant tanks
toallow for propellant temperature increases.
This meant fewer propellants loaded and a
reducet .payload capability. Optimizing the
mixture ratio for the worst case in the win-

dow under dispersed propellant temperature
conditions also resuited in performance de-
creases. For certain missions the require-
ments for high initial apogees and for launch
azimuths considerably less or greater than
90 degraded the payload capability. Finally,
the requirement to have the launch vehicle
steer out as much as 0.55° of wedge angle to
increase the availability of spacecraft pro-
pellant reduced the probability of achieving
the desired insertion conditions. Propellant
temperature-conditioning equipment was in-
cluded in the areospace ground equipment so
that launch-vehicle propellants could be
chilled to 20° F for oxidizer and 26° F for
fuel before loading. This chilling would allow
greater propellant masses to be loaded in the
fixed tank volumes, thus increasing payload
capability. Attention was also given to the
performance gain available by reducing the
minimum ullages in the propellant tanks
from the values used on the Titan II weapon
system. Structural studies and engine start
tests at reduced ullages were incorporated in
the Gemini Propulsion System Test Program.

Early in 1963, the Martin Co. proposed a
study of the feasibility of removing the low-
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level propellant shutdown sensors from the
shutdown circuits on both launch-vehicle
stages. Removing thexe sensors would elimi-
nate the large possibility of premature shut-
downs due to faulty level sensor operation
and would alse increase payload capability
by reducing the amount of trapped propel-
lants. Data from exhaustion shutdowns on
the test stand:ind on the Titan II flights indi-
cated that such shutdowns did not noticeably
jeopardize mission success. The shutdown
function of the: sensors was eliminated, al-
though they were retained for instrumenta-
tion purposes and for closed-loop operation
if later found desirable.

Changing the Titan II engine target mix-
ture ratios on acceptiance tests from 1.93 for
Stage 1 and 1.80 for Stage Il to approxi-
mately 195 and 1.84 would have allowed
complete filling of both oxidizer and fuel
tanks to ullage limits when the engines were
operated in the anticipated flizht envivon-
ment. However, as the mixture ratio in-
creased. the specific impulse decreased for
both stages. Some of the other areas investi-
gated were: (1) engine effects, such as heat
transfer and combustion stability; (2) pos-
sible mission changes: and (3) impact of
other potential performance improvement
items, such as further reduced minimum
ullages and constant temperature propellants.
As a result of these studies, the Stage II
engine mixture ratio change was eliminated
because there was no payload advantage. The
Stage I engine target mixture ratio was
changed to 1.945, effective for the Gemini
IV launch vehicle.

Titan II and launch-vehicle engine per-
formance data were monitored throughout
the Gemini Program. By May 1965, sufficient
data had been accumulated to indicate that
significant changes in the form of biases were
likely to occur between acceptance test and
flight. This analysis included the results of
10 Stage I flights and 16 Stage II flights. For
Gemini IV through X, the biases indicated
by the analysis were included in preflight
trajectory and performance predictions.
When the Stage I thrust bias and specific

impulse biases were incorporated into the
Gemini IV launch-vehicle preflight predic-
tions, the added efficiency of Stage I resulted
in overloftingr of the Stage I trajectory. This
was disadvantageous for two reasons: first,
hisrh-dispersed trajectories could result in
pitch look angles which exceeded the exist-
ing allowable limits; and second, overlofting
caused excessive gravity losses and Stage 11
pitch maneuvering. Because of these consid-
erations, a new pitch program. developed
for Gemini IV, eliminated the over-lofting
and resulted in an improvement in the pay-
load capability.

Missiondependent performance changes.—
Correct predictions of trajectorv and pay-
load capability also had to be based on dif-
ferences and changes in the Gemini missions.
For example, if the apogee were changed for
a specific Gemini mission, it was necessary
to adjust the predicted launch-vehicle pay-
load capability accordingly. Simiiarly, if the
launch azimuth and/or vaw steering were
changed, the payvload capability effects were
computed and.incorporated in the predicted
launch-vehicle capability. For each of the
rendezvous missions, it was also necessary
to determine payload capabilities for the
alternate missions which would be attempted
if the primary mission could not be com-
pleted.

Flight-test performance.—QObtaining ac-
curate preflight predictions and postflight
analyses of vehicle propulsion performance
was of great importance throughout the
Gemini Program. The launch-vehicle payload
capability and trajectory performance were
highly dependent on the propulsion param-
eters of mixture ratio (the major contributor
to propellant outage), specific impulse, and
thrust for both stages of the vehicle. Propel-
lant outages for Stage I and Stage II were
the two largest factors in payload capability
dispersion allowances. Postflight analysis of
each Gemini Launch Vehicle trajectory was
conducted to define the reasons for deviations
from nominal and to determine changes to
be made in predictions for subsequent ve-
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hicles. Table 14-1 compares predicted with
achieved payload margins for all missions.

Gemini Launch Vehicle Stage I Tank Staging Anomaly

High-speed long-range camera coverage of
the Gemini X launch vehicle showed a large
orange-red cloud appearing from Stage I
shortly after staging and indicating a pos-
sible breakup of the stage. A detailed review
of the films revealed that the oxidizer tank
vented approximately 1.2 seconds after Stage
IT ignition. A study of Stage II telemetry
data revealed no indication of this event.
Stage I telemetry was inoperative at this
time, having been disabled 0.7 second earlier.
A thorough study of the tank rupture iso-
lated the following as the most probable
causes: (1) Stage I turning after separation,
resulting in the Stage II engine sub-
assembly exhaust impingement and burn-
through of oxidizer tank barrel; (2) break-
ing of the ablative coating on the oxidizer
tank dome, due to dome flexing caused by
dome overheating and subsequent structural
failure, resulting from high local pressures
at Stage Il engine start; and (3) dome or
tank barrel penetration by transportation
section debris. A review of the staging films

revealed similar occurrences on seven Titan
II flights. The same anomaly occurred dur-
ing the Gemini XII mission; however, this
occurrence was followed by the apparent
rupture of the Stage I fuel tank and the
breakup of Stage I just forward of the Mar-
tin/Aerojet interface. The results of the
study and a review of all available Titan II
and Gemini flight data showed no detrimental
effect on mission success or crew safety due
to this event.

{iemini Launch Vehicle Switchover/Switchback
Studies

With the incorporation of a redundant
flight control system, a detailed system eval-
uation was conducted to reassess the vehicle
airframe, the switchover logic, and the sen-
sor limits. The evaluation indicated. that the
initial selection of sensor limits, structural
safety factor, and switchover logic did not
result in optimum switchover capability. It
became apparent that a switchover during
Stage I flight from a loss of hydraulic pres-
sure would result in the secondary flight con-
trol system being used throughout Stage II
flight. This could have resulted in discarding
arood, reliable, primary flight control system

TABLE 14-1.—Predicted and Achieved Gemini Launch Vehicle Panload Capability Margins

Payload capability margin ‘
Mission Predicted, b i Difference, Ib
. Achieved, Ib >
Minimum Nominal l
= il 1 W, "

3. 508 1017 J 171 154
iI.. 336 1025 1066 41
m........ 577 1199 1396 i 197
v —62 593 767 | 174
v -135 526 ' 374 ! ~152
vII 69 - 700 I 786 . ™
VI-A 265 | 891 | 778 | -113
VIII -162 | 492 | 471 | —22
IX-A -282 | 372 | 638 | 266
X -217 416 571 [ 155
XI... -~175 497 | 528 | 31
XII .. -51 619 | 869 . 250
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during Stage 11 {light. To alleviate thix situ-
ation. the capability ot switching back to the
primary svstem was incorporated. It was
planned that switchback would only he actu-
ated in 1the event the switchover wis initiated
by loss of hydraulic pressure and would be
activated belween staging  and  guidance
enable.

The switchover flisgrht loads during the high
maximum dynamic pressure  resion  were
found to be in excess of the structural destirn
eriteria. Consequently, the concept wax op-
timized Ly selecting the sensor limits that
maximized c¢rew safety. A corresponding
hardware change wias made to reduce the
angular rate switch settings, The structural
load-carrying capability was reevaluated in
the light of probability considerations, which
resulted in a reduced factor of safety for
switchaver from 1.25 to 1.10. A deliberate
flirht-test switchover was discussed: how-
ever, Lecause of difficulty in initiating the
switchover, and the significance of the lim-
ited results, it was decided not to perform
the test.

Gemini Launch Vehicle Stage 11 Engine Stability
Improvement l'ropzram

One of the major concerns in man rating
the Titan II vehicle was the possibility of
combustion instability during the Stage 11
start transient. The ground-test history of
the original Stage I engrine utilizing the pro-
duction quadlet injector gave rise to certain
dynamic combustion stability questions for
man-rating requirements. The gquacliet in-
jector had a demonstrated instability inci-
dent rate of about 2 percent during ground
tests. Even though this rate was extremely
low, the effect of an instability during
manned flight caused concern and resulted in
the AF NASA decision to develop a more
dynamically stable Stage II injector, one that
would be capable of accepting limited puls-
ing without instability. The development of
the new injector required evaluation of sev-
eral injector tvpes. These injectors were
screened by thrust-chamber assembly tests

consisting  primarily of newly developed
bomb pulsingz technigues derived to estab-
lish instability triggeringz thresholds. The
selected protolype injectors were then tested
at the engine level for system compatability.
A finat candidate injector then underwent a
modified qualification test program which
was integnrated into an engine improvement
profmram vertfication lest series. To provide
further assurance of the adequacy of this in-
lector Tor manned {light, it was flight tested
by o Titan 111C vehicle, and subsequently in-
cvorporated into the Gemini VIII launch ve-
hicle,

(emini Agena Targel Vehicle

As with the Gemini Launch Vehicle, the
Air Farce Space Systems Division was the
NASA contractor for the development and
procurement of the Gemini Atlas-Agena Tar-
et Vehicle system. However, an attempt
was made 1o add the effort to an existing
AF 'NASA orjzanizational arrangement al-
ready established for the procurement and
taunch of the Atlas-Asrena combination for
other programs. Accordingly, NASA con-
tinued to use the Marshall Space Flight Cen-
ter in the “. .. role of procurement contractor
and technical advisor to the Project Office in
the development, procurement and launch of
Atlas ‘Agena Target Vehicles for the Project
Gemini Rendezvous Misstons. . . .” The Air
Force added the development, procurement,
and svstems integration of the target-vehicle
svstem to an existing program office charged
with procurement and payloacl integration of
Agena vehicles for other NASA programs.
In March 1962, the target-vehicle program
was initiated by NASA-Defense Purchase
Request H-30247 with the details of the ob-
jectives and statement of work to be evolved
in working sessions.

In January 1963, the Manned Spacecraft
Center assumed direct contro) of the Space
Svstems Division effort with the withdrawal
of Marshall Space Flight Center from the
program. At the same time, organizational
realinements began at the Space Systems
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Division to provide a program office solely
concerned with the target-vehicle effort. This
objective was not finally achieved on a basis
comparable to the Gemini Launch Vehicle
office until July 1965. However, certain as-
pects of the initial organizational arrange-
ment. for both procurement and technical
develc ment, once establishecl, couid never
be con sietely chanyed.

The vbjectives of the Air Force program
office weve evolved ux a result of joint work-
ing sessionz based upon Gemini mission
ground rules, objectives. and requirements.
The fundamental obiective wax to modlify
the basic Agenua vehicle to provide the re-
yuired accuracies, command and control.
pilot safetv. reliability. and docking capa-
bility consistent with the mission to be :c-
complished.

To simplify the sverall Agena vehicle pro-
curement and launch services, the unmodified
basic Aszenan S-01E vehicles and the neces-
sary launch-site level of effort were procured
through the existing Space Svstems Division
Agena Program Office. The modification of
the basic Agena to a target vehicle was man-
aggzed by u separate program oftice group at
the Air Force Space Systems Division.

In March 1962, a contract was issued to
the Lockheed Missiles & Space Co. to provide
a vehicle to be used as an in-orbit target for
rendezvous with a manned spacecraft. The
orbiting vehicle could be controlled by com-
mands from the ground or from the manned
spacecraft. The vehicle ilso hid to be capable
of maneuvering as part of the spicecraft
after docking.

In late 1964. a Technical Operating Plan
for the Target Vehicle Program had been
established, and the responsibility for pro-
viding technical surveillance ot the Lockheel
contract was assigned to the Aerospace Corp.
In keeping with the normal relationships and
operations nf the Space Sy:stems Division and
the 6555th Aerospace Test Wingr at Cape
Kennedy, the target-vehicle launch responsi-
bilities were assigned to the SLV-2 Director-
ate of the Wing.

Typical Tareet-Vehicle Chronology

The target vehicle was initially manufac-
tured. assembled, and testect on the standard
Agrena production line, and certain items
unique to the tarpget vehicle necessarily had
to be incorporated us part of the initial as-
sembly prior to final modification and systems
test. These unique items included the Model
8247 enyine manufactured by Bell Aireraft
Corp, a 17-inch auxiiiary forward equip-
ment rack. additional helum gas capacity,
and similar items,

Afterr delivery of the basic vehicle to the
Air Force, certain installations required ad-
ditional modifications by Lockheed because
of the peculiar requirements of the tarjscet
vehicle. The changres were mainly confined
to electrical and electronic packages and
harnesses. After final assembly, the target
vehicle was moved to the final syvstems test
area and completely tested using a simulator
for the Tarret Dovking Adapter. when neces-
sary, and for shroud electrical connectians.

After airlift to Cape Kennedy the vehicle
waus inspected, checked, ancl alined. High-
pressure checks, which for safety reasons
could not be accomplished ut the fiuctory.
were completed. The Secondary Propulsion
System modules and heat shields were in-
stalled and alined. A complete series of inter-
face tests was accomplished, followed by
loadings of ancillary fuids and grases. (All
pyrotechnics, propellants, and batteries were
installedd at the luunch stuand.) The vehicle
was then erected with the Atlas Target
Launch Vehicle. The major remaining: tests
were the Joint Flight Acceptatice Composite
Test and the Simultianeouts Launch Demon-
stration. The vehitvle was then ready for F——1
day, precount, and tinal count tests.

For the actual launch ot the Gemini Agena
Tiargret Vehicle, the rale of each contracror
incinded the tollowing :

{1) Lockheed Missiles & Space Co. tur-
nished the Gemint Apena Target Vehicle.
and associaled reference traiectory, range-
safety package. and tlicht-lermination sys-
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tem report. and was the integrating contric-
tor for the ascent guidance effort.

(2) General Dynamics Convair furnished
the Atlas Lauich Vehicle (SLV-3) and the
associated flirht-termination system report.
and flight-test results, and conducted a com-
prehensive preflight data exchange with the
integrating contractor.

{(3) TRW Systems furnished ascent guid-
ance equations and associated documentation
for the Gemini Atlas-Agrena Target Vehicle,
and provided Burroughs Corp. with tray-
wiring data.

(4) General Electric Co. furnished guid-
ance canisters for the Gemini Atlas-Agrena
Target Vehicle, and operated the General
Electric Mode! IIT System at Cape Kennedy
during launches and all associated testing.

(5) Burroughs Corp. furnished wired
ascent guidance trays for the Gemini Atlas-
Agena Target Vehicle, and operated the com-
puters in Guided Missile Computer Facility
no. 1 at Cape Kennedy during launches and
all associated testing,

Gemini Target Vehicle Preicet Sure Fire

On QOctober 25, 1965, Gemini Agrena Targret
Vehicie 5002 was launched from the Eastern
Test Range as part of the scheduled Gemini
VI mission. After separation from the launch
vehicle. the engine malfunctioned destruc-
tivelv during the starting sequence, and the
target-vehicle pressurization syvstem de-
stroved the vehicle.

Corrective action requirements were gen-
erated based upon the results of the post-
flight analysis, the propulsion system and ve-
hicle aft rack design review, and the
symposium on ignition of hvpergolic propel-
lants. The engine design change recommenda-
tions were to convert the Gemini-peculiar
engine (XLR 81-BA-13) to a thrust-cham-
ber oxidizer-lead start sequence similar to
the basic Agena engine (YLR 81-BA-11) :
to incorporate shock mounting for certain
engine electrical control components; and to
disable the electronic-gate shutdown capa-
bility during ascent maneuver operation.

Test requirements were established to verify
adequacy of the design changes and to dem-
onstrate flightworthiness of the modified en-
gine configuration. Results o1 the symposium
on hypergolic ignition indicated that one sig-
nificant test requirement had not been in-
cluded in the original XLR 81-BA-13 engine
development and the associated PERT pro-
ssram. The requirement was engine testing
at an altitude which properly simulated the
hard-vacuum space environment. An engine
modification and a test program were
planned, which required reliable ignition
demonstration during hard-vacuum simula-
tion tests above 250 000 feet before the Gem-
imi VIl launch date. An Air Force,
Aerospace Corp.. NASA, and industry team
effort spearheaded by a high-level Super-
Tigzer Team, as well as maximum priorities,
were necessary to accomplish and manage
the engine modification and test program on
an accelerated, maximum-success schedule.
The activity was designated Project Sure
Fire and was initiated in November 1965.

Testing was initiated immediatelv on the
turrbine pump assembly. These tests provided
the preiiminary engine-transient perform-
ance values, defined the initial detailed
desisrn-change requirements, verified satis-
factory operating characteristics of the pro-
posed modified configurations prior to
initiating engine-level testing, and verified
expected operating characteristics with vari-
ous imposed malfunction conditions. A total
of 75 turbine pump assembly tests was ac-
complished between November 1965 and
March 1966.

A total of 37 gas-generator/start-syvstem
tests was conducted from November 1965
through March 1966. During these tests,
which were conducted at sea level and at a
240 000-foot simulated altitude, reliable gas-
generator ignition was achieved throughout
the range of predicted flight operating con-
ditions. as well as for conditions normally
considered conducive to producing adverse
ignition characteristics. In addition, reliable
ignitions were demonstrated after a gas-gen-
erator/start-system had simulated a 28-dax



LAUNCH AND TARGET VEHICLE SUPPORT BY THE DEPARTMENT OF DEFENSE 177

pad hold period and a subsequent 5-day alti-
tude coast storage period.

A pressure switch relay box was designed
for the initially proposed configuration, and
the development and flightworthiness dem-
onstration tests were conducted on this com-
ponent in December 1965 and January 1966.
Vibr: ion, shock, humidity, acceleration,
altituce, and electrical tests were conducted.
A rela: failure occurred during development
vibratiun tests; and after a subseguent re-
liability analysis, the relay was removed and
the relay box was converted to u junction
box.

The proposed engine modification involved
the addition of two pressure switches in the
engine contral circuit to provide the required
thrust chamber oxidizer-lead start sequence.
Turbine pump assembly test results indi-
cated a high-frequency actuation-deactuation
cyeling characteristic of the backup oxidizer
feed pressure switch during a normal engine-
start sequence. Pressure-switch durability
and vacuum tests were conducted, with no
onhserved degradation of the microswitch con-
tacts, successfully demonstrating switch
operational capability at the Gemini missioh
altitude for a minimum 5-day period.

Vibration, shock, and hot-fire tests were
conducted as part of the engine sea-level
flightworthiness (demonstration program.
Satisfactory structural design of the new an«l
modified component installations was veri-
fiecl. The 42 hot-fire tests demonstrated satis-
factory operation and sequencing of the
modified engine configuration, and verified
successful implementation and checkout of
the modified engine test and servicing pro-
cedures.

A total of 43 engine flirhtworthiness tests
#t simulated altitude:s ranging from 257 000
to 453 000 feet, and two checkout firings at
85 000 feet, were conducted. The ignition-con-
fidence, simulated-mission, low.temperature,
and malfunction tests at an average simu-
lated altitude of 356000 feet successfully
demonstrated the hijch-altitude flightworthi-
riess of the modified XLR 81-BA-1.) engine.
Sufficient confidence in the reliability of the

engine ignition had heen gained from the 27
Phase I and Phase I altitude tests completed
by March 4, 19606, to assure flightworthiness
of the Gemini VIII target vehicle and to
allow commitment of the modified engine de-
sign to flight. Significantly, the postulated
target-vehiclie flight failure mode was con-
firmed during the altitude malfunction tests;
and showed that a fuel lead on the XLR
81--BA-13 engine would produce hard starts
when tested at the proper altitude and that
a treasonably high p'robability of hardware
damape existed. Reevaluation of the Gemini
VI data indicated that the engine damage
incurred during the flight was similar to that
observed during the last fuel-lead test. In
addition to the successful flightworthiness
demonstration of the modified engine, the
altitude tests provided data on altitude ig-
nition characteristics over a temperature
ranfe from 100 F to below zero.

An unexpected destructive hard start oc-
curred during a checkout firing early in the
altitude test program. Post-test data analysis
and testing showed that excessive water «nd
alcohol contamination (approximately 85
percent) was introduced into the engine fuel
system during the prefire propellant loading
operation. The fuel system became contami-
nated with water during test-cell downtime
for instrumentation and hardware repair.
An abbreviated isopropyl-alcohol flush pro-
cediure was conducted to remove water from

" the engine: however, the water and alcohol

were not completely removed from the fa-
cility fuel systeam, resulting in entry of the
contaminated fuel load into the enygine. Full-
scale and subscale thrust-chamber ignition
tests were instituted to evaluate the effects
of fuel contamination. Results showed that
significant increases in ignition delay and
peak pressures occur as the guantities of
alcohol and water in the fuel are increased.
Further analysis and tests clearly supported
the conclusion that the checkout test failui‘e
was caused by contaminated fuel.

Further ignition tests investigated thrust-
chamber ignition characteristics with fuel,
oxiclizer, and simultaneous propellant leads
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over i range of operating temperatures and
altitudes (ambient pressures), Considerable
dats were relatable to the XLR 81-BA-13
engrine thrust chamber, and usable as an aid
in explainingr the differences in igrnition char-
acteristics in the main thrust chamber with
fuel and oxidizer ieads. When subjiected to
the same test conditions, the XLR 81-BA-1!)
engzine thrust chamber produced significantly
different umition chavracteristios for a fuel-
lead start sequence compared to an oxidizer
lead. Therefore, a comparative evaluation of
the differences in grnition  characterisities
wus made, hased on test data for the full-
scale (engine) thrust chamber, the subscale
thruster. and the engrine gas generator as-
sembly. The hardware desiyrn factors which
can affect ignition were reviewed; and the
dependent conditions existingz in the chamber
at igrnition (such as mixture ratio, density,
ignition delay, and ignition chemistry) were
recorded or derived as the test variables of
altitude, temperature. and propellant lead
were chansred. The proper pressure and tem-
perature must be generated in the fuel-oxi-
dizer mixture during the inductlivn perind
Just prior to ignition, and a sufficient amount
of oxidizer must be present during induction
to prevent long ignition delays or quenching
of the reaction.

Based on analyvsis of the design factors and
conditions in the full-scale and subscale thrust
chambers at ignition, it appeared thai the
chemistry of the ignition was involved in
producing the hard start experienced in the
main thrust chamber with the fuel-lead
start sequence. When oxidizer was not pres-
ent in sufficient quantities during the induc-
tion period. a suitable oxidation reaction did
not occur to overcome thz effects that the
hard vacuum produces during the propellant
pre-flow and/or mixing period. Thus, proper
pressures and temperatures were not devel-
oped and a long ignition delay resuited, cur-
ing which secondary reactions probably oc-
curred. producing high enerygy intermediate
compounds. A highly reactahle mixture is
formed, including the unsymmetrical di-
methyl hvydrazine (UDMH) fuel which

possesses monopropellant  characteristies.
The resultant mixture becomes the source of
the additional energy which produces the
hard start when iyrnition occurs, In the X1LLR
RI-1TA-15 thrust chamber. additional dam-
agze was incurred hecause the restdence time
was such that a reactable mixture accumu-
lated downsircam of the throat during the
longr ignition delay. causingz the nozzle over-
pressunte when dirnition occurred.

Although the ras generator operates re-
liably with a fuel lead. this rehabibty is
attributable to: (1) the relatively very large
volume of the grax generator ‘turbine mani-
fold assembly, which readily accommodates
the energy stored at ignition: and (2) a
preignition pressure rise. which indicates
that o preigniter probablyv exists, similar to
the main thrust chamber oxidizer-lead start
sequence.

The following sigrnificant conclusions were
derived from Project Sure Fire:

(1} Flissthtworthiness of the modified
XL 8I-BA-13 engine configuration was
successfully demonstrated.

(2) An oxidizer-lead start sequence is
optimum* for the XLI1 81-BA-13 engine
thrust chamber, and provides low and ae-
ceptable itrnition shock levels over the range
of required operatingz conditions.

(3} Significant differences exist between
oxidizer-lead and fuel-lead ignition char-
acteristics in the XLR 81-BA-13 thrust
chamber.

(4) The conclusion indicated by the flight-
failure anaivsis of the Gemini VI target
vehicle, that an engine hard start occurred.
was proven correct: and the postulation that
the engrine hard start was cdue to a fuel-lead
start sequence waus also correct.

(5) Fuel-lead hard starts yield high prob-
ability of damage to the thrust chamber
assembly. Reevaluation of Gemini VI data
indicates that an oxidizer line break oc-
curred in the same area as that observed
during the last fuel-lead test al Arnold Engi-
neering Bevelopment Center. No reactions
or adverse pressures were detected in any of
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. the thrust chamber manifold cavities during
the fuel-lead starts at Arnold Engineering
Development Center. The hard-start re-
actions occurred in the combustion chamber
and divergent nozzle.

(6) The fuel-lead hard-start mechanism
appears to involve the chemistry of the re-
action during the induction period. Lack of
an excess of oxidizer apparently prevents a
satisfactory oxidation reaction from occur-
ring relative to that for an oxidizer-lead
start sequence. A very long ignition delay
occurs, allowing an accumulation of a re-
actable oxidizer-fuel mixtiure which probably
contains high-energy intermediate com-
pounds formed during this delay.

(7) The XLR 81-BA-13 engine gas gen-
erator assembly provides reliable ignition
with a fuel-lead start 3equence within the
range of operating requirements. Low peak
pressure and very slow pressure rise rates
are always obtained. These characteristics
appear to be due to the large volume of the
gas generator assembly, to the low potential
energy in the chamber at: ignition, and, per-
haps most important, to a preignition pres-
sure buildup probably attributable to a pre-
igniter oxidizer flow.

(8) Testing at the proper simulated alti-
tude to determine engine ignition reliability
is a necessary and extremely important
phase of space-flight engine development.

(9) Propellant triple-point (phase) data
provide a reliable guideline for defining the
minimum altitude test requirements. Further
studies on the relation of phase data, propel-
lant injection, and expansion dynamics at
hard vacuum, and presence of excess fuel or
oxidizer, are recommended in order to ad-
vance the state of the art.

(10) Existing ground-test technology is
more than sufficient to properly simulate re-
quired altitude conditions for medium-size
rocket engines.

(11) Sea-level and altitude subscale igni-
tion tests, and full-scale sea-level ignition
tests can be a valuable adjunct to full-scale
altitude testing. However. full-scale altitude
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tests must be conducted as fina! proof that
complete simulation of all factors affecting
the ignition process for a specific configura-
tion have been demonstrated,

Results of Project Sure Fire were positive
and on March 17, 1966, the engine was com-
mitted to launch. The engine performed as
desired through all phases of the mission, in-
cluding demonstrations of multiple starts
and maneuver capability.

Gemini Target Vohicle Stahility During Bocked
Enuine Firing

The target-vehicle control system was
originally designed to provide stable flight
for an Agena vehicle with a conventional
pavload. For Gemini, the control system was
required to provide stability during Primary
Propulsion System firings while in the
docked configuration. The original system
was designed to filter all Agena body-bending
modes greater than 8 cycles per second. The
svstem could be modified by a gain change to
handle frequencies as low as 5 cycles per sec-
ond. However, the docked spacecraft target
vehicle had a fundamental Dbodv-bending
mode with a frequency between 2 and 4
cvcles per second. A lead-lag circuit was de-
signed by Lockheed to cope with this mode,
and stabilitv studies were performed to
check out the modified s\'stem.

The fundamental mode in question in-
volved rigid-bodv motion of the spacecraft
tarzet vehicle with a flexible spring. the
Target Docking Adapter, connecting them.
Preliminary stiffness data showed both in-
plane and out-of-plane response when incor-
porated in the model. and indicated the in-
abilitv of the modified syvstem to provide
stabilitv. A dvnamic response te:xt was per-
formed to provide better data for the analy'-
sis and resulted in considerablv more out-of-
plane coupling in the fundamental mode than
had been expected. The frequency of this
mode was between 2.5 and 2.0 cycles per sec-
ond, depending on the weight condition.
Structural damping varied between 2.0 angl
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50 pervent. In the course of ovaluating the
test datz, errors in handlingr the out-of -plane
respons¢ were discovered in the model. With
the model corrected and with the use of lower
bound damping values, the lead-lag modifi-
cation proposed by Lockheed was shown to
provide adequate stability. The maodification
was flown on the Gemini VIII and subsequent
Gemini Ajgrena Targcet Vehicles.

As soon as the modal response of the
docked spacecraft target vehicle had Leen
established by studies at the Massachusetts
Institute of Technoelogy and the results ac-
cepted by the contractors affected, the fiisrht
control electronics compensation was estiub-
lished. I’revious studies: by Lockheed had
shown that a modification to the lead-lag
shaping network already in existence could
handle bLoth the ascent dvnamics and the
docked dynamics with a minor change in loop
gain between two flirht modes. The simula-
tion of the vehicle was increased to include
the fligrht control system, and the potential of
the'revised lead-lag was confirmed.

Lockheed proceeded to mechanize and
optimize the lead-lag design with the use of
a single-axis digital computer simulation.
Hardware components and tolerances were
evaluated. The most difficult development
item in the change was the perfection of the
temperature-stabilized operational amplifier.
Actual breadboard parts were tied into the
single-axis simulator for temperature tests
as well as system performance evaluations.
This phase was also used to perfect test pro-
cedures and tolerances that would insure
proper svstem performance.

Gemini Targel Vcehicle Center-of .Gravity
Offset Problem

A major problem occurred on the Gemini
VIII target vehicle during undocked. in-
orbit, Primary Propulsion System powered
flight. A significant vehicle yaw-heading
error existed; the resulting velocity vector
error affected the orbital guidance computa-
tions and resulted in adverse orbital ephem-

¢ris accurzcies when making out-of-plane
orbit changes. This yaw-heading error was
du¢ to a combination of yaw center-of-
grravity offset, slow control-system response
time, and vehicle dynamics. The vaw center-
of-gravity offset was approximately twice
that of the standard Agena due to the added
weight resulting from the addition of two
running light batteries. The slow control-
system response time was caused by the re-
design of the flight-control electronics pack-
age. The redesign had been reyuired to
provide stable control-system operation dur-
ing the docked mode.

Orbital altitude errors ranged to approxi-
mately 120 miles during Primary Propulsion
System operation. The errors were much
more pronounced when the vehicle was in a
+90° configuration and a plane change was
attempted. This was due to the oft'set bLeing
in the vaw direction and the velocity' compo-
nent error combining directly with the orbi.
tal velocity. These errors greatly exceeded
3-sigma values derived in prior error anal-
vses and on-orbit guidance computations.
Various solutions to the center-of-gravity
problem were investigated. These consisted
of removing hatteries, realining the engine,
adding ballast, oft-loading the Secondary
Propulsion System propellants. and prepar-
ing correction tables for use in trimming out
potential dispersions. A parametric study
was performed which related pitch-and-vaw-
attitude errors to center-of-gravity offsets
for the target vehicle during Primary Pro-
pulsion System operation. Attitude errors
were determined as a function of firing time,
vehicle center-of-gravity offsets, and vehicle
weight. Results were plotted as a family of
curves to provide programed attitude cor-
rection data for desired orbit changes. Aver-
age attitude error and actuator position for
various times of Primars Propulsion System
firings. aiong with transient attitude and
actuator position response curves. were pre-
sented.
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Atlas SLV-3 Target Launch Vehicle

The basic planning of the Gemini Program
directed the use of the Air Force Atlas
SLV-3 as the launch vehicle for the Gemini
Agena Target Vehicle. The overall develop-
ment of the Gemini Atlas-Agena Target
Vehicle system was assigned to the Air
Force Space Systems Division. The target-
vehicle program office used the existing inter-
nal Space Systems Division management
structure for the procurement of the SLV-3
vehicles. The SLV-3 contracts covered neces-
sary services and equipment from General
Dynamics/ Convair, Rocketdyne, Acoustica,
General Electric, Burroughs, and the Aero-
space Corp. Seven Atlas SLV-3 vehicles
were procured and launched during the
Gemini Program.

After final assembly at the factory, the
tanks were mated to the engine Section:
various subassembly kits were installed and
tested prior to a final composite test of the
complete vehiclee The vehicle was then
shipped to Cape Kennedy where the SLV-3
underwent inspection and final installations
in the hangar prior to erection. After the
vehicle was erected on Launch Complex 14,
the principal tests were the SLV-3 Flight
Acceptance Composite Tests and the overall
Atlas-Agena Target Vehicle system test
(Joint Flight Acceptance Composite Test).
Finally, an SLV-3 tanking test was accom-
plished to establish flight readiness of the
launch vehicle.

Augmented Target Docking Adapler
P’rogram

PProgram [)evelopment

In December 1965, the Manned Spacecraft
Center delineated the Air Force Space Sys-
tems Division and contractor support re-
quirements for the Augmented Target Dock-
ing Adapter mission. The Air Force Space
Systems Division was to supply the follow-
ing hardware: an SLV-3 vchicle, a Gemini
target-vehicle shroud. and a Gemini target-

vehicle booster adapter. Space Systems Divi-
sion was also required to perform the soft-
ware work necessary to place the Aug-
mented Target Docking Adapter into orbit,
using only SLV-3 boost capability.

Procram Requirements

The Augmented Target Docking Adapter
was originally designed as a backup vehicle
for the Gemini VII VI-A rendezvous mis-
sion and for the Gemini VIII mission. At
first. it was not known if the hard start ex-
perienced by the Gemini VI target vehicle
could he corrected before the Gemini VIII
mission. The Manned Spacecraft Center re-
quested a vehicle that weuld permit docking
even though it would have no maneuver
capability. The Augmented Target Docking
Adapter consisted of a target-vehicle shroud,
a4 Target Docking Adapter. an equipment
section, a Gemini spacecraft Reentry Con-
trol System module, and a battery section.

The insertion conditions required a near-
circular orbit of 161 nautical miles with dis-
persions no greater than =20 nautical miles
and an inclination angle of 28.87°, The steer-
ing mode was to be the crossing of the
ascending mode. A 2500-pound payload was
used for planning,

Gemini Atlas-Arena Target Vehicle
Launch History

Gemini VI Mission

Since the Gemini VI mission was to be the
first Gemini rendezvous mission, the primary
objective was the rendezvous and docking of
the Gemini spacecraft with the Gemini
Agena Target Vehicle. Another objective in-
volved checkout of the target vehicle while
cdocked, and included commands from the
spacecraft to the target vehicle, determi-
nation of target-vehicle safety status, and
test of target-vehicle attitude maneuver
capability. A small Secondary Propulsion
System firing in the docked configuration
was also planned, although no docked Pri-



182 GEMIN] SUMMARY CONFERENCE

mary Propuilsion Svstem firing was planned.
Thix mission was also the first simultaneous
countdown for the launch of two vehicles
(the Gemini Atlas-Agena Target Vehicle
and. 101 minutes Luter, the Gemini Launch
Vehicte and spacecraft).

The Gemini Atlas-Agena Target Vehicle
for the Gemini VI mission was launched at
1 am., eastern standard time. October 25,
1965, The asvent portion of the flight was
nermal  until timie (or the target-vehicle
Primary 'ropulkion System to fire for the
inxertion mancouver: the engrine suflTered a
hard start and subsequent explosion, and the
vehicle tailed to achieve orbit,

Gemini VI Mission

The Gemini Atluas-Agena Target Vehicle
for the Gemini VIIT mision was launched at
10:0:3:03% aom.. eastern standard time, March
16. 1966. The ascent phase wis vory close 1o
nominal with insertion into an orbit 161.4 by
161.7 nautical miles. The insertion pinam-
eters were as follows:

Semimajor axis. n. mi. ... . 360505
Inclination angic. deg ... 2H.R6G
Eccentricity .......cceeceeeee. 0.00006
Period, min ... = w47

Following undocking and reentry of the
spucecraft, eight arbital firings were per-
formed by the tarsret-vehicle Primary Pro-
pulsion System duringg Gemini VIIl. The
duration ranged from the (.85-second mini-
mum-impulse firingr to a 19.6-xecond plane
change, with the majority bhetween 1 and 3
seconds, Of the eight firinies, five utilized the
short 22-second A-ullage sequence. and the
other three used the T-second C-ullage se-
quence. Based upon the available dutu, the
Primary Propulsion System performed nor-
mally cduring all eight firings. During the
19.6-second out-of-plane maneuver, a4 major
syvstem anomaly hecame apparent. The ve-
hicle attitude in yvaw was considerably off the
intended heading. resulting in a large in-
plane velocity component. This same heading
offset was also noted on the second out-of-

plane maneuver, or inclination-adjust ma-
neuver, and again resulted in i large in-plane
velocity component. 11 was jater determined
that these errors were caused by a large
conter-of-gravity offxet from the centerline.
and by the dynamice response of the sruidance
and control system beingr too slow ta correct
for center-of-prravity errors. It was decided
that additional out-of-pline  muneuvers
would not he made.

An in-planc retrograde maneuver resulted
in lowering the apogee 1o 200 nautical miles,
and the results were nearly perfect. The yaw
off st was again noted. but the firing was
short; slight yvaw-hecading errors have much
less effect on the resulting orbit when the
maneuver is performecd in-plane. Based unpon
this success. two more in-plane maneuvers,
dwell initiate and dwell terminate. were per-
formed to deplete some of the propellants
and to achieve a circular orbit of 220 nauti-
cal miles. These muneuvers were very Suc-
cessful and accurate, although the yvaw off-
set was noted during each firing. The center-
of -grravity offset problem was the onlv major
«svstem problem during the mission.

Operation of the Secondary Propulsion
System was desired until the propellant was
depleted: however, because of the excessive
control-gas usage during the spacecraft mal-
function. only' 15 pounds of Attitude Control
System gas remained when the first Sec-
ondary Propulsion Svstem firing was to be
initiatecd, The operation was planned for 20
seconds to pravide the first actual in-orbit
operation of the Seconcary Propulsion Sys-
tem and to verify control-gas usage rates.
The first Seconclary: Propulsion System Unit
II operation occurred over Grand Canary
Island in revolution 41. The firing was per-
formed using flight control mode FC-T7 to
reduce velocity-vector errors caused by cen-
ter-of-grravity offset. Over the Eastern Test
Range during revolution 42, the second op-
eration of the Secondary Propulsion System
was performed at the existing heading of
—90 . This maneuver was also performed
with docked gains to reduce thrust-vector
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errors caused Ly center-of-gravity oftfset. The
maneuver appeared nominal, except that 5
pounds of control gas were expended. The
target-vehicle orbit after the final Secondary
Propulsion System firing was 220 by 222
nautical miless with a 28867 inclination
angle.

During the Gemini VIII mission, 5439
commands to the target vehicle were sent.
accepted, and executed. The Gemini Atlas-
Agena Target Vehicle was launched within
1 second of the schedulea lift-oft time.

Gemini IX Mission

The Gemini Atlas-Ayena Target Launch
Vehicle for the Gemini IX mission was
launched Mayv 17, 1966. A normat countdown
and lift-off occurred. After 120.6 seconds of
flight. the vehicle experienced a loss-of-pitch
control in one booster engine. Tracking film
showed that after the loss-of-pitch stability,
the vehicle pitched downward in excess of
180 . uand changed in azimuth toward the left
(northward). Flight control data also indi-
cated that the vehicle pitched downward;
extrapolated and integrated data revealed
that the vehicle pitched down 216" from the
67 reference at 120.6 seconds. Radar data
from the Grand Bahama Island station at
436 seconds, approximately 136 seconds after
vernier engine cutoft, placed the vehicle
about 103.4 nautical miles from the launch
site, headed in a northerly direction at
97 000 feet in altitude. and descending. These
data correlated well with a set of radar im-
pact enordinates which placed vehiele impact
107 miles from the launch site in a north-
easterly direction. The exact reason for the
loss of the engine pitch control is unknown,
but the data indicate that a short-to-ground
occurred in the circuit for the scrvoamplitier
output-command signal. This short-to-grround
may have Leen caused by cryoyenic leakaye
in the thrust section.

Gemini 1X-A Mission

The Gemini IX-A Target Launch Vehicle

with the Augmented Target Docking Adapter

was launched from Cape Kennedy at
10:00:02 a.m., eastern standard time. June
1. 1966. The Target Launch Vehicle was
steered inta a predetermined coast ellipse and
nodal crossing. The insertion orbital ele-
ments were as follows:

Aporee sltitude, noomi. e 1447t
Poripgee altitude, n. mi. . I 1S W)
Remodrniad o i W50
Inclination, de«X i i, 2887

Gemini X 7L sinh

The Gemini Atlas-Arrena Tavget Vehicle
for the Gemini X mission was launched at
234946 pom, eastern standard time, July 18,
1966, The insertion parameters were as fol-
lows: :

Semimajor axis, 0. ML e, S0
Inedination angie. dew oo, I8.N5
P et xR TR 0.000R
Perptl. MRNIL iderettiaiicibbion o, o ie..nis H0.d0

The ascent phase was nominal with inser-
tion into an orbit of 16:5.4 by 159.0 nautical
miles. The largrest dispersion noted in the
ascent gruidance equations was 1.5 sigma.
The tarieet vehicle was commanded into dock-
ing contiyruration from the ground. Prior to
docking. the Gemini spacecraft had a higcher-
than-predicted usivre of propellants, This
altered the tlierht plan and resulted in move
docked time. more reliance on the target ve-
hicle, and more maneuvers using target-
vehicle capability.

Gemini XL Mission

The Gemini XI Atlus-Ajrena Tarsgret Ve-
hicle wis Jaunched at 8:05:01 wom., eastera
standard time, September 12, 1966, The
ascent phitse wils nominal with insertion into
an orbit of 16857 by 15620 nautical miles. The
msertion parimeters were as follows:

SCMIMU)Or axis, B, M. i, SHO2S
Inclination wngle, dew o REW )
BRAENLEIGIEY: oo hvooos mblsmttonsii.c b svens. (AT} BN

| P | I T 1 e e 30.56

The Laanch was originally scheduled for
Septembey 9, 1966 : however., it was delaved
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1 day due to an oxidizer leak in the Gemini
Launch Vehicle. The second scheduled launch
on September 10, 1966, was scrubbed at
T—140 minutes due to a suspected autopilot
malfunction in the Target Launch Vehicle.
During the ascent I’rimary Propulsion Sys-
tem firing, it was determined that the magni-
tude of the center-of-gravity offset problem
encountered during Gemini VIII had been
successfully eliminated. The target-vehicle
command system responded properly to all
rround and spacecraft commands- during the
mission.

Gemini X1 Mission

The Gemini Atlas-Agena Target Vehicle
for the Gemini X1l mission was launched at
2:07:59 p.m., eastern standard time. No-
vember 11, 1966. The ascent phase was nomi-
nal with insertion into an orbit of 163.6 by
159.0 nautical miles. This was the most ac-
curate insertion for the target vehicle in the
Gemini Program. The insertion parameters
were:

Scemimajor axis, M. Mi. .oceceorcieaiererenns 360.3.0
Inclination angle, deg ...
Eccentricity ........cccoccoeeees

Reyiod, MIN oo omm st e czacis

The launch was originally scheduled for
November 9, 1966G; however, the launch was
delaved 2 days due to a malfunction in the
secondary autopilot of the Gemini Launch
Vehicle. During the target-vehicle ascent ma-
neuver, an apparent anomaly occurred 140
seconds after Primary Propulsion System
initiation. At this time a 30-psi drop occurred
in thrust-chamber pressure for approxi-
mately 1 second, then returned to normal for
the remaining 42 seconds of the firing. This
did not affect the Gemini Atlas-Agena Ve-
hicle insertion conditions. The docked posi-
grade Primary Propulsion System maneuver
originally planned was canceled due to un-
certainties about the significance of the
chamber-pressure-drop anomaly.

Reference

1. AnOXN.: Gemini Midproeram Conference, Includ-
ing Experiment Results. NASA SP-121. 1966.



15. MISSION SUPPORT BY THE DEPARTMENT OF DEFENSE

By Rovce C. Ouson. Director, Department of Defense Manned Space Flight Support Office, Putriclc Air

Fuorce Base, Florida

Introduction

The Secretary of Defense designated the
Commander of the National Range Division,
Air Force Systems Command, Lt. General
Leighton I. Davis, as the Department of De-
fense Manager for Manned Space Flight Sup-
port Operations. This designation, organiza-
tionally under the Joint Chiefs of Staff,
emphasized DOD support of the Gemini Pro-
gram. General Davis was given the responsi-
bility and authority to insure complete and
responsive support to NASA's needs.
Through the National Range Division. he di-
rected the long*range planning for the desistn
and acquisition of supporting resources such
as range ships and aircraft, high-quality
communications, and range instrumentation.

The DOD Manager established a small sup-
porting joint staff which was the sinjle point
of contact for the final coordination and
marshaling of all supporting resources prior
to each mission. These officers served as the
operational control staff during mission
periods when the DOD Manager assumed op-
erational control of all committed DOD re-
sources. The areas of support responsibility
included launch, network, recovery, com-
munications, ground medical, meteorological,
public affairs, and miscellaneous logistics.

Launch and Network Support
Manned Space Flight Network

The responsibility of the Manned Space
Flight Network during the Gemini Program
was to control, to communicate with, and to
observe by electronic methods the perform-
ance of the spacecraft (systems and occu-
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pants) and, on most mi: iuns, the Gemini
Agena Target Vehicle. .1e global tracking
and reentry network established for Project
Mercury and modified for the Gemini Pro-
gram was a joini NASA/DOD venture. The
network was developed by integrating exist-
ing DOD range resources with stations estab-
lished and operated by NASA at strategic
sites around the- world. In addition, the
Australian Weapons Research Establishment
operate« two stations for NASA. Figure 15-1
shows the location of the tracking sites in
the standard configuration for the Gemini
rendezvous missions. The locations of the
tracking ships varied somewhat as specified
by individual mission needs.

DO Suppart

DOD support to the Manned Space Flight
Network was provided by several agencies.

Eostern Test Rawye.—The Eastern Test
Range (U.S. Air Force) facilities were user
in the launch and the orbital phases of the
missions. Standard launch-site and instru-
mentation support were provided as neces-
sary for the launching and performance eval-
uatior of the Gemini Launch Vehicle. The
services included propellants, pad safety,
range safety, metric and optical tracking,
telemetry, and communications, as well as
command and control support.

Certain selected facilities at Cape Kennedy
and at Eastern Test Range downrange sta-
tions ulso comprised a part of the network
for tracking the target vehicle and the space-
craft during orbit and reentry. The fuacilities
included: C-band radars for tracking the
spacecraft and target vehicle and S-band
radars for tracking the target vehicle; tele-
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00D ships Rnse Knat Victor Ca3stal Sentry Quebec, Range Tracker 10 be positioned as necessasy.

Ravar and lelemetry aircraft 1o be positioned as needed.

FICURE 15-1.—Gemini network stations.

metry recording and display equipment;
command and control eguipment; ground
communications, both voice and teletype; and
spacecraft voice communications. The sta-
tions designated for orbita) support were
Cape Kennedy and Grand Bahama, Grand
Turk, Antigua, and Ascension Islands.

In addition to the land-based stations, two
Eastern Test Range ships, the Coastal Sentry
Quebec and the Rose Knot Victor, were an
integral part of the network. These ships
provided telemetry, command and control,
and communications coverage. The Eastern
Test Range also positioned JC-130 aircraft
in the primary Atlantic Ocean recovery area
to record terminal spacecraft telemetry, and

to relay flight-crew voice communications
from the landing area to the Mission Control
Center—Houston. The resources of the East-
ern Test Range were augmented, on a mis-
sion-by-mission basis, by such facilities as
the C-band radar at Pretoria, South Africa,
and instrumented ships.

Pacific Misstle Range.—The Pacific Missile
Range (U.S. Navy) facilities provided track-
ing ship support and voice-relay telemetry
aircraft for the Eastern Pacific landing area.
Early in the Gemini Program, the Pacific
Missile Range operated the Hawaii, Canton
Island, and California tracking sites. Later
the National Range Division and the West-
ern Test Range were established, and the
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national range resources were realined. As
a result, the operations of the Hawaii and the
Canton Island sites were transferred to
NASA: and the operation of the California
site, to the Western Test Range.

Western Test Range—The Western Test

Range (U.S. Air Force) facilities operated.

the California tracking' site. Although not
considered a Gemini network station, the
C.S. Navy ship Range Tracker participated
in the Gemini III through Gemini X missions
with radar, telemetry, and communications.

White Sands Missile Range.—The White
Sands Missile Range (U.S. Army) facilities
provided C-band radar support throughout
the Gemini Program.

Air Proving Ground Center.—The Air
Proving Ground Center (U.S. Air Force) fa-
cilities provided C-band radar support
throughout. the Gemini Program.

North American Air Defense Command.—
The North American Air Defense Command
support to manned space flizht began with
Project Mercury. The ability to skin track
and catalog orbiting objects, and to compute
impact data and separation distances, was
beneficial to the Gemini Program. The North
American Air Defense Command assisted
NASA Goddard Space Flight Center in com-
puting launch-vehicle impact points; pro-
vided ephemeris informatien on the Gemini
Agena Target Vehicles left in orbit; and pro-
vided the capability to skin track the space-
craft,

Organization

During the coordinating (premission)
phase, management of the DOD portion of
the Gemini network was the responsibility
of the individual range or organizational
commander. In planning DOD network sup-
port, the DOD Manager and his staff coordi-
nated with the Manned Space Flight
Coordinator who was responsible for plan-
ning, arranging, and coordinating the re-
sources of his individual range. The Assistant
for Network to the DOD Manager coordi-
nated network plans and operating proce-

dures with the Manned Space Flight Coordi-
nator and with NASA to assure proper
interration of the DOD stations with the
Manned Space Flight Network.

Twenty-four hours prior to launch, the
DOD Manager assumed operational control
of all DOD forces supporting the mission.
The Assistant for Network was part of the
operational staff and provided the DOD Man-
ager with network-readiness reports, and
assured that the DOD stations operated in
accordance with the plans and procedure:
specified for that mission.

The entire integrated network during the
mission was controlled by the network con-
trollers on the staff of the NASA Flight Di-
rector at the Mission Control Center—
Houston. They conducted the network count-
down, conducted premission simulations and
tests, and issued last-minute instructions.
They also directed network activities during
the flirht, as necessary, to assure that the
required network support for the mission
was provided to the flight controllers. The
network controllers were assisted by a joint
Goddard Space Flight Center/'DOD Network
Support Team. This team of specialists in
each major category of network instrumen-
tation served as technical advisors to the
network controllers.

During Project Mercury, and for the first
portion of the Gemini Program, the network-
control function was performed solely by
DOD. After relocatien of the Mission Conttrol
Center function from Cape Kennedy to
Houston, the network-control staff was aug-
mented bv NASA personnel from the Manned
Spacecraft Center and from the Gosldard
Space Flizht Center. The network-control
function was then brought under the direct
controt of the Manned Spacecraft Center.

Mission Highlights

(Gemint ] —For Gemini I, an unmanned or-
Liital mission, the network was in a proper
contiguration for the Gemini Program. The
ships, Rusee Knaot Vietor and Coastal Sentry
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Qucbec, were not required to support this
mission.

Gemini I1.—Gemini II was unmanned and
ballistic, requiring only Eastern Test Range
tracking facilities. The Ros¢ Knot Victor was
located up range under the ground track; the
Coastal Sentry Quebec was located near the
landing point. The Antigua radar tracked
the spacecraft through the communications
blackout period.

Gemint 111.—Gemini IIl was manned and
orbital and was the first exercise of the entire
network. The U.S. Navy ship Range Tracker
was added to the network. The communica-
tions from the Coastal Sentry Quebec were
augmented by the U.S. Navy ship Kingsport
and the SYNCOM II satellite. This was the
first time NASA and DOD recovery commu-
nications augmented one another. All radars
that had been committed to the spacecraft
reentry phase obtained track.

Gemint IV.—Gemini IV was a 4-day,
manned, orbital mission and used the same
network configuration as Gemini III. An
Eastern Test Range subcable break was suc-
cessfully bypassed by using alternate routes.
Telemetry monitoring of launch-vehicle re-
entry and breakup was available through
radar tracking from Patrick Air Force Base
and Kennedy Space Center.

Gemini V.—Gemini V was an 8-day,
manned, orbital mission and full network
support was provided. The North American
Air Defense Command successfully tracked
and provided impact prediction on the second
stage of the launch vehicle.

Gemini VI-A and Gemini VII.—Gemini
VI-A and Gemini VII used combined flight
plans. Gemini VII was a 14-day manned mis-
sion; Gemini VI-A was a 2-day, manned,
rendezvous mission. Full network support
was provided. The ship Wheeling was sub-
stituted for the ship Range Tracker. No sig-
nificant network failures occurred during the
14-day mission. The performance of the
remote-site data processor was superior to
that obtained during previous missions.

Gemini VIII.—Gemini VIII was planned as
a 3-day rendezvous mission; however, the

mission was terminated during the seventh
orbit because of a spacecraft control-system
malfunction after docking. The U.S. Navy
ship Kingsport was added for this mission.
Excellent network support was available
throughout the spacecraft emergency and the
reentry.

Gemint IX-A through Gemint XII.-—Gem-
ini IX-A was a 3-day rendezvous mission
with the Augmented Target Docking
Adapter. Both Gemini X and XI were 3-day
rendezvous missions with the Gemini Agena
Target Vehicle. Gemini XII was a 4-day ren-
dezvous mission with the Gemini Agena Tar-
get Vehicle.

The Gemini IX-A through Gemini XII
missions required identical network support.
Network tracking was excellent; failures
were at a minimum and had no effect on the
missions. On Gemini IX-A and X, the Com-
puter Acquisition System allowed the Eastern
Test Range radars to acquire and to track the
spacecraft on reentry. On Gemini XI, a com-
puter was made available at the Western Test
Range, and a vector- was sent from the Real
Time Computer System at the Eastern Test
Range to the California site for acquisition.
Tracking data were returned to the Real Time
Computer System for computing acquisition
information for the Eastern Test Range
radars.

Summary of Network Support

Significant progress was realized during
the Gemini Program not only in improving
basic tracking and data transmission. but
also in streamlining operation and test pro-
cedures to assure more efficient use of the
available equipment. Network problems, such
as communications failures, inadequate radar
tracking, and difficult troubleshooting that
occurred during Project Mercury, were re-
duced so that a fully operative network be-
came a routine occurrence at launch time and
throughout the mission.

Modifications and improvements to the
C-band radars providec more accurate track-
ing, easier acquisition, and more rapid proc-



MISSION SUPPORT BY THE DEPARTMENT OF DEFENSE 189

essing of the radar data. Using pulse code
modulation, the Telemetry System allowed a
much greater volume of spacecraft data to
he transmitted and displayed at one time, The
Digital Command System allowed more com-
plex and a greater number of commands to
be sent to the spacecraft; by computer proc-
essing, a fail-safe system was provided to
assure that the proper command was, in fact,
transmitted. The more extensive use of com-
puters, both on site and at the Mission Con-
trol Centers, provided for near real-time
transmission, reduction, and display of the
volumes of data made available by the net-
work. The Gemini Program provided the first
real operational testing of many of these new
systems and the improvements of older sys-
tems. The Digital Command System and
Telemetry System, for instance, are gradu-
ally replacing older systems on the national
ranges.

The Computer Acquisition System was one
result of the Gemini network support de-
veloped on the DOD ranges. The reentry pro-
file and the primary landing area of the
Gemini spacecraft were such that, to provide
adequate radar tracking during reentry for
landing-point computation, the radars had
to acquire during the blackout period. With-
out highly accurate acquisition information,
this was almost an impossible task; however,
the means were devised to solve the problem.
Prior to blackout, radar-track data were pro-
vided to a central computer that had been
programed for reentry. These data could be
translated into an accurate driving signal to
be fed to the radar which would acquire the
spacecraft during blackout. The accuracy of
the data enabled the radar to follow the actuat
spacecraft track and to find the weak beacon
signal through the ion shield. By use of com-
puters associated with each radar, data could
be fed in both directions, and the radars could
operate independently. A lack of equipment
at the DOD ranges precluded early imple-
mentation of the system. Using the Real Time
Computer System at Cape Kennedy, a suc-
cessful test of the theory was accomplished
on the Gemini V mission; further tests were

run on subsequent missions. Refinements
were made and by the time of the Gemini
IX-A mission, data from the White Sands
radar, processed by the Real Time Computer
System, allowed the Eastern Test Range
radars to acquire and track the spacecraft
during reentry, proving the advantage of the
system. Additional computers will be made
available at the DOD ranges to add to the
system so that the final configuration can be
realized.

The Impact Predictor System was an out-
growth and refinement of a capability that
had existed at the Eastern Test Range since
the Real Time Computer System became oper-
ational. This system used radar data from
other DOD ranges and the downrange East-
ern Test Range sites. The data were processed
by the Real Time Computer System and pro-
vided a near real-time plot of the spacecraft
ground track during reentry. The spacecraft
drag factor and the maneuvering information
were not entered in the computer program,
but the quantity of available downrange data
offset this deficiency in the terminal phase
of reentry.

Recovery Support

The primary mission of DOD recovery
forces during the Gemini Program was to

locate and to retrieve the flight crew and

spacecraft, and to deliver them to NASA pro-
gram managers. This responsibility began
with the launch of the spacecraft and ended
with the delivery of the recovered spacecraft
to NASA.

Planning for the spacecraft-location func-
tion assumed that information would be
available from several sources. One source in
computing a probable landing point was the
information obtained from the ground track-
ing stations. In addition, the spacecraft was
equipped with a high-frequency radio beacon
which enabled the worldwide DOD high-
frequency direction-Gnding network to pro-
vide fixing information. The spacecraft was
also equipped with an ultrahigh-frequency
rasdlio beacon which could be received by air-
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borne forces. The airborne forces used elec-
tronic homing for all Gemini missions. An
additional electronic source of information
not originally anticipated was shipboard
radar. Radar information from ships sta-
tioned in the Primary Landing Area was
particularly valuable; and a contact in excess
of 300 miles was reported by the primary
recovery ship during recovery of the Gemini
V1T spacecraft.

l.ocation planning also provided foy visual
search if electronic means failed. The space-
craft was provided with a sea dve marker to
aid in daytime visual location and with a
hiyrh-intensity: blinking light for nighttime
search. Durinyg the later missions. the loca-
tion task was simplified when the spacecraft,
descendinyg on the main parachute, was visu-
ally sighted.

Retrieval of the flight crew was accom-
plished by helicopter on all but two missions.
The Gemini VI-A and Gemini IX-A flight
crews elected to remain in the spacecraft for
pickup by the recovery ship. Spacecraft re-
trieval was accomplished by the primary re-
covery ship on all missions except Gemini
VIIT, which landed in the West Pacific Sec-
ondary Landing Area. In this case, the swim-
mers were deploved from an aircraft on the
scene at spacecraft landing. The team at-

. tached the flotation collar to the spacecraft,
and the recovery was made by the destroyer
supporting the area.

During Gemini II and Gemini III, control
of DOD recovery forces by the DOD Manager
was accomplished from the Mission Control
Center—Cape Kennedy. For all subsequent
missions., the DOD Manager and his staff
operated from the Recovery Control Center,
Houston.

An early problem in the command and con-
trol area was the lack of real-time voice infor-
mation from the recovery scene. For Gemini
IV, procedures were developed whereby the
flight-crew air-to-ground voice circuit could
Le used for on-scene recovery operations and
could be relayed to the Recovery Control Cen-
ter; this procedure was followed for all sub-
sequent missions.

The use of functionally descriptive call
signs for the recovery forces was instituted
during Gemini VI-A and VII. This procedure
aided the clarity of recovery force com-
munications and was used in all subsequent
missions.

Recovery Areas

Since recovery planning was concerned
with all conceivable landing situations, the
most effective approach was to orient the
planning about certain geographical areas.
These were the Launch Site, Launch Abort,
Contingency, Secondary, and Primary Areas.
Al except the Contingency Area were con-
sidered planned landing areas.

Lounch Stte Area.—The Launch Site Area
(fig. 15-2) was that area where a landing
would occur following an abort in the late
stages of the countdown or during early
flight. For planning purposes, the area was
centered on Launch Complex 19 at Cape Ken-
nedy and extended 3 miles toward the Banana
River and 41 miles seaward, with the major
axis along the launch azimuth. The actual
positioning of launch-site forces was oriented
about a much smaller area, with the size and
location determined by the launch azimuth
and local winds.

The- typical launch-site recovery force in-
cluded four CH-3C amphibious helicopters,

Reduced area based on
winds at time of litt-odf

J

Launch
Azimuth

<
Launch-site recovery
planning area

FIGURE 15-2.—Typical launch-site recovery area.
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four lighter amphibious rédsupply cargo
(LARC) vehicles, two M-113 personnel car-
riers, two landing vehicle tracked recovery
(LVTR), two rescue boats, and one salvage
vessel for in-port standby. The launch-site
recovery forces were not reguired to effect
an actual recovery during Gemini.

Launch Abort Area.—The Launch Abort
Area was along the launch ground track be-
tween Cape Kennedy and the west coast of
Africa. An abort might have occurred in this
area during the launch phase of flight prior
to Earth-orbital insertion. The recovery force
posture in the Launch Abort Area underwent
considerable change during the Gemini Pro-
gram as confidence in the launch vehicle and
spacecraft systems increased. For example,
the on-station launch-abort recovery force
for Gemini III consisted. of eight destroyers,
one fleet oiler, one fleet tug, and nine fixed-
wing aircraft. The on-station launch-abort
force for Gemini XII was reduced to three
destroyers, one aircraft carrier, one fleet
oiler, and four fixed-wing aircraft. The
launch-abort recovery forces were ‘not re-
quired to make an actual recovery during
Gemini.

Contingency Recovery Area—The Contin-
gency Recovery Area comprised the area
along the spacecraft ground tracks outside
the planned landing areas. Forces supporting
this area consisted of Air Force Aerospace
Rescue and Recovery Service aircraft de-
ployed to various worldwide staging bases.
These forces were capable of reaching any
point along the spacecraft ground track
within 18 hours. There were no actual con-
tingency-area recoveries during Gemini.

Secondary Landing Areas.—The Second-
ary Landing Areas which were established
for the long-duration missions consisted of
four circular zones. Each zone had a radius
of 240 nautical miles. The zones were located
in the West Atlantic, East Atlantic, West
Pacific, and Mid-Pacific. Each zone was sup-
ported by a destroyer or a fleet oiler and, in
some cases, by a destroyer and an oiler in
company. In addition, Air Force Aerospace
Rescue and Recovery Service aircraft were

positioned adjacent to these zones. Target
points were selected in each zone for each
time the ground track passed through the
zone. These target points were then covered
by the supporting ship. The aircraft were on
30-minute strip alert and ready for an imme-
diate takeoft.

The Atlantic zones were covered by the
ships and aircraft which had also provided
Launch Abort Area coverage during the
launch phase of the mission. The East At-
lantic Secondary Landing Area was normally
supported by a destroyer and a fleet oiler.
For Gemini XII, the ship access-time require-
ment for this area was increased, and suffi-
cient coverage was provided by a fleet oiler
equipped with communications and recovery
equipment as well as medical personnel

The value of Secondary Landing Areas
and assigned forces was significantly demon-
strated on the Gemini V and VIII missions.
During the early part of Gemini V mission,
the spacecraft developed electrical power-
source difficulties. For several revolutions
after the problem developed, the spacecraft
did not pass through the Primary Landing
Area. However, the spacecraft did pass
through the Mid-Pacific Secondary Landing
Area where air and surface forces were
ready to provide support if necessary. The
problem was eventually corrected, and the
mission was completed as planned.

The value of the Secondary Landing Areas
was even more evident during the Gemini
VIII flight. Following a successful rendez-
vous-and-docking maneuver, the docked ve-
hicies developed severe gyrations. The crew
was forced to take emergency action which
resulted in a low-fuel state in the Reentry
Control System. In accordance with pre-
planned mission rules, the decision was made
in this case to land the spacecraft in the West
Pacific Secondary Landing Area. The sup-
port ship and seven aircraft were alerted,
and the first aircraft on the scene sighted the
spacecraft descending on the main para-
chute. The aircraft deployed the swimmers to
attach the flotation collar to the spacecraft
and to report the condition of the flight crew.
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The destrover arrived on the scene and re-
trieved the spacecraft and flight crew. Re-
covery was completed 3 hours 10 minutes
after landing.

Primary Landing Areua.—The Primary
Landing Area was located in the West
Atlantic, and the primary recovery ship was
assigned to this area. An Amphibious As-
sault Ship was the primary recovery ship
for Gemini X and Gemini X1. A support air-
craft carrier was used for this function in all
other missions.

The addition of the Amphibious Assault
Ship has provided DOD planners more
flexibility in scheduling support for manned
space-flight missions. This type of ship
operates more economically and does not re-
quire a rescue destrover in company. The
aircraft carrier has proved to be an effective
primary recovery ship, since it serves as a
launch and recovery platform for helicopters
and provides excellent facilities for postmis-
sion evaluation of the flight crew. Helicopters
are used in the Primary Recovery Area for
the ‘electronic location of the spacecraft and
for the transport of the swim teams to and
from the spacecraft. During most of the mis-
sions. separate helicopters were used for each
of these functions. In Gemini XII, the func-
tions were combined bv placing the swim
teams aboard the search helicopters. This
satisfactory arrangement proved economical
and operational.

Fixed-wing aircraft were utilized for air-
borne control of aircraft in the recovery area
and for providing a commentary of recovery
operations between the recovery forces and
shore installations. This information was re-
layed to the Mission Control Center—Hous-
ton in real time through relay aircraft. The
relay aircraft provided network support
prior to landing and provided recovery sup-
port after landing until the flight crew were
retrieved.

Beginning with Gemini VI-A and VII,
live television broadcasts and recovery oper-
ations in the Primary Landing Area were
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provided. Recovery of the flight crew and
spacecraft was televised for all subsequent
missions except Gemini VIII. The Gemini
VI-A and VII missions established the DOD
capability to provide recovery support for a
dual mission.

Planned Versus Actual Statislics

Table 15--1 presents a compilation of the
total DOD resources dedicated to each
Gemini mission. The general trend toward
reduction of forces as the program pro-
gressed is shown.

The second column of table 15--1I indicates
the distance between the planned .target
point and the actual landing point of the
spacecraft for each Gemini mission. This
table also shows the time interval between
the spacecraft landing and the arrival of the
flight crew aboard ship. Column 4 shows the
access time established by NASA for the
applicable recovery area; the access time is
the principal criterion established for recov-
ery-force operations. This is the elapsed time
from spacecraft landing until first-level
medical care can be provided the flight crew.
Thus, a comparison of the times in columns
3 and 4 provides an indication of recovery-
force performance.

Communications

Communications support by DOD forces
evolved from a simple network for support-
ing a ballistic missile launch to complex
communications networks of ships, aircraft,
ground stations, and worldwide recovery
bases and forces for supporting orbital space
flights.

In 1960, the Air Force Eastern Test
Range was committed to support the first
flight of the manned spacecraft program,
Mercury-Redstone 1 mission. Cape Kennedy
(Cape Canaveral) and Grand Bahama
Island, Eastern Test Range stations, were
the primary ground stations providing track-
ing and telemetry support. Other stations
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. were being established to form a worldwide
tracking network. The network included air-
borne platforms for automatic voice relay
from a manned spacecraft to the Mission
Control Center by means of high-frequency/
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single-sideband radio and selected ground
stations. The DOD communications responsi-
bilities increased as missions progressed
from suborbital to orbital. The responsibil-
ities involved the Eastern Test Range, the

TABLE 15-1.—DOD Support of Gemini Missions

T :
Ship making

* Aircraft carrier.
* Miasion aborted.

get vehicte.
f Amphibious Assault Ship (helicopter carrier).

Launch | Duration, | Recovery |
Mission date | hr:min | Personnel i Aircraft |  ship spacecraft recovery Ocean
| i
\
I (unmanned) Apr. 8, 1964 5:00 6176 None None |
II (unmanned) Jan 19, 1965 0:18 6 562 67 16 | USS Lake Champlain" | Atlancic
III., | Mar. 23, 1965 453 | 10185 82 27 | USS Intrepid® Atlantic
1Vv.. | June 3, 1965 97:56 10349 134 26 | USS Wasp" Atlantic
Ve Aug. 21, 1965 190:55 10 265 114 19 | USSLakeChamplain" | Atlantic
VoBe gesactic il Oct. 25, 1965 €0:00 10125 125 164 e Wi
VIl scutves, scrvscitd Dec. 4, 1965 330:35 10125 125 16 | USS Wasp" | Atlantic
Vi-A Dec. 15, 1965 25:51 10125 125 16 | USS Wasp" | Atlantic
VIII.. . Mar. 16, 1966 10:41 9665 96 18 | USS Masan Pacifie
IX-A* June 3, 1966 72:21 11 301 92 15 | USS Wasp® Atiantic
X .| July 18, 1966 70:47 9072 78 13 | USS Guadaicarai' ... . | Atlantic
XL ..| Sept. 12, 1966 71:17 8963 73 | 13 | USS Guam! Atlantic
XII Nov. 11, 1966 94:35 9775 65 r| 12 | USS Wasp" ! Atlantic
* Tracking time, no recovery intended. ° Gemini I1X aborted May 17 due to failure of tar-

? Destroyer. Mission terminated in Secondary
Landing Area. USS Boxer was planned recovery
carrier.
TABLE 15-11.—Gemint Recovery Operations
. Time [rom landing
Landing distance to flight crew |
from target point, | aboard recovery Maximum ship
Mission n. mi. ship, min access time, hr | Remarks
D e e i e —
I Unmanned l No recovery intended
II 14 Unmanned I
III 60 70 4 !
Iv [ 44 | 57 4
Vv 91 | 89 4
Vi-A 7 I 66 4 Crew remained in space-
craft
VII 6.4 33 4
VI | 1.1 190 6 | Landing in West Pacifle
| Zone
IX-A ‘ 0.38 52 4 ; Crew remained in space-
craft
X. 3.4 28 4
XI... | 2.65 24 4
XI1 . 2.6 | 30 ' 4 .
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Eglin Gulf Test Range, the White Sands
Missile Range, and the Pacific Missile Range,
as well as associated ships and aircraft inte-
grated into one network under a DOD-
designated network controller. The Air
Force Western Test Range, organized in
1965, includes Vandenberg Air Force Rase,
Calif.; Hawaii; Eniwetok; and ships and
aircraft supporting the Pacific area.

During the Mercury and Gemini manned
space flights, many new theories, different
support and response, and mechanics of ac-
complishing the missions were developed by
DOD. The transmission of high-speed radar
data for manned missions; the use of air-
borne platforms for tracking, telemetry, and
automatic voice relay: and the procedures
for integrating the DOD Service and Na-
tional Ranges with the NASA stations were
improved.

While much consideration was accorded a
buildup of networks to support the orbital
portion of a flight. action was also taken to
provide the worldwide deploved recovery
forces with communications systems that
were adequate, responsive, and reliable. The
complete resources of DOD were made avail-
able through the facilities of the Defense
Communications Agency, Unified and Speci-
fied Commands, as well as through the
resources of the separate commands. Progres-
sion was evident in the method of providing
teletype communications (written copy) serv-
ice. Early in Project Mercury, the facilities of
the Army, Navy, and Air Force were used to
provide teletype information to the forces
and bases under the command of each of the
services. To gain operational control, to im-
prove response time, and to insure real-time
reaction, the Army (Fort Detrick. Md.) was
given the responsibility for the automatic
relay-switching center, interconnecting the
recovery staff of the DOD Manager with the
deployved recovery forces. Voice communica-
tions links were also made available from the
Defense Communications Agency, commer-
cial carriers, ranges, and military commands.
Recovery communications support increased ;

and a vast network of dedicated, common-
user circuits connecting the worldwide de-
ploved forces on a near real-time basis was
available for Gemini XII. This system was
capable of supporting as many as 131 air-
craft, 28 surface vessels, 30 land-based sites,
and 5 major recovery control centers. Each
recovery force was given a complete test
prior to each mission to assure readiness to
support nominal as well as nonnominal mis-
sions.

Under the direction of the DOD Man-
ager’s Assistant for Communications, the
DOD communications assets were activated
and tested approximately 7 days prior to
flizht. The assets were tested for station-to-
station alinement procedures, alternate and
diverse routing, and equipment and man-
power readiness. For orbital support, the
NASA and DOD tracking/telemetry stations
integrated the communication functions sys-
tems for network simulations about 15 days
prior to flight.

In addition to insuring that necessary cir-
cuitry was available and ready to support
the mission. key individuals were deployed
by the Assistant for Communications to key
communications locations. These individuals
were to provide quick response to unforeseen
situations. to assist field commanders with
any communications problem that could not
be resolved locally, and to insure that DOD
forces conformed to documented and last-
minute communication needs as a single and
integrated system. Possible improvements to
communications equipment, terminal loca-
tions, and procedures were constantly
studied to assure that the best possible sup-
port was available to manned spacecraft mis-
sions.

Meteorology

The short duration of the Project Mercury
missions allowed confirmation of acceptable
weather conditions in the recovery areas. In
the planning stage of the Gemini Program,
however, it became apparent that weather
conditions in the planned recovery areas
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would have to be monitored continuously in
order to determine the suitability of recov-
ery areas. As a result, the National Range
Division staff meteorologist was designated
the Assistant for Meteorology to the DOD
Manager.

Special weather observations were made
from DOD ships in the recovery areas and
from weather reconnaissance aircraft. Both
Air Force and Navy aircraft were used for
Gemini weather reconnaissance and were
specially equipped for hurricane and typhoon
reconnaissance. Each of the four recovery
zones for the Gemini missions was supported
by one reconnaissance flight each day as
needed.

Special weather support, using balloon and
meteorological rocket-equipped instrumenta-
tion, was provided at selected locations with
high-level atmospheric data for postflight
analysis.

Binastronautics

The Bioastronautics Operational Support
Unit at Cape Kennedy was completed in time
to support the-launch of Gemini III on March
23, 1965.

Bioastronautics at the Air Force Eastern
Test Range is one of the many complex as-
signments of a DOD organization. The
Director of Bioastronautics is responsible for
providing assistance to NASA as required
in prelaunch evaluation of the flight crew,
biemedical monitoring during orbital flight,
medical support for recovery operations, and
postflight evaluation.

Medical support for the early Jupiter
flights that carried animal life was provided
by a joint-services team of three officers
designated as the Aero-Medical Consultant
Staff. In November 1959, NASA requested
DOD to provide the medicai support team
for Project Mercury. The DOD representa-
tive for Project Mercury support appointed
his Staff Surgeon to the newly established
position of Assistant for Bioastronautics to
manage these support activities. The func-
tion of this new office was to organize a

worldwide DOD medical support capability
and to deploy people and materie]l as re-
quested by NASA. This first Assistant for
Bioastronautics was responsible to the
6550th U.S. Air Force Hospital at Patrick
Air Force Base and to the Air Force Missile
Test Center commander. In January 1962,
the Assistant for Bioastronautics was desig-
nated an additional duty position for the re-
designated Deputy for Bioastronautics, Air
Force Eastern Test Range. In March 1963,
the Office of the Deputy for Bioastronautics
was selected by the Surgeon General of the
U.S. Air Force to provide primary training
that would satisfy the requirements for the
third year of residency training in aerospace
medicine.

Public Affairs

The Director of Information of the Air
Force Eastern Test Range was designated
as the Assistant for Public Affairs to the
DOD Manager under the DOD/NASA agree-
ment. The areas of responsibility of the
Assistant for Public Affairs began at Cape
Kennedy and extended to Hawaii and to
Europe.

The operation of the press sites, including
fiscal management and technical organiza-
tion, was also the responsibility of the As-
sistant for Public Affairs. The news pools at
Cape Kennedy during a launch and those at

sea were operated under established rules.

DOD information desks were established
in the two major NASA news centers ap-
proximately 5 days before the mission and
were manned until the day after spacecraft
recovery. Beginning 2 hours before mission
lift-off and continuing through recovery,
DOD public affairs consoles in the recovery
control centers were operated 24 hours a
day. Manpower assistance was provided by
other military commands and departments
under the supervision of the Assistant for
Public Affairs. Of the 10 100 newsmen ac-
credited during the Gemini Program, nearly
7000 operated in the Cape Kennedy area, and
the remainder, in Houston.
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By CuasLEs A. BERRY, M.D., Director of Medical Research and Operations, NASA Manned Spacecrajt
Center; and ALLEN D. CATTERSeN, M.D., Offce of Medical Rescarch Operations. NASA Manned

Spacecraft Center

Summary

The Mercury and Gemini space flights
provided approximately 2000 man-hoyrs of
weightless exposure for evaluating predicted
effects of space flights versus actual findings.
In general,the environmental hazards and the
effects on man appear to be of less magnitude
than originally anticipated. The principal
physiologic changes noted were orthostatism
for some 50 hours postflight as measured
with a tilt table, reduced red-cell mass (5 to
20 percent), and reduced X-ray density (cal-
cium) in the os calcis and the small finger.
No abnormal psychological reactions have
been observed, and no vestibular disturb-
ances have occurred that were related to
flight. Drugs have been prescribed for inflight
use. The role of the physician in supporting
normal space flight is complex, requiring the
practice of clinical medicine, research. and
diplomacy. Although much remains to be
learned, it appears that if man is properly
supported, his limitations will not be a bar-
rier to the exploration of the universe.

Introduction

Prior to the first exposure of man to orbi-
tal space flight, the biomedical community
expressed considerable concern over man's
capability not only to perform in such an
environment but even to survive in it. Since
weightlessness was the one unknown factor
which could not be exactly duplicated in a
laboratory on the ground, numerous investi-
gators and various committees predicted
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some effect on almost every body system. It
is understandable that detrimental effects
were the ones listed, as these could have been
limiting factors in manned space flight. In
some respects, the medical community be-
comes its own worst enemy in the attempt to
protect man against the hazards of new and
unknown environments. Frequently, the
physician dwells upon the possible individual
system decrements, and forgets the tre-
mendous capability of the body to maintain a
state of homeostasis in many environments.
Following the first manned space flights,
some of these anxieties were reduced, al-
though most observers believed the evidence
was insufficient to reject any of the dire pre-
dicitions.

i’redicted and Observed Environment and
Human Responses

The successful and safely conducted Mer-
cury and Gemini Programs have provided
the: first significant knowledge concerning
man's capability to cope with the environ-
ment of space. In these programs, 19 men
have flown 26 man-flights for a total weight-
less experience of approximately 2000 man-
hours. Three individuals have flown as the
single crewman in Mercury and as one of
the two crewmen in the Gemini spacecraft;
four individuals have flown twice in the
Gemini spacecraft. The flight programs are
surnmarized in tables 16--I and 16--II. This
flight experience only scratches the surface
of detailed space exploration, but should pro-
vide a sound basis for comparing the predic-



