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1.0 MISSION SUMMARY

The third manned mission of the Gemini Program, designated
Gemini V, was launched from Complex 19, Cape Kennedy, Florida, at
9:00 a.m. e.s.t., on August 21, 1965. The flight was successfully
concluded on August 29, 1965, with the recovery of the spacecraft by
the aircraft carrier U.S5.5. TLake Champlain, at 29°52.5' N. latitude,
60°50.8" W. longitude. This 8-day long-duration flight was launched
11 weeks after the completion of the Gemini IV 4-day flight. The space-
craft was manned by Astronaut L. CGordon Cooper, Jr., command pilot, and
Agtronaut Charles Conrad, Jr., pilot. They completed the mission in
excellent physical condition and demonstrated full control of the space-
craft and competent management of all aspects of the mission.

The major objectives of the Gemini V mission were to demonstrate
manned orbital flight for approximately 8 days, evaluate the performance
of the rendezvous guidance and navigation system, and evaluate the pro-
longed exposure of the flight crew to the space environment in prepa-
ration for missions of longer duration. In addition, it was desired
to demonstrate a controlled reentry te a predetermined landing point,
evaluate the fuel-cell performance wnder Tlight electrical load con-
ditions, demonstrate all phases of guidance and control system opersa-
tlon necessary to support & rendezvous mission, evaluate the capability
of either the pilot to maneuver the spacecraft in orbit to a close prox-
imity with another object, evaluate the performance of the rendezvous
radar, and execute 17 experiments.

The Gemini launch vehicle performed satisfactorily in all respects.
The entire countdown was nominal, resulting in a launch precisely at
the scheduled time. The first-stage flight was normal except for a
short period of higher-than-expected longitudinal oscillation. Staging
and second-gtage flight were normal, and the accurascy with which the
spacecraft was inserted into orbit was the best yet achieved in the
Gemini Program. During the first two orbits, all spacecraft systems
were checked, a nominal perigee adjust maneuver was conducted, and the
rendezvous evaluation pod was ejected on schedule., The rendezvous guid-
ance and navigation system evaluaticon proceeded in a satisfactory manner
for about 45 minutes when the pressure in the fuel-cell oxygen supply
tank decreased to a level well below the specified limit. The crew de-
cided to power down the spacecraft and abandon the radar evaluation with
the rendezvous evaluation pod at that time. Concentrated activities
were begun by ground personnel to establish an operating mode that
would allow continuance of the mission., It was determined that the
fuel cells were receiving adequate oxygen to produce the necessary elec-
trical power to continue the misgsion. From this point in the misgion,
the flight plan was continuously scheduled in real time to conduct ex-
periments and other activities.
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The spacecraft was flown in the powered-down configuration until
revolution 7 when the spacecraft was powered up slowly to increase the
electrical load. At the end of revolution 17, the spacecraft was pow-
ered up to a high load condition, and a successful rendezvous radar test
was conducted by tracking a transponder on the ground at Cape Kennedy.
Tour radar tests were conducted during the mission to evaluate the sys-
tem for rendezvous misgiong in lieu of the rendezvous evaluation pod
exercise.

At variocus times during the second day, it was found feasible to
approach a fullepower configuration. During the third day, a simulated
Agena rendezvous was conducted at full electrical load. The apogee ad-
just, phase adjust, plane change, and coelliptical maneuver were per-
formed using the orbital attitude and maneuver system. It was deter-
mined from ground tracking that the simulated rendezvoug would have been
successful in placing the spacecraft within 0.3 mile of an Agena target
vehicle, A concentrated program of operational and experimenrt activities
was conducted throughout the third and fourth days. During the fifth,
gixth, and seventh days, attitude thruster problems were encountered;
however, experiment and operational activities continued to be conducted
on a limited bzsis., These activities included such things as visual
aculty tests, specilal communications tests, rendezvous radar tests, and
cloud and terrain photography. During the last 2 days of this period,
close management of the electrical load was necessary to assure ade-
quate power to complete the mission.

The flight continued into the eighth day, the planred duration of
the mission. During the latter part of the day, preparations commenced
for reentry and recovery operations., The reentry contrcl system was
powered up during revolution 119 to provide attitude control in prepara-
tion for retrofire and reentry. All checklists and stowage were come
pleted and retrofire occurred exactly on time at 190:27:43% g.e.t. Tor a
landing in the West Atlantic Ocean, the planned landing area for revo-
lution 121. The retrofire operation was completely nominal, and the re-
entry and landing were satisfactory, except that the landing point
achieved was about 89 miles short of that desired. This undershoot was
the overall result of incorrect navigation coordinates transmitted to
the spacecraft computer from the ground network.

During the course of the missiocn, 16 of the 17 planned experiments
were conducted. A high percentage of the desired data was realized and
is being analyzed by the experimenters. Evaluation of the overall re=-
sults obtained from the Gemini V mission shows that, with three ex-
ceptions, all primary and secondary objectives were met,
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2.0 INTRODUCTTON

A description of the Gemini V mission, as well as a discussion of
the evaluation results, is contained in this report. The evaluation
covers the time from the start of final countdown of the actual launch
(at fueling) to the date of publicabtion of the report. Any reference in
this report to the attempted launch on August 19, 1965, is for the pur-
pose of clarifying a particular point of interest.

Detailed discussions are found in the major sections related to
each major area of effort. Some redundancy is found in various sectionsg,
but this is necessary for a logicsl discussion of that area.

Only selected segments of the data were reduced and evsluated
because of the large amount of spacecraft telemetry data received and
recorded by the ground stations during the course of the mission. The
major emphasis on data reduction was in the areas of known interest.
These data included data transmitted from the spacecralt, onboard re-
corded spacecraft data and biomedical data, and ground-based radar
tracking data. In evaluating launch vehicle performsnce, all gvailable
date were reduced and evaluated. The evaluation of spacecraft and
lsunch vehicle data consisted of analyzing flight test results as well
as comparing them with those from ground tests and previous missions.

Section 6.1, flight control, may appear to contain certain redun-
dancies and contradictions because the informstion contained in thig
section is based upon cbservations and evaluations made in real tine,
and consequently do not reflect the results obtained from the detailed
postflight analysis. A brief description of the experiments flown on
this mission with the results and conclusions is found in section 8.0.

The following objectives, as set forth in the Mission Directive,
formed the basis for evaluation of the flight test and were of Pparamount
consideration during the preparation of this report.

(a) EBvaluate the performance of the rendervous guidance and
navigation system using the rendezvous evaluation pod (REP)_

(b) Demonstrate manned orbital flight in the Gemini spacecraft
for approximately 8 days.

(¢) Evaluate the effects of exposing the two-man crew to long

periods of weightlessness in preparation for missions of even longer
durgtion.,
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The second-order mission objectives for the Gemini V mission were
as follows:

(a) Demonstrate controlled reentry suidance to a predetermined
landing point,

(b) FEvaluate the performance of the fuel cell under flight
electrical load conditlons.

(c) Demonstrate all phases of guidance and control system opera-
tion necessary to support a rendezvous mission.

(d) Evaluate the capability of either pilot to mareuver the
spacecraft, in orblt, to a close proximity with another object.

{e) Evaluate the performance of rendezvous radar.

(f) Execute 17 experiments. (See table 8-I for a list of these
experiments. )

As this report is being published more detailed analyses of data
on the performance of the launch vehicle and the performance of the
radio guidance system are continuing. Also, analyses of spacecraft
performance are continuing in the areas of performance of the inertial
guidance system and performance of the rendezvous radar system.

Supplemental reports, listed in section 12.4, will be issued as
required to provide a complete and detalled evaluation of the perform-
ance of the launch vehicle and certain systems of the spacecraft, and
to report major anomalies not resolved at the time of publication of
this report.

Results of previous Gemini missions are found in references 1
through L.
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5.0 GEMINI V VEHICLE DESCRIFTION

The space vehicle for the Gemini V migssion consisted of Gemini
spacecraft 5 and Gemini launch vehicle 5 (GLV-5). Section 3.1 of this
report describes the spacecraft configuration, section 3.2 describes
the GLV configuratia, and section 3.3 provides space-vehicle weight
and balance data. The major reference coordinates for the space vehicle
are shown in figure 3.1-1.

3.1 GEMINI SPACECRAFT

Except for the addition of the fuel cell power system, the rendez-
vous radar, and the rendezvous evaluation pod (REP); the structure and
Mg jor sysvems (see fig. 3.1-2) of spacecraft 5 were basgically the same as
those used for spacecraft 4; consequently, only the significant differ-
enceg are described in this report (refer to table 3.1-I). Descriptions
of' spacecraft 5 systems are contained in reference 5, and & description
of spacecraft 4 is given in reference k4.

5.1.]l  Spacecraft Structure

The primary structure was of the same basic configuration as that
of spacecraft k.

5.1.2 Major Systems

5.1.2.1 Communication system.- The comminication equipment was
the same as that installed in spacecraft 4 except that two switches
were added to the voice control center. The gilence switch could be
used to turn off either headset (command pilot's or pilot's) during
sleep periods. The record switch permitted the flight crew to record
and transmit simultasneously. This switch replaced the record position
previously incorporated in the mode switch which did not permit radio
transmissions.

In addition, a fourth telemetry transmitter and separate ultra
high frequency (UHF) whip antenna were added for transmitting experi-
ment data. This transmitter was installed in the equipment adapter
section and, except for the operating center frequency (244.3 mega-
cycles), was the same configuration as the real-time, delayed-time,
and standby transmitters.
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3.1.2.2 Instrumentation and recording system.- The instrumentation
and recording system was the same as the spacecraft 4 system except for
the addition of a tape recorder for use with experiments.

%.1.2.3 Environmentzsl control system.- The environmental control
system (EC8) was functionally the same as that used on spacecraft b,
The lithium hydroxide (LiOH) canister was of the long-duration flight
configuration.

Drinking water was stored in two tanks located in the adapter
assembly (see fig. 3.1-%(a)). These tanks were the same configuration
as the orbital attitude and maneuver system (OAMS) propellant tank
with the normsl disphragm instelled. FEach tank had a capacity of
150 pounds of water; however, tank A was serviced with 30 pounds of
water and pressurized with oxygen to 8 psi, and tank B was serviced
with 126 pounds of water and was pressurized in flight with water pro-
duced by the fuel cell power system. Water from the fuel-cell power
system entered tank B on one side of the diaphragm and forced drinking
water, prestored on the other side of the diaphragm, out of the tank

(see Tig. 3.1-3(b)).

3,1.2.% Quidance and control system.- The guidance and control
systems were similar to those used on spacecraflt L except for the
energizing of the platform attitude-~hold mode and the addition of the
rendezvous radar and the REP {see fig. %.1-4).

3,1.2.4,1 Control system: The platform attitude-hold mode was
activated in the attitude control electronice (ACE) system. The
purpose of this mode was to maintain spacecraft attitude automatically,
in all three axes, to within 1.1° of the platform attitude.

3,1.2.4.2 Quidance system: The rendezvous radar was mounted on
the forward face of the rendezvous and recovery (R and R) section and
utilized an interferometer antenna system. The purpcse of the rendez-
vous radar is to supply range, azimuth, and elevation relative to the
target vehicle during rendezvous maneuvers. The radar congigted of
four dvwal-spiral antennzs, a transmitter, a receiver, power supplies,
necessary electronics for the computer, and the cabin-display and
power-input interfaces.

One of the antennas is a transmitting antemna while the other
three are the azimuth, elevation, and reference receiving anlennas.
The azimith and elevation antennas, using the reference antenna as a
common element, measure the target bearing angle. When the radar is
tracking a target, the szimuth and elevation antennas rotate to follow
the target's changing position. The amount these antennas are rotated
is a measure of the target's relative angular displacement from the
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spacecraft axes. This information, combined with range, is relsyed to
the onboard computer for computation of rendezvous maneuvers.

The encoder wag installed but not used on the Gemini V mission.
It will be used on later rendezvous missions with the Agena target
vehicle (ATV). The encoder allows the flight crew to transmit commsnds
to the ATV. These commande may be used at any time after the rendezvous
radar has locked on the transponder in the ATV docking adapter, and are
transmitted by pulse position modulation of the radar transmission.
After docking, the command message will be routed through a hardline
unmbilical to the ATV.

The REP simulated the ATV for the Gemini V mission. The REP con-
tained a transponder, a dipole antennsa, two dual-spiral antennas, and
two flashing beacon lights all of which were similar to those to be
installed in the ATV. In the ATV, the transponder and the beacon lights
will obtain electrical power from the vehicle power supply, but in the
REP power was supplied by two 24-volt gilver-zine batteries. The
spiral antennas provided spherical coverage sbout the REP while the
dipole provided omnidirectional coverage.

Prior to ejection, the REP was mounted in the equipment adapter
section with a silvered fiber glass cover for protection from solar
radiation. When the flight crew depressed the pod-eject switch, a
cartridge-actuated cable cutter released two spring assemblies which
ejected the cover. A second pyrotechnic system ejected the REP.

A 4000-beam candlepower rendezvous and docking light was mounted
on the retrograde section of the spacecraft adapter assembly and was
intended to provide a 6° cone of light for obgervation of the REP
during the terminal phasge of the planned rendezvous maneuvers with the
REP.

5.1.2.5 Time reference gystem.~ The time reference system was the
same as the spacecrafi 4 system.

%.1.2.6 Electrical system.- The electrical system was the same as
the spacecraft 4 system except that the sdapter battery module uged on
spacecraft b was replaced by a reactant supply system (RSS)/fuel cell
module (see fig. 3.1-5). The fuel cell power system consisted of two
separate sections which could be operated independently to convert
reactants (hydrogen and oxygen) into electrical energy and water. The
RSS consisted of two tanks for storing cryogenic supplies of hydrogen
and oxygen, and the necessary heaters, regulators, valves, heat ex-
changers, and plumbing for supplying proper pressure gaseous reactants
to the fuel—ell sections. The water produced by the fuel-cell sec-
tions was stored in a tank in the ECS (refer to section 3.1.2.3).
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Fach section of the fuel-cell power system consisted of three
interconnected fuel-cell stacks. Tach stack contained 32 individual
fuel cells made up of two catalytic electrodes separated by a solid-
type electrolyte ion-exchange membrane. A small percentage of the
reactant gases was purged periodically from the fuel-cell power system
to insure that impurities did not restrict reactant flow to the cellg.

3.1.2.7 Propulsion system.- The propulsion system was the same
as the spacecraft U system. (See figs. 3.1-6 and 3.1-7.)

3,1.2.8 Pyrotechnic gystem.- The pyrotechnic system was the same
as the spacecraft 4 system with the following exceptions:

(a) The magnetcmeter-boom lock-release guillotine required for
spacecraft 4 was not installed on spacecraft 5.

(b) Three equipment-release cable-cutter guillotines associated
with experiments D-4 and D-7 were installed.

(¢) The nose falring was cjected by a pyrotechnic-driven piston,
whereas, on spacecraft L the nose fairing was released by spring action

after the retention cable was cut.

(d) The REP and its protective cover were ejected by devices
similar to the horizon-sensor ejector.

3.1.2.9 Crew gtation furnighings and equipment.-

3.1.2.9.1 Instrument panels and controls: The basic configura-
tion of the instrument panels and controls (see fig. %.1-8) was the same
as that used for spacecraft 4 except for the following changes:

(a}) The fuel-cell power-system monitor was installed in place of
the previous ammeter and volimeter. This instrument congisted of a
pressure indicator (inoperative), three dusl ammeters, and an ac-dc
voltmeter (see fig. 3.1-5). The smmeters monitored individual fuel-cell
stack current (1A through 2¢). The de voltmeter, used in conjunction
with a selector switch, displayed individual fuel-cell stack wvoltages,
as well as common control bus, OAMS squib buses L and 2, main bus, and
individual main battery voltages. The ac volimeter was inoperative.

(b) A fuel-cell pressure differential (FCAP) light for each fuel-
cell section indicated & malfunction when the pressure differential
between the hydrogen and oxygen or the oxygen and product water exceeded
preset tolerances (see fig. 3.1-5).
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(c) An annunicator panel was installed and contained the
following lights: an oxygen high rate (02 HI-RATE) light to indicate

the suit circuit should be on the high flow rate 5 minutes prior to
retrofire; a reentry control system heater (RCS HTR) light to indicate
the heaters should be turned con in the RCS; a recorder end-of-

tape (RCDR TAPE) light to indicate the tape should be changed in the
volce tape recorder; an FCAP light to indicate that the pressure dif-
ferential between the fuel-cell reactants was out of limits; and an ECS
heater (ECS HTR) light to indicate that the heater in the primary
breathing oxygen container had been manually activated.

(d) A rediometric selector switch panel was installed for use
with experiments D-4% and D-7.

(e) A maneuver hand control was added to the right wall of the
cockpit to enable the pilot also to perform spacecraft maneuvers.

(f) A range and range-rate indicator was installed for display
of the target range and range-rate data provided by the rendezvous
radaxr.

(g) An Agena control panel was installed on the right switeh/
circuit-breaker panel. The pod-eject switch was used to eject the REP.
The docking-light switch controlled the docking light (mounted on the
adapter assembly). The other switch positions on this panel will be
required for future rendezvous missions and were not used for the
Geminl V migsion.

3.1.2.9.2 Space suit: The GLC space suits worn by the flight
crew were of the same configuration ag those used on the Gemini IV
mission except that the overvisor and special cover layer used for
extravehicular activity were not included.

3.1.2.9.3 Spacecraft stowage facilities: Containers for stowage
of flight-crew equipment are shown in Tigure 3.1-GQ, Table 3.1-TT lists
the major items of eqguipment stowed in the containers at launch.

3.1.2.,10 Landing system.- The landing system was the same ag the
spacecraft 4 system.

3.1.2.11 Posgtlanding and recovery systems.- The postlanding and
recovery equipment was the same as that used on spacecraft 4 except
that the ECS snorkel was redesigned to clear the RCS propellant-tank
mounts.
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TABLE %.1-I.- SPACECRAFT 5 MODIFICATIONS

System

Significant changes incorporated in space-
craft 5 from spacecraft 4 configuration

Reentry assembly
structure

Adapter assembly
structure

Communications
Tnstrumentation
Environmental

contrel

Guidance and
control

Time reference

Electrical

Propulsion

Pyrotechnics

No significant change
No significant change
Additional telemetry transmitter and UIF whip

antenna added for transmitting experiment data.

Additional tape recorder added for recording
experiment data.

(a) Long-duration LiOH canister installed.
(b) Drinking water stored in two tanks in adapter
assembly {one tank used also for storing pro-

duct water from the fuel cell power system),

(a) Platform attitude-hold mode activated in
ACE systen,

{(b) Rendezvous radar installed.
(c) REP added.

(d) 4000-beam candlepower rendezvous and docking
light added.

No significant change.

Fuel-cell power system replaced adaspter battery
module.

No significant change

(a) Magnetometer-boom lock-release guillotine
removed.
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TARLE %.1-I.~ SPACECRAFT 5 MODIFTCATIONS - Concluded

System

Significant changes incorporated in space-
craft 5 from spacecraft 4 configuration

Pyrotechnics

Crew station
furnishing and
equipment

Landing

Postlanding and
rrecovel'y

(b) Three equipment-release ceble-cutter guillo-
tineg installed for use with experiments D-i4
and D-7.

(c) Nose fairing ejected by a pyrotechnic-driven
piston instead of by spring action.

(d) REP ejector installed.
() Puel-cell power-system monitor installed.

(b) A second maneuver hand control was added to
enable pilot to perform spacecraft maneuvers.

(¢) Range and range-rate indicator installed for
use with rendezvous radar.

(d) Annunciator panel instelled.

(e) Radiometric selector switch installed for
experiments D-% and D-T.

(f) Agena control panel installed.

(g) GUC space suit did not have overvisor and
speclal cover layer required for EVA.

(n) Additional stowage containers provided for
flight-crew eguipment.

o significant change.

ECS snorkel redesigned to clear RCS propellant-
tank mounts.
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TABLE 5.1-I11.- CREW STATION STOWAGE LIST

Stowage area .
(See fig. 3.1-9) Item Qantity
Centerline 16-mm camera {with £ilm 1
stowage container magazine, 18-mm lens,
and T5-mm lens)
TO-mm camers, 1
(with film magazine)
35-mm camera back 3
(with film cassette
and film)
25-mm camers, 1
(with film)
Cloud top spectrometer 1
12'f0~mm lens 1
and filter
200-mm lens and filter 1
Telegcope 1
Tissue dispenser Iy
Left~hand aft Food 14 man days
stowage container
Left-hand sidewzll Pilot preference kit 1
stowage containers
Humidity sensor 1
Suit repair kit 1
Postlanding kit assembly 1
Urine receiver 1
and hose system
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TABLE 3.1-I1T.- CREW STATION STOWAGE LIST - Continued
Stowage area Ttem Quantity
(See fig. 3.1-9)
Urine sampling bag 3
€O, tape 2l
S-0z drinking water bag 1
Sult repair kit L
Right-hand aft Food 5% man days
stowage contalner
Launch day urine bag 2
Defecation device 2h
Waste contalner b
Voice recorder
tape cartridges 25
25-mm camers, 1
(with film and bracket)
Inflight exerciger 1
Personal hygiene towel 12
Right-hand sidewall Pilot preference kit 1
stowage containers
16~mm film magazine 3
TO-mr £ilm magazine 3
Personal hygiene towel 12
Vision tester bite board 2
Dual utility cord 1
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TABLE %.1-IIL.- CREYJ STATION STOWAGE LIST - Concluded

(ézzm?iii i;ffi9) Ttem Quantity
Lightwelght headset 2
Isclation cap 1
35-mm film casszette 6
(with film)
Photo event indicator 1
Pouch on pedestal wall | World map 1
Map booklet i
3=-0z drinking water bag 1
Celestial display, mercator 1
Celesgtial display, polar 1
Foot wells Flight data book 2
Helmet stowage bag 2
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NASA-S5-65-8516
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Figure 3.1-3. - Water storage system.
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NASA-5~-65-8524
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Figure 3.1-4. - Rendezvous radar sysiem.
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NASA-S-65-8517

Flashing light
heacon

REP support
assembly (ref)

Battery

Boost
regulator-

Spiral

Battery antenna

Dipole
antenna

Spiral Transponder Flashing light
antenna heacon

(b) Rendezvous evaluation pod

Figure 3.1-4. - Concluded.

UNCLASSIFIED



5-18 UNCLASSIFIED

NASA-5-65-8521
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NASA-5-65-3486
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NASA-S-65-8515
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Figure 3.1-9. - Cahin stowage areas.
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NASA-5-65-8519
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3.2 GEMINI LAUNCH VEEICLE

Except for minor changes, the Gemini launch vehicle (GLV-5) was of
the same basic configuration as GLV-4. Table 3.2~1 lists the signifi-
cant differences between GLV-5 and GLV-%.

3.2.1L Structure

The stage II fuel-tank conduit was fabricated with butt-welded
circumferential joints instead of the lapped joints used on GLV-4. The
supports and brackets used for the vernier engines on Titan IT missiles
were removed from GLV-5. The compartment 3 air-conditioning provisions
(doubler and skin cutout) were deleted. Two sound pressure level micro-
phones were removed.

3.2.2., Major Systems

3.2.2.1 Propulgion system.- The redundant high-level sensors were
removed from the propellant tanks.

3.2.2.2 Flight control gystem.- The flight control system was the
same as the GLV-4 system.

3.2.2.3 Radio guidance system.- The radio guidance system was the
same as the CLV-4 system.

3.2.2.4 Hydraulic system.- A hold/kill pressure setting of the
pregssure switch in the secondary hydraulic gystem was changed from
2800 psi to 2500 psi.

He2.2.5 Electrical system.- The flashing beacon light system
used in the station-keeping exercise during the Gemini IV mission was
not installed on GLV-5. All gpare wires and "pigtail" leads were
omitted from electrical connectors, relays, and motor-driven switches.

3.2.2.6 Malfunction detection system.- The malfunction detection
system was the same as the GLV-U4 system.

3.2.2.7 Ingtrumentation system.- The FM/EM telemetry system, the
airborne tape recorder, and 38 PCM and M measurements (transducers,
wiring, and associated brackets) were removed.

3.2.2.8 Range safety system.- The range safety system was the
same as the GLV-4 system.

3,2.2.9 Ordnance system.- The ordnance system was the same as the
GLV-4 system.
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TABLE 3.2-I.- GLV=-5> MODIFICATIONS

System

Significant changes incorporated in GLV-5
from GLV-L configuration

Stage I stiucture

Stage IT structure

Propulsion

Flight controls -
Guidance

Hydraulics

Electrical

Malfunction detection

Instrumentation

Range safety

Ordnance

No significant change.

(a) Supports and brackets for vernier engines
removed from stage IT fuel tank aft skirt.

(b) Compartment 3 sir-conditioning provisions
{doubler and skin cutout) deleted.

(e¢) Oxidizer feed line condult circumferential
welds changed from lap weld to butt weld.

(d) Two sound pressure level microphones deleted.

Redundant high level sensors removed from pro-
pellant tanks,

No significant change.

No significant change.

Secondary system pressure switch setting changed
from 2800 psi to 2500 usi,

(a) Flashing beacon light system deleted.

(b) Spare wires and "pigtail" leads removed from
connectors, relays, and motor-driven switches

No significant change

FM/FM telemetry system and airborne tape
recorder deleted.

No significant change.

No significant change.
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3.3 GEMINT Vv WEIGHT AND BALANCE DATA

Weight data for the Gemini V space vehicle are as follows:

5-27

Weight (including

Center~of-gravity

Condition spacecraft), lb location, in. (b)
(a) Y Z X

Ignition zhl 685 0.0 | ~0.1 | 776.4
Lift-off 3L 163 .0 -1 P T776.7
Stage I burnout
(BECO) 84 675 -4 -1 |L4k2.8
Stage II start of
steady-state com-
bustion 72 699 -.09] -.16 1| 54k
Stage IT engine
shutdown (SECO) 13 633 -5 -.6 | 291.0

aWeights obtained from Aerospace Corporation.

bX-axis referenced to GLV station 0.00 (see fig. 3.1-1). Y-axis
referenced to buttock line 0.00 (vertical centerline of the horizontal

vehicle).

horizontal centeriine of the horizontal vehicle).

CONFIDENTIAL

Z~axis referenced to waterline 0.00 (60 inches below the
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Spacecraft weight and balance data are as follows:

Center~of-gravity locstion, in.

Condition Welght, (a)
1b X Y 7

Launch, gross weight TORT LT ~0.71 0.66 105.61
Retrograde 5549,20 %) -1.61 129.57
Reentry (0.05g) 733,79 .19 -1.55 136.43
Main parachute

deployment =55, 02 .18 -1.65 129,96
Touchdown (no

parachute) holly 75 .19 -1.71 127.87

47.axis reference was located 13.44 inches aft of the launch-
vehicle-gpacecraft mating plane (GLV station 290.265). The X- and
Y-axes were referenced to the centerline of the vehicle.
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4.0 MISSION DESCRIPTION

4,1 ACTUAL MISSION

A comparison of the planned and actual mission is shown in fig-
ure 4.1-1, Lift-off of the Gemini V mission occurred on August 21, 1965,
at 13:59:59.518 G.m.t., 0.482 second earlier than planned. The vehicle
rolled at the planned rate and te the planned flight azimuth. The
flight profile was well within the 30 trajectory boundary; however,
the first-stage flight was slightly lofted because of low-pitch program
rates, headwinds, and the first-stage thrust being higher than expected.

Staging was initiated at LO + 153.6 seconds, and separabion had
begun by 1O + 154.3 seconds, approximately 1.3% seconds earlier than.
rredicted. The stage IT thrust was slightly higher than nominal, and,
as in stage I, engine shut-down occurred earlier then predicted. The
lofted trajectory was corrected by steering commands from the radio
guldance system_(RGS). The RGS steering rates experienced a slight
oscillation in pitch due to noise in the radar data. (See section 5.2.5. )}

Spacecraft separation from the launch vehicle occurred 23.6 seconds
after SECO. Separation was smooth with low angular rates. The aft-
firing thrusters provided a velocity increment of 7.6 ft/sec. The or-
bital path, resulting from the launch vehicle insertion conditions plus
the separation thrust, had a perigee of 87 nautical miles and an apogee
of 189 nautical miles.

After separation, the flight crew completed the actions listed in
the insertion checklist and prepared the equipment necessary for the
rendezvous evaluation pod (REP) exercise and experiments. At 56 min-
utes g.e.t., the perigee adjust maneuver was performed which provided a
velocity increment of 9.7 ft/sec. The orbit resulting from this maneu-
ver had a perigee of 92 nauticasl miles and an apogee of 189 nautical
miles. After the perigee adjust, the flight crew continued to prepare
for the REP exercise, performed a radar verificatlon test, and conducted
other system checks.

Just prior to REP ejection, as the finel platform alinement was
being made, the crew reported that the flight director indicator (FDI)
skewed off. This was about 30 seconds before planned REFP ejection and
necegsitated a return to platform cage and a quick realinement. The
crew expressed uncertalnty as to the gquality of this quick alinement
because they thought that the primary horizon sensor had possibly caused
a problem.
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The REP ejection was commanded at 02:07:15 g.e.t. and was followed
by spacecraft turnaround and radar lock-on. The REP zppeared to move
nearly straight out from the spacecraft (270o indicated). Radar track-
ing continued. After reaching a maximum range of 7721 feet, the REP
moved behind and above the spacecraft. Before the REP crossed behind
the spacecraft, The crew noticed that the fuel-cell cryogenic oxygen
supply pressure was falling. The pilot cycled the heater switeh and
circult breaker several times, but he was uwnable Lo correct the situa-
tion. This fall in pressure occurred Jjust prior to the Carnarvon pass
on the second revolution. The pressure continued to fall, necessitating
power-down of the spacecraft equipment znd the termination of the REP
exercise.

For the next several hours (until time for the revolution 6, area 4
landing) the spacecraft was in drifting flight, and only that equipment
which wag absolulely necessary remained on. During this time, special-
ists on the ground undertook a concentrated investigation of the prob-
lem, and the flight planners quickly devised plans for an alternate REP
exercise in case the power could be brought back on. (See section
5.1.7.2 for a description of the fuel-cell cryogenic oxygen-supply
problen. )

At approximetely 5 hours g.e.t., the section 2 fuel ecell and the
secondary coolant loop were turned off line (operating open circuit with
no coolant flow). Mission Control Center, Houston (MCC-H), decided to
monitor the oxygen pressure until time for the revolution 6, area k
landing-decision point, which was gbout 2 hours awsy; and if the pres-
sure stabilized by that time with satisfactory electrical power, the
flight was to be continued. The digital command system (DCS) update to
the spacecraft computer for revolution 6, area 4 landing, was sent from
Texas on the fourth revolution, and MCC-H continued tc monitor the
situation.

During the next revolution, it was decided that the pressure had
stabilized, and the flight could continue in the powered-down configu-
ration. During the Tawaii pass on the -Tifth revolution, a decision was
reached to continue toward a revolution 18, area 1 landing. Drifting
flight continued until the situation was thoroughly understood, and dur-
ing the Hawaii pass on the seventh revolution, a powering-up procedure
was started. As spacecraft equipment was powered up, the fuel-cell ox-
ygen pressure was monitored very closely; and because no problems were
encountered, the flight plan vas again altered to include certain ex-
periments and systems checks vwhich required more and more power.

At 20 hours g.e.t., the flight crew was asked to concentrate on

their sleep schedules, since, because of their concentrated activity,
they were behind on their total hours of sleep.
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Reentry control system (RCS) temperature warning lights begin il-
luminating at the end of the first day. Activation of the RCS heaters
for short perlods of time extinguished the lights, but they continued
to come on. Finally, the heaters were left on under control of the
thermostats. At the end of the Tirst day, the section 2 fuel cell and
the secondary coolant pump were brought back on line.

During the second day, the flight plan was continually altered in
order to reschedule various experiments and systems tests, eating, and
sleeping, and to conform to work preparation periods. Two radiometry
runs were made early In the day, and a number of operational photographs
were taken. A radar test was performed during the pass over Cape Kennedy
on revolution 17. Iock-on occurred at 27:04:02 g.e.t. and the readouts
were good. Fhotographs of a large storm were taken at the beginning of
revolution 18, and two sequences of cloud~top spectrometer readings were
made at about 30 hours g.e.t. Several vision tests and other experiments
were run during the second day. Other activities included fuel-cell
purges, planned landing-srea updates, cryogenic quantity readouts, medi-
cal passes, and flight-plan rescheduling. A REP exercise was considered
for the second day but was cancelled because it required lowering perigee,
which would have reduced the orbital lifetime.

Bouipment problems encountered during this day included erratic
operation of the primary horizon sensor and an apparent mslfunction of
the optical sight,. (See section 5.1.5.3.2 for sensor problems and sec-
tion 5.1.10.4 L4 for an explanation of the optical sight malfunction. )

During the third day, a series of four maneuvers was performed to
simulate the Gemini VI rendezvous maneuvers. The first two maneuvers
were performed using entries into the airborne computer from ground
control via the digital command system, and the last two were performed
using entries by the crew through the manual dats insertion unit (MDIU).
The Tirst maneuver was a height adjustment performed blunt-end-forward
(BEF) at 50:49:57 g.e.t. to lower apogee. Aft-firing thrusters were
used- for these maneuvers, hecause it was thought that a two-phase con-
dltion existed in the fuel-cell oxygen supply tank, and that a sustained
maneuver with the forward-firing thrusters would allow gas to be ex-
tracted at a high rate with an accompanying large decrease in pressure.

A photographic sequence was attempted after the height-adjust ma-
neuver, and the crew was able to acquire cbjects visually but could not
find them in the boresighted aiming telescope or in the reflex viewfinder
in the camera, primarily because of a malfunction in the power to the
reticle of the optical sight at the end of the second day. (See sec-
tion 5.1.10.%.4.) At 51 hours 20 minutes g.e.t., the platform was alined
in preparation for the second simulated rendezvous maneuver which was a
phase adjustment. The maneuver was initiated at 51:34:31 g.e.t. and was
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performed small-end-forward (SEF) using the platform mode. This mode

was previously used for the perigee adjust meneuver during the first rev-
olution and with good results; however, the crew reported out-of-plane
components during this maneuver. (See table 5.1.5-VI for accuracy.)

At approximately 51 hours 50 minutes g.e.t. the platform was alined
SEF in preparation for the third meneuver which was out of plane (yaw
left 90°). The maneuver consisted of a 15 ft/sec veloclty increment
performed in the rate command mode and was very close to nominal. A
visual aculty experiment sequence was obtained after this mesneuver.

The final maneuver of the simulated rendezvous seguence was made
on the third day at 53 hours 4 minutes g.e.t. This was =z coelliptic
maneuver of 17.2 ft/sec and was made SEF.

The spacecraft was powered down after the rendezvous maneuvers and
remained down until very near the end of the third day. During this
period two photographic sequences were obtained, along with an Apollo
landmark run, a cabin lighting survey, an electrostatic charge (plasma
measurement) experiment run, two visual aculty sequences, and one humzn
otolith experiment run. A radiometry experiment run was also possible
because the optical sight had been repaired.

The fourth and fifth days included various experiment runs, fuel-
cell purges, planned-landing-area updates, systems tests, and other
necesgsary activivies. A zodiacal-light photographic run was made at
the beginning of the fourth day and, at T4 hours 4O minutes g.e.t., the
crew tracked a Minuteman missile being launched from the Air Force
Western Test Range. A radar test and two platform tests were made early
in the fourth day. The platform tests were in conjunction with the
primery-horizon-sensor problem encountered earlier. A visuel acuity
run occurred in revolution 48, in which the crew was able to see smoke
at the Laredo site and meke several experiment sightings. There was
considerable usage of fuel during this pass over the United States, and
after the pass, an onboard quantity readout showed about 29-percent
fuel remaining.

A sequence of photographs of nearby objects was attempted about
halfway through the fourth day, but it was unsuccessful because the
platform was not up at the time. On the evening of the fourth day, the
pilot requested that activity be kept to a minimum to allow the crew
some uninterrupted sleep.

Barly in the fifth day, five radiometry sequences were made of sled
runs at the White Sands Missile Range, and a visibility test of a ship
was performed. A radiometry sequence of a missile launch during revo-
lution 62 was attempted; however, the crew was sble to see the missile
but could not track it continuously.
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During the middle of the fifth day, the crew's activities consisted
of numerous experiments and systems tests including a special rendezvous
radar test at about 117 hours g.e.t. At approximately 118 hours g.e.t.,
the crew reported that the orbital attitude and maneuver system (0AMS)
was sluggish and thruster 7 was inoperative. All experiments requiring
fuel were cancelled, and the spacecraft was powered down. During the
next several hours, variocus fixes for the 0AMS were tried, but none were
successful. Iate in the fifth day, it became apparent that the low CAMS
fuel quantity and the remsining fuel-cell water storage would require
close management in order to complete the planned 8-day mission.

Early in the sixth day, attitude thruster 8 became inoperative, and
the rest of the system was gradually becoming more erratic. The space-
craft remained in drifting flight, and the thrusters were used only for
damping when the spacecraft rates became excessive. Occasgsionally the
spacecraft would be in the right attitude at the right time, and an ex-
periment could be performed as planned.

Section 2 fuel cell was again powered down at 123 hours 20 minutes
g.e.t. in order to conserve hydrogen and minimize water production. The
crew continued to perform thruster tests but were unable to determine
the cause of the failures associated with thrusters T or 8. TFurther
attempts to clear the 0AMS were unsuccessful. At the end of the sixth
day, the attitude thrusters that were still operating were causing
cross-coupling because of the unsymmetrical degradation of thrust be-
tween pairs.

A ground radar interference test was run during revolution 93, and
no interference occurred.

A drifting mede of flight continued through the seventh day with
an occasional power up for rate damping and s few experiments. The
thrusters continued to degrade. (Refer to section 5.1.8.1.3% for a de-
tailed description of the attitude thruster problem. )

Fuel-cell hydrogen stopped venting at the beginning of the eighth
day, thus rate build-ups ceased. The laser experiment cover White Sands
Missile Range (WSMR) was attempted, and another visual aculty sequence
was performed over Laredo, Texas. Two short fuel-cell tests were con-
ducted at about 186:57:00 g.e.t. and 187:31:00 g.e.t. in an atbempt to
determine the capability of section 2 to carry a heavy load after being
operated open-circuit for extended periods of time. (See section 5.1.7.1
for detailed performance of the Ffuel cells.)

The preretrofire checklist was performed starting at about 20 hours
into the eighth day. Rate gyros and computers were turned on, and RCS
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A- and B-rings were actaated. The platform was alined using the RCS
system (A-ring only) and a very good alinement was performed.

On revolution 120 over the United States, a DCS update was sent
and verified, ard preparations for retrofire continued. Because of s
weather condition, a declsion was made Go use revolution 121, ares 1
landing area, instead of revolution 122, area 1.

Prior to the Carnarvon pass, final tracking data showed the DCS
update was off in retrofire time and a decision was made to correct the
error with an update from Carnarvon. When this one wes sent, the pilot
reported that the message acceptance light did not illuminate. (See
section 5.1.10.2.2.) Key memcry cores were then checked and found to
be correct, wvalidating the-update.

Retrofire occurred in darkness &t an elapsed time of 190:27:43
g.e.t.; both RCS rings were on during this sequence. RCS B-ring was
turned off after retrofire and was not turned back on until approxi-
mately 65 000 feet, The command pilot stayed in singlte-ring pulse mode
until 400 000 feet, then switched to single-ring direct mode until the
spacecralt reached 260 000 feet, at which time single-ring rate command
mode was selected for the remalnder of the reentry.

The command pilot held the spacecraft at full-1ift to 400 000 feet
and rolled the spacecraft to 53° at guidance initiate. The spacecraft
computer had received incorrect initial navigation coordinates for re-
entry because of omitting a term in the ground computer entry. The
overall effect cf these incorrect coordinates was a spacecraft landing
approximately 8% miles short and 17 miles off track of the planned land-
ing point.

At guidance initiste, the FDI indicated an off-scale overshoot;
however, the crcss range indicator was indicating in the expected manner.
The command pilot correctly analyzed the guidance system performance and
banked the spacecraft toward the desired track at 90° (zero-l1ift) in an
attempt to shorten the indicated range and get closer to the desired
track. When the downrange error display did not respond, the command
pilot returned to the backup bank-angle technique and flew this reentry
until drogue parachute deployment which occurred at 69 000 feet. (Sec-
tion 5.1.5.2.% provides a detailed description of reentry, and sec-
tion 6.2.2.2.1 includes a discussion of the incorrect coordinates which
were transmitted to the spacecraft.) The RCS propellant valves were
shut off at 30 000 feet, and the main parachute deployment was initiated
at 10 600 feet. The main parachute opened in the reefed condition and
disreefed at the required time. Shortly thereafter, the command pilot
actuated the necessary cirecuitry to reposition the spacecraft to the
two-point suspersion attitude. Post main checklists were completed, and
a very soft water landing occurred at 190:55:14 g.e.t. Recovery of the
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flight crew was effected in a nominal manner, and they arrived aboard
the recovery ship at 192 hours 26 minutes g.e.t. The crew was found to
be in excellent physical condition during the preliminary medical exam-
ination. The flight was successfully completed at 19% hours 50 min-
utes g.e.t. when the spacecraft was hoisted on board the U.S3.5. Leke
Champlain, the prime recovery ship. The crew spent the succeeding days
in extensive medical examinatlons, technical debriefings, consultations
with the Mission Eveluation Team concerning the launch vehicle and
spacecraft systems, and debriefings with the experimenters. The mission
was completed at the end of these asctivities on September 9, 1965.
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4.2 SEQUENCE OF EVENTS

The times at which msjor events were planned and executed are pre-
sented in table 4.2-I. All events were completed as scheduled and were
within the expected tolerances, indicating a satisfactory flight.
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TABLE L4.2-T,- SEQUENCE CP EVENTS

T Planned time, | Actual time, Difference,
g.e,t. g.e.tb. see
Tawneh phase, sec

Stage I engine ignition signal (87FS1)} ~3,%0 ~%,3% 07

Stage T MDTCPS makes subnssembly 1 -2, 30 2.4 -0, 11

Stage I MDTCPS makes subussembly 2 2,30 -2, 36 ~0.05

TCPS subassembly 1 and subassembly 2 make ~2.20 2. 50 -0.10

Lift-off (psd disconnect separaticn)

(13:59:59,518 G.m. t. ) 0 0.00 0.00
Roll program start 10,16 10,13 -0, 03
Roll program end 20,48 20,45 ~0.0%
Pitch program rate no. 1 start 23,04 2%, 09 0.05
Piteh program rate no. 1 end, no. 2 start 88,32 A8, %5 0,03
Control system gain change no. 1 104,06 10k, 97 0.01
No. 1 IGS update sent 103.00 10%.00 0,00
Pitch program rate no. 2 end, noc. 3 start 119.01# 119,08 0.02
Stage I engine shutdown circuitry armed 1L, 6L 1k, 85 C.01
Ho. 2 IG8 update sent 145,00 145,00 0.00
Stage I MDTCPS uamakes subassembly 1 154,75 153,50 -1.25
Stage IT MDTCPS uwnunakes subassembly 2 154,75 153,49 -1.24
BECO (stage I engine shuldown (87Fs2)) 15h,83 15%.55 ~1,28
Staging switcres actuate 154,83 153,55 -1.28
Signals from stage I rate gyro package to flight

control system discontinved 154,83 153,55 1,28
Hydraulic switchover lochouh 154,83 152,55 -1.23
Telemetry ceases, sbage T 154,83 153,55 1,28
Staging nuts detonate 154,853 152,55 -1.25
Stage IT engine ignition signal (G1FS1) 154,83 152,55 -1.28
Control system gain change 154.8% 153%. 55 ~1,28
Stage separation begin 155,53 1k, 29 ~1.2k
Stage IT engine MDFJPS milke 155.73 154,28 -1.45
Pitch program rate no. % ends 152,56 162,61 0.05
Radio guidance enable 162,56 162,59 0.03
Pirst guldance command signal (decoder output) 169, 00 162,40 -0.60
Spacecraft horizon senso- cover jettisoned 199,87 207.00 7.7
Spacecraft radar cover jctitisoned 199.83 207.00 7,17
Stage IT engine shutdown circuitry armed 317, bl 317.45 Nel
SECO (stage TI engine shutdown (91Fs2)) 336,93 3%3.28 -3, 65
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TABLE &.2-T1.- SEQUENCE OF EVENTS - Concluded.
Event Planmed time, Actwl time, Difference,
ven g.e.t. g.e.t. sec
Redundant stage IT shutdown 336.03 333,352 ~3.61
Stage IT MDFJPS break 337.2% 333,44 -3.79
Spacecraft separation (shape charge fired) 356,93 356,91 -0, 02
*#DAMS on 356,935 256,11 .82
OAMS off 363,43 367,01 +3.58
Orbit phase, hrimin:sec
Perigee adjust maneuver initiate 00:56:00 00:56:00 0
REP ejection maneuver initiate 02:07:00 02:07:15 15
Height adjustment initiate 50:50:00 50:&9:57 -3
FPhase zadjustment initiszte 51:3k:ke 51:34:31 -11
Plane chenge initiate 52:06:16 52:06:26 10
Coelliptic maneuver initiate 5%:04:02 53%:0h:0h 2
Reentry phase, hrimin:sec
Equipment adapter separation 190:27: 13 190: 26: b7 -26
Initiate retrorocket 1 190:27: 43 190:27: b3 0
Initiate manual retrofire 190: 27: bl 190: 27: by 0
Initiate retrorocket 3 190:27: 48 190: 27: 49 1
Tnitiate retrorocket 2 190: 27: 5k 190: 27: 54 0
Initiste retrorocket L 190:27: 59 190:23: 00 1
Retroadapter separate 190:28: 28 190:28: 30 2
Begin blackout 190: hh: 01 100: biy: 06 5
End blackout 190:48:18 190: b7: 38 -20
Drogue parachute deployment 1906:50: 09 190: kg: 19 -50
Pilot parschute deployment/main perechute initiate 190: 52: 01 190:51:16 )
Landing 190:56: k2 190:55: 14 -88
Parachute Jjettison - 190:55: 17 -
*oars thrusters were off from 361.26 to 363.3h sec due to switchover from direct mode

to rate command by commend pilot.
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4,3 FLIGHT TRAJECTORIES

The launch and orbital trajectories referred to as planned are
either preflight cesleculated nominal btrejectories from references 6 and
T, respectively, or trajectories based on nominal outputs from the
real-time computer complex (RTCC) and planned attitudes and seguences
as determined in real time in the auxiliary computer room (ACR). The
actual trajectories are based on the Manned Space Flight Network track-
ing data and actual attitudes and sequences, as determined by airborne
instrumentation. The Patrick Air Force Base atmospheres were used be-
low 25 nautical miles, and 1959 ARDC model atmospheres were used asbove
25 nautical miles for all trajectories except the actual launch phase
which used the atmosphere up to 25 nautical miles at the time of launch.
The earth model for all trajectories contained geodetic and gravitat-
ional constants representing the Fischer Ellipsoid. A ground track of
the first four and last three revolutions is shown in figure 4.3-1.
Launch, orbit, rendezvous evaluation pod (REP) test, simulated Agena
rendezvous, and reentry trajectory curves are presented in figures 4.3-2

to L.3-7.

4,3.1 Gemini Spacecraft

4,3.1.1 Launch.~ The launch trajectory data shown in figure 4. 3-2
are based on the real-time output of the range-safety impact prediction
computer (IP 3600) and the Guided Missile Computer Facility (GMCF). The
IP %600 used data from the missile trajectory measurement system
(MISTRAM) , FPS-16, and FPQ-6 radars. The GMCF used data from the GE
Mod III radar. Data from these tracking facilities were used during the
time periods listed in the Tollowing table:

Facility Time from lift-off, sec
IP 3600 (FPQ-6) 0 to 11
GMCF (GE Mod III) 11 to 348

The actual launch trajectory, as compared with the planned launch
trajectory in figure 4.5—2, was high in altitude and flight-path angle
and low in wvelocity during stage I powered flight. After BECOC the
radio guldance systen (RGS) corrected the trajectory and guided the
second stage to a nominal insertion. At BECO the altitude and flight-
path angle were high by 5380 feet and 0.89°, respectively, and velocity
was low by 155 ft/sec. At SECO the altitude, flight-path angle, and
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velocity were slightly low by 583 feet, 0.02°, and 1 ft/sec, respec-
tively. A comparison of planned and actual BECO and SECO conditions

is shown in teble 4.3-1. Actual SECO is based on inertisl guidance
system (IGS) corrected data. At spacecraft separation, the actual al-
titude and velocity were low by 53 feet and 2 ft/sec, respectively,

when compared with the planned conditions. There were no measurable
dispersions in flight-path angle. Table k.3%-I contains a comparison of
planned and actual conditions for spacecraft separation (SECO + 23.6 sec-
onds). The preliminary conditions were based on integrating the Canary
vector back to separation through the planned attitudes and spacecraft
velocity changes (AV). The same procedures were used to get the final
conditions; however, actual attitude and aspplied AV's were used for

the backward integration. The GE Mod ITT and MISTRAM tracking radar
data after SECC are used to compute a go-—no-go for spacecraft insertion
by averaging 10 seconds of these data starting at SECO + 5 seconds. The
go—no-go conditions obtained from these sources indicated that the ve-
locity and flight-path angle were 15.5 ft/sec high and 0.2° low, respec-
tively, when compared with the orbital ephemeris datz. Figure 5.2-3
shows the GE Mod III and MISTRAM radar tracking data in the go-—no-go
region after SECO. It should he noted that the quality of the GE Mod ITI
datza rapldly decayed during this period, starting just prior to SECO, he-
cause of the low elevation angles; however, because cf the smoothing and
editing of the data from the ground guidance computers, these degraded
date had no effect on the accuracy of the insertion parameters.

4.3.1.2 Orbit.- A comparison of the plenned and actusl apogees and
perigees in reference Y is shown in figure 4.3-3%. The actual apogees
and perigees were obtained by integrating the best Geminl tracking net-
work vectors throughout the mission to the apogee and perigee that fol-
lowed. Table 4. 3-TI contains a comparison of the planned and actusl
elements, Preliminary elements are outputs from the real-time computer
complex (RTCC) during the mission and are measured over s spherical
earth; final elements are measured over an oblate earth. At insertion,
the oblate measurement is approximately 0.8 nautical mile greater than
the spherical measurement. The apsidal advancement during the mission,
“however, moved apogee and perigee nearer the equa.tor, thus increasing
the earth radius and allowing the spherical measurement to be approxi-
mately 2.5 nautical miles higher than the oblate measurement toward the
end of the mission.

On Gemini IV, using the 1959 ARDC atmosphere, an atmospheric
K factor of 0.72 was required to obtain the lifetime based on a tumbling
spacecraft reference area. This is equivalent to a K = 1.01 for a
small-end-forward (SEF) or blunt-end-forward (BEF) stable attitude,
which indicates a l-percent uncertainty in the CDAp term. -On Gemini V,

the ACR initially computed & K factor of 0.75, based on & tumbling ve-
hicle. This is equivalent to a K = 1.05 for a SEF or BEF attitude,
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indicating a 5-percent uncertainty in the CDAP term. However, after

the simulated rendezvous, the K factor computed by ACR for a tumbling
vehicle decreased to 0.55, or K = O.77 for a stable vehicle, resulting
in an approximate 23-percent uncertainty in the CDAp term. There are

two possible reasons for this large uncertainty. First, this uncer-
tainty did not develop until after perigee was raised 17.6 nautical
miles, indicating that the upper atmosphere and coefficient of drag
around 108 nautical miles are not known as well as around 87 to 92 nau-
tical miles. Second, the spacecraft attitude control and the hydrogen
and oxygen continued venting throughout most of the flight, which could
have added some energy to the orbit. This CDAP uncertainty is a major

problem in exact orbit determination, and current plans are being made
to investigate this parameter in more detail.

h.3.1.2.1 REP exercise: The rendezvous evaluation pod (REP) was
released in the second revolution. The planned and actual maneuvers
prior to and including REP ejection are shown in table 4.3-III. A time
history and relative trajectory profile between the spacecraft and REP
are shown in figure L. 3-4 from the time of REP ejection until approxi-
mately 5 hours thereafter. The REP {rajectory was determined by inte-
grating the spacecraft Bermuda vector through the actual ejection
velocity and attitude, as determined by onboard radar and telemetry, and
then comparing that trajectory to the spacecrafi trajectory also deter-
mined by the Bermuda wvector. The REP range for 30 hours is shown in
figure 4.3-5. The REP range for the first 16 hours in this figure was
computed from the integrated trajectory, and after 16 hours was com-
puted using tracking data from North American Air Defense Command (NORAD)
Space Acqulsition Detection and Tracking System (SPADATS) radars.

In revolution 31, NORAD predicted a REP orbit lifetime of 5.58 days,
and iIn revolution 57 this prediction changed slightly to 5.71. The REP
actually lasted 5.7l days and was tracked by radar in Turkey as it re-
entered during revolution 87. Projected impact was in the South Pacific,
north of New Zealand at latitude 31°48' 8. and longitude 175°12' E.

Based on preflight REP aserodynamics, the ACR initially computed a
3.5-day lifetime. In order for the ACR to achieve the actual lifetime,
the ballistlic parameter W/CDA had to be increased from 11.2 l'b/ft2 to
18.9 lb/fte. This reflects a CDAP uncertainty of 41 percent.

4. 3.1.2.2 Simulated rendezvous: During the third day of the mis-
sion, rendezvous midcourse maneuvers were executed in order to evaluate
the technliques tc be used for the first Gemini-Agena rendezvous mission.
A flight plan involving a simulated Agena target-vehicle orbit had been
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developed, where the nominal Gemini V maneuver points were scheduled
for a rendezvous number M of 4. The maneuvers were, in order, a height
adjustment N, , = phase adjustment NCL’ a plane change NPC’ end = co-

elliptic maneuver NSR' The initial simulated Agens orbit had apogee
and perigee altitudes of 18%.2 and 123.8 nautical miles, respectively,
whereas the spacecraft crbit had initial apogee and perigee altitudes
of 181.8 and 91.1 nautical miles, respectively. The phase angle ab
spacecraft insertion was 91.01° and the initial phase rate was 2.6°
per orbit.

Figure 4.3-6 shows the time history and relative trajectory profile
from the spacecraft to the imaginary Agena. This figure was determined
by integrating the Carnarvon vector in revolution 32 through the actual
maneuvers described in table 4.3-TIV and then comparing the resultant
trajectory to that of the imaginary Agena. The planned spacecraft ma-
neuvers in table 4.3-IV were generated to create an imsginary Agena
orbit, consistent with the allowable spacecraft fuel expenditure deter-
mined in real time. The ground-computed maneuvers were generated by the
ACR. These maneuvers were calculated from network tracking wvectors
after the orbit had been redefined subsequent to each meneuver. The
height adjustment was based on the Carmarvon 32 vector, NCL and, NPC
on the Merritt Island 32 vector, and NSR on the California 33 vector.
The actual maneuvers in table 4 3-IV were determined by telemetry where
possible and by crew reports of the ineremental veloeity indicator (IvI)
display of the cutput of the onboard computer. This is the first time
rendezvous midcourse maneuvers have been attempted. When these maneu-
vers were completaed, the spacecraft was in the planned coelliptic orbit
with a 15-nautical-mile differential altitude. If ground-computed ter-
minal maneuvers had been performed with the same accuracy as the mid-
course maneuvers, the spacecraft would have been 0.1 nautical mile from
the Agena at the Jdocking maneuver initiation, and the docking maneuver
time would have changed less than 2 minutes from nominal.

4.3.1.3 Reentry.~ The planned and actual reentry phase of the tra-
jectory is shown in Tigure 4, z.7. The planned trajectory was determined
by integrating the Canary vector in revolution 120 through planned retro-
fire seguences debermined by the RTCC and then by flying a half-1ift
reentry according to Math Flow & described in reference 8. The actual
trajectory was obtained by integrating the Canary vector in revolu-
tion 120 through actual retrofire attitudes and sequences and then in-
tegrating the White Sands vector through actual roll angles and parachute
deployment sequences. The trajectory cobtained with the Canary vector
and actual retrofire data agreed with the postretrofire trajectory ob-
tained with the White Sands vector. Teble 4.3-I contains a comparison
of the planned and sctual reentry dynamic parameters and landing points.
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The actual landing point was 89 nautical miles short of the pre-
dicted landing point. The major part of this dispersion can be attrib-
uted to the computer update error described in section 6.2.2.2.1.
Reconstructing a reentry trajectory through the actual roll angles and
using the 1959 standard atmosphere charts gave a landing point 19 nau-
tical miles downrange of the actual landing point. In order to fit
the trajectory to the actual landing point, the 1959 atmosphere density
was increased 13.6 percent between altitudes of 386 000 and 69 000 feet
(drogue parachute deployment). This indicates an uncertainty in the
CDAP term during the critical dynamic region of reentry. However, the

actual density profile as shown in section 12.2 was approximately 15 per-
cent greater than that in the 1959 atmosphere. The landing point ob-
tained with this trajectory was latitude 29°4L' N. and longitude

6P 45" W. This landing point agrees within 1 nautical mile of the land-
ing coordinates recorded by the Sea Air Rescue (SAR) unit, and within

3 nautical miles of the composite landing point calculations which com-
bined the SAR data and data from the recovery aircraft shown in

table 4.3-I.

This reconstructed reentry trejectory agrees very well with the
actual trajectory. Communication blackout conditions, deceleration,
and drogue parachute deployment altitude are in close agreement with
actual event times and magnitudes as recorded by instrumentation.

The reentry curves below drogue parachute deployment are based on
nominal parachute-force coefficients (fig. L.3-7). Because the drogue
parachute was deployed in a supersonic region, the datas on the curves
are displaced in altitude from that reported in section 5.1.11.

4,3.2 Gemini Launch Vehicle Second Stage

The second stage of the Gemini launch vehicle was inserted into
an orblt with apogee and perigee altitudes of 182.7 and 87.4 nautical
miles, respectively. The Gemini network tracking radars were able to
skin-track the second stage during the ensuing 3-day orbit lifetime.
Tracking was obtained during reentry in revolution L8 and the Pretoria
tracking station reported visual cobservation of reentry breakup. BEsti-
mated impact point was latitude 24° 8. and longitude 108° E, in the
Indian Ocean.
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TARTE 4. 3--I.- COMPARISON OF PLANNED AND ACTUAL TRAJECTORY PARAMETERS

fictuaal

Condition Pl?iged' Pr:liminary Final
B BECO
Time rrom 1ift-off, ssc . . . . 15483 |Hoz ecornuted] 153058
Geodetic latituds, deg North . 28,77 23.77

Vast . . 79. EL 79. 67
Altitude, feet . . . . . . . . . .. 210 170 215 550
Altitude, n. mi, . ., . . . . L 3k 6 35.5
Range, n. mi. . . . . . . . .. 50.9 52,k
Space-fixed velocity, ft/sec . 9 988 g 8933
Space-fixed fligit-path angle, deg . 18.98 19.87
Space-fixed heading angle, deg . 75.07 74, k2
| SECO
Time from lift-off, sec 336,95 Mot computald 333, 28
Geodetic latitude, deg North . 30,55 30,52
Longitude, deg W2st . . . . 72.05 T2.25
Altitude, feet . . . . . . . . ... 530 881 530 298
AMtitude, n. mi. . . . . o0 e 87.4 87.3
Range, n. Mi. . . . « . « + . Lé1. 6 L8, 4
Space-fixed velozity, ft/sec 25 721 25 720
Space-fixed fligat-path angle, deg . . 0.0 -0, 02
Space-fixed healing angle, deg 7775 77,90

Sracecraft separation

Time from lift-off, sec . . . . . . 356, 93 25%, o 356, 91
Geodetic latitude, deg North . . . . . . 30. 84 30.8k 30,89
Longitude, deg West . . . . . . .. 70. 56 70. 82 70,55
Altitude, feet . 531 121 521 039 531 068
Altitude, n. mi. . . . . . . 87.4 87k 87.1
Range, n. mi. . . . . . . ¢ 4 4 . 5&0.& =24, 8 53G. 6
Space-fixed velocity, Pb/sec . . . . . 25 807 25 807 25 805
Space-fixed flight-path argle, deg . .0 -.01 0.0
Space-fixed heading angle, deg . 78,54 76,38 78,52

aThe plennec values are for spacecraft separation at SECO + 20 sec-
onds; whereas the actuzl values are for spacecraft separstion at

SECO + 23.6 secords.
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TABIE U, 3-I.- COMPARISON OF PLANNED AND ACTUAL TRAJECTORY PARAMETERS - Concluded

Actual
Condition P%i2§8d Preliminary —
Maximum conditions
Altitude, statute miles 220.0 2171 217.k
Altitude, n. mi. 191.2 188.9 188.9
Space-fixed veloeity, ftfeec . . . . . . 25 817 25 Bl2 25 812
Tarth-fixed velocity, fifsec . 2L 501 ol hov oL kg
Exit accelerastion, g . - 7.3 - 7.6
Fxit dynamic pressure, lb/sq ft . 78 -- 766
Reentry deceleration, g (tracking data)- L.g 6.5 6.4
Reentry deceleration, g (telemetry data) == - T.1
Reentry dynemic pressure, 1b/sq £t . . . 320 Lep Gk
Tanding point
Tatitude, deg:min Horth 20: 43 29:58 ‘ 29: 47
Longitude, deg:min West £8: 00 69: 39 69: b5

“The planned velues ere for spacecratt separation at SECO + 20 sec-
onds; whereas the actual values sre for spececraft seperation at

SECO + 23.6 seconds.
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TABL® 4. %-IT.- COMPARISON OF ORBITAL ELEMENTS

Actual
Revolution Condition Planned Preliminary Final
Insertion Apogee, n. mi. 191.2 189.0 188.9
Perigee, n. mi. 87.0 B&.8 87.k
Inelination, deg . 32.53% 22.59 32.59
Period, min 89. 6l Not avallable 89.59
2] Apogee, n. mi. 191.2 188.3 188.9
(after Perigee, n. mi. 95, 1 91.9 2.k
>§§§i§i§ Tnelination, deg . 32, 5% 32. 6% 32.59
Period, min . . , 89,70 Not awvailable 89.68
5 Apozee, n. mi. 189.0a 187.3% 187.8
Perigee, n. mi. 95.2 91.6 92.1
Tnclination, deg . 70,53 %0, 63 22.59
Period, min 89.73 Not available £89.455
16 Apozee, n. mi. 185, 5% 184, 8 185.5
Perigee, n. mi. gk, 1 91,2 91.9
Inclination, deg . 32.5% 32,59 32,59
Period, min 89, 6L Not available 8a. 57
30 Apogee, n. mi. 179.4° 180.8 181.8
{Before Perigee, n. mi, 9%, 0 GO, 4 91.1
i;ﬂgiggﬁis) Inclination, deg . %2.53 %2, 50 32,59
Period, min . . . 89,50 Not available 89,48
7l Apozee, n. mi, . , 178.6% 148, 4 168.8
{after Perigee, n. mi, 92,9 106.0 108. 7
iiﬁgiigiis) Tnclination, deg . %2, 55 52, 62 25,61
Period, min 89,48 Wot available 89.57
48 Apozee, n. mi. 172.6b 1660 167.4
Perigee, n. mi. . 91.8 107.9 108,5
Inclination, deg . 30, 54 32,65 32,61
Period, min 89.3%6 Not available 89.55

a - . o
Flanned elements reflect REP rendezvous maneuvers which were not performed.

b ; o Lo . .
Flanned elements do not reflect simulsted Agers rendezvous maneuvers which

were performed.
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TARLE %.3-IT.- COMPARISON OF CRBITAL EIEMENTS - Concluded

Actual
Revolution Condition Planned Preliminary Final
Bl Apogee, n. mi. . . . . . 165.0b 16Lh.6 16h. 7
Perigee, n. mi. . . . . 90.6 107.0 107.5
Inclination, deg . . . . 32.54 32,62 %2, 61
Period, deg . . . . .« . 89.19 Wot available 89.51
80 Apogee, m. wi. . . . . . 150, 6° 162.2 162.1
Perigee, n. mi. . . . . 89.2 107.0 107.1
Inelinstion, deg . . . & 20.55 52.65 32,61
Period, min . . . . . . 89.00 Not available 89. 4k
96 Apogee, n. mi. . . . . . 1&6.5b 160. k4 158. k4
Perigee, n. mi. . . . . 87.h 107.1 106. 4
Tnclination, deg . . . . 32,55 32. 6% 32.61
Period, min . . . . . . 88.78 Not available 89.40
112 Apogee, n. mi, . . . . . 135.7b 158.2 156, 4
Perigee, n. mi. . . . . 8.9 107.0 106.0
Inclination, deg . . . . 32,56 32, 62 52,61
Period, min . . . . . . 38.50 Not available 89.35
120 Apogee, n. mi. . . . . ; 124 4P 157.3 154.8
Perigee, n. mi. ., . . . 83.0 107.2 106.0
Inclination, deg . . . . 32,56 30,61 32.61
Period, min . . . . . . 88.30 Yot available 89.%2

®planned elements reflect REP rendezvous maneuvers which were not performed.

b . - .
Planned elements do anot reflect simulated Agena rendezvous maneuvers which
were performed.
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TABLE %4.3-TI1.- COMPARISON OF PLANNED AND ACTUAL MANEUVERS

DURING THE REP EXERCISE

Condition Planned Actual
Perigee adjust
Maneuver initiate, hr:min:sec, g.e.t. . . . 00: 56: 00 00: 56: 00
AV, Pbfsec . .. ..o oo 10.0 9.7
Piteh, deg . + . « v « v v 4 o 0 e e e e 0.0 0.0
Yaw, deg . . .« v v o 0 o 4 0w .. 0.0 0.0
Thrust duration, sec . . « . . . . . . . ., 12 13
REP eject
Maneuver initiste, hrimin:gec, g.e.t. . . . 02: 07: 00 02:07: 15
AV applied to REP, ft/sec . . . . . . . . . 5.0 L6
Spacecraft atlitude, pitch, deg . . , . . . 2.0 1.0
Spacecraft attitude, yaw, deg . . . . . . . 90.0 “g8.1

aSpacecraft attitudes reflect the angles required to eject the REP
directly off the Z-axis of the spacecraft into the orbit as determined
by matching spacecraft radar data and ground-based radar data.
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TABLE 4.%-TV.- RENDEZVOUS MANEUVERS
Condition Plamned | ,orownd Actual
directed
Apogee adjustment (NH = 1.50)
Maneuver initiate, hr:min:sec, g.e.t. 50:50: 00 50: 49: 57 50:49:58
M, ftfeee . .. ... Ce e e -20.5 -21.1 -20.9
Piteh, deg . . « . + « « o . 0.0 0.0 1.9
Yaw, deg 0.0 0.0 0.0
Thrust duration, sec . v e . 27 28 27
Phase adjustment (NCL = 1. 5)
Maneuver initiate, hrimin:sec, g.e.t. 51:3h: 4o 51:34:31 | 51:3L4:31
AV, ftfeec ... . L. 15.1 i15.2 15.7
Pitch, deg . 0.0 0.0 0.0
Yaw, deg . . . . . . . N . 0.0 0.0 0.0
Thrust duration, sec ., , ., . . . . . 20 20 20
Plane change (NPC = 2.5)
Meneuwver initiate, hri:min:sec, g.e.t. 52: 06: 16 52:06:26 | 52:06:26
AV, ftfsec . . ... oo 15.0 1.6 15.0
Piteh, deg . . . . . . . . ., 0.0 0.0 -0.8
Yaw, deg .« o 4 4 . -90.0 -90.0 -89.2
Thrust duration, sec . . . 19 19 19,7
Coelliptical meneuver (NSR = 5.0)
Maneuver initiate, hrimin:sec, g.e.t. 53: 0L: 02 5%:04: 04 | 53%:0L: 0k
&V, fhfeee o oo .. L . 16. 4 7.4 17.2
Piteh, deg . . . . . . . 13.0 15.7 15.2
Yaw, deg . . . . . . . . . 0.0 C.0 -0.3
Thrust duration, sec . . 21 22 22.5
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NASA-5-65-8612
70 ) Gemini tracking network
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Figure 4.3-1. - Ground track for the Gemini V orbital mission.

(a) Revelutions 1 through 4

UNCLASSIFIED



26 UNCLASSIFIED
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180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180
70

Geodetic latitude, deg

70 g
60 60
50 - 50
40 . 40
30 | 30
20 20
10 10
0 0
10 10
20 20
30 30
40 40
50 50
60 60

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180

East
{h) Revolutions 118 through 120
Figure 4.3-1. - Concluded.
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5.0 VEHICLE PERFORMANCE

5.1 SPACECRAFT PERFORMANCE

5.1.1 Spacecraft Structure

The Gemini V spacecraft structure performed as expected for the
flight in sustaining all loads, vibration, and heating in a satisfactory
manner. Although the longitudinal oscillation (POGO) was approximately
double that experienced on previous missions, the structural effects
were inconsequential. Deployment of the drogue parachute at 69 000 feet,
however, resulted in losding the frangible bolts of the rendezvous and
recovery (R and R) section to a higher degree than would have existed
at the normal deployment altitude of 50 C0C feet. Normally, these bolts
do not experience high loading until pilot parachute deployment. This
occurs 2 seconds prior to the normsl pyrotechnic separation of the
R and R section for main parachute deployment (10 600 feet).

Failure under the normal mexirum load would not be catastrophic because
the main parachute would not be jecpardized.

. The paragraphs that follow describe the reentry aerodynamics and
reentry heating.

5.1.1.1 Reentry aerodynamics.- As with the previous flights, the
reentry trim angle of attack and lift-to-drag ratio for Gemini V were
computed from gimbal-angle, accelerometer, and tracking data. The pre-
liminary data agree quite well with preflight predictions, as shown in
figure 5.1.1-1; however, these data disagree substantially with obger-
vations of the apparent stagnation point obtained from the postflight
ablative pattern of the heat shield. The ablative pattern indicates
the stagnation point was 12.6 inches down from the center line of the
spacecraft, whereas the computed trim angle indicates that it should
have been about 22 inches down.

The comparisons of heat-shield pattern stagnation-point measure-
ments with computed trim-angle .stagnation-points distances are shown
in figure 5.1.1-2 for the four Gemini reentries. The data from the
rolling ballistic reentries of GT-2 and Gemini IV correlate very well,
whereas the data from the bank-angle reentries of G1-3 and Gemini V do
not correlate. Tt is not known at this time why the heat-shield pat-
pattern stagnation point varies so widely from the computed trim-angle
stagnation point for Gemini V. However, Cemini V reentered from a
higher altitude and through a different Reynolds number regime from
that of the other flights as shown by figure 5.1.1-%. The ablative
patterns that were observed on the recovered heat shieldg are the result
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of an integratior of varying aerocdynamic flow, convective heating, and
instantaneous angle-of-attack conditions. Therefore, it is suspected
that the rolling ballistic reentries show better correlation because
the heating and dynamic pressure usually peak within a relatively short
time of each other as compared with that of lifting reentries.

5.1L.1.2 Reentry heating.- The Gemini V spacecraft was recovered
in excellent condition after reentry heating. Inasmich as there were
no outer skin thermocouples on the reentry assewbly afterbody or heat
shield, only qualitative heating results based on detalled postflight
physical cbservation are reported.

Afterbody shingles are clean and undamaged and in excellent con-
dition, but show slight discoloration in the area behind the most wind-
ward spacecraft-adapter interconnect fairing as on previcus flights.

The postflight condition of the heat shield is exeellent and shows
the white oxide sppearance as was noted on GT-3 and Gemini LV. A pre-
liminary examination of the heal shield indicates a char depth of 0.26
to 0.27 inch, which is nominal. The weight less of the heat shield
after drying was messured as 15.54 pounds.

The maximm zero angle-of-attack stagnation-point heating rate was
calculated as 56.7 Btu/ftg-sec, very close to the value of 57.8
Btu/ftg—sec calculated for Gemini IV. Total reference stagnation-point
heating was calculated to be 8660 Btu/ftg. Total heat for Gemini IV
was 8260 Btu/ft2 .

The windows of Gemini V were coated gsimilarly to that experienced
on GT-% and Gemini IV. In addition to the thin coating of what is
suspected to be ablation products, as experienced on previcus flightis,
the Gemini V flight crew noticed several particles of gray putty-like
material impinge on the windows during nose falring and horizon sensor
fairing jettison.

5.1.1.% Mecellaneous structural items.- The crew reporied that
the nose fairing appeared to break up when it was Jettisoned. This is
believed to be the appearance given by small pieces of aluminized tape,
ablative material, and possibly small superficial fiber glass parts
which are bonded to the fairing. Such parts are too light to damsge
the spacecraft. The basic structure of the fairing has a margin of
41 percent sbove the 36 percent factor of safety, and limit load has
been applied to it 12 times in qualification firings without failure.
After the fairing had charred from launch heating, it ig probable that
most of the debris seen was char which had been jarred loose by the
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3000-pound force of the ejector. The aluminized tape {around the 1lip of
‘he R and R section on spacecraft 5 to obtain desired radar performance )
will be replaced by a more durable RF gasket on later spacecraft.

The postflight inspection team at Cape Kennedy discovered evidences
of water having been in the ECS well of the spacecraft. There were
water gtaing on the inside of the ECS door and on the lithium hydroxide
canister 1lid. An investigation was made to determine if there were
pogssible leak paths through the door seal or through cabin purge valves
which are installed in the door. No such leak paths were found, which
would indicate there was no leakage through the structure while the
spacecraft was on the water. ¥From this indication, 1t must be inferred
that the liquid which produced the stains was introduced into the in-
terior of the gpacecraft. Whether this occurred prior to flight, during
the migsion, or after the flight cannot be determined.
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5.1.2 Commnications Systems

The Gemini V spacecraft communicagtions equipment performed accord-
ing to design without evidence of malfunction. The few problems which
occurred are mainly attributed to operational errors or problems with
the ground eguipment discussed in the following paragraphs. The voice
tape recorder completed recordings on five rolls of tape and then ceased
to function. It was returned to the vendor for analysis where it was
determined that the capstan drive belt was worn and broken in tension.
The voice quality wasg nominsl on the five tapes recorded.

Two new switches were added to the voice control center, effective
with spacecraft 5. These were a voice tape recorder start switech that
was separate from the commnilcations mode switches, and a "sleep" switch
to mute the earphones of either the pilot or the command pilot. Both
were satisfactory to the crew. The continuous intercom push~to-talk
keying mode was used throughout the mission.

New style lightweight headsets were usged by the crew in orbit
during this mission with satisfactory results. The crew reported, how-
ever, that the molded earpieces were uncomfortable when worn in the ear
for long periods of time; therefore, they were left dangling near the
ear for part.of the time for relief.

There were some instances of volce commnications degradation
indicetive of improper microphone placement. Breath noise was notice-
able in the pilot's transmissions at intervals during the prelaunch
phase of both the attempted launch and launch. This is usually caused
by a microphone being located too clogse to the front of the mouth
rather than at the side. During later revolutions, after the helmets
were removed, the command pilot's transmissions usually contained a
little higher background noise level than the pilot's transmisgsions.
Background noise in this type of noise=cancelling microphone usually
results from placing the microphone too far in front and too near the
center of the mouth. These instances did not interfere gresatly with
normal commnications; however, they could have been respongible for
gome of the few transmissions that were unreadable.

5.1.2.1 Ultra-high frequency veoice communications.- The excellent
ultra-high freguency (UHF) voice communications experienced during the
Gemini V mission were indicative of normal simplex spacecraft equipment
operation, together with a high order of support from the more compli-
cated, remotely keyed, duplex ground network. Cne interruption occurred
during the launch phase when the MCC~H gpacecraft communicator was
unable to hear the spacecraft. The remoted transmitter at MCC-C (Mission
Control Center-Cape) was locked on because of an operstional error, thus
blocking the MCC-C receiver. The spacecraft replieg, however, were
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recorded at Houston on the "Prime GOSS" tape, reaching Houston via some
station other than MCC-C, although they were nol heard by the space-
craft commnicator, who was remoted through MCC~-C. Comunications were
satisfactory during reentry; however, shortly after landing, a nearby
recovery aircraft was unable to hear the spacecraft although the space-
craft was receiving and replying. This problem is attributed to other
than spacecraft ejuipment because both the spacecraft and the recovery
alrcraft transmissions were recorded at Houston, as noted in the air-
to=-ground voice transcript. There were a few operational problemg such
as the MCC-H spaczscraft communicator heing unable to contact the space~
craft through a station which had not been ingtructed to go remote.
Communications blackout caused by plasma atftenuation during reentry
occurred over a -mimite, 52-second period from 190:44:06 g.e.t. to
approximately 190:47:58 g.e.t.

5.1.2.2 High frequency voice commnications.- The high freguency
(HF) voice communications system, an emergency and back-up system, was
not used for contingency purposes during the mission but was subjected
to several tests. These tests consisted of one revolution each of
ground-to~-air and air-to-ground tone and voice. Analysis of the data
and correlation between the time and position for the air-to-ground
test is incompletz at this time. The tone was received at Cape Kennedy,
Hawaii, and Texas; tone and voice were received at Guaymas; and nothing
was received at California or Ascension. The ground-to-air test, with
Hewail transmitting, was heard by the flight crew only twice, once
approaching Hawaii and conce later near the Canary Islands. They are
unable to fix the times therefore, further analysis is lmpossible.
The times were to have been entered on the spacecraft volce recorder,
which, unknown tc the crew, had falled; therefore, they were not entered
in the Tlight log. HF voice comminication was used several times within
line-of-gight distance of a network station with results comparable to
UHF. Music was played at MCC-H and was received by the spacecraft on
the HF voice link when remoted through various network stations. Al-
though this was not a planned test of the HF system, and very little
data were recorded, it is of interest that the crew reported satisfac-
tory reception during more than half of a revolution when the misic was
being transmitted from the Cape Kernedy and Californis stations.
Figure 4.3~2 shows the point near the west coast of Africa where the
crew reported loss of signal for music transmitted from Cape Kennedy on
revolution 92, 1It also shows where they reported acquisition of signal
off the east coast of Australia for music broadcast frow California
later in the same revolution. The antenna weas not extended after land-
ing; therefore, neither the HF voice nor the direction-finding tone was
transmitted while on the water.

5.1.2.% Radar transponders.- The radar transponder coniiguration
was similar to that of Gemini IV and consisted of a C-band transponder
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in the adapter for orbital use and a second C-band transponder in the
reentry assembly for launch and reentry use. Transponder operation was
very satisfactory with no evidence of abnormsl performance. The space-
craft was skin-tracked in many instances, and these data were used for
ephemeris calculation as required.

5.1.2.4 Digital command system.- Reports from network station
persomnnel indicate that the spacecraft digital command system (DCS)
performed nominally throughout the mission. Shortly after lavunch,
telemetry data indicated a low DCS power supply voltage. The operation
of' the DCS was nol affected, and the measurement returned to normal
immediately following each telemetry calibration. The trouble was ap-
parently in the telemetry system and cleared after about 4 days, after
which the measurement continued to indicate the correct voltage. BSee
section 5.1.3.3 for an explanation of this ancmaly.

Un one occasion during the fourth revolution, a series of stored
program comuands (spacecraft computer updabe) was remoted from MCC-H
through the Texas network station. The series was not Tully received
and stored by the spacecraft computer. At the time the commands were
sent, the telemetry ground gstation had lost synchronization with the
telemetry bit stream, and an oscillograph made from the telemetry video
tape showed that the telemetry ground station sent many incorrect mes-
sage acceptance pulses (MAP's) to the ground acceptance logic circuitry.
This resulted in a continuous MAP and is believed to have caused the
comand words to be sent to the spacecraft at a faster rate than could
be accepted by the DCS. Normally, if the words are sent too fast, each
word 1lg simply repeated until a valid MAP is received. This is believed
to be a problem associated with the airborne telemetry and ground sta-
tion DCS and is being investigated.

5.1.2.5 Telemetry transmitters.- The available dats examined thus
far indicate normal operaticn of all telemetry transmitters. The stand-
by transmitter was switched over to the resl-time telemetry during the
launch phase and early portion of the first revolution, when a problem
exlsted in the pulse code modulstion (PCM) portion of the telemetry
system. Later it was discovered that both transmitters operated equally
as well with real-time modulation. The problem was identified as a

spacecraft telemetry equipment problem and is discussed in section 5.1.5.

5.1.2.6 Antenns systems.- Judging from the performance of the com—
munications systems, all UHF antennas deployed properly at the correct
time and operated normally. The performance of the (C-band radar adapter
slot antenna and the launch and reentry helix systems was satisfactory
ag evidenced by radar performance. The HF antenna failed to deploy

after landing. During tests after retrieval and shipment to Cape Kennedy,
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the antenna deployed properly when energized from the normal spacecraft
power source. L. was also given a leak test and found normel. The
pilot stated that he mey have inadvertently deenergized the control
bus, which supplies power to the antenna extend mechanism, before try-
ing to depley the antenna. The HF orbit antenna mounted on the adapter
deployed properly and was used extensively.

Transmission tests were run during this mission to aid in deter-
mining which of two gystems, the UHF reentry antenna mounted on the
rendezvous radar ground plane or the adapter-mounted UHF antenna, was
more suitable for use in certain orbital conditions such as drifting
flight or low elavation-angle station passes. The analysis of the test
results ig incorplete at this time; however, a few quaelitative results
are evident. (See table 5.1.2-I.) Further data and analyses are neces-
sary to separate the effect of antenna switching on signal strength.

As Far as volce zommunications are concerned, either antenna may be
used for normal station passes during drifting flight. For low-angle
passes below aboat 5°, the reentry antenna is superior for drifting
flight, and the sdapter antenna is betiter with pitch and roll angles
controlled to 5° or less from a 0°, 0° attitude.

UHF test no. L was planned as a worst-case lock angle for the
reentry antenna, with tae reentry antenna pointed away from the tracking
station at the point of closest approach. UHF signals were switched
from adapber to reentry antennsa at 20-gsecond intervals. At the present
time the spacecraft attitude angles have not been reduced from the
telemetry dataj; therefore, it has not been determined whether this test
was representative of a worst case. The telemetry signal strength
recorder charts have not been analyzed. The UHF voice frequency signal
strength varied from 20 to 400 microvolts through the pass. The sta-
tion operator's log lists delayed-time telemetry signal strength as
4 microvolts peak, l.3 microvolts average, and real-time signal strength
as 72 microvolts peak, 25 average. This difference ir maxlmum strength
is explained in that the delayed-~time transmitter was shut off very
early during the pass while the signal strength was still low. A sig-
nal strength of 1.3 microvolts is marginal under average nolse condi-
tions; however, these particular data were excellent. More data must
be examined befcre antennz selection can be recommended.

UHF test nc. 2 was planned as a worst-case lock angle for the
adapter antenna. It was planned that the spacecraft attitude be held
constant with the adapter antenna pointed away from the station al the
point of closest approach. UHF gignals were switched from the adapter
to the reentry antenna at 20-second intervals. This test provided
only limited information for the following reasons. The roll angle
varied as much as 30° from the planned angle, the pltch angle varied
6.5°, and the ysw angle varied 17.5°. Therefore, this was not a worst
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case for the adapter antenna. The test was started about 1 minute later
and ended about 2 minutes earlier than planned; therefore, it was not
run at the longer rangeg and lower tracking antenna-elevation angles,
The operator's log listed delayed-time peak telemetry signal strength

as 13 with an average of 7 microvolts, and a real-time peak of 40 with
an average of 13 microvolts; however, the signal strength recorder chart
wag not available for verification of these values. UHF voice frequency
signal strength was 250 microvolts peak with g 55 average, which is
adeguate.

UHP tests 3 and 4 were planned for passes where the network-station
tracking antenna maximum-elevation angle would be low. Crbit attitude
in pitch, roll, and yaw was to be maintsined at 0° 4 5°. Test % uti-
lized the adaplter antenna with e maxirum tracking antenna elevation of
about 2°. Test 4 utilized the reentry antenna with a maximum tracking
antenna elevation of about 6°. The telemetry signal strength recorder
charts have not been analyzed. UHF voice signal strength was 50 micro-
volts average for test 3 and 30 microvolts average for test 4. The
sdapter antenna was clearly superior under these test conditions; how=
ever, elther antenna provided acceptable commnications. Both real and
delayed-time telemetry signal strengths were low during these tests, as
reflected by the station operator's log. The signal strength recorder
charts have not yet been examined.

2.1.2.7 Recovery aids.- All communications recovery aids operated
normally during the Gemini V mission. The flashing light exbended
normally, was turned on by the crew, and was operating at normal inten-
sity when observed from the alrecraft carrier. The externsl intercommin-
ication jack provided communications with the rescue personnel before
the hatches were opened. The recovery bescon was received at distances
of 80 and 120 miles by aircraft. One recovery aircraft requested and
received three direction-finding transmissions from the spacecraft
UHF voice transmitter. The rescue packs were not opened; therefore,
the rescue beacon transceivers were not used.
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TABLE 5.1.2-I.~ GROUND RECETVED SIGNAY, STRENGTHS DURING

THE SPECIAL UHF VOICE COMMUNICATICNS TESTS

Logged signal strength, microvolts

UHF Tast Maximum tracking i B
antenna © elevation angle, Voice Delayed—tlge Real-time
system no. deg telemetry telemetry

Peak | Average Peak | Average Peak Average
bAdapter d
an

reentry 1 76 400 200 4 1.3 72 2>
b
Adapter and

reentry 2 48 250 22 13 7 Lo 13
Adapter 3 2 - 50 b L 7 6
Reentry Lk 6 - 30 13 7 7 6

aDelayed—time telemelry had been utilized for recorder playback over MCC-C

end was commarded off early

during
T T

each Bermudsa

pass .

- £

AR
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5.1.5 Instrumentation and Recording System

An examination of the real-time and delayed-time telemetry data
available revealed that the following anomalies occurred during the
mission:

(a) Intermittent loss of high- and low-level miltiplexer data
during the ascent and reentry phases.

(b) -Delayed-time data losses during revolutions 30 through 45.

(¢) Intermittent operation of the DCS -18 V de monitor.

5.1.3.1 High-level and low-level multiplexer data logses.- During
the ascent phase of the mission, all low-level and high-level multi-
plexer data were lost from lift-off to 4.6 seconds and from 36.7 sec-
onds to 95.5 seconds. Postflight testing of the spacecraft wiring
revealed a loose connection in the -24 V de return line from the PCM
programer. A loose nut on terminal 4 of terminal block 8 was found %o
cause as much as 50 000 ohms resistance in the line between the -24 V
dec power source and the PCM programer. In vendor tests conducted to
-similate this fault, the low-level multiplexer channels dropped out
first, the high-level multiplexer channels dropped out next and then,
in gome cases, the programer synchronization would be lost as higher
values of resistance were inserted into the -24 V de line to the pro-
gramer. It is algo very probable that data dropouts at mission times
during which thruster firings produced any noticeable acceleration, at
equipment adapter separation, during retrofire, at drogue deployment,
and at inversion to landing attitude were caused by this gsame loose
connection. It is also very probable that the high number of resets
during this mission (11 were confirmed on revolution 3) was caused by
the noise pickup brought on by the impedance change in the -24 V de
line.

5.1.3.2 PCM tape recorder poor dumps.- The guality of the delayed-
time PCM data obtained from the PCM tape recorder for orbits 30 through
45 wag poor. This poor gquality was caused by damsged tape for the first
90 minutes of recording time and a partially magnetized record-playback
head. The partially magnetized head was used throughout the migsion for
both the good and bad portions of the tape: and since good quality data
were obtained from the good tape portion, it can be concluded that the
partially magnetized head alone did not result in poor data, but when it
was combined with the bad tape portion, poor or marginal data resulted.
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An investiga:ion by the vendor revealed that throughout the first
part of the bad tape portion, the iron oxide was missing from the tape
in such a manner —<hat transparent spots were present. The tape is a
mylar-base material with an iron oxide coating. It was alsc discovered
that several raised spots on the record-plsyback and erase heads were
present. These raised spots were no larger than a pinhead, were ex-
tremely hard, and could anot be removed by normal cleaning of the heads
with freon. The fine scratch marks on the tape, pregent in the direc-
tion of tape motion, have been atliributed to scratching of the tape by
the two raised spots on the record-playback head. A chemical analysis
of these raised soots was attempted by the vendor, but was unsuccessful
because of the minute guantity of material available. Further investi-
gation by the vendor into all work, procedures, et cetera, at the vendor
plant prior to the reacceptance of this recorder on July 11, 1965,
revealed that the record-playback head wag realined prior to the ac-
ceptance test and "Loctite” was used to hold the head irn place. Further
testing has shown that this same "Loctite" will weasken the binder which
adheres the iron oxide to the mylar-base tape and the iron oxide will
then peel away. The vendor concludes that "Loctite" must have been
inadvertently splashed on one of the rollers and blotted off as the
tape passed over the roliler, until all "Loctite" was transferred to
the tape. Repeated use of the tape from acceptance test through
revolution 29 cof the mission caused sufficient iron oxide to work loose,
partly cake on the heads, and result in poor data starting with the
revolution 30 dump. The Cape Xennedy telemetry station number 2 (TEL II)
neticed a gradual degradation in the delayed-time data signal starting
with the revolution 14 data dump through the revolution 18 data dump,
even though the quality of the overall data was still good. This sup-
ports the conclusion reached by the vendor that the "Loctite" weakened
the iron oxide binder and the first portion of the tape became degraded
as the iron oxide gradually peeled away from the spots which had been
in contact with tae "Loctite."

The partisl magnetization of the record-playback rmust have re-
sulted from the use of a magnetized wrench, screwdriver, or other tool
either at the vendor or at the launch site. Procedures at both the
vendor's plant and at the launch site are being reviewed to prevent a
recurrence of this problem. By recording both revolutions 46 and 47
and then dumping only revolution 47, thereby shifting operstion to &
relatively unused portion of the tape, good quality dump date were
obtained after revolution 46.

5.1.3.3% Intermittent operaticn of the DCS -18 Vv de monitor.-
The DCS -18 V de monitor read -12,6 V dc throughout most of the
first half of the mission instead of the nominal -18 V de value. The
DCS would not operate if this voltage value were valid, and because
proper DCS operation was being obtained, an inflight calibration of
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the instrumentation system was made when this first appeared. The value
returned to -18 V dc immediately after calibration and then returned to
the -12.6 V dc value after a period of time. After several calibrations,
the voltage reading remained constant at the -18 V de¢ level for the
remainder of the flight., It would appear that the instrumentation pack-
age no. 1 calibrate relay contacts in the -18 V dc monitor circuit were
dirty or making poor contact. By repeated calibrations, either the
relay contacts were cleaned or the contact flexures restored the eirecuit
to normal operation. This equipment was located in the adapter section,
and, therefore, failure anslysis of this intermittent operation cannot
be performed.

5.1.%3.4 Delayed-time dats quality.- BEven though the ground telem-
etry stations reported that the dump data were degraded to only 50 per-
cent usable during revolutions 30 through 45, the edit program data
from computer processing of the video tapes recorded at these stations
confirm a total data loss per revolution on the order of only % percent.
Data for revolutions 30, 32, 33, 34, 35, 3¢, and 37 were computer-
reduced, and resulted in complete loss of 1.0, C.5, 3.1, 3.7, 4.9, 4.5,
and 2.9 percent, respectively. Data were not uniformly degraded over
the entire revolution, the first portion being far more degraded than
the last. (That is, on revolution 37, of the first 15 minutes of
recorded data, 24 .9 percent of the data was extracted by existing pro-
grams; and the maximum that would have been possible to extract, by
extremely difficult manual operations, was probably on the order of
75 percent.) This process was not attempted.

During the period when the onboard recorder was operating over the
bad tape portion, the aforementioned small data losses were tempered
considerably by the recorded bit stream degradation which was not re-
vealed by the computer-processed dats edits. This degradation made
normal processing of the data very difficult because bits in the syn-
chronization word were often affected, and the raw data could not be
recognized for formatting. A few of these periods involved data which
were crucial to evaluation of several spacecraft systems performance
(that 1s, revolutions 32, 33, 34 data for evalustion of the simulated
Agena rendezvous). The guality of the recorded tape on revolutions 33
and 34 was such that MCC-C failed to format it after repeated asttempts,
and the spacecraft contractor was not able to recover significant por-
tions of the data from revolution 33. Tt was only after repeated
attempts and concentrated manual control of reduction equipment that
the data from some of these tape segments were recovered at MSC, Houston.
This effort continued intermittently over a 2-week period before it was
suceessfully concluded. It should be recognized that most of the
delayed-time data for these revolutions was only partially usable and
in some cases completely unusable for playback in irmediate support of
the mission.
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The delayed-time data received by TEL II, Texas, Hawaii, Antigua,
and the Rose Knot Victor (RKV) telemetry ground stations, as well as
the data recovered from the cnboard PCM tape recorder, are summarized
in table 5.1.3-I. This represents the computer processing of 56 data
dumps out of the 116 dumps actually made. For all the ground stations
listed, as well as the onboard PCM recorder data, the usable data ex-
ceeded 98.67 percent, and Tor the onboard PCM recorder alone, the usable
data ‘recovered were G9.60 percent. The slightly lower figure for the
data dumped to the ground stations is attributed to the sforementioned
tape~-recorder problem. The PCM system and the recorder continued to
operate until 190:00:28.4 g.e.t. or 5 minutes 14.6 seconds after landing
when the tape ran out as planned. Data were recorded up to that time.

5.1.%3.5 Real-time data quality.- Table 5.1.3-II lists the real-
time data received by the ETR telemetry range station (TEL II) for
various mission phases. From the columns of total Losses and valid
data, it can be scen that the usable real-time data are more than
99.46 percent for all cases. These figures were also obtained from
the computer-processed edit program to determine usable data.

In this mission, there were a total of 285 parameters monitored,
and data were received on each parameter.
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TABLE 5.1.3-TI.- PERCENT OF USABLE DETAYED-TIME DATA FROM SELECTED STATLONS

Total dats received

Total losses

i i ) Usable
Station Revolutions Duration, Prime (a) data,
hrimin: sec subframes {Prime subframes| Percent percent
Tel IT 1k, 15, 16, 17, 19:49:50 713 898 1 137 1.98 98. 02
18, 19, 32, 33,
L7, 48, Lg, 59,
60; 75} 71") 75)
76, 77, 106,
ije, 117, 118
Texas 1, 2, 18, 19, 06:01:51 217 101 2 0hL8 0.9k 99. 06
zh
REV 9, 11, 23, 53, 12:%3: 00 k51 800 6 728 1. 49 98,51
54, 55, 112,
Hawaii 5, 7, 8, 20, 15:22: 26 552 858 7 031 1.27 98, 73
21, 22, 35, 36,
37, 79, 81,
111
MCC Launch, 1, 2, 09: 06 08 327 677 1 226 0.37 99. 63
3, L, 30, 31
32, 33, 118,
119
Antigus 28, 115 02:38: 13 oLk o925 1 438 1.52 98,48
Onboard 74, 120, 03 bk 07 13k 670 533 0.ho 99.60
recorder reentry
Total £9:14:55 2 492 929 33 151 1.3% 98.67

a.
Based on a computer search of the rew dat

@
by
O
[+
o
Lo}
o]

4 telemetry 8-bit binary words.
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TAELE 5.1.3-IL.- PERCENT OF USABLE REAL-TIME DATA RECEIVED BY TEL II
evolution Total data received Tota%@;osses Usable aata,
Duration, Total master Master percent
sec frames Pramnes Percert

Taunch 184 5 756 2 0. 0% g9, 97
1-2 374 1h 975 7 0.05 99.95
P 340 1% 611 b 0.0% 99.97
14-15 z5h 1 138 2 0.01 99. 99
15-16 up8 17 137 L 0,02 99.98
16-17 L0Y 16 339 13 0. 08 99. 92
17-18 Lipg 17 138 2 0.01 99. 99
18-19 438 17 502 0.0k g9, 96
29-20 396 15 855 .03 99.99
30-31 430 17 181 0.0k 99,96
31-%2 bk 16 5kO 1k 0,08 99. 92
30-33 bz1 17 221 93 0.5k 99. 46
3%.3) hit 16 455 e 0,01 99, 99
43-lih 377 15 059 15 0.1C 99.90
NI W7 19 085 82 0,43 99.57
L5485 Lé&1 18 8 2 0.01 99. 99
48-kg 400 15 983 ko 0.31 99. A9
58-59 437 17 463 11 0,06 99. ok
T3-Th L78 19 102 0 0.0 100, 00
Th=-75 L86 19 hop 18 0.09 99,91
89-90 32% 12 92k 0 0. 00 100, 00
102-103% 365 1h 614 63 0. 43 99.57
107-108 387 15 Lok %D C.21 99. 79
b1po.121 100 3 980 1 0.0% 99. 97

a
Based on @ computer search

8-bit binary words.

bPreblackout.
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5.1L.4 Environmental Control System

The performance of the environmental control system (ECS) was
within specification during all phases of the mission. The cabin preg-
sure regulator relieved at 5.8 psid during launch and closed off at
5.6 psid. Cabin pressure then decreased slowly to 4.9 psid shortly
after insertion and was automatically controlled at this value for the
rest of the mission. The launch cooling heat exchanger performed asg
expected with no apparent freezing. The spacecraft yaw resulting
from the water boller exhaust observed on GT-3 flight was experienced
during Gemini V until 45 minutes g.e.t., at which time the radiator
outlet temperature dropped to a sufficiently low value for the launch
cooling heat exchanger to automatically stop functioning. Suit inlet
temperatures varied between 47° ¥ and 60° F; cabin temperature was
89° F at lift-off and varied slowly between T0° T and 80° F during
orbital flight.

The space radiator and coolant loop maintained excellent thermal
control throughout the mission. When the reactant supply system (RSS)
problem dictated a severe reduction in power, resulting in abnormally
low thermal loads, the temperature control valves maintained normsl
coolant temperatures. This demonstrated the control capability of the
coolant system over an extremely wide variation of thermsl conditions.

When suit inlet temperatures were below 50° F, the crew reported
being so cold that they had to restrict cooling from the suit heat
exchanger to a minimum and change the suit configuration in order o
maintain comfort. Minimum sult heat-exchanger cooling was accomplished
by combined use of the coolant control valve and the suit-flow control
valve. Adjustment of these control valves corrected the discomfort of
the pilot but not the command pilot. Donning of the wrist dams by the
command pilot so as to have the same suit configuration as the pilot
(that is, helmet and gloves off with wrist and neck dams on) resulted
in satisfactory comfort level for both crewmen.

The only molsture observed in the cabin during flight was on the
window pane. This occurred only when the crew exhaled in the near
proximity of the window and when the spacecraft wag tunbling. Cabin
relative humidity indicated between 53 and 72 percent throughout the
migsion. For these readings, however, the wet bulb readings varied
from 58° F to 67° F with an average depression below dry bulb of 12.4° ¥,
Large depressions of this magnitude in wet-bulb temperatures are diffi-
cult to obtain, and the depressions were probably greater than indicated;
thus the true cabin humidity was probably less than that reported. This
was substantiated by the excessive drying of the skin, in particular,
the finger nails and scalps of the crew.
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The drinking water system provided the crew with a sufficient
amount of cool drinking water; however, despite efforts to perform
vacuum servicing with deaeriated water, the water still contained gas
(although much less than on Gemini IV). Servicing procedures will be
reviewed prior to Gemini VI in an effort to further reduce the amount
of gas inclusion.

The crew reported a reading of 1 mm Hg on the carbon dioxide
partial-pressure indicator for a short pericd. This change from zero
is within the limits of =ccuracy for this sensor, and the actual CO,

partial pressure was verified as being less than 4 ym Heg by the use of
hand-held tapes. The indicator later returned te O mm Hg for the
remainder of the mission. (The 2 mm hand-held tape window malfunctioned. )

In an effort to explain the eye irritation experienced by the
Gemini IV crew, examination of the flight clothing indicated small
amounts of lithium from the lithium hydroxide container. The Gemini V
crew reported no eye irritation. A partial examination of the crew's
underwear revealed only traceg of lithium. Tests are being conducted
to permit an estimate of the total amount of lithium hydroxide which
came out of the lithium hydroxide canister. Results to date indicate
the quantity will be below the specification limit of 0.18 mg/hr.
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2.1.5 Guidance and Control System

5.1.5.1 Bummary.- Table 5.1.5-1 lists events significant to the
guidance and control system. Inertial guidance system {IGS) perform-
ance wag excellent throughout the flight, and none of the anomalies or
malfunctions experienced on previous missions were exhibited. The on-
board radar performed nominally during the rendezvous evaluation pod
(REP) exercise and on the first pass over the ground transponder located
at the Merritt Island Launch Area (MILA). On three subsequent passes,
the digital range readout failed to indicate correctly (see
section 5.1.5.%4.2) although nominal lock-on indications and pointing
data were received. Performance of the control system was excellent
with the exception of an apparent failure of the primary horizon sen-
sor (see section 5.1.5.4.1) and the progressive loss of thrusters late
in the mission. WNo evidence of incorrect performance of the system in
the new "platform" mode (as reported by the crew in section 7.1.2) has
been found in the data available. The reentry miss was caused by an
incorrect ground update of the onboard computer.

5.1.5.2 1IG8 performance evaluation.-

2.1.5.2.1 Ascent phase: The IGS pitch, yaw, and roll steering
signals are shown in figure 5.1.5-1. Superimposed on these guantities
are the steering signals from the primary guidance system along with
the upper and lower IGS limits which were generated by assuming nominal
operation of the primary guidance system. The following is a brief dis-
cussion of the steering signals with respect to stage I and stage II
flight. 1IGS performance during the ascent phase was excellent.

The difference in the roll steering commands between the two guid-
ance systems just prior to BECO was about 1.2°. Gimbal cross-coupling
contributed at least 0.6° and roll misalinement or programer deviations
about 0,2° more. The remaining difference of 0.4° was probably & Gemini
launch vehicle (GLV) three axis reference system (TARS) roll gyro drift.
The offset of the roll steering command from the primary guidance system
of 0.4° to 0.6° during stage I indicates an engine misalinement on the
launch vehicle.

The difference in the yaw steering commands between the two guid-
ance systems was about 0.5° at BECO. Gimbal cross-coupling again con-
tributed at least 0.3°, with the remaining 0.2° probably caused by
initial misalinement and TARS gyro drift. The effect of an offset
center of gravity was very pronounced on this flight, as indicated by
a 1.0° shift at staging from both systems.

At BECO there was a 1.2° difference between the two pitch steering
commands which included an initial misalinement of about 0.2° between
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the two systems and another 0.2° due to a 0.25-second early IGS pitch
step. The remaining 0.8° was probably a pitch programer deviation or
a TARS pitch gyro drift, or both., The 0.5°-shift at BECO of both
steering signals again indicates a large center-of-gravity offset.

The behavior of the IGS pitch steering command during stage II
was near nominal, The deviations observed at about 225 seconds and
285 seconds were normal reactions to changes in steering logic at
these times., The IGS yaw steering command was also near nominal until
about 320 seconds when it started a slow deviation to about -1.0° at
SECO. This was probably the effect of an out-of-plane velocity deviation
between the two systems since the IGS indiecated a 10 ft/sec out-of-
plane velocity at SECO, The steering command was derived by dividing
the out-ofwplane velocity by an effective time-to-go to SECO. As the
vehicle approached SECO, this ratic diverged as did the steering com-
mand, At about 336 seconds (during sustainer tailoff) the IGS yaw
command shifted approximately 2.0° from about -2.6° to about -0.6°.
This was the result of a Math Flow no. 6 programing error and has been
corrected for all subsequent flights.

After the gimbal cross-coupling and other deviations during stage I
were subtracted from the roll steering command in stage II, the remainder
of the difference between the two guidance systems was representative of
s TARS linear drift of about 5.0 deg/hr.

Both azimuth updates were received with flight reconstruction simu-
lations indicating the following values for platform misalinement:

Platform release, deg . + « « + « « » 0.0
After first update, deg . . . .+ . . . =0.27
After second update, deg . . . . . . =0.20

This misalinement is well within the specified 3¢ value of 0.75°.

IT guldance switchover had occurred early in stage II operation,
the SECO conditions would have shown the following deviation from
nominal: 3.0 ft/sec in velocity, 0.02° in flight-path angle, and
700 feet in altitude. This deviation would have resulted in an apogee
of 192.7 nautical miles and a perigee of 86.9 nautical miles. The pro-
graming error in the IGS computer mentioned previously essentially
eliminated the effect of yaw gimbal-angle movement in determining the
yaw attitude error between SECO + 3.5 seconds and SECO + 20 seconds.

As a result, if a switch to backup guidance had occurred, vehicle yaw
attitude and yaw rate at separation would have been incorrect and would
have caused approximately a 1.0 ft/sec out-of-plane velocity error.
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The incremental velocity indicator (IVI) display, as actually com-
puted by the onboard incremental velocity adjust routine (IVAR), was
reconstructed by using IGS navigational and gimbal-angle data, The
crew reported readings of 2 ft/sec forward, 13 ft/sec right, and 2 £t/
sec down, which approximete the readings calculated near the end of the
roll maneuver. Table 5.1.5-IT shows the values of the reconstructed
IVAR parameters in their final computation cycle as compared with the
actual final values obtained in the prelaunch mode through the data
acquisition system (DAS). The increase in the computed required incre-
mental velocity along the YS/C axis was the result of the sgpacecraft

being inserted with a measured out-of-plane velocity (combination of
slight errors in both the RGS and IGS) and an increasing oub-of-plane
IVAR correction being required to achieve the desired orbit plane,

If the IVAR had been used on this flight, following the separation
maneuver, the IVI's would have displayed 1.7 ft/sec forward and 11.5 ft/
sec out-of-plane velocity corrections in component form. When the piteh
and roll attitude errors had been nulled, the IVI's would have displayed
2 ft/sec forward and 12 ft/sec right with the yaw attitude error needle
indicating a limited yaw-right maneuver. To null the vaw attitude
error, the spacecraft would have yawed about 80° right, and the resultant
correction of 12 ft/sec Torward would have appeared on the fore and aft
window, Driving this 12 ft/sec reading to zero would have changed the
in-plane velocity about 1.7 ft/sec resulting in an apogee of about
1.0 nautical mile higher than actually achieved and would have "corrected"
the erroneous out-of-plane error by about 11.5 ft/sec. Relatively no
velocity change at apogee Vép would have been required to reach the

desired perigee of 87 nautical miles.

Performance of the inertial measurement unit (IMU) was excellent
during the ascent phase, with none of the malfunctions that had occurred
on previous flights. Telemetry data were of usable quality except for
a 38-second drop-out starting at L0 + 48 seconds. The GF final tracking
data were adequate for quick-look analysis until LO + 280 seconds, at
which time the vertical component became very noisy because of the de-
creasing elevation angle. The missile trajectory measurement (MISTRAM)
10K tracking data agreed with the GF data within 1 ft/sec up to
LO + 280 seconds when it also became noisy, particularly in the vertical
component. MISTRAM 100K data were poor since the P-calibrate channel,
used to correct the vertical velocity component, did not continuously
update and appeared to drift after RECO.

As a result of the noisy tracking data the velocity errors at SECO
were difficult to estimate, especially since the IMU contribution was
lower than the noise level. The present best estimate of these errors
is given in table 5.1,5=I1I. These guantities were obtained from
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position and velocity comparisons by using the present best estimate

of the trajectory as a reference. In this table the IMJ error is made
up of gyro and accelerometer errors. The navigation error results from
various approximations within the airborne computer. The vertical
velocity navigation error was larger than on previous flights because
of a scale-factor timing errcr of some sigﬁificance. An estimate of
orbital injection parameters at SECO + 20 seconds from the IGS and
other sources is given in table 5.1.5-TV.

The telemetry drop-out, tracking data noise, and small IMU errors
mentioned previously made retrieval of IMU error coefficients difficult
and questionable., Tigure 5.1.5-2 contains velocity comparisons between
scaled and biased IMU accelerometer count data and external tracking
sources, The indicated errors can be largely accounted for by using
the error coefficients obtained in preflight testing. The error coef-
ficients shown in figure 5.1.5-3 are relatively stable, especially those
which induce large velocity errors. A preliminary engineering estimate
of gyro and accelercmeter error sources which caused the veloeity errors
at SECO are given in table 5.1.5-V, along with those resulting from a
preliminary error ccefficient recovery program (FCRP) run. The large
values of accelerometer bias and scale factor listed in the ECRP column
are compensating and probably result from an inexact mathematical error
model. Preflight and inflight calibrations of these parameters show
values within specifications., Also included in table 5.1.5-V are those
errors which the preliminary analysis indicates are contributed by the
ground trackers,

5.1.5.2.2 Orbitel phase: Approximately 40 hours of operation were
accrued on the IMJ on this flight with no evidence of anything but nom-
inal operation. Twice during the flight, accelerometer or afttitude mal-
function indications were received by way of telemetry. Because either
of these indications turns on a warning light in the cockpit which must
be reset, and since the crew neither saw nor reset elther of the lights
at any time, the occurrences have been attributed to erroneous bi-level
telemetry discretes.

Inflight tests to determine the three accelerometer biases were
conducted over different tracking stations. The tests consisted of
counting the acceleromeber accumulated pulses (counts over a period of
time) and are shown in figure 5.1.5-4%, along with the envelope within
which the bias is considered acceptable. The Xp and Yp accelerometer

bias values were very stable during preflight testing and during flight.
The Zp bias varied about the compensated value espproximately £+ % the
paremeter shift specification. This erratic behavior of the Zp accel-

erometer bias was observed during preflight testing, with variations of
approximately the same magnitude as those noted during the flight.
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A summary of platform alinements is presented in table 5.1.5-VI,
where the significant performances of the platform and horizon sensors
as controlled by the crew are shown., The results presented in this
table, combined with the absence of any torquing currents at the con-
clusion of the operations, indicate the accuracy of the alinements.
Sensor and gimbal-angle data may be directly compared in pitch and
roll; however, the yaw alinement accuracy may only be determined by
observing the effect of orbital travel. At 90° of orbital travel from
the alinement termination, any yaw misalinement will propagate into s
roll error. This method was used following the termination of the
00:17:25 g.e.t. and 00:55:20 g.e.t. alinements to determine vaw mis-
alinements of -3° and 1°, respectively,

All arrangements of the gimbals were exercised during this mission,
that is, for the small-end-forward (SEF) configuration, both 0°, 0°, 0°
and 180°, 180°, 180° gimbal orientations were checked. From the dats
available, no evidence has been found to substantiate reported crew
statements of poor alinement in the platform mode. Several alinements
were made in this mode and all available results indicate that aline-
ment accuracy was comparable to SEF or blunt-end-forward (BEF) aline-
ments, During the final orbit, prior to retrofire, the platform was
continuously alined in BEF by using the reentry control system. The
accuracy during this alinement, as determined both From telemetry data
and crew observation, indicates that no problems were associated with
the use of this mode,

A summary of translation thrusting activity is included as
table 5.1.5-VII. The applied velocity changes were calculated from
accelerometer data in all cases except the coelliptic maneuver during
which the telemetry data were unreadable, Agreement between the applied
velocity changes (accelerometer readings), the IVT readings, and the
planned guantities is shown to be close except during separation from
the launch vehicle when no attempt to be precise was made. Again, as
on Gemini IV, a larger than nominal acceleration was experienced at
separation, caused by the "pop gun" effect as the spacecraft moved away
from the launch vehicle. Two of the translations, the first apogee ad-
Just and the phase maneuver, were performed in the platform control mode.
Attitude was held within 1.5° which is comparable to the control main-
tained in rate command for the other maneuvers. An attitude error of
this magnitude, if held coumstant over a 20 ft/sec thrust, would result
in a cross-axis AV of the order of 0.5 ft/sec. Additional cross-axis
AV would accrue from attitude thruster activity counteracting distur-
bance torques caused by the offset center of gravity. The platform was
accurately alined prior to the translations; therefore, the cross-axis
AV's reported by the crew must have been caused by a combination of
these effects.
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The flight zrew report of counting of the TVI's has been verified
as normal operation in the circumstances involved. At some time pre-
vious to the occurrence, the computer mode had been allowed to dwell in
the "Ascent" position longer than 1.25 seconds which caused the com-
puter to calculate an IVAR correction., Subsequently, when the "start
comp" button was pushed after switching to the "catch-up" mode, the
IVI's displayed this computed quantity which was meaningless.

The onboard computer operated properly throughout the Flight and
responded correctly to the inputs received, No evidence of difficulty
in turn on or turn off was noted,

On the fourth pass over Texas at 6 hours 15 minutes g.e.t. an
attempt was made to update the computer through the digital command
system (DCS) with the revolution 6, area 4 reentry load. Subsequent
verification indilecated that four of the nine memory locations involved
(every other word) had failed to update and still contained the pre-
vious load. Preliminary investigation reveals that the update message
was most probably sent continuously, which is too fast to be properly
received and transferred to the computer, therefore allowing only every
other word to be entered., A loss of synchronization in telemetry caused
an improper message acceptance pulse (MAP) to be retained in the ground
station computer, thus allowing each word after the first to be trans-
mitted before the preceding word had been transferred from the DCS to
the on~board comouter, Because of the danger of attempting a reentry
with an erroneous update, a change in procedure or logic is indicated
which would preclude such an occurrence or reduce the probebility to
an acceptable level.

The radar demonstrated normal operation when turned to standby
prior to REP ejection. REP ejection was normal with a predicted slow
tumble rate observed. When the radar was turned on, the REP was immedi-
ately acquired with the range, range rate, and angle-measuring functions
of the radar performing properly. Range and range-rate information was
properly displayed on the indicator, and azimuth and yaw angles to the
REP were displayed on the flight director indicators (FDI). The radar
determined digital range and angle information and correctly transferred
this information to the spacecraft computer. Telemetry provisions were
not included in the REP; however, based on the review of the radar
data, all REP functions were performed. There was no evidence that
the radar system functions were disrupted or degraded due to any
oround~baced ron-intenticral interference sources. The radar continued
to function normally until the system was turned off at 2 hours 13 min-
utes g.e.t. when the REP exercise was terminated.
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Figure 5.1.5-5 shows the telemetered rendezvous radar range,
azimuth and elevation oubputs starting at 2 hours 16 minutes g.e.t.
(Prior to this time the computer was in prelaunch mode in which the
digital radar data are not telemetered.) Alsc shown is an estimate of
range based on relative trajectory calculations. This estimate includes
the effect of AV's acerued by the spacecraft during the 180° yaw ma-
neuver performed after REP eject and during the first 9 minutes of track-
ing. Agreement between the estimated and calculated ranges 1s seen Lo
be excellent for the first 14 minutes. After the computer was switched
to catch-up mode the effect of AV's accruing from attitude control
could no longer be accounted for because the "Start Comp"” button was not
pushed and the telemetered accelerometer outputs were held to zero. The
divergence of the telemetered and calculated ranges after 2 hours 30 min-
utes g.e.t. is probably caused by these unaccounted for AV's. The
azimuth and elevation angles are seen to stay near zero until about
2 hours 25 minutes g.e.t. when rather large excursions, first in azimuth
and then in elevation, cccur. These excursions are reflected in the
gimbal angles for this pericd indicating that the REP was allowed to
drift off boresight. It is probable that the crew became preoccupied
with the fuel-cell oxygen supply problem and could no longer give full
attention to the tracking exercise.

The rendezvous radar was also exercisgsed under long range conditions
by tracking a transponder loccated at the KSC Radar Boresight Facility.
Table 5,1.5-VITT lists the lock-on and loss of target times and ranges
for the four tests performed, During the first pass the platform was
powered down and, therefore, accurate angle data are unavailable.

Figure 5.1.5-6 shows radar range Tor the first pass guperimposed on
range computed from trajectory data and indicates performance accuracy
within design limits. On the three subsequent passes, the radar digital
range output was inoperative (see section 5,1.5.4.2 for discussion); how-
ever, angle data were cbtained. Figure 5.1.5-7 compares azimuth and
elevation angles for the second pass based on radar and gimbal angles
with those generated from trajectory data. The differences shown can

be attributed to normal servo-dynamic lags which occur when spacecraft
angular accelerations are present. Analysis has shown that the lags
expected on a rendezvous mission will cause no difficulty.

The relatively low acquisition range on the second pass is unex-
plained but could have been caused either by an improper pointing angle
or by ground-based interference. The spacecraft at that time was nesr
th= point of closest approach. Prior to this time intermittent lock-on
necurred gimilar to that which would be produced from inberference.
1foer s0lid lock-on was achieved, the angle function operated normallv
Cround-based interference is considered an operational problem peculiar
Lo this type of test and not a hazard for a normal rendezvous mission.
During the third pass, the local test environment was closely observed,
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and measures were taken to reduce interference sources. As seen, lock-
on was achieved at 550 nautical miles.

Because of the transponder set-up, a 3 db signal-to-noise advantage
was realized. Lock-on range adjusted for this advantage would have been
about 250 nautical miles.

On the third pass, the radar was turned on and off five times in
an attempt to determine whether the radar was locked on to a false null
or to an interfering signal, It was subsequently verified that the
transponder was being tracked on the true null,

The fourth and final pass was performed in drifting flight.
Results were normal for this type flight with lock-on occurring within
the expected angular limits. As shown, the relatively low loss-of-
track range was due to the radar being turned off early.

Throughout the perlods of radar operation, circuit, power, and
temperature indicatlons were nominal., System pressure, howevaer, indicated
an excegsive leak rate as discussed in section 5.1.5.4.2,

One other test to determine the effect of cutside ground inter-
ference was conducted by tracking the spacecraft with a space acquisi-
tion detection and tracking system (SPADATS) tracking radar while the
rendezvous radar was operating. Although all telemetry data are not
available as yet for verification of this test, the flight crew reported
no cockpit indications of interference.

5.1.5.2.3 Retrofire — reentry phase: The IGS operated properly
throughout the retrofire-reentry phase., Retrofire velocity was close
to nominal as indicated in table 5.1.5-IX and caused a footprint shift
of approximately 5 nautical miles.

From retrofire to an altitude of %00 000 feet, a 0° bank angle
(maximum 1ift) trajectory was flown as planned, At the proper time
(190:42:04 g.e.t.) the computer commanded a 60° right bank angle, and
at 190:44:20 g.e.t. begen to generate a predicted half-1ift range. The
density altitude parameter at this time was 8.75786 (nondimensional)

which is the value associated with an acceleration of 1.0 ft/sec2 and
indicates a proper entry intc the guidance logic,

At this time the computer commanded a 90° bank angle which was
followed for a time by the flight crew. This angle was generated prop-
exlv by the computer in response to an erroneons updatc (sece
sectlion 6.2.2,2,1) prior to retrofire. As a result, at retrofire the
longitude used by the computer was 7.89° east of the actual spacecraft
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longitude. This longitude error caused the compuher to continucusly
predict an overshioot in excess of 250 nautical miles. The command for
& 90° bank angle was displayed until 190:48:21 g.e.t. when an overfiow
occurred in the computer and the commanded angle went to zero., The
overflow resulted when the normslized downrange error used in the
bank-angle command equation exceeded the overflow value of £128,0 and
was caused by the erroneous update. This overflow would not occur
under normal operating conditions.

The 90° bank angle was flown until aspproximately 190:47:20 g.e.t.
when the flight crew, seeing no movement of the downrange needle, cor-
rectly assumed that the computer was giving invalid indications, and
began to fly ground-computed backup bank angles, By this time, however,
the maneuvering capability remaining was insufficient to overcome the
downrange error already accrued. At 190:48:58 g.e,t. and a density
altitude of 4.6132 the computer correctly terminated guidance,

Table 5.1.5-X conbtains a comparison of the actual telemetry dats
with those reconstructed after the flight using the DCS update, gimbal
angles, spacecraft body rates, and accelercmeter ocutputs. This table
indicates close agreement between the sets of date and demonstrates
proper functioning of the reentry mode of the onboard computer.

The IGS computed position {compensated for the update error) at
drogue deployment was 4.8 nautical miles from the actual touchdown
coordinates obtained from recovery. The IGS navigated altitude at
drogue parachute deployment was approximately 3.78 nautical miles lower
than that obtained from ground tracking. These navigation errors are
within the variation expected because of initial condition uncertainty,
IMU misalinement, and IMU compcnent errors. The spacecraft landed
89.25 nautical miles short and 19.67 nautical miles to the right of
the ground track.

The flight crew reported that the downrange error needle on the
FDI indicated full scale on the low range but something less than full
scale on high range. Because the telemetered computer autput of the
guantity used to drive this display was such that full-scasle deflection
should have ocecurred on both ranges, a possible discrepancy exists. Tt
has been determined that "full scale" on the FDI is represented by a
deflection of 0.875 inch, whereas the mechanicsal stop occurs at something
more than 1 inch. It is probable that the low range indication was
actually more than "full scale" and caused an apparent difference in
readings between the ranges. Tests are being conducted on the flight
hardware to determine deflection when driven by the actual voltages
indicated by telemetry.
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5.1.5.3 Control system performance evaluation. -

5.1.9.3%.1 Attitude control and maneuvering system: The attitude
control and maneuvering system was activated 357 seconds after 1ift-off
with the firing of the two aft-firing translation thrusters. Actual
spacecraft separation commenced 0.4 second later with attitudes of -21°,
-2.5%, and 90° in pitch (referenced to the launch pad horizontal), yaw,
and roll, respectively. The spacecraft body rates and attitude control
commands during this pericd are shown in figure 5.1.5-8. ‘Ihe crew
switched to "rate command", and then thrusted forward again for 3.5 sec-
onds. The rate command mode immediately damped the 1.1 deg/sec pitch
rate, the only significant spacecraft rate existing at that time. At
364 seconds after lift-off, 0.5 second after the second translation
thrust was initiated, the roll to heads-up attitude maneuver was initi-
ated. o contact with the launch vehicle was experienced and a clean
separation was achieved. A control mode check lasting 1% seconds was
performed at 00:26:05 g.e.t. which verified the operation of the "direct”
attitude control mode.

Since the retrofire meneuver and reentry were to be performed using
the ring A and B thrusters, an RCS control mode check lasting 15 seconds
was performed beginning at 188:28:55 g.e.t. Rate command mode was
checked by using first the ring A thrusters, then the ring B thrusters.
Proper control system performance was verified in each case. No con-
trol torques could he caleculated for either check because of the short
firing times of the thrusters, telemetry dropouts, and/or noisy datay
however, in each case, the -correct thrusters fired and spacecraft re-
sponse was proper for every command.

As mentioned previously, the operation of the control system in
"platform” mode appeared normal., At least two good platform alinements
were performed in this mode as well as two translation maneuvers. Ilo
evidence of the crew report of "sloppiness" could be seen. To check
further on this discrepancy, however, a postflight test was conducted
on the attitude control electronics (ACE) and the dead bands were within
the specification limits.

The first detfinite indication of a thruster failure occurred
during pulse mode attitude control at 75:16:31 g.e.t. The command pilot
ccmmanded a roll right (TCA 3 and 7) but the rate gyrc signals indicated
the spacecraft response to the command was a roll right and a yaw left.
Following the roll-right command, yaw-left, roll-right, and yaw-left com-
mands were sequentially generated and rate gyro indications for each com-
mand indicate similar thrust forces from TCA 7. Because the TCA firing
indications on telemetry are actually measurements of voitage to v
thruster solenoid valve drivers, it is apparent that the control system:
vas operating correctly.
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During revolution T5, beginning at 117:41:20 g.e.t., a series of
at least 12 commands were generated while the attitude control and
maneuver electronics (ACME) were operating in the pulse mode. Resultls
summarized in the following tabulation indicate that thrusters 6 and 7
were not firing, or were fTiring at a very low thrust level.

Command Spacecraft response E;gizzigiA ACEEiiSfGA
Pitch up Piteh up and roll right 5 and 6 5
Piteh downj Pitch down 1 and 2 1 and 2
Roll right| Roll right and yaw right 3 and 7 3
Roll left | Roll left b and 8 L and 8
Yaw right | Yaw right 3 and b4 3 and 4
Yaw left Yaw left and roll left 7 and 8 8

A similar investigation was made beginning at 142:59:00 g.e.t.

Attitude control mode was "pulse", and yaw logic was used to generate
roll commands. Results summerized in the following table indicete
that TCA 4 was not firing and TCA 2 and TCA 6 were firing with less
than full thrust, but TCA 6 greater than TCA 2,

a apacecraft response Proper TCA | Actual TCA
Comman P P operation thrust

Pitch up Pitch up and small roll 5 and 6 5> 6
right

Pitch down | Pitch down and small 1l and 2 1> 2
roll right

Roll right | (No roll right commands - -
were generated)

Roll left | Roll left and small 2 and 6 6> 2
pitch up

Yaw right | Yaw right and roll 3 and 4 3 only
right

Yaw left (No yaw left commands - -
were generated)
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The retromaneuver wes performed in the rate command mode using
both RCS rings. Piteh attitude was held within +£2°, yaw between 0° and
-5°, and roll between Q° and -8.6°. At 190:29:55 g.e.t. (2 minutes
12 seconds after retrofire) control was switched to pulse mode, RCS
ring B was turned off, and the initial reentry attitude was assumed.
This state was heid until 190:41:53 g.e.t. (approximately 400 000 feet
altitude) when the ACME mode switch was placed in rate commard and the
ring A ACME-Direct switch was placed in Direct. Manual damping of
pitch and yaw oscillations was performed with maximum rates of approxi-
mately 1 deg/sec until about 190:45:06 g.e.t. (approximetely 0.3g and
260 000 feet altitude) when the oscillations began to increase and the
ring A ACME-Direct switch was rebturned to ACME. Rate commasnd mode wag
vtilized throughout the remainder of the reentry. Maximum rates experi-
enced prior to drogue parachute deployment were approximately 2.5 deg/sec
in both pitch and yaw, a much lower wvalue than those experierced in pre-
vious reentries. Control authority was more than adeguate throughout,
even though only one RCS ring was energized and the relsatively tight
rate commend dead bands were in force. After drogue pearachute deploy-
ment, RCS control was switched to both rings A and B where 1t remained
until power down. Figure 5.1.5-9 summarizes significant control param-
eters during the period prior to drogue parachute deployment.

5.1.5.%3.2 Horizon sensor: The horizon sensor control mode was
used extensively throughout the flight, and generslly exhibited excel-
lent performance. Some cases of sun interference were identified, as
were cases of loss-of-track due to high frontal clouds, and some around
a typhoon in the Pacific Ocean. As mentioned previously, sensor oub-
puts were used to aline the platform several times with good results in
each case. The primary sensor apparently failed sometime after the
second day (see section 5.1.5.4.1 for discussion) when spurious pitch-
down pulses were reported by the crew. Operation was continued using
the secondary sensor for the remainder of the flight. No further diffi-
culty was experienced.

5,1.5.4b Anomalies.-

5.1.5.4.1 Horizon sensor malfunction: During the third day, the
crew reported that the primary horizon sensor appeared to cause a
15° pitch-down platform alinement. Secondary sensor operation at this
time was normal. A speclal test was conducted on revolution 62 to
attempt to establish sensor operational status. After alining care-
fully to 0° pitch, 0° yaw, and 0° roll, the primary sensor was turned
on and the control meode switched to HORSCAN. The spacecraft pitched
down to -35° when the loss-of-track light came on. The crew then took
over and started a slow pitch-up rate toward the horizon. The HORSCAN
mode was tried again, and the same action was repeated. Subsequent
analysis of telemetry data during this test shows that the sensor outputs
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rema.ined near null throughout the test and d4id not follow the ginbal
rotations as they would in normal operation. TILarge variations from
null ocecurred only during periods of loss or reacquisition of track.
The postflight data examined to date indicate that the instrument nay
have failed as early as revolution 30 when the outputs resembled those
during the test just described.

The two sensor electronic packages (the sensor heads were Jjettisoned
prior to reentry) were returned to the vendor for failure analyses.
After cleaning, drying, and a thorough resistance check, the primary
unit was subjected to a modified pre-delivery acceptance test. A quali-
fication unit sensor head was mated to the electronics package. To
date the tests have not revealed any fault in the primary electronics,

The fact that both pitch and roll axes were affected tends to ab-
solve the signal-processing loops. The apparently norwal operation of
the track loops reduces the malfunction area to those components affecting
sensor head azimuth motion., A geometrical study is underway which will
help determine whether sensor head azimuth motion was improper and caused
the gystem to act as a point tracker.

5.1.5.4,2 Radar range malfunction: During the second and subse-
quent passes over the transponder located at KSC, the radar failed to
read out digital range above a count of 24 800 feet. Analog range in-
dications were normal although somewhat inconclusive because the sctual
range was greater than the meximum analog range indication of 500 000 feet.

The rendezvous and reentry section was not recovered; therefore,
the failure analysis must be purely analytical, Possible failure causes
examined and rejected include outside interference, spacecraft induced
RFI, and spurious osecillation Ffrom the crystal oscillator in the range
counter circuit. The onboard computer interface was also considered
and ruled out because range, azimuth, and elevation are processed seri-
ally over the same circuits and all but the range data was normal. The
most likely cause has been determined to be z failure in the tenth stage
of the shift register which functions as & counter to measure range and
as & shift register to transfer angle data. The maximum range count
obtainable from nine stages of this register is 24 800 feet, the value
seen in each of the irregular passes. Tenth-stage failures which could
nave caused the malfunction include a grounded clock-input transistor,
an open in one of five soldered or welded connections between the ninth
and tenth stages, or an open in one of two dicdes, resistors, or capaci-
tors in the tenth-stage multi-vibrator cireuitry. One of these possible
failures, the grounded clock-input transistor, was incorporated into a

UNCLASSIFIED



5-34 UNCLASSIFIED

digital pack by the radar vendor and the resulting performance matched

that during the mission. Component reliability and hardware test pro-

cedures are being examined in an attempt to preclude recurrence of thig
failure,

A second, unrelated aromaly has been detected in the radar data
and 1s being analyzed., The maximum allowable pressure leak rate of
0.2 psi/day was exceeded after T2 hours g.e.t. when an increase to
1.0 psi/fday was noted. The cause is unknown at this time.
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IABLE 5.1.5-I.- SPACECRAFT GUIDANCE AND COI\TTROL SUMMARY CHART

Ground elapsed time,

sec Component Status Remarks
hotal 7 Event
Planned cLua. ctual ACME Computer| IMU| Horizon sensor |Redar
RGS IGS
10.16 10.13 10,34 3tart roll program TGS backup | Ascent |Free| Search (primary) off
20. 48 20.45 20.28 Roil program complete | ICS backup| Ascent |Free | Search (primery) | OFf
23,04 23. 09 22.80 Start nc. 1 pitch ratel IGS backup | Ascent |Free | Search (primery) | Off
. . 88.0 o ‘
88.32 88.35 2 End na. 1 plt?h’ IGS backup| Ascent |Free | Search (primary) Off
Start no. 2 piteh
104, 96 10k, 97 10k, 72 No. 1 gain change TGS backup | Ascent |Free| Search (primary) | Off
105.00 105. 00 104.91 to 107.4: Ino. 1 TGS vpdate IG8 backup; Ascent |Free| Search (primery) Off
119.04 . 119.28 . i
9-9 119.06 9 _gzgriono? glggzéh 1G5 backup| Ascent |Free| Search {primary) off
145,00 145, 00 143,70 to 146.21 |No. 2 IGS update IGS backup| Ascent |Free | Search (primsry) | Off
154,83 15k, 55 - No. 2 gain change IGS backup| Ascent |Free | Search (primary) | Off
162.56 162.61 162.148 End no. 3 pitch pro- IGS backup | Ascent |Free | Search (primary) | Off
gram
169,00 168.40 168.00 Guidance initiate
199.8% 207.00 207, 00 Horivon senscr and IGS backup | Ascent |Free | Search (primary) Cff
radar covers
Jettisoned
%36.0% 3%3%, 30 %332, 2% SECO IGS backup Ascent |Free | Search (primary) | Off
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TABLE 5.1.5-TI.- SPACECRAFT GUIDANCE AND CONTROL SUMMARY CHART - Continued

Ground elapsed time,

Component status

88T BEvent Remarks
Flanned Acbuals ACME  Pomputer palze NOrincn SenOor Rader
256,93 356,11 Start separation Direct |Ascent Free Search (primary) | Off | Prior to separation:
b
thrust
Rate,
356. 5% %56, 91 GLV-spacecraft Direct | Ascent Free Search (primery) | Off deg/sec
separation Pitch +0, 1
{shaped charge Roll +0. 4
fire) Yaw +0.9
350, O Roll to heads-up Rate Agcent Free Search (primery) off Gimbal
position command angle, deg
| Pitch 340, 1
Roll 87.8
TCA's @ end 10 fire:
Time, min:sec
On Off
05:56.11 06:01.26
06:03.34  06:;07.01
AT = 7.6 ft/sec
WI = 6.5 ft/sec
Plopaed = 5.0 Tt /sec
%6%., 47 247,01 Fnd separation
thrust

9¢ -G
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TABIE 5.1.5-I.-

SPACECRAFT GUIDANCE AND CONTROL SUMMARY CHART - Continued

Ground elapsed time,
hr:min: sec

Planned Actual

Event

Component status

ACME

Computer MU Horizon sensor

Radar

Remarks

00: 06: 1L 20:07:33

00:15: 00 00:26: 05

00:56: 00 00:56: 00

02: 0337

02:07:00 02:07:15

27:04:01

Platform aline-
ment

Control mode check
Perigee adjust

translation

Piatform alinement

REP eject

Pirst radar pass
cver Cape Kennedy

Platform

Direct

Platform

Pulse

Pulse,
then
direet

Pulge

Ascent SEF ‘Search (primary)

Prelaunch [Orbital [Search (primary)
Catchup Orbital [Search (primary)

Catchup SEF Search (primmry)

Catehup [Orbital |Search (primary)

Catchup | off _|Search (primary)

Ooff

ot

Off

<«
i
Hh

On

On

Gimbal angle, deg

Pitch = 0,8°
Roll = 0.4°
Yaw =-1,0°

Horizon sensor minus
gimbal angle, deg

Pitch = +0.2°
Roll = +0.5°

Completed at 55:20 g.e.t.
Completed =t 26:19

AF = 12,80 sec
AN o= g7 ft/sec
Plenned = 10,0 ft/sec

Three attempts — scanner
loss of tracks

Gimbal angle, deg

Pitch = 0.3°
Roll = 0.5°
Yaw = 0.1°

Horizon sensor minus
gimbal angle, deg
Piteh = -0.2°

Roll = -0.3°

Yaw gimbal angle = 88.1°
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TABLE 5.1.5-T.- SPACECRAFT GUIDANCE AND CONTROL SUMMARY CHART - Continued

Ground elapsed time,

Component status

hr:min:sec Event Remarks
Planned Actual ACME Computer MU Horizon sensor Radar
4731 1) Platform alincment | HORSCAN| OFF SEF Searca (rrimary) |Off Girbal angle, deg
Piteh = -1.8°
Roll = +1.8°
Yaw = +l, 00
Horizon sensor minus
gimbal angle, deg
Piteh = -1.1°
Roll = +2.4°
50: 41: 15 Platform alinement | Pulse, Catchup| BEF Search {primery) |Off Gimbal sngle, deg
Rate e = co
command ‘1t“b~_ +Oé
Pletforn Roll = 0.0
Yaw = ~0.1°
Horiwon senscr minus
gimbal angle, deg
Pitch = +0.1°
Roll = -0.3°
50: 50: 00 50:49: 58 Apogee adjust Rate Catehup| Orvital| Search (primery) [OFf AT = 26.88 sec
maneuver command AV = -20.9 ft/sec
IVT = -21.5 fi/sce
Planned = -21.1 Ft/sec
51:3h: Lo 51:34: 31 Phase adjust Platfory Catchup! Orbital| Search ot AT = 20.0 gec
mANEUVET {secondary) AV = 15.7 fi/sec
TVT = 15.7 ft/sec
Planned = 15.2 ft/sec
52:06: 16 521 06: 26 Plane change Rate Catchup| Orbital| Search off AT = 20.0 sec
¢ommand {secondary) AV = 15.0 ft/;ec
IVI = 15.0 ft/sec
Planned = 14.6 fi/sec
53:04: 02 53: Ol Ok Coglliptic Rate Catchup| Orbital * Off | AT = 22.5 sec
MANEuVer commaind AV = F
' VI = 17.2 ft/sec
Plemned = 17.L ft/sec

*Tndicates date

t availahle

Qc-¢
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TAELE 5.1.5-I.- SPACECRATT GUIDANCE AND CONTROL SUMMARY CHART -~ Continued

Ground elz?p'sed time, Component status
hrimin: sec Byvent Remarks
Flanned Actuzl ACME |Computer ™y Horizon sensor | Radar
“hr LG sk Second radar vass Catenup * * Stand-
over Cape Kennedy by
75: 16: 51 First indication Pulse | Pre- * * orre TCA 7 fires at les: than
of TCA malfunction launch full thrust
96: 32: 41 Platform alinement | Pulse * SEF * off Gimbal angle, deg
Pitch = 1.¢°
Roll = -6.0°
Yaw = +0.2°
Horizon sensor minus.
girbal angle, deg
Pitch = +1.7°
Roll = +5.2°
97:07:00 Trouble shooting Pulse ® *® Search off
scanner {primary)
98:16: 5k Platform alinement | Pulse * SEF Search off Gimbal angle, deg
{secondary) Piteh = 1.9°
Roll = 6.0°
Yaw = +0,2°
Horizon sensor minus
gimbal angle, deg
Piteh = -2.8 o
Roli = -g,2°
117:43: 10 Third radsr pass Pulse | Catchup * # Stand-
over Cape Kennedy by
117: b1z 20 TCA failure Pulse | Catehup | Orbital * off TCA 6 and 7 do not fire
142 59: 36 TCA failure Pulse ¥ * * off TCA 2 - less than full
thrust
TCA 4 - not firing
146:15:00 to|First SPADATS test #* #* * * Stand-
1461 15: 30 over Cape Kennedy by

*Indicates data not available

d3HISSVIONN
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TABLE 5.1.5-I.- SPACECRAFT GUIDANCE AND CONTROL SUMMARY CHART - Concluded

Ground elapsed time,
hr:min: sec

Component status

Event Remarks
Planned Actual ACME  Yomputer Mg Horizon sensor Radar
160:45:50 Second SPADATS test 3 : * 3 Stand-
over Cape Kennedy Ty
168:29:%56 Fourth reder pass % o % #* on
over Cepe Kennedy
188:28:55 RCS control mode Rate i Orbitel * off
check command
188:33:46 | Platform alinement |Pulse [Preleunchl BEF |Seerch (secondary)|0ff | Qimbal zngle, deg
Pitch = +2.1°
Roll = =-0.hee
Yaw = -2.9°
Horizon sensor minus,
glnbal angle, deg
Piteh = 5.9°
Roll = L.o°
Yaw = -
100:27: 43 190:27: 43 Retro fire Rate Reentry | Free off off AV = 32k, 5 ft/sec
command IVI = %2%. 4 Tt/sec
1G0: 42: 04 190: L2: 06 HOOK Rate Reentry | Free orf off
command
100: b 27 100: W 20 Guidance iritizte Rete Reentry | Free Off off
command
190: 49: 11 190:48:59 Terminate guidance Rate Reentry | Free off orf
command
150:50: 09 150 49: 19 Drogue deploy Rate Reentry | Free orT ore
command

*
Tndicates data nr

vailable

0n=¢
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TAELE 5.1.5-II.- IVAR COMPARISONS

5-41

Calculated| Telemetry
Velocity to be applied &t apogee, Vgp’ ft/see . 0.03%0 0.031
Velocity to be applied at perigee, Véa’ ft/sec 0.959 0.969
Redial velocity, Vg, ft/sec . 126.363 126.359
Inertial velocity, V, ft/sec 25 794, 120|125 T9k. 703
IVI fore-aft, AV, , ft/sec 0. 3%0 0.349

s/c
VI right-left, AV, 't /sec 27.068 26.051
s/c
IVI up-down, AV, , Tt/sec . 0.126 0.141
Z
s/c
Time to apogee, T,p> Sec 3 O41.266] 3 041,184
TABLE 5.1.5-III.~ GUIDANCE ERROR AT SECO
Position, ft Velocity, ft/sec
X Y .4 X Y 7z
IMU error 550450 |330450 [-12745.0[0.540.5| 5.043.0 |~4.041.0
Navigation error 123 272 -32 1.6 2.2 0.15
Total guidance 673450 | 562450 | ~159450 [2.140.5| 7.243.0 |-3.8541.0
error
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TABLE 5.1.5-IV.- PRELIMINARY ORBIT INJECTION PARAWMETERS AT SECO + 20 SECONDS

Inertial velocity components

System vi§2§§i3T fi?;iziZith (computer coordinates), ft/sec
ft/sec angle, deg % ¥ 7
Nominal 25 812 0.016 25 Loz 4580 15
IGS 25 808 -0.01 25 413 4ho8 -96
STL preliminary BET 25 805 +0. 0008 25 L131 4ho1 -92
MISTRAM 10K 25 809 -0.02 25 Li2 4505 -9l
GE MOD TII 25 808 -0.01 25 413 khg7 -96
Goddard GE MOD III 25 821 -.19 - - -
MISTRAM IP 25 820 -.18 - - -
Reconstructed from 25 805 -.18 - - -

Bermuda first
orbital pass

=G
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TABLE 5.1.5-V, - ASCENT IGS AND TRACKING SYSTEM FRRORS

MU component errors
Accel§rometer Accelerometer Gyro mass Gyro mass Azimuth
bias, scale fachor unbalance along |unbalance along Constant gyro t selinement
g X 10-6 o ’ input axis, spin axis, drift, deg/br |™F sec 4
' deg/hr/g deg/hr /g
Platform axis X T Z X Y Z X ¥ Z X Y Z x T Z
b P P P p P g b b by P P P P b
fngineering estimate|19,5(~68.4| ~98,8| 10| 0 | 10 |-0,0k1{-0,017] 0,085|0.12{-0.5%0,157 {0,119 |-0. 091| 0, 043 (v)
Error Coefficient
Recovery Program -3161 58 | <96L| 96| 3% |-B17| -0,24|+0,028] 0.2k (b)| (b) | (&) | (B) | () (n) 15
(ECRP)
Uncertainty in ECRP . 4 5 N
estimates 25 ¢ £k [ 31 [£11]£160|x03 0,1 |&0,035]+0.027! -~ - - - - - 2
Specification values 260 300 0.5 0.5 0,3 60
System Tracking radar errors
Range bias, £t I P bias, £t | @ bilas, £t | Azimuth, radians Elevation, radians | Refraction, n units
GE (final data) 78,3 /A N/A 2.2 x 107 4,0 x 107 231
MISTRAM 10K 37 before SECO 0,326 0.438 N/a N/A -21.9
'18 after SECO

“Contributes less than 0.4 £t/sec at SECO

bNo significant errors atiributed in the gquantity using process indicated,

Y
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TARLE 5.1.5-VI.- PLATFCRM ALINEMENT ACCURACY

Start time,

Length

Length of

Piteh error

Roll crrer

d3lHISSVIONN

.ot of cage,| =linement Mode (sensor minus | {sensor minus Remarks
.e.t., s nement, : - i =mark
hrimin; sec min:sec min: sec ACME Platform gimbal angle) gimbal angle)
Start |Finish Start |Finish
00:07:33 01:13 08:34 FPlatform SEF 2,14 0.06 -0.05 0.3%6 3,0
001 &53: 51 0.0 oLy Dletfon S0 L10g s ooz oot bk Lo
02:01:09 00:23 0l:31 Platform SEW -5, 00 0. 06 =3, 70 | =0.17 1 Switched tc secondary
horizon sensor at
2:0%5:18.7 g.e.t.
Switched back to primary
horizon sensor at
2:05:25.2 g.e.t.
02:0%3:357 00:30 0L:1C Pulse SEF -0.22 0.25 Sensor data noisy at start
of alinement
SL7:31:11 061 bk 01:1h Horizon scan! SEF J,18 | -L13 !l s.05 ] 23
aio:hl:lﬁ 7:51 Pulse, rate BEF -0.22 LOT | =24, 27 | -0.26 Caging data missing
command, and
platform
a51:00:20 0.0 =55:00 Platform SEF 7,10 -2.2 -0.2 1..0 Uncertain when alinement
stopped
#51:36: 54 9.0 1:0h Platform SEF 0.65 | 1.1 0.80 | .79
#51:50: 29 0.0 1210k Pulse SAF 0.6 0.7 o.n7 | 0,21
873:18:53 10:17 Pulse SEF 2113 | 0.60| 2112 -6.02 Caging data missing
B72:3k110 0.0 12:37 Pulse BEF .67 o023 =®.22! 3.2
Bayi13:48 0.0 16:01 Pulse SEF 12,14 | o.23| w281 s.28
Ten6eTT 0.0 G:0% Pulse SEF 2.8 | -1.68| 5,60 | -5.60
B76:00: L0 Q.0 11:15 Pulse SEF 5048 | L.90 | 5.8 | 4.83
Boz. 06kl A3 LB 27 Forizon scan SEF oLkt 1.67 0.0k | =6.2% Alinement stopped between
and pulse 93:91:00 and 93:56:00 g.e. L.

a
Analog data uscd, less

bYaw error determined 90° of orbit travel later from analog data.

tion than Aizital data (2.0° in gimbal angles: 0.2° in sensor)

=G
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TABLE 5.1.5-VI.- PLATFORM ALINEMENT ACCURACY - Concluded

Pitch error

Roll error

Start time, Length Iength of Mode . )
e.t 7o o 1inement (sensor minus (SEUSOI‘ minus Yaw N Remarks
e, OL cage, & > | ACME | Platform| gimbal angle) gimbal angle) |error
hr:min:sec min: sec min: sec
Start | Finish Start |Finish
8ol:39: 46 0.0 2:38 Pulse | SEF 0.69 | 1.67 7.13] 5.75
8g5:21: 36 .0 2:17 Pulse | SEF 1.82 | 1.67 5,361 5,10
8g5:52: 08 0.0 2154 Pulse SEF 1.67| 1.87 9.7 | 6.25
B96:32: 41 0.0 19:12 Pulse | SEF -2.921 1.67 4,100 5.23
89B:16: 5L 0.0 5:59 Pulse SEF 4,08 -2.77 <, 00} =6. 20
8188:33: 46 0.0 1:5% Pulse | DEF 0.79| 2.10 -14, 62) ~3.95
5108:36: 0% 0.0 321 Pulse | EEF 2,171 2.30 -2,33} bL,6x
aai90:20:41 RCS BEF -1.67 -0.47 Data missing on initiation
of alinement

aAnalog data used, less resolution than digital data (2.0° in gimbal angles;

s fag 2 - . - -
Yaw error determined 90° of orbit travel later from analog dets.

0.2° in sensor)
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TABLE 5.1.5-VIIL.- TRANSLATION MANEUVERS

AV ft/sec

Burn From g.e.t., To g.e.t., Agceleromgter IV? Planned
hr:min: sec hrimin: sec integration readings

Tgiloff 00: 05: 33 00:05:55 86.3 (=) 85.5
Separation 00: 05: 55 00: 06: 09 7.6 6.5 5.0
First apogee 00: 55: 59 00: 56: 1% 9.7 (a) 10.0
Height maneuver 50: 49:58 50:50: 31 -20.9 -21.5 -21,.1
Phase maneuver 51:3h:321 51l:3h: b7 5.7 5.7 15.2
Plane change 52: 06: 26 52: 06: 41 15.6 15.0 1L 6
Coelliptic 5%: Ols O 5%: Ob: 21 (2) 17.2 17.4

aData not available

oM=G
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TABLE 5.1.5-VIII.~- RENDEZVOUS RADAR AIR-TO-GROUND TEST SUMMARY

Acquisition of target

Loss of target

Tracking time,
Time, g.e.t., Range, Time, g.e.t., Range, min: sec
hrimin: sec n. mi. hr:min: sec n. mi.
27: 0k 01 291, 0 27: 06: 00 288.9 01: 59
Th: b6 8L 115.0 Th: 18: 38 388 O1:hk
117:43:10 350, 0 117: 55:59 358 02: L9
168: 29: 56 38l 168: %1: ko? 106 O1: bk

®Radar turned off

d3ISSVIONN
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CONFIDENTIAL

TABLE 5.1.5-IX.,~ RETROFIRE VELOCITY COMPONENTS

FA\US ft/sec Predicted VI display Telemetry data
X 277.8 (aft) 269.0 (aft) 269.31 (aft)
Y 0 10 (left) 9.94 (left)
7 168.5 (down) 181.0 (down) 180.7 (down)
Total 20l 5 Fgol ) 2ol L6

Salculated postflight, not displayed
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TABLE 5.1.5-X.-

)

COMPARISON OF COMPUTER TELEMETRY REENTRY PARAMETERS WITH POSTFLIGHT RECONSTRUCTED COMPUTER DATA

Parameter

Time = 190:42:03.32 g.e.t.
Altitude = 40O 000 £t

Time = 190:L44:25.039 g.e.t
Guidance initiate +3 secs

Time = 190:49:08.14% g.e.t.

Guidance termination

(D= DO) +10 secs
Telemetry MAC TBM Telemetry MAC IBM Telemetry MAC IBM

Time in mode, sec . . . 2h72.11 2h72,11 eh7e.11 2613.84 | . 2613, 8k 2866.934 | 2806.934
Radius vector, £t . 21 295 323 |21 295 956 Pl £95 420 | 21 19k k11|21 195 236 20 963 295 120 96k 880
Velocity, ft/sec 2k 393 827 |2k 39% Lok Rh 393 902 | 24 493 1662k 491 988 1 284,117 1 278.179
Flight-path angle,

AEE « v v v e e e e s ~1. 66570 | -1.66329 -1. 665 -1.65781] -1.65L52 b4, 5382 | -4h. 4482
Downrange error,

n. mi. .+ .. ... NA NA NA -LL8. 6| -LhE, 0041 -270.8| -268.172
Crossrange error,

N omi. . v v e e e NA NA NA -3, kos| -93.6152 -192,956 | -192.865
Bank angle commend,

deg + v e v e e e s -60.0 -£0.0 ~-60.0 90. 0 90.0 90.0 0.0 0.0 0.0
Latitude, deg . . . . . 32.6250% | 32.62685 32, 627 32,20128| 32.203%03 29. 61758 | 29. 622047
Longitude, deg . 272. 45438 | 272, 46205 272,493 | 283.5h266| 283.54%26 208, 02433 | 298, 01548
Density altitude

factor + + v . . HA NA NA 8. 71690 8.709782 B, hgT ke, Lolipp
Half-1ift range

predictor, n. mi. . . NA A A 902.091| 901.3865 5. 884 5, 6268
Range to target,

ne mbe oo 0. 0. NA NA NA 43z, 256 463, %56% 314, 470 _51&. 0067
Spacecraft heading,

AeE « e a e e 89.26740 | 89.27114 89. 290 95.90925|  95.90808 128.85064 | 128, 8438

TVIINAQIANOD
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Attitude error, deg

TVIIN3AIANOD

NASA-S-65-8534
6

[ ] — 1 0
I : 7 | n
5 I a U
BECO+—| i~ Guidance initiate SECO il
4 | 1 .// | H
ut = T
Primary guidance |~ H
[ S i
3 Secondary /i/ T . I
I P M | T 1 I 1
upper nimit |~ ] it
? e il |
[~ I I
L 7 | | ! i
1 e 1L I .
O - ‘\'__-\“_\--.. |
3 R R I i
T-- I
1 jh\L A FHL )
- I — l‘ | R DUV N ll | lI
~L e “menptee A ]
-2 I ik 1 1] \ Yy
' — T Fiy
! l / T~ ~ | : \-——Secondar quidance t “ ]
-3l J=—— Rol! program i [+ y (L
T y A Secondary I~ i
lower limit I | ™ P
1 ~. !
-4 i} =S 1
[ ~ I
i ~
: i - :
: | B \“h\ |
-6 10l ~ I
N I
1|1 !
-7 —+ |
: H
i I
-8 11y |

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 3220 340 3260 380 400
Time from lift-off, sec
(a) Roll attitude error

Figure 5.1.5-1, - Comparison of steering commands during faunch with preflight value.

06-¢

TVILIN3AIINOD



TVILINIQIANOD

NASA8 S-65-8535

B L
1|1 |
7 —— |
Pl I
e - '
BECO 1] Guidance initiate SECO— iy
5 I &
]| I
4 I J
)1 y
i
3 | i [— Primary guidance 1 n
A LW/ /)
- 4Ll | O
= Secondary — / : I / : Z
S 1 upper limit _\ . H \ / : T
A ———— - o ~ — —
[¢F] 4+ e -1 iy\ ~—~—d | 7 ;
ot é/ \ M-y T O
= = l‘hu'\«/-‘:\f N S AV, ! I Arm =~ = — Vol | I
= 0 \,,_‘1\‘-\.\_/\4—/_‘ VANWA N2 vA o / T B v T m
E ~ N N I W \"‘V:JI I S— \\I : Z
Y i o 00 N T O s e e SR N T Y
1 S 1 T —
econdary \ \ y i Il \| X —
lower limit N ) ¢!
LV k
3 Secondary guidance i ; \{1 '
] |
-4 (| |
B I
bl |\
-5 = =
BE '
0] 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400

Time from lift-off, sec
(b)Y Yaw attitude error
Figure 5.1.5-1. - Continued,

T6-¢



5-52

NASA S-65-8536

CONFIDENTIAL

100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400

40 60 80

20

Bap ‘J0lke IpmMINY

CONFIDENTIAL

i AP PR iy,
e st it s s ISR I SOt OO HNN B ey o
—— 1|||||nlhh|\h|\\ﬂ.||l.n..|||.
= -~
==
ey Gk Btk wl ks Btk il - l..I.||vr.|l.|.|-||! i —
1 ¢ /
[an] 5
S ) ¢ ( y
» e - \ N
~ N
N//; ///R AY
- -
AY 13 \
\ & L~
w ; . e
SN @ / -~
= Q
3 |\ 5 w ,
= h=!
=) \ = & 7/
e /
2 5 | 2]
= 2 g N
..m m _ 'z fIV~
@ n
2 ]
s r L /
= R N N
AEc—T 2
L — / b3 4
_ \.\ .Ilfl
I||.|lYl||.ll.u||mV|||.l|.\\ T——t—
[ sasanb b A — Tt ——
-rlilm. .!*-ll.l.l.ll.lli-.llii[”lﬂl. — e v — e E— — — R Ix'..lrul_.-ll._ ——
i % Sl iy Syt e
e II-I/ —— — .!-\V 4 ._ ) —— —
= - e T e o W— -
\ 3 of I
£ . i
_ Y T
m < a \{/
i} //u | | i
— . T
° { \HL 2.j ! ==
\ —.\.r.:..‘ = L.~ S m
AT~ - 3 Aw 2
N Y S g©
ﬂ U Vw & 83
, 7 T wn-—=
WJ.LII.. 7 A\Hu\ 4\\ vl
s E { L7 f\
m ot e m /w -_
% w..l ~ 7 hC
2
@ /W:r .ﬂ\ a
~—
> v 7
4
ey =P
[ 1
Wy )
Nz
Ne) wn 53 o0 o~ =i o in o o Nl 0 D i~ 0
1 ]

Time from lift-off, sec

(¢) Piteh attitude error

Figure 5.1.5-1.

- Concluded.



CONFIDENTIAL 5-53

NASA-S5-65-8549

10 I
HEEER |
8 1
Downrange velocity comparison {
[ 1
o §
24 o]
£ o
@ 2 /\ ﬂ r\,r"A aﬂv {‘F\\ﬁ’_ ™ "’A"?fm A A F A i;,M:
2 N r g
VAV RS
:‘E Q 4V Ty
= 4
(=3
| a :
8 ~—Velocity difference between Mod IT1 tracking and 1MU I
-5 o Yelocity difference between MISTRAM tracking and IMU :
-8 - T
1
-10 ©)
HBEEEE -
8 i
Vertical velocity comparison [ :
6 [ 1
2 41 A - | n:
= = I
o b ]
Hilh b A
= ' e 2 a 1
T i T
= -2 v ale 9 1
o o b !
g '4 J ]
> ~Velocity difference between Mod [T tracking and IMU B } !
6 © Velocity difference between MISTRAM tracking and IMU b 1<—SECO
1
-8 [
I
-10 1
]
L BEEER
\ / \ h Crossrange velocity comparison IL
2
I
§ 0 ML\ d @9 o.¢ EE PErd oA o fc] !
s 7 Qoo g = L
= R [y L
8. ‘-"\ 9
= T
& |
£ -4 }
= \ :
=6 1
=2 i
58 i
10 —Velocity difference between Mod [II tracking and IMU 1
© Velocity difference between MESTRAM tracking and |MU 1
-12 !
. 1
'MO 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380

Time from lift-off, sec
Figure 5.1.5-2. - Velocity comparisons,

CONFIDENTIAL



5-oM CONFIDENTIAL

NASA-S-65-8551
6,0%1074-, I : T T I N T
@ ﬂ . _ Lot M
@ 0 ; [ R . : A ] § ] -
= i Ascent—i 14— Inflight
= A X sensor - \
E 40 O ¥ sencor o post flight .;Ti_{-ﬂmmmcasaa
IS ' O 7 sensor T evalution Ty Ty f
e : 11 _
P : - P
g _ O
& 20 L | I I R H—
=] | m :
+= 1 i H
£ 10 . L 1.
W | fo) !
Lnitial = Sanw me i
- 50x1076-@ T
2 o
¥ — R —
=
ze
g = 25 - s S I
-
o @
= 7 - — b ]
k= \I\W\I\l-\x\lll!\\lkx_l |1 i
T initial T ot 1
mo T _ i
i i d :
¥ 15—t S - i
35 W ,
5€ c L O A 1
=3¢ -0 I |
S .05 H =
N | |
[nitial B — ! ,
0 IS T T H T
w = 08 e —t . : B
s s W "
e=g W gl P —- ‘ R
55 - mﬁ [ |
55% —d : L
=85 7 /\ Sy \% 1
=c > Lt ;
m\nu = m. ON Fay| \\ — L—" L w,m
£ (A
I nitial " i
5 _ I T
goo Al ]
@ & ~ i
==
11 BN IIEN 1]
st |/ ~ | T |
(=} m = . - - —t —
E2c d |~ =< 1
H52a i} - & e i D ~ — . .¢.||i.. J
i P
fnitial L—Otge] i [0 _
Apr May June July Aug Sept

Figure 5.1.5-3. - IMU error coefficient history,

CONFIDENTIAL




X-axis
Accelerometer counts

Y-axis
Accelerometer counts
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Z-axis

Accelerometer counts
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5.1.6 Time Reference System

All available data indicate that the Gemini V time reference sys-
tem compeonents performed according to specifications during the entire
mission. The electronic timer maximum error was 442 milliseconds or
0.65 part per million per day, which is well within the specification
of 35 parts per million per day. The electronic timer correctly in-
itiated the sutomatic retrofire sequence. The event timer was used
several times during the mission and found correct when checked against

other sources. The right-hand 8-day G.m.t. clock was reset 2% minutes

fter re-
covery. The flight crew reported that the left-hand G.m.t. battery-
operated clock required about 5 seconds correction in 8 days. Correct
and recoverable timing was recorded in the onboard voice and biomedical

tape recorders indicating that the time correlation buffer operated
properly.,

at 6% days after launch and was approximately 1 minute fast a
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5.1.7 Electrical System

5.1.7.1 Tuel cell.- During the ascent phase, the fuel cells
supplied approximately 86 percent of the overall main bus load. During
the orbit phase, the main batteries were switched off the bus and the
fuel cells provided 100 percent of the main bus power. The maximum
load required from the fuel cells was hL7.2 amperes at which they main-
tained 25.5 volte. The minimum load was 11.1 amperes which was supplied
at 27.6 volts. During the period in which the reactant supply systenm
(RSS) oxygen-heater fault tripped the circuit breaker (25 minutes
51.2 seconds g.e.t.), the main bus veltage momentarily depressed to
25,08 volts,

2.1.7.1.1 Performance variation: No anomalies were observed in
the electrical performance of the fuel cell. The performance was with-
in specification and variations observed were consistent with variationg
during the extensive ground test program.

The performance of section 1 was plotted discarding all data taken
when the inlet coolant temperature to the section was below T70° F
(fig. 5.1.7-1). At a load of 15 amperes, approximately a O.lh-volt de-
cline was observed between the section's second activation on Avgust 18,
1965, and the performence on August 21, 1965, the first day of flight.
Continuing operation showed a gradual increase in performance until the
eighth day of flight, when the performance was approximately equal to
that experienced at the second activation.

The performance of seetion 2 was also plotted, discarding all datsa
taken when the inlet coolant temperature was below 70° F (fig. 5.1.7-2),
However, because of the varying coolant temperature, the data taken on
the first day were limited to a period of 4 hours 45 minutes whereas
the data for the eighth day were plotted for two periods of approxi-
mately 3 hours each, These data at 15 amperes show a decline of ap-
proximately 0.60 volt between the second activation on Avgust 18, 1965,
and the first day of flight. The dates show an additional decline of
0.66 volt over the 8 days of flight, most of which oceurred during the
three periods of open circuit. When the effects of varying coolant
temperatures were taken into account, the degradation during the 100-hour
period was approximately 0.13 volt at 15 amperes, while a 0,3l-volt
Improvement was realized during the last operational period.

5.1.7.1.2 Effect of coolant temperature: The data were tabulated
in terms of current at constant voltage and coolant inlet temperature
for section 1 only. Section 2 was not considered because of the many
complexities associated with open-circuit operation and stagnant
coolant.
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Because of an abundance of data points, 27.6 volts was selected
Por the low load condition. The data for intermediate and high load
conditions were sparse and erratic, necessitating analyses over the
ranges of 26.7 + 0.1 V and 25.6 + 0.1 V. The datas indicate that there
1s a temperature compensation factor of 0.17 and 0.19 A/°F at the low
and intermediate load conditions (see fig. 5.1.7-%). The migsion load
conditions were not suitable to indicate the same smooth pattern at the
high loads, but the trend was similar,

5.1.7.1.3 Open circult effects: During the flight, section 2 was
placed on cpen cireuit, without ceoolant flow, for three periods of ap-
proximately 19 hours each. Open circult operation with the coolant
loop shut down was deemed desirable to conserve the ampere-hours drawn
by the coolant pump. When the effect of coolant temperature variation
was taken into account, the voltage degradation, compared at 8 amperes
for each of these three periods, was 0.27 volt. Comparing only the
performance which ocecurred during the periods of operation following
each open circuit period shows a net rise of 0,15 volt in section 2
performance.

5.1.7.1.4 Purge sensitivity: The purge sensitivity exhibited
during the mission was found to be normal. An average recovery of
0.1 volt resulted from the oxygen and hydrogen purge sequences.

5.1.7.1.5 Differential pressure warning light indications: Dif-
ferential pressure warning light indications oceurred three times dur-
ing the mission: during launch, during the first hydrogen purge of sec-
tion 1, and during an attempt to purge section 1 without opening the
crossover valve.

Iaunch: Because acceleration pressure heads on the spacecraft 5
water system (on the fuel cell side of the absolute pressure water
regulator) low oxygen-to-water differential-pressure warning lights
can be expected at accelerations of approximately 2g or greater, and

oxygen-to-hydrogen lights (low O2 to H2 on section 1, high O, to Hg on
Lt

section 2) can be expected for short periods following BECO and SECO.
Such indications were observed during the launch. While the exact
pressure conditions experienced cannot he determined, worst-case anal-
ysis indicates that reverse pressures of between 0.5 and 3 pei, depend-
ing on the amount of gas in the B tank (see section 3.1.2 for descrip-
tion), might have been imposed across the water separator plates. The
design-proof pressure of the water geparators in the reverse direction
ig 2.0 psi. However, no apparent damage was caused by the pressure
conditions which actually existed. The reverse pressure experienced
could be minimized by minimizing the amount of gas in the fuel cell
side of the B tank and could be eliminated after a slight spacecraft
modification by closing the water wvalves during launch.
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Hydrogen purge: Pressure drops across the dual regulator, line,
and manifold normally cause the warning light to come on after the
start of a hydrogen purge and off immediately after completion. The
warning lights did not illumirate during hydrogen purge conditions
on this flight after the first purge of section 1. The csuse for this
cannot be determined with the information obtained; reduction in dual-
pressure-regulator differential pressure due to reduced oxygen-tank
pressure, on the basis of ground tests at the spacecraft contractor's
plant, could not solely account for the lack of a high oxygen-to-hydro-
gen differential-pressure warning light indication.

Oxygen and hydrogen purge with crossover closed: During the purge
occurring at approximately 29 hours 30 minutes g.e.t., the crew initially
neglected to open the crossover valve, which resulted in warning light
indications and abnormal differential pressure across the cells. The
magnitude and duration of the differential pressure excursions were

estimated to be in excess of 6.5 psia (02 greater than H, for 10 seconds )

and zero to glightly negative for approximately 5 geconds. While no
apparent damage was done to the fuel cell by these pressure excursions,
differential pressures of the same magnitude but of longer duration
could prove damaging on future flights, and care must be taken to avoid
thig condition.

5.1.7.1.6 Lecad sharing: Load sharing of the six fuel cell stacks
is ghown in table %.1.7-T. The specification requirement of *1.5 am-

pere per stack for % of total section current was met. While the inflight

performance of section 2 declined, the performance of section 1 improved,
resulting in a shift in load sharing between the two sections. DPast ox-
perience has shown that load sharing is partially a function of individ-
ual stack cooclant temperstures (which naturally varies because of the
series coolant flow through the stacks) and manufacturing tolerances,

as well as relative performance decay,

5.1.7.1.7 Cryogenic usage rate and water production rate: Since
the fuel cell was flown for the first time, it is important to future
mission planning that the cryogenic usage rates be determined for thig
mission. The water-production rate and water-separator oxygen leakage
are also important as long asg they are delivered into a fixed storage
volume. Should this volume fill up, the water would then back up into
the fuel cell sections and gradually reduce the performance to zero.

The data from the first 40 hours were used to determine usage rates
becanse the heat leakage into the hydrogen tanks was sufficient to cause
venting after 43 hours. Using the flight hydrogen-quantity data {ac-
counting for hydrogen loss and purging) and rostflight computer-summed
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ampere-hours, the pounds of hydrogen per ampere-hour were obtained
(table 5.1.7-II). The cryogenic oxygen heater circuit failed after
about 26 minutes of flight, causing a decay in the tank pressure.

When the temperature and pressure reached a combination of -265° F
and 70 psia, the oxygen passed from the single-phase state to the two-
phase state (liquid and gas) causing the oxygen-quantity readouts to
become meaningless. Therefore, the usage rates in table 5.1.7-I1 were
calculated from hydrogen data, applying the ratio of 8 to 1 for the
chemical combinations of O2 and Hg.

The water-production rate was a difficult calculation of somewhat
questionable reliability. One of the necessary parameters was the
quantity of water drunk by the flight crew. This quantily was measured
by totaling the l-ounce swallows for both crew members. The water
genergtion rate of the fuel cell was determined from the water consumed
by the crew members, the pressure and volume of water in tank A, and
the original loading of the water system. Another estimate of the water
production rate was made combining HQ and 02 ugage rates, assuming all
gases used produced water.

A1l factors taken into consideration, table 5.1.7-IT1 shows good
agreement between the messured rates from flight data, theoretical
values, and ground-test data. ZIEstimates of these quantities made
during the mission were high, meinly because the running estimate of

ampere-hours used could only be approximated, using resl-time telemetry
data taken over ground stations.

5.L.7.2 Reactant supply system.- The reactant supply system (RSS)
provided gaseous supplies to the fuel cell throughout the entire mis-
sion. A failure in the heater circuitry of the RSS oxygen storage tank
occurred at 25 minutes 51 seconds g.e.t., resulting in a loss of tank
pressure control. This loss required a severe reduction in spacecraft
power consumption until ground tests, theoretical calculations, and
inflight tests showed that the system would support normal fuel-cell
operation for the power requirements of the mission. The RSS hydrogen
storage tank operated as predicted throughout the mission.

5.1.7.2.1 RSS oxygen: The RSS oxygen tank was filled with
178.2 pounds (99 percent of design load), and pressurized to 815 psia at
lavnch. The internal heater was in the AUTO mode, thus allowing the
pressure switch to energize the heater to increase tank pressure toward
the pressure switch cut-off point of 875 to 910 psia. Tank pressure
increased to 853 psia at 25 minutes 51 seconds g.e.t. when the heater
circuitry failed. Calculated pressure-rise rates during the period
from 10 to 25 minutes after launch indicate that the heater wag asctive.
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The pressure then declined gradually until stabilization occurred at ap-
proximately 70 psia around 4 hours 22 minutes g.e.t., Tlight-crew ob-
servance of this pressure trend led to a check of the heater switch and
the cireuit breaker, at which time the fuel-cell oxygen and hydrogen
heater circuit breaker was found to be in the off, or tripped, position.
This circuit bresker was reset by the pilot at approximately 50 min-
utes g.e.t.; however, all efforts to reestablish oxygen pressure control
by meens of the heater were unsuccessful. Cycling of the RSS oxygen
heater switch from off to the automatic or menusl mode did not trip the
circult breaker, but at the same bime the cycling falled to produce the
expected current increase associated with normal heater operation. Ex-
amination of fuel-cell stack currents and wain bus-voltage data (figs.
5.1.7-% and 5.1.7-5) revealed a current spike sufficient to trip the
oxygen heater circuit breaker and a voltage depression of the main bus
to 25.1 volts at approximately 25 minutes 51 seconds g.e.t. TImmediately
following the fault, the total system current wag 2.8 amperes less than
the system level prior to the fault. This is the magnitude of current
required by the RSS oxygen heater.

It appears very likely that the fault current was caused by a short
in the oxygen heater circuit and was responsible for tripping the cir-
cult breaker. It may also be deduced that the fault cleared itself but
left the heater inoperative for the remsinder of the flight. The por-
tion of the heater circuitry recovered with the reentry assembly has
been checked and found to contain no faults.

The pressure decline from 853 to 70 psia is shown in figure 5.1.7-6.
Analysis indicates that the fluid state at the TO-psia point was coinci-
dent with the saturated liguid line on the primary-enthalpy curves for
oxygen. Subsequent extraction from the tank to support the fuel cell
electrical load resulted in penetration of the two-phase (1iquid and
vapor) region for operation during the remainder of the flight. The
energy balance between extraction and ambient heat leak permitted a
gradual pressure increase to 260 psia at the end of the mission. The
mission was completed with an estimated 40.5-percent (73 pounds) oxygen
remaining in the tank. The two-phase mixture at the end of the mission
was approximately 50 percent liquid by volume. Within the two-phase
region and with the heater inactive, the tank performsnce was sensitive
to the liguid-to-vapor mixture extracted to supply the fuel cell. For
this particular tank, if the extracted fluid had been all high energy
vapor, the maximum extraction rate without a decrease in pressure would
have been equivalent to a l2-ampere load. For pure liguid extraction,
the flow rate to support in excess of a 100-zmpere load would have still
allowed the tank pressure to increase. Analysis of flight data indicates
that at all times during the mission, the extracted fluid was more than
60 percent liquid (by'weight)'and the tank pressure was always increas-
ing. Using best estimates of the tank smbient heat leak and extraction
rates, a detailed analysis was made to determine the effect of extraction
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rate on the percent liquid in the removed fluid. These calculations
conclude that increased extraction rates result in larger percent lig-
uild ratics and thereby insure continuous rise of vessel pressure. This
analysis indicates that if this self-regulating effect had beern known
in advance, the RSS oxygen vessel could have been used to support the
intended high electrical loads early in the mission. If the electrical
load had been left at the 30 to 40 ampere level, however, the initial
pressure decline from 26 minutes to 4 hours g.e.t. would have been ap-
proximately twice as rapid because the oxygen was still in the single-
rhase region.

Two factors assured adeguate supplies to the fuel cell gection in
spite of the low tank pressure. First, for liquids with wetting charac-
teristics of liquid oxygen and hydrogen, tests at the Lewis Research
Center have shown that in a two-phase regime (vapor and liquid) the vapor
becomes a central bubble while ligquid remains around the walls of a spher-
ical container in the welghtless state. Also the outlet port of the tank
was located adjacent to a deflector for voriex elimination and to the ca-
pacitance probe so that the liquid oxygen meniscus to the deflector and
probe covered the outlet port. These effects certainly aided in assuring
liquid-rich extraction and attendant pressure rise after entering the
two-phase region. Second, the dual-regulators which regulate the inlet
pressures of the fuel~cell reactants were capable of within-tolerance
regulation at a far lower supply pressure than the specification minimum.
Special tests were conducted at the spacecraft contractor's facility
during the first day of the mission to determine regulator sensitivity
to inlet pressure. These tests demonstrated that a 50-ampere load could
be supported with only 55~psia inlet oxygen pressure without simultane-
ous purge.

5.1.7.2.2 RSS hydrogen: The R3S hydrogen tank wes filled to
103.8 percent (23.1 pounds) and 150 psia at launch. Filling to ovew
100 percent (reading on the special gage for design load and ullage)
was accomplished by reducing the ullage below the design value. Over-
filling was necessary in order to satisfy the predicted venting in ad-
dition to the power requirements of the planned mission. Prelaunch
testing showed this tank had an excessive ambient heat leak and provided
data for an accurate prediction of inflight performance. The tank pres-
sure was malintained as low as possible at launch and thereafter so as
to delay the start of venting. The tank heater was used only during
the early portions of the mission, when power consumption was high, to
maintain a minimum tank pressure of 100 psia. The combination of sub-
sequent reduction in power consumption and ambient heat leak increased
the tank pressure to the vent level of 350 psia at 43 hours g.e.t.
Venting continued to 167 hours g.e.t. with a brief period of venting at
approximately 177 hours g.e.t. Peak venting rate was calculated at
0.155 pound per hour at 120 hours g.e.t. The relief valve performed
adequately by using the pilot portion exclusively, except for two main
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poppet actuations at approximately 118.5 and 122.5 hours g.e.t. Main
poppet actuations were normzl. The quantity remaining at the end of
the mission was 6.8 percent (1.51 pounds).

The hydrogen venting from 43 hours g.e.t. to 167 hours g.e.t.
caused & small yaw-left rate acceleration of the spacecraft. The Tlight
crew elected to damp out these rates when they had built up to approxi-
mately 6 to 8 deg/sec. The venting configuration will be modified on
future spacecraft to vent through the c.g. of the spacecraft, thus
producing little or no rates when venting.

5.1.7.3 Power system.- Nominal electrical power was supplied dur-
ing all but the postlanding phase of the mission. Twenty-five seconds
atiter landing, a high current drain was recorded by the PCM tape recorder
and observed by the flight crew. The currents and voltages recorded
were erratlic but continually rising to the end of the tape at 5 minutes
15 seconds after landing. The pesk current recorded wasg 41 amperes and
the lowest main bus voltage was 23.2 volts. No explanation can be given
at this time for this condition. An investigation is in progress and
any necessary corrective action will be determined and made effective
as necessary.

Postflight inspection of the Gemini V spacecraft revealed that
seven fusistors and one fuse were open. The fusistors were blown as
a result of slag formation in the pyrotechnic cartridges during firing,
which caused an electrical short circuit to the case of the pyrotechniec.
A similar reaction involving fusistors occurred on GT-3 and Gemini IV.
The urine-tube heater fuse was found to be open. An investigation is
in progress to determine if the urine-tube heater circuitry and compo-
nents are in s normal condition. The urine-tube heater was operative
during the entire fiight.

The squib batteries handled the added currents caused by the short
circults to the pyrotechnic cases in all instances, with a minimum re-
corded voltage during the transient of 19.31 volts.

Flight battery discharge after the mission showed that 7.3 percent
of the main and 59.2 percent of the squib batteries rated capacities
were used during the mission.

5.1.7.4% Sequential system. -~ The performance of the sequential 5ys-
tem during the mission was nominal. The major electrical sequential
spacecraft events and times of occurrences may be found in table L.2-T.
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TABLE 5.1.7-T.- FUEL CELL LOAD SHARING

Rus volts, 25.8
Day 1 Change Day 8
I, Percent bus, percent bus, T, Percent bus,
amp anp amp amp amp
Stack 1A 7.02 16. 70 +3.69 8.2 20,39
Stack 1B 6.45 15.3%5 +1.82 6.95 17.17
Stack 1C 7.65 18.20 +2.15 8.2% 20.35
Section 1 21.12 50.2 +7.7 23 43 57.9
Stack 2A 6.65 15.82 ~2,b5 5.ho 13.37
Stack 28 6.6% 15.77 -1.92 5.62 1%3.85
Stack 2C 7.65 18,21 -3, 34 6.02 1h.87
Section 2 20. 9% k9.8 -7.7 17.06 ho.1
Total ho.05 100 -- 4o, Lo 100
Bus volts, 27.3
Day 1 Change Day &
I, Percent bus, percent bus, T, Percent bus,
amp amp amp amp amp

Stack 1A k15 17.36 +5,02 5.06 22,38
Stack 1B 3,58 1k. 00 +2.58 3.95 17.48
Stack 1C L, L 18.50 +3, %5 L.93 21.85
Section 1 12.17 50,7 +11.0 13.0L 61.7
Stack 2A 3.80 15.81 -3.97 2,67 11. 8k
Stack 2B 3. 60 1L.98 -1.83 2.97 1%.15
Stack 2C hohs 18.5% -5.06 3,00 1%.27
Section 2 11.85 49.3 -11.0 8.6k 38. 3
Total 2k 02 100 -- 22.58 100

UNCLASSIFIED




d314I1SSVIONN

TABLE 5.1.7-IL.- FUEL CELL WATER USAGE RATES

Hydrogen, Oxygen, Water
Time, hr 1b/A=hour 1b/A-hour Hy, + O Gulps
(a) (p) (e)
15 0. 0028 0. 0224 00,0252 0.0243
2l . 0027 . 0216 .024h3 L0256
30 . 0028 .0224 L0252 . 0234
34,5 . 0027 L0216 L0243 - -
Thecoretical 0. 0027 0.0212 0.0238
Ground test 0. 0029 0. 0252 0.025%
a
Calculated from H, (O2 =8 x HE)
bCalculated from H, + O
‘ 2 2
CRequired flight crew water consumption by gulps (1 gulp 1 oz)
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5.1.8 8pacecraft Propulsion Systems

5.1.8.1 Orbital attitude snd maneuver system.-

5.1.8.1.1 Preflight: Propellant servicing of the orbital attitude
and maneuver system (OAMS) was performed 21 days prior to lift-off, and
the helium source pressure tank servicing was completed 11 days before
launch. Tgble 5.1.8-I compares the planned and actusal quantities of
bregsurant and propellant. These loadings constitute an available over-
all system mixture ratio of 1.3L.

Activation of the system occurred at approximately 18 minutes before
iift~off. With the exception of an increase in temperature of the oxi-
dizer feed system and g higher than expected pressure drop of the helium
Pressurization gas, all parameters were within expected limits. The
temperature in the vicinity of the oxidizer tank on the oxidizer feed
line had increased 30° F within 30 seconds after asctivation. This in-
crease appears to be reflected, but to a lesser extent, in the tank's
skin temperature. The temperature history from activation to stabiliza-
tion of the fuel, oxidizer, and pressurant tanks is presented in
figure 5.1.8-1, and the subject is discussed further in section 5.1.8.1.3.

The static firing of all eight attitude thrust chamber assemblies
(TCA's) provided a final end-to-end verification of system operation and
the expulsion of gas entrapped in the propellant manifolds. In order
to obtain satisfactory visual indicationg of thruster operation, all
attitude TCA's were fired three times for an accumilated activation
time of approximately 12 secondg.

5.1.8.1.2 Flight: System performance is discussed in thig section
under four basic funectional groups: +the attitude and maneuver TCA's,
the propellant supply system, the pressurization system, and the hesters.
The results of special tests which were conducted and were pertinent to
the operation of the OAMS are glso digcussed briefly. At 00:26:05 g.e.t.,
all attitude TCA's were checked out in the direct mode. Spacecraft
rates produced by all attitude TCA's at this time were satisfactory.

The first attitude TCA malfunction noted in the postflight analysis
occurred at 75:16:31 g.e.t. during operation of the system in the pulse
mode. In responge to a roll-right command (TCA'S 3 and 7), the spacecraft
rolled right at a very low angular accelersticn (noticeably legs than

the nominal 5.8 deg/secg) and produced a slight yaw-right acceleration,
indicating that the thrust produced by TCA 7 was less than that of

TCA 3. Also evidenced in the postflight analysis was improper perform-
ance of TCA 7 at 75:16:41 g.e.t. during a yaw-left command (TCA's 7 and

8) which produced s left roll couple. The crew reported TCA 7 inoperative
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at 118:32:01 g.e.t. The OAMS heaters were turned on when the crew
obgerved "sluggish' system performance ghortly before TCA T was reported
inoperative. Prior to that time, the heater circuit had been activated
only intermittently in order to hold the gpacecraft electrical load to

a minimum. Within another revolution, the crew reported TCA 8 inopera-
tive; however, data for that pericd of time were unavailable for analysis
and detalled performance could not be determined. The crew stated that,
although the thruster had vislble combustion, there was little or no
thrust from it.

Rate data at 117:41:%5 g.e.t. show pitch-up coupled with roll-right
activity in response to a pitch-up command (TCA's 5 and 6) indicating
poor performance from TCA 6. Checks of subsequent rate data showed that
this TCA later became operative; however, other TCA's failed to operate
properly later in the mission. A number of tests were conducted during
the mission iIn an attempt to determine the exact nature of the problem
with TCA's 7 and 8, without any positive results. The data necessary
to define accurately the characterigtics of failure and TCA performance
changes during the mission are not presently avallable. The malfunctions,
except TCA 8, are discussed in gection 5.1.5.3.1. Possible causes of
TCA malfunctions are discussed in section 5.1..8.1.3.

The use of maneuver TCA's was primarily restricted to six basic
maneuvers with the aft engines. The radial engines were operated only
in nulling lateral and vertical velocity components introduced during
use of the aft TCA's. The forward-firing engines were not fired tecause
of the problem with the fuel-cell oxygen~supply vessel. The crew re-
perted no propulsion problems associated with any of the maneuvers.
Specific data relating to the performance of the engines during the
maneuvers are presented in table 5.1.8-II. TInformation relating to the
maneuvers was not all avallable because the telemetry data were inter-
mittent.

Figure 5.1.8-2 shows the percent of propellant remaining throughout
the 8-day wmission. Increases of propellant quantity after pericds of
extensive engine activity may be noted. These increases result from the
system's operational principle of gas expansion. It is clear from this
Tigure that discretion must be used in determining propellant remsining
after perilods of heavy TCA activity until the system has had time to
stabilize.

The propellant-remaining gquantities were calculated from the pres-
sure decay of the helium pressurization gas and were corrected to account
for variations in the ratioc of expended oxidizer to expended fuel.. This
system mixture ratio is a variable quantity because the 0AMS is composed
of englnes which operate at different mixture ratios (oxidizer to fuel
(0/F)): 0.7 0/F, 25-pound thrust attitude TCA's; 1.2 O/F, 9l-pound thrust
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aft TCA's, and 1.6 O/F, 9l-pound thrust radial TCA's. Corrections for
these variations are required because the densities of the fuel and
oxidizer are not equal. The calculated cumulative expended oxidizer-
to-fuel ratio ig presented in figure 5.1.8-3, This curve Pprovides an
index of OAMS propellant utilization. The pogitive glopes result from
uge of the larger mixture ratlo engines whereas negative slopes occur
during periods of attitude engine activity. The cumilative expended
oxidizer-to-fuel ratio curve is based upon the gross quantity of pro-
pellant consumed and that guantity burned by the maneuver TCA's. The
propellant consumed in mgneuver TCA's was selected because the firing
durations of these engines are relatively long, and the maneuver-time
instrumentation tolerance of +0.2 second is less significant. Essen-
tially all of the maneuver TCA propellant was consumed at g mixture
ratio of 1.2 since only 5 seconds of radial TCA firing time was sccumi-
lated. Flow-rate data obtained from engine acceptance testing were
assumed for these calculations. The informztion supplied by these two
figures indicates that all usable fuel had been consumed near the end
of the mission (181.5 hours g.e.t.) and that 79 pounds of usable oxi-
dizer were remaining.

The onboard propellant quantity indicator values reported by the
crew are shown in figure 5.1.8-2., A comparison of these values with
ground-computed values shows agreement within the 7.5 percent accuracy
of the indicator. When the indiecator calibration curve was constructed,
an average mixture ratio of 1.l2 was assumed because that was the planned
preflight value based on migsion reguirements. The helium Pressurant
loading was established to minimize variations between the propellant
quantity indicator values and actual values near propellant depletion.
Thus, at system activation, the gage should have indicsated 91 percent
for a O-percent reading at propellant depletion. However, because the
Pressure dropped 103 psi more than expected, the gage showed 87 percent
propellant remaining, which is the correct value for the Pressure drop
realized. This indicates satisfactory performance of the indicstor and
a good probability that proper propellant gquantities were loaded into
the tanks. The indicator values on figure 5.1.8-2 were not corrected
for deviations from the 1.12 O/F because there were no means of making
flight adjustments.

From the propellant quantity calculations, an overall mission
mixture ratio of 0.815 was realized and 289 pounds of propellant were
expended. From an average engine specific impulse (I ) measured in

SEY)
acceptance testing, the total impulse delivered to the spacecraft was
85 500 lb-sec. This impulse ig based on an Isp of 259 lﬁi%@&} for

the attitude TCA's, 273 5%%99 for the aft TCA's, and 300 %@_ for the
radial TCA's.
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Pressurization system — The excessive helium source pressure drop
at system activation may be attributed to the following error sources:
variations in system uwllage from the nominal, instrumentation inaccura-
cies, less—thén-planned gquantities of propellsnt loaded, higher-than-
nominal regulated pressure, and low system pad pressure. A loss of
20 psi can be attributed to variations in tank ullage if it is assumed
that tanks manufactured with maximum volume tolerances were installed.
Pressure instrumentation inaccuracy can result in a 40-psi error.
Propellant serviecing may have added a slight error. The higher-than-
nominal regulated pressure accounts for 20 psi, and the low system pad
accounts for 8 psi. The performance of the pressure regulator was
satisfactory throughout the mission. The regulated pressure increased
from an initisl value of 300 psia to 308 psia near the end of the mis-
sion. During the 189th hour of the mission, the cartridge valves which
isolate the source pressurant tanks from the system were actuated by the
crew. The crew subsequently pulsed from the manual solenoid pressure
valve, increasing the regulated pressure from 308 to 322 psia, thereby
verifying its operations.

QAMS heaters — The possibility exists that some elements of the
OAMS heater system connected to the TCA solenoids became inoperative
as the mission progressed. The sequence of heater operation is pre-
gsented in table 5.1.8-IIT. The current and voltage data indicate that
the heaters were functioning properly during revolution 3. When the
heaters were turned off, a current decrease of 2.35 amperes was recorded,
indicating an intact hester system. In revolution 54% when the heater
circuit was energized, there was a current increase of only 2.18 amperes.
Closure of the heater circuit breaker in revolution 75 caused a 2-gmpere
current increase. Thege current changes are based on the sum of two
parameters. Short-term instrumentation accuracy for small changes of
this nature can be considered 10.2 ampere on each parameter. Fach
thruster heater required only 0.062 ampere; therefore, the loss of
1 or 2 heaters would probably not be detected with such gross accuracy.

5.1.8.1.3 Failures and anomalies: The cause of a 30° F oxidizer
temperature rise at activaticon is unknown. Possible explanations con-
sidered were: compression of gas in the line, rapid compression of the
oxidizer, heat from the cartridge valve firing, the temperature sensor
reacting as a strain gage, reactions within the system, and instrumen-
tation error. However, from a detailed review of data and considerations
of the hardware, it has been concluded that the cause is not likely
attributable to any of these possibilities.
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The temperatures measured (105° ¥ maximum) were within qualifica-
tion limits (110° F maximum), but it is quite possible that the actual
heat gsource of this temperature was considerably hotter. A review of
ground tests and previcus flight experience does not show comparable
results. The maximum tank temperature increase experienced previously
was on the order of 7° F. By similarity of the systems involved, this
information eliminated explanations of a temperature rise due to com-
pression of gas or oxidizer in the manifold or tank, and a temperature
rise resulting from the cartridge valve firing. The temperature changes
should be accurate within 1.2° ¥ for skin tempersture parameters and
0.68° F on the manifold skin tank outlet temperatures.

Pogsible causes for the low thrust described in section 5.1.8.1.2
are categorized as: frozen or slushy propellants, TCA malfunctions, and
propellant contamination. Thermal considerations encompass propellant
line or propellant valve freeze-up, or both, either as a result of heater
malfunction or improper operation of the heaters. The heaters normally
provide a small heat output with continuous operation. Because of the
problem with electrical power availability, the heaters were cycled on
and off in accordance with temperatures of the injector on the aft
TCA 10. This type of operation may have allowed other valves to cool
to such an extent that the heaters, when turned on, were incapable of
warming the valves enough to insure proper operation. Because TCA T
failed, the crew cbserved "sluggish" system performance. The sluggish
operation is described as a very slow response and apparent low thrust.
This indication caused the crew to turn the heaters on immediately.

-Proper operation of all TCA's except TCA 7 resulted. This indicates

that a large part of the attitude TCA's were approaching the freezing
point. Unfortunately, there was no TCA propellant valve instrumentation
which could confirm or refute this supposition.

The heater circuit breakers were test cycled to provide compaxrisons
of current changes with those previously measured. This test was per-
formed at 93 hours 49 minutes g.e.t. when the injector temperature of
TCA 10 was not following previous temperature trends. Because the
heating cirecuit consists of series-parallel line heaters in parallel with
parallel valve heaters, some heater elements could fail, causing agsoci-
ated TCA's to become inoperative. The data are discussed in sec=
tion 5.1.8.1.2.

Because TCA's 1 and 8 are located in the same area on the space-
craft and TCA's 6 and 7 are also close to each cther, a line temperature
problem probably would have been reflected in the operation of TCA's 1
and 6. No operational problem on TCA 1 has been found. Evaluation of TCA
command data showed a cycle usage ratio of 2.5:1 on TCA 7 as compared with
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TCA 6 (320 pulses against 130) and a ratio of %.0:1 on TCA 7 as compared
with TCA 1 (320 pulses against 80). Hence, from a usage standpoint,
TCA 7 should have been warmer than either TCA 1 or TCA 6.

Investigations of system testing at the contractor's facility and
at Cape Kennedy revealed that problems with TCA's 7 and 8 were encountered.
During system testing at the contractor's facility, the TCA 7 oxidizer
valve would not open during the initial valve simultaneity tests. The
valve opened on the fourth cycle at nominal voltzge and appeared normal
on all subseguent tests. A minor problem with the TCA 8 fuel valve was
encountered during finsl systems testing at Cape Kennedy 11 days prior
to launch. An opening time of 8.8 milliseconds was measured on the first
similtaneity test, and the maximum allowable by specification is 6.5 mil-
liseconds. Four subsegquent test reruns all gave opening times within
specification limits. This type of malfunction of a self-correcting
nature has also been experienced at the contractor's facility, but never
has there been an occurrence in an extensive ground-test program where
a valve of this design falled to operate on a repeated command.

Problems of particulate contamination within the engine system have
not been encountered in any of the system gas~-flow tests at the space-
craf't contractor's facility or at Cape Kennedy. Contamination from
residue is not believed attributable to spacecraft propellant because
assays of the loaded provellants were within specification limits as
shown by table 5.1.8-IV. The possibility that the flight problem was
due to some flow decay phenomenon as experienced during qualification
tests by the vendor is congidered extremely remote becausge those fail-
ures were experlienced after considerably longer flow times as compared
with the relatively few, short pulses used in flight.

Six speclal flight tests were conducted in an attempt to solve the
problem. Two tests were performed after the heaters had been turned
on, the gecond being performed 6.5 hours after heater reactivation. In
ancther tegt, the volitage drop was measured when TCA's 7 and 8 were
individually operated. Resultis of this check showed electricsal circuit
contimiity. Three other tests were associated with an attempt to heat
the valves on TCA 7 and 8 by applying a voltage to the TCA solenoid
coil for 10 minutes. Ground tests have shown that 4 to 6 minutes are
required to thaw a TCA which has g temperature of 0° F at test initia-
tion. The crew did not observe any significant thrust during the sub-
seguent TCA tests or any of the following checks which were performed
to insure that the propellant feed lines had been thoroughly bled.
Evaluation of other TCA thrust data, when available, will establish
whether or not the system was running out of propellant at thst time.
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5.1.8.2 Reentry control system.-

5.1.8.2.1 Preflight: Propellant servicing of the reentry control
system (RCS) was completed 21 days prior to lift-off. Fuel loadings of
the A-ring and B-ring were 15.88 and 15.86 pounds, respectively. Both
rings were loaded with 20.2 pounds of oxidizer. The respective A-ring
and B-ring nitrogen source pressurant tanks were pressurized to 3075 psia
at 79.9° F and 3080 psia at 80.0° ¥, Lk days before lsunch. DPlanned
loads are compared with actual loads in table 5.1.8-I.

5.1.8.2.2 TFlight performsnce: The RCS heater warning light first
indicated that some components of the system had cooled to W4hi° £ 4e w
approximately 24 hours after lift-off. The heaters were subsequently
turned on to automatic control and left there for the remainder of the
flight. From data recorded, no cold temperature problem was experienced
in the RCS. Following heater actuation, the A-ring source temperature
remained within the range of 61° to 71° F; the B-ring source temperature
remained in the range of 57° to T4° F; and the A-ring oxidizer feed
temperature remained within the range of 49° to T4° F until system acti-
vation at 188:28:10 g.e.t. From activation until landing, these tem-
peratures ranged from 30° to 67° F, 40° to 69° F, and 64° to 103° F,
respectively, which was within the system design limits.

After system activation, regulated pressures of the A-ring and
B-ring stabilized at 294 and 298 bsia, respectively. Throughout reentry
and until the propellant motor vealves were closed at approximately
65 000 feet, the regulated pressure of the A-ring remained within the
range of 292 to 298 psia, and that of the B-ring from 298 to 300 psia.

Source pressure leakage over the 52 days from servicing to system
activation was negligible. The A-ring source pressure just prior to
system activation was %010 psia at 68° F. This compares closely with
the serviced pressure of 3014 psia corrected to the flight temperature
at activation. Similar values for the B-ring were 3011 psia at 69° F
and 3017 psia corrected to the flight temperature at activation.

Spacecraft angular accelerations occurring shortly before retro-
fire were determined from the changes in pitch and yaw rates when the
thrust chamber assemblieg from both rings were fired. Correlation be-
tween these values and preflight predicted quantities indicated that
all thrusters were operating within expected limits. FExamination of
the spacecraft rates in sll three axes during sdditional periods of
TCA activity revealed no unusual rate disturbance. The capability of
the system to hold attitude after drogue parachute deployment is dis-
cussed in section 5.1.11. ’
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This mission marks the first attempt at single ring reentry. After
completion of the A-ring and B-ring checkout, the B-ring was turned off
until retrofire. From 190:29:50 g.e.t. when the retro section of the
adapter was jettisoned, single-ring reentry control (A-ring) was utilized
until drogue parachute deployment after which the B-ring was reactivated,
and the reentry was completed with duasl-ring operation.

Figure 5.1.8-4 presents the RCS propellant consumption during
reentry. Propellant usage prior to this time from the B-ring consisted
of less than 1 pound for checkout and from the A-ring approximately
2.5 pounds for system operation checks, platform alinement, and attitude
control. The relatively high propellant usage rates shortly before and
after drogue parachute deployment are attributed to the tight control
inherent in the rate command mode, drogue parachute deployment at
a higher altitude than planned (69 000 ft instead of 50 000 ft), and
the normally higher usage occurring from manuelly damping disturbances
while in the direct control mode. The overall mission mixture ratio
of the B-ring, based on total serviced propellant quantities and the
quantities removed from the system during deservieing, was calculated
at 1.36. The A-ring mixture ratio cannot be determined precigely be-
cause the exact time of fuel depletion is unknown.

5.1.8.2.3 DPostflight deservicing and testing: Fuel and oxidizer
quantities removed from the A-ring during deservicing at Mayport,
Florida, were 0.00 and 0.08 pound, respectively. The propellant ex-
pelled from the B-ring consisted of 4.6% pounds of fuel and 4.90 pounds
of oxidizer. A chemical anslysis was performed on propellant samples
taken from the B-ring. The results of this analysis (table 5.1.8-1v),
however, are inconclusive because of the unknown cleanliness condition
of the tanks used in deservicing the system.

No leakage from the propellant valves could be detected by portable
propellant vapor detectors prior to deservicing, nor was any liquid
leskage noted after the propellants were replaced with flush fluids and
a 50-psi system pad pressure applied. The condition of the system
appeared normal with the exception of a green substance observed around
the nozzle of TCA 3B. This substance was chemically anglyzed at Cape
Kennedy and found to be completely foreign to the thruster materials and
is believed to have become attached after landing.

5.1.8.3 Retrograde rocket system.- In approximately 130 hours, the
temperature of retrorocket motor no. 4 decreased to 35° F from the lift-
off value of T4° F. A meximum excursion of 90° F was observed during
the remainder of the mission, and that occurred at the time of motor
no. 1 ignition. Performance of the system was nominal as shown by
table 5.1.8-V.
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TABLE 5.1.8-I.- OAMS AND RCS SERVICING DATA

Pressurant at reference

Propeliant at reference

l

o . Propellant
Systen temperature of 70° ¥, psia temperature of 70° F,";p‘ quantity indi-
Preactivation | Postactivation Oxidizer Fuel cator, percent
OAMS
Planned 2915 +(5)o 2650 +10 220.9 fg'g 164.0 fOB 91
Actual 2911 +20 2510 £20 220.5 +1 165.5 +1 87
RCS
A-ring
+30 +.2 +.16 -
Planned 3030 "3 - 20.2 7} 15.8 7}
Actual 3030 +20 2588 +20 20.17 +.1 15.99 £.08 -
B-ring
Planned 35030 T20 ~ 20,2 T2 15.8 +-16 -
-0 -0 -0
Actual 3021 20 2569 +20 20.17 +.1 16.03 +.08 -
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TABLE 5.1.8-II.- OAMS MANEUVER TRANSLATION PERFORMANCE SUMMARY

Velocity change,

Meneuver time, sec ft/sec
Yaneuver Tlme, g.e.t. Planned Actual Planned { Actual
Separation 00:05:57 & 7.9 5 7.6
Perigee adjust 00:56: 00 13 12.8 10 9.7
Apogee adjust 50:49:57 28 26.9 21.1 21.1
Coelliptical 51:3h:31 20 Data 5.2 5.7
unavallable
Out of plane 52:06: 26 19 Data 4.6 1.7
unavailable
Reverse 53:04: 04 22 Data 17.3% 17.3
coelliptical unavailable
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TABLE 5.1.8-IIT.- OAMS OXIDIZER LINE AND FPROPELIANT VALVE

HEATER CIRCUIT EREAKFR POSITIONING

Ground elapsed -[-Jj_me) Revolution Cipcuit breaker AT_, Heater
hrmin:sec position hrmin
0C:00:00 1 Closed Cn
Ol 227
ok 2645 3 Open off
09:12
13:39:05 9 Closed On
10:07
234610k 15 Open Of f
14:30
38:15:57 2k Closed On
00:48
39:0%:56 25 Open Of f
46149
85:53:13 54 Closed On
07:56
93:49:09 59 Open off
<00:01
95:49:19 59 Closed on
04:31
98:19:28 62 Open Off
20:08
118:27:38 75 Closed On
10:19
128:46:51 81 Cpen Off
00:01
128:48:16 81 Closed On
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. . RCE postflight
Specification Prz;§£§;ce Pozziiizlce removed from
g ring B RCS
Fuel
Purity, percent 08,0 min 098.3% 98,k 96.6
Water equivalent, percent . . . . . . . . . 2.0 max 1.7 1.6 3.4
Density at 77° F, g/ml . . . . . . . . . . . | 0.872 £ 0. 004 0.870 0,870 0.868
Transmittancy, percemt . . . . . . . . . , . 30,0 min 96,0 95.0 88.0
Oxidizer
Purity, perecent . . . . . . . . . . . ... 9.5 min 99.9 99.9 k.05
Water equivaelent, percent . ; e e e e 0.1 max 0.03 0, 001, L, oh
Chloride as nitrosyl chloride, percent . . . 0.08 max Q.04 0.0k 0.025
Non-volatile ash, percent . . . . . . . . . 0.0l max None None None
Total filtersble solids, mg/100ml . . . . . 1.0 max None Wone Wone
Spectrograph emigsion . . . . . . . . . . . Minor — silicon,
iron, AL, and CR
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TABLE 5.1.8-V.- RETROCRADE ROCKET SYSTEM PERFORMANCE

Motor number 1 2 3 L

Firing sequence . . . . first third second fourth

Ignition time, g.e.t. . |190:27:43.3{190:27:5%.0|190:27:48.8(190:28:00.1

Total burn time”, sec . 6.4 6.0 6.1 6.2
Parameter Predicted Actual Deviation,
percent
. lb-sec
Totel impulse, =34 + « . . 56 725 56 T09 -0.03
AV, ftfsec o o . ... 325.0 32k .5 -0.15
Prefire weight, 1b . . . . . 5 542 5 549 +0.13

aTotal burn time is defined as the time interval from motor
ignition to the end of detectable thruskt.
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5.1.9 Pyrotechnic System

Based on a successful mission and all available related data, 1t
may be deduced that the pyrotechnic system performed all reguired func-
tiong during the Geminl V mission in a satlsfactory manner.

A postlflight evaluation of the ejection seat ballute deploy~release

and the drogue-mortar aneroid mechanisms was conducted. All four of
thege devices functioned within design limits. The test results are
ligted in the following table:

Nomenclature

Design firing
altitude, ft

Firing altitude, ft

Test 1 Test 2 Test 3%

Right-hand drogue aneroid
Left-hand drogue anercid
Right-~-hand ballute anercid

Left~hand ballute aneroid

5700 + 600
5700 * 600
7500 £ 700

T500 # 700

o700 2700 5700
D350 5350 2350
7200 7250 7200

375 6950 400
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5.1.10 Crew Station Furnishings and Equipment

5.1.10.1 Crew stationg degign and lsyout.- The basic design of the
crew station was satisfactory for the Gemini V mission. A few anomalies
were noted, and these are discussed in the following paragraphs. On this
mission, one Important fact was learned about the basic crew station de-
sign, in that the pilot reported seeing the ground from the cabin prior
to lift-off by holding the detachsble mirror near the bottom of the
window. The crew also reported seeing the earth after reentry while in
two-point suspension on the parachute. Bach pilot could sece the water
out of his window or the opposite window prior to landing by leaning for-
ward.

5.1.10.1.1 Equirment stowage: All loose equipment except four
packages of food was stowed in the normal stowage containers for launch.
These food packages were carried in the helmet stowage bags in the Toot-
wells, The stowage plan for the mission wag to remove all the food and
equipment from the right aft stowage box and stow these items in fabric
containers over the seat headrests. The right aft box was then to be
used for waste. Prior to reentry all the equipment removed from the aft
boxes and the food remaining was to be restowed in the aft boxes. This
plan was carried out successfully by the crew except that a certain
amount of time and effort had to be devoted to the daily task of house-
keeping.

The four dry-waste stowage bags mounted on the outboard walls of
the footwells were damaged during the flight. The fabric tore in several
locations. The elastic top of one bag falled, and the fabric on one bag
wore through from being rubbed by the pilot's leg.

The command pilot reported that the stowage location of the optical
sight under the left instrument panel was difficult to reach and, because
the stowage mount also could not be seen, it was difficult to stow the
sight.

5.1.10.1.2 Long-duration habitability: The habitability of the
crew station was satisfactory for the 8-day mission. The principal
limitation was the length of the crew station which prevented either
pilot from straightening his body to full length. Some discomfort ap-
parently resulted from the cramped quarters; however, frequent use of
the exerciser helped alleviate this problem.

During the pericds when the spacecraft was powered down, the noise

level in the crew station was very low. Accordingly, the slightest
noise was noticeable to the crew and disturbed them during sleep periods.
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The flight crew reported being chilled during the early part of the
flight when the spacecraft was powered down in drifting flight. With a
suit inlet temperature of 46° to 48° F and a cabin temperature of T70° F
the crew shivered, and frost formed on the lnside of the window from
their breath. When the spacecraft attitude was controlled, the cabin
suit temperatures rose 5° to 10° F, and the crew was comfortable.

Light polarized window filters, which could be rotated relative to
each other to block light through the windows completely or adjusted as
necegsary, were carried for the first time on this flight. These filters
were effective for shutting out the sunlight during sleep periods.

No crew station desgign feature or characteristic limited the durs~
tion of the migsiocn, and the results of the mission indicate that the
crew station is satisfactory for flights of even longer duration.

5.1.10.1.3 Crew station furnishings: The ejection seats were used
only for support snd restralnt on this mission. No discomfort was re-
ported for the prelaunch, orbit, or reentry phases of the mission. The
drogue mortar safety pins and receptacles, which had been redesigned
prior to the misgion, were found to be very satisfactory. The crew was
able to install the pinsg without difficulty. The command pilot reported
that the safety pin lanyard for the drogue-mortar automatic firing
mechanism on his geat occasionally snagged on his right shoulder and
pulled the pin out. The lanyard had been lengthened since ths GT-% mig~
gion to improve accessability.

5.1.10.1.% Qabin lighting: The cabin lighting was adequate for
the migsion, although the crew reported seversl lighting deficiencies.
The lighting on the center instrument panel was poor for darkside oper-
ation. In order to illuminate this panel adequately, 1t was necessary
to turn the center cabin light so bright that it interfered with visi-
bility outgide of the spacecraft. If the center light was turned low
enough tc be compatible with outside vigibility, the center panel instru-
nents and markings were difficult to read.

The crew reported that all three cabin light assenblies tended to
overheat when they were opersting for 30 to 40 minutes or more. The
crew smelled the odor of scorched paint from the lights. The condition
is being investigated, and corrective action will be taken, 1f necessary.

The crew accldentally broke the right-hand utility light while
removing it from the stowage bracket. Postilight inspection revealed a
weak point where the lens was attached to the body of the light making
the assembly susceptible to handling damage. This utility light was
made from a new design which incorporated a parabolic reflector to
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concentrate the i1llumination. The left-hand light was used throughout
the flight and found to be satisfactory.

The COMPUTE light on the center pedestal was a frequent annoyance
during darkside operation because it could not be dimmed or extinguished.
This light illuminated frequently during programed maneuvers and when
these maneuvers were required on the darkside, the brightness interfered
with the command pilot's ability to see the stars that will be necessary
for navigation and tracking during the optical rendezvous procedures.

The previous Gemini flight crews reported difficulty in seeing the
inside of the cockpit after looking at either the sunlit earth or the
sun. This severe contrast in illumination was reduced to a satisfactory
level by use of the polarized window filters which the crew kept in the
windows at least one-half of the time. The knob on the rotating digk
on the left-hand window filter broke off in flight. The knob had been
bonded to the plastic and the Joint came apart. Numerous scratches were
noticed on the rotating disk and the corresponding stationary part of
the right-hand window Tilter resulting in slightly impaired visibility.
bxcept for these minor deficilencies, the crew described the filters as
necessary and very useful.

5.1.10.2 Controlsg and displays.-

5.1.10.2.1 Controls: The basic attitude and masneuver controls
were satisfactory. The other controls were satisfactory except as
follows: the oxygen purge control switcheg for the fuel cell were
spring-loaded momentary switches which the pilot had to hold "on" for
approximately 2 minutes every few hours. The spring-loaded feature
was unsuitable for the freguency and duration of this control function.
The inconvenience was aggravated by the high spring forces omn the
switches and the lack of gravity on the body to assist in overcoming
the switch forces.

The command pilot was unable to engage the fabric retention loop
on the left-hatch lock-release lever on several attempts before opening
the hatch for recovery. After the hatch was opened, the lock-release
lever worked freely. The condition of this control lever and ite assow
ciated cable and linkage is being investigated for possible discrepancies.

5.1.210.2.2 Displays: The radar indicator and the fuel-cell bower
gsystem monitor indicator were used for the firgt time on a manned flight,
and both were satisfactory.

One of the redundant pointers for the launch vehicle stage II fuel-
tank pressure indicator fgiled intermittently during the ascent phase
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of the flight. This pointer, driven by the launch vehicle instrument
power gupply, moved to full scale before the end of stage I operation
and indicated intermittently during stage IL operation. The pilot
correctly referred to the redundant pointer for stage 1L fuel-tank
pressure, and there was no inflight action taken as a result of the
intermittent indication. A review of the flight dsta indicated an
open circuit fallure in the instrument or associgted wiring. A com-
plete failure analysis was ccnducted on the instrument, the wiring
in the recovered reentry section was checked, and the fault was not
revealed. GLV telemetry indicated that the proper signal was sent to
the launch-vehicle spacecraft interface. This leaves only the inter-
face electrical connectors, which were redundant, and the spacecraft
adapter wiring as the probable sources of the trouble.

' 1
The cabin temperature gage failed 565 hours after launch. The

indicator needle dropped to the minimum scale reading of 40° # at this
time. Later in the flight, the gage indicated intermittently. Post-
flight analysis showed that a bent pin in the temperature sensor con-
nector caused the intermittent failure. The crew used the hand-held
humldity sensor and ground readings of cabin temperature for reference
for the remainder of the flight.

The crew reported that the digital command system {DCS) indicator
light did not i1lluminate after the DCS update of the computer at
Carnarvon during the last orbit. Pogtflight tests conducted on the
spacecraft have revealed no faults in either the light or in the reentry
module wiring. A part of the circuit was in the sdapter and could not
be checked. It was found that the light is not visible in normal cabin
light (dsyside) when the dimming iris is in the fully closed position.
This was the position in which it was found at the start of the test.
Tt was also found that the mechanism moves very freely and could con-
ceivably have vibrated to that position accounting for the report that
the light did not illuminate.

Three time displays were provided to the crew for Greenwich mean
“time {G.m.t.) and elapsed time. The G.m.t. clock on the right instru-
ment panel wag accurate within approximately 25 seconds per day. The
2h-hour battery-driven clock on the left instrument panel was in error
by less than 1 second per day. The event timer was powered down to
conserve electrical power, and the accuracy of this device was not de-
termined in flight. The lack of a migsion-elapsed-time indicator in
the crew station dictated that G.m.t. be used as the principal time
reference after midnight on the first day. Postflight analysis of the
fiight data was hampered by the simultaneous use of G.m.t. and elapsed
time. As in Gemini IV, the flight crew reported that mission elapsed
time would have been a better time reference if an onboard indicator
had been provided.
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The window markings intended for use as plitch or roll attitude
indications when uging the horizon for visual attitude reference were
confusing. The markings were not labeled to identify the corresponding
bank angles, and differentiation between the numerous markings was
difficult. The crew reported that the secribe lines across the window
were distracting throughout the flight.

5.1.10.3 Space suitg and accesgories.-

5.1.10.3.1 Bagic space suits: The CGUC gpace suits operated satis-
factorily throughout the flight. The helmets and gloves were removed
at approximately 7 hours 40 minutes g.e¢.t., and they were left off until
Just before retrofire. The crew used their wrist dams and neck dams to
maintain normal ventilation flow within the suits. It was discovered
when the command pilot was not wearing the wrist dams that he received
substantially more of the total ventilation flow. As a result, the
command pilot felt colder than the pilot. Subsequently, the command
pilot donned his wrist dams, and the ventilation flow balance was re-
stored. The crew removed their ventilation inlet hoses occasionally
in order to warm up.

The suit comfort was acceptable. The crew reported good ventila-
tion, including the ventilation to their feet. In the latter half of
the mission, the crew became increasingly aware of pressure points and
discomfort. The principal pregsure points were around the inlet, ex-
haust, and communication fittings.

5.1.10.3.2 Space suilt accessories: The wrist dams and neck dams
functioned in a satisfactory manner, except that the neck dams were
susceptible to tearing. Bach crew member carried two neck dams and the
pilot damaged both of his while donning them.

The dual port manifold block which contained the blood-pressure
cuff port and the cardiovascular cuff port on the pilot's suit came
loose at approximstely 29 hours g.e.t. The result was leakage of about
10 percent of the oxygen supply for the. cardiovasecular cuffs and s
potential leak in the blood-pressure line. The pilot recognized the
difficulty after a short period and repaired the lesk by tightening the
manifold-block retaining screw. Inspection of the manifold block showed
that there were no positive means for keeping the retaining screw
tight.

The isolation cap, which contalned ear cups for noise suppression
and an eye shade for light shielding, was unsatisfactory as a sleeping
aid. The ear cups were too small, and the cap was uncomfortable. The
crew used the light-polarized window filters for light control instead.

UNCLASSIFIED



5-106 UNCLASSIFIED

Two "O-ring" seals on the blood-pressure inflator fitting failed
early in the mission. Pogtflight inspection of the two space suits
showed that the bloocd-pressure port of each suit had a sharp radius at
the outer edge. This sharp radius probably damaged the seals when the
blood-pressure inflator was inserted in the port. . The geals were
replaced with spares from the space sult repair kit. No further fail-
ures of these seals occurred for the remainder of the mission.

The cardiovascular cuffs worn within the pilot's suit became g
source of digcomfort in the last half of the mission. This disccmfort
was caused by the close fit and the lack of ventilation under the cuffs.
After the cardiovascular-cuff oxygen supply was depleted, the pilot
removed the cuffs from inside the sult by cutting them off with the
scissors. Access to the cuffs on the legs was gained by partially re-
moving the suit torso.

5.1.10.% Flight crew operational equipment.-

5.1.10.4,1 Still camera (70-mm): The 7C-mm still camera, with
an 80-mm focal length lens and four TO-mm film magazines, was used suc-
cessfully to take approximately 235 general purpose and experiment photo-
graphs. The guality of the pictures was excellent, and they included
some subject material not obtained on previous flights.

5.1.10.%.2 Sequence camera (16-mm): The 16-mm camera mounted on
the right-hand window functioned normally throughout the flight. Two of
the four film magazines were exposged completely, and the remaining two
were partially exposed. Picture guality was less than nominal for some
of the pieture sequences. Posgtflight analysis of camera and magazines
indicated normal operation.

5.1.10.%.3 Photo event indicator: The photo event indicator was
used only with the 35-mm camera for this flight. A problem was en-
countered in flight with the photo event indicator-film transport adapter
system. Postflight analysis revealed that the film transport adapter
had not been properly set for the photo event indicator.

The photo event indicator wag removed from the T0-mm gtill camers
prior to flight. The flight crew maintained a hand-written log of
rhotographs taken which resulted in a complete postflight photographic
identification.

5.1.10.4.4 Optical sight: The optical sight was satisfactory
for tracking of ground, oxrbltal, and celestial targets of varying light
intensity except when unwanted reflections from the collimating mirror
interfered with the view through the sight. When the sunlight struck
the mirror, it reflected into the commasnd pilot's eyes and prevented
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him from seelng any other object. Similarly, during darkside operations,
there were reflectiong from the mirror caused oy the center cabin light.
These deficiencies indicated that the mirror must be shielded in order
for the gight to be usable with the sun in the left window or with the
center cabin light on.

At 47 hours 44 minutes g.e.t., the crew reported that the optical
sight had burned out. Subseguently, the crew was given instructions for
disassembling the sight to usge the utility light to illuminate the reti-
cle pattern. The crew had essentially completed this operation when the
utility electrical cord was Tound to have a broken wire which was the
actual cause of the reported sight failure. After reassembling the
sight, the command pilot substituted another electrical cord and the
sight operated normally. A failure analysis was performed on the failed
cord, and 1t was determined that one of the three wires in the assenbly
wag shorter than the other two. This caused undue strain, and the
shorter wire was pulled apart during normal handling. A strain relief
will be incorporated in both ends of similar cords for future missions.

A voltage regulator cable adapter was provided for reducing the
input voltage to the sight if additional dimming was reguired. Although
this item was not used, postflight inspection revealed a significant
discrepancy. The integral connector housings used for connecting the
cable adapter at either end were loose and rotated within the adapter
body. As a result, it was impossgible to disconnect or connect the
utility cable without risking internal damage to the adapter.

5.1.10.4.5 Lightweight headsets: Two new design lightweight
headsets with molded ear plugs were used throughout most of the flight.
In addition, one contractor-furnished headset was carried as a backup
item but was not used. The crew veported that the new design hegdsets
were satisfactory for communications and were very comfortable except
for minor irritation from the molded earpiece. The pilot wore his head-
set continuously from revolution 6 to revolution 119, approximately
170 hours, without discomfort or difficulty.

5.1.10.4.6 Flight data books: The flight datas books were excellent
for this mission. The previous problems of pages tearing out and rings
coming loose were corrected, and the crew was satisfied with the manner
and content of flight data presentation.

5.1.10.5 Flight crew personal eguipment.-

5.1.10.5.1 Food: Rehydratable and bite-size foods similar to
those eaten during the Gemini IV mission were provided for Gemini V.
A total of 54 man-meals (27 meals per man) was carried on this flight.
The crew's food log indicated that each crew member ate 19 total mesls.
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Each meal congisted of two or three rehydratable items, one or two
bite-size items, and usually one rehydratsble fruit julce. Meals were
eaten at approximately 8-hour intervals throughout the flight with the
exception of the first 24-hour period. During this first day, the crew
was limited to snack-type eating because of the high level of activity.
Most of the items consumed were rehydrateble foods and juices. Bite-
gize pieces were only partially eaten, and, after the third day of flight,
none of the bite-gize items were eaten.

Four food bags Tailed during flight, three rehydratable food bags
and one juice bag. Iach of these failures can be attributed to the
application of hand pressure to the filled bags which caused the heat
seal to fail. Excessive hand pressure was necessary becsuse the bag
feeder ports would not open sufficilently to allow passage of the bag
ingredients into the mouth. This discrepancy in the bags was caused
by the fabrication process of heat-gealing the feeder port material to
the bag material and later evacuating the bag, causing hard creases and
weak lines in the bag material.

The amount of dry or nearly dry waste which resulted from the food
was larger than anticipated. After the flight, the crew estimated that
the waste-to-stowed food ratic was approaching 2 to l. They attributed
this spparent increase in volume to the bulk of the overwraps. The
waste volume was ilncreased still more when the crew did not elect to
eat all of the food items in an individusl meal. Ag a result of the
unpredicted amount of food waste, the crew stowed some waste items be-
hind the seats rather than in the normal stowage containers.

5.1.10.5.2 Drinking water dispenser: The pistol-configured water
digpenser was utilized in the rehydration of foods and for inflight and
postlanding drinking. This device operated in a satisfactory manner
with no leaksge or improper operation noted.

5.1.10.5.3 Launch day urine collection device (UCD): The crew
did not remove the UCD's until late during the first day of flight. No
leakage was noted during the removal process. Fach UCD was emptied by
attaching it to the urine transport system followed by dumping over-
board through the spacecraft overboard urine dump system.

5.1.10.5.4 Urine disposal system: The new urine disposal system,
effective for spacecraft 5, functioned throughout the flight without
noticeable leakage or other major discrepancies. The flight crew noted
that tlie new roll-on receivers showed considerable deterioration during
the flight and required frequent cleaning. Investigation of the latex
formila revealed that a chemical reaction probably was teking place.
This reaction of urine with the latex attributed to the gradual deter-
ioration of these receivers. Although urine deposits were noted on

UNCLASSIFIED



UNCLASSIFIED 5-109

- the spacecraft qguick disconnect, no problems were encountered in the
overboard dump sequence.

5.1.10.5.5 Defecation device: Four defecations occurred during
the flight. The prime problem encountered was stowing the used bags,
because of the volume required. Use of these bags was accomplished
gatisfactorily.

5.1.10.5.6 Personal hygiene items: Wet pads furnished with each
food pack and with each defecation device were used by the flight crew
for face and hand cleaning as well as for cleaning of the urine system.
The large personal hygiene towels were utilized for purposes ranging
from instrument glass wipers to being wrapped around the neck in scarf
fashion to augment the neck dam.

5.1.10.5.7 Oral hygiene items: The toothbrushes on Gemini V
were utilized by the command pilot only. He reported that the tooth-
brush bristles were too stiff. No dental flogs was used, although some
was carried onboard. The chewing gum provided in each meal pack was
used occasicnally.

5.1.10.5.8 Carbon dioxide (cog) sensing tapes: One co2 detection
tape was utilized when a l-mm partial pressure of 002 was noted.
The tape did not register on the 4-mm indicator circle. The 2-mm indi-
cator circle had remained covered and therefore showed no color change.

5.1.10.5.9 Humidity sensor: The hand-held humidity sensor was
utilized three to four times daily beginning with the second day of
flight. Operation of the dry bulb and wet bulb porticng of the humidity
sensor appeared satisfactory. The wet-bulb wick was rehydrated fre-
quently during flight in crder that valid wet-bulb readings could be
obtained. The surface temperature indicator, when used, registered
relatively high temperatures. Thege high readings may have resulted
from failure to allow sufficient time for the surface temperature probe
to wreach equilibrium.

5.1.10.5.10 Survival equipment: The individual survival kits
were not opened during the postlanding mission phase. The life vests

remained on the personal parachute harness and were not activated by
the flight crew.

5.1.10.5.11 Water measuring bags: Two S=cunce water meaguring

bags were carried aboard the spacecraft to measure water intake but
were not used.
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5.1.10.5.12 Pogtflight equipment condition: An inspection of
each item of personal equipment subsequent to recovery indicated that
all components were exceptionally clean.

5.1.10.6 Bioinstrumentation equipment .-

5.1.10.6.1 Bioinstrumentation sensors and signal conditioners:
No difficulties were encountered with the sengors or signal conditioners.
All equipment was recovered in satisfactory working condition.

5.1.10.6.2 Blood-pressure manual inflator: In addition to the
"O-ring" seal damage reported in paragraph 5.1.10.3%, there was a signif-
icant failure of the inflator assembly in the postlanding phase of the
migsion. The inflator did not relieve the pregsure properly, and the
pilot was unable to cobtain satisfactory blood-pressure readings after
landing. The cuff could be pumped up normally, but the inflator had to
be removed from the suit port to release the pressure. A failure
analysis is being conducted on the inflator and corrective action will
be taken if necessary.

5,1.10.6.3 Dats retrieval: High quality bioinstrumentation date
were rebrieved for the complete mission except for the blood-pressure
problems described previcusly. The snalysis of the bioinstrumentation
data is inecluded in section T7.2.
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5.1.11 Lending System

The parachute landing system accomplished the basie funection of
providing a safe water landing for the Gemini V crew. All system events
occurred as comanded within established tolerances of the commands.
Figure 5.1.11-1 illustrates the major sequences with respect to ground
elapsed time and pressure altitude as they occurred.

Following reentry on this flight, the drogue parachute was inad-
vertently deployed at an altitude of 69 000 feet instead of the normal
altitude of 50 000 feet. At this time the gpacecraft was at a Mach
number of approximately 1.20. This supersonic deployment resulted in
the following:

(a) A higher-than-normal snatch load - Snatch load is defined
as the short duration locad following first line stretch. This load
riseg to a peak in less than 50 milliseconds and immediately falls as
the parachute "bounces." However, interpolation of the data indicates
that the load was at least 3000 pounds. During the development and
qualification test programs for this parachute the snatech load was
consistently between 1000 and 1200 pounds.

(b) A failure of the drogue parachute to inflate for approximately
10 seconds after line stretch - One of the significant factors affecting
the ability of a parachute canopy to inflate in a supersonic flow is
the porosity. Since the Gemini drogue parachite was not designed for
supersonic conditions, it has a very low basic porosity (17 percent as
opposed to 26 percent for the Mercury paraChutég- In addition, the
Gemini parachute stays reefed for 16 seconds and the geometric porosity
is reduced further. Accordingly, during the Gemini V mission, the drogue
parachute squidded instead of inflating until the velocity became sub-
sonic. Inflation occurred at an altitude of spproximately 55 400 feet
at a Mach mumber of 0,95. The parachute during this 10-second pericd
of time was jneffective as a stabilizing or drag-producing dewvice.

(c) Severe canopy pulsation and ribbon flutter - Although this
phenomenon was not measured or reported by the crew) conical ribbon
canopies usually exhibit this characteristic beginning at a Mach number
of about 1.15. Canopy pulsations were encountered at much lower Mach
numbers of 0.7 to 0.8 during the development test program of this para-
chute. This problem was succegsfully overcome for normal Cemini cone
ditions by the use of 69-percent permanent skirt reefing. Above a Mach
number of 0.8, however, canopy pulsations are gtill to be expected,

(@) Reynolds number effect on drag coefficient - At the time of
drogue parachute deployment during the CGemini V mission, the Reynolds

number was approximately 4 X 106. A ribbon-type canopy operating in
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the transonic and low supersonic speed regimes is significantly affected
with respect to the drag coefficient at this Reynolds number. (The
drag coefficient is approximately one-half its subsonic value. )

In view of the above factors, the observed performance of the drogue
parachute closely followed the theory and test results associated with
this parachute. The deployment of the drogue parachute at a supersonic
velocity had no catastrophic effect; nor did it improve the overall
performance. It should not be concluded that it is safe to deploy the
drogue parachute at supersonic velocities, particularly in view of the
lack of sufficient test data related to paragraphs (a) and (c) pre-
viously discussed. It can be concluded that the drogue is ineffective
as a stabilization device at supersonic speeds in view of paragraphs (b}
and (d). Further, it can be restated confidently that the established
altitude of 50 000 feet for deployment of the Gemini drogue parachute
is the optimum value for nominal reentries from orbit.

Although the crew reported that oscillations during the descent
on the drogue parachute were less than £5°, the data indicate that these
oscillations were greater in magnitude. The amplitudes during reentry
control system (RCS) activity were approximately +10°. Within 20 sec-
onds feollowing RCS shutdown the oscillations bullt up to £20° and re-
mained near this value until drogue parachute release. This performance
was compared with the descent of Gemini IV on the disreefed drogue para-
chute. Gemini IV did not exceed #10° on the disreefed drogue parachute,
and for at least half of the time had essentially no oscillation.

Even though the Gemini V landing system held the spacecraft within
the specification stability band of +23°, performance on the drogue
should have approached that exhibited by Gemini IV. The most probable
cause for the relatively degraded performance of Gemini V is a failed
bridle cable or attachment, with descent being effected on only two
legs of the bridle rather than the three. Two factors appear to indi-
cate that this did occur:

(a) The spacecraft oscillations on the drogue were predominantly
in the spacecraft pitch plane. Normally, oscillations will "walk
around" the bridle; that is, they will move progressively around the
planes described by each pair of bridle cables.

(b) The crew observed that there always appeared to be slack in
the cable on the top side of the rendezvous and recovery (R and R) sec-
tion as viewed by the crew. This particular cable is the one to which

the static line to the pilot parachute is attached. If this cable had
failed near the attachment point to the R and R secticn or if the at-

tachment fitting had failed, the leg would still have been attached to
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to the R and R section through the static line to the pilot parachute
mortar. Under this condition, this leg could not have picked up load,
and would have appeared slack to the crew.

I this cable or its attachment failed, it probably occurred as a
result of the high snatch load immediately following drogue parachute
deployment., As previously noted, the Gemini V snatch load exceeded
5000 pounds. The cable attachment fitting is capable of taking an
ultimate load of 6050 pounds. It would only have required a dynamic
shock factor of approximately 2 to exceed the ultimate load capability
of the fitting. The cable is a 2§-in6h diameter cable with a minimum

>
breaking strength of 7800 pounds. A dynamic shock factor of about 2.5

would have been required to exceed this. Either of these factors could

have been attained at a loading rate of 3.6 X lO6 pounds per minute.
However, it is more likely that the attachment fitting failed, since its
ultimate load capability is significantly lower than the cable breaking
strength.
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5.1.12 Postlanding

The ultra-high frequency (UHF) descent and recovery antennas
avtomatically deployed when the spacecraft was repositioned during
the descent phase of the mission. The sea dye marker was automatically
dispensed upon landing, and shortly thereafter the flashing recovery
light and recovery hoist loop extended when the main parachute was jetti-
soned. Satisfactory deployment of these recovery aids is evidenced in
many of the recovery photographs. The high frequency (HF) antenna
failed to extend when commanded by the crew. See seetion 5.1.,2 for a
discussion of this item. The operation and effectiveness of the re-
covery aids are covered in the communications and recovery operations
sections of this report.
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5.2 GEMINI TAUNCH VEHICLE PERFORMANCE

The performance of the Gemini launch wvehiele was satisfactory in
all respects except one. As reported by the crew, the duration and
magnitude of longitudinal oscillations (POGO) were greater than normal.
The cause of these greater values has been traced to an improper charge
in the oxidizer standpipes (surge guppression chambers).

5.2.1 Airframe

The maximum launch vehicle loading, occurring in the pre-BECO
region of flight, was 79 percent of design ultimate load. This compares
with the lowest value of 76 percent on GT-1 and the highest of 81 per-
cent which occurred on the Gemini IV flight.

5.2.1.1 TLongitudinal oscillation (POGO). ~ The flight crew reported
objectionable longitudinal oscillations (POGO) during the boost phase of
flight, stating that panel gages could not be read to a desired degree
of accuracy and that speech was difficult. Analysis of the flight data
verifies that the onset of POGO occurred at LO+92 seconds, had a dura-
tion of 46 seconds, and reached a maximum amplitude of +0.38g at the
spacecraft-launch vehicle interface. The POGO amplitude was higher than
the Gemini launch vehicle design goal of 0,25g for approximately 13 sec-
onds. POGO oscillations during this flight period were sustained oscil-
lations as compared with the intermittent characteristic of the sup-
pressed responses exhibited on previous vehicles (see fig. 5.2-1). A
discussion as to the cause of this high value is given in section 5.2.2.2
of this report.

5.2.1.2 Structural loads.- Ground winds were approximately 5 mph
during the Gemini V countdown, and the resulting structural loads were
not significant.

Estimated structural loads are shown in the following table for
the Gemini V flight. These data indicate that maximum loading occurred
at station 320 in the pre-BECO region of flight.

Launch-vehicle Max qa Pre-BECO
station, in. Toad, 1b De31%2rgizimate, Toad, 1b Des1%2rzi;imate,
276 26 000 26 48 000 L8
320 133 000 39 273 000 79
935 470 000 59 LL1 000 61
1188 485 000 72 473 000 70
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5.2.1.3 Post-SECO pulse.- A pulse of #0,015g peak axial acceler-
ation occurred 5.1 seconds after SECO and damped out within 0.% second.
The disturbance was not detected on actuator deflections or on rate gyro
telemetry data, but the acceleration response was similar to that exper-
ienced on previous flights.

5.2.1.4 First stage recovery.- A substantial portion of the GLV-5
Pirst stage was recovered by the U.S. destroyer DuPont. The recovered
portion is shown in figure 5.2-2. As sghown, the recovered section in-
cludes the entire oxidizer tank barrel, forward skirt, and forward dome.
The tank was shipped to the contractor's plant for inspection. The re-
gsults of this ingpection and analysis will be published as a supple-
mental report.

5.2.2 Propulsion

Performance of the propulsion system was satisfactory. A compari-
son of preflight predicted with pestflight reconstructed engine perform-
ance is shown in tables 5.2-1 and 5.2-11 for stages I and TI, and
indicates good agreement between predicted and actual performance.

5.2.2.1 Stage T engine performance.~ The start transients of both
subassemblies were of the expected form and within the range of GLV and
Titan IT experience. Analysis of landline data shows that the fuel
pressurant differential pressure switch of the prelaunch malfunction
detection system made momentarily at engine start signal + 0.13 second
before making solidly at the expected time of engine start signal
+ 0.95 second. This phenomenon has been previously seen during the
acceptance test of the engine to be installed on GLV-9 or GLV-10, and
is believed to be caused by the initial pressurization of the autog-
enous lines during the start transient.

Engine performance was normal during steady-state operation except
for the presence of pressure oscillations in five parameters during the
period of TO+11k to LO+135 seconds. (See section 5.2.2.2.)

Visual observation and a review of the launch films showed that
several momentary flashes occurred in the stage T exhaust plumes; how-
ever, no corresponding perturbations could be found in any of the tele-
metered vehicle parameters. A film review of previous launches has
revealed that similar flashes occurred in GI-2, GT-3, Gemini IV, and
several Titan II launches. The exact cause of these flashes is un-
known; however, they are thought 1o be due to the tape used to secure
desiccant bags in the turbine exhaust stacks.
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Shutdown was initiated by oxidizer exhaustion with approximately
871 pounds of usable Ffuel remaining. Predicted mean outage was
568 pounds.

5.2.2.2 Presgure ogcillations.- The data indicate that pressure
oscilllations were reflected only in the oxidizer and not in the fuel
system. Osgcillations in both thrust chamber pressures of 12 psi peak-
to-peak at approximstely 11 cycles per second were noted in subassem-
blies 1 and 2. Maximm oscillations of 34 psi peak-to-peak at 11 cycles
per second were also noted in subassembly 2 oxidizer pump suction pres-
sure and in both oxidizer pump discharge pressures (subassembly 1 oxi-
dizer pump suction pressure was not instrumented). Comparison of the
oxidizer system parameters measured on GINV-5 with previous Gemini and
Titan II flight data indicates that the high oscillatory response re-
sulted from improper operation of the oxidizer standpipe.

Postflight analysis and tests show that only about 10 percent of
the normal bubble (volume of gas) was in the oxidizer standpipe after
the charging procedure was completed. Various explanations of the
reason for this i% size bubble have been advanced ineluding: nitrogen
gas absorption, gas escape, displacement of the N2 gas by Neou vapor and

consequent vapor condensation, and inadequate charging procedures. At
the present time, tests are underwsy by the contractor to establish the
prime contributors to the small bubble and, more importantly, to estab-
lish correct procedures to insure a proper charge under any conditions.

5.2.2.3 Stage I1 engine performance.- Performance of the stage II
propulsion system was generally as predicted; however, oxidizer and fuel
pump discharge pressures were slightly higher than expected. This was
reflected in higher chamber pressure and thrust. Shutdown was initiated
by radio guidance system (RGS) command and produced a shutdown thrust
transient similar to that experienced on GIV-3 and GIV-4. Actual total
impulse during the shutdown transient was approximately 36 600 lb-sec
as opposed to a predicted walue of 37 500 + 7000 lb-sec.

5.2.2.4% Propellsnt loading and autogenous system performance, -
The following tables provide data on loaded-propellant weight and flight-
propeliant temperatures. The actual propellant weights given in the
first table agree well with requested loads, while the average propel-
lant temperatues, listed in the second table, are lower than prediected.

The propellant temperstures were lower partly because of low wind
velocity, but principslly because the temperatures are predicted for a
launch at the 1,7-hour point in the window.
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PROPELTANT TOADING

Stage T o Stage TII1
Component Reguested Actual Requested Actual
Fuel, 1b 90 049 90 051 21 952 21 9k8
Oxidizer, 1b 171 972 171 961 37 857 27 865
AVFRAGE PROPELIANT TEMPERATURES
Stage 1 Stage IT
Component Predicted Actual Predicted Actual
Fuel, 1b hg,0 ho.7 5.0 W, 3
Oxidizer, 1b 51.7 45.1 51.2 b6, 9

Comparison of propellant tank pressures during flight with pre-
flight predictions shows good agreement, indicating satisfactory autog-
enous system tank pressurization.
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5.2.2.5 Performance margin.- Real-time calculations performed
during the launch countdown indicated that the spacecraft weight would
exceed predicted launch vehicle negative 30 performance capability
by 126 pounds at lift-off. The postilight reconstruction of vehicle
performance indicated actual payload capability to be 8306 pounds. This
capability was 359 pounds above the spacecraft weight, but 163 pounds
less than the preflight predicted nominal of 8469 pounds. This was the
first Gemini launch vehicle in which the achieved payload capability was
less than the preflight predicted nominal. The following table gives
predicted and actual values.

Predicted Actual
Spacecraft weight, 1b a7938 7ok
Payload, =3C
real-time, 1b 7812 N.A.
Paylosd, -3¢
preflight, 1b 7802 N.A.
Payload, nominal, 1b 8L6o 8%06

aUsed by contractor in real-time performance
calculations.
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5.2.3 Flight Control System

The performance of the flight-control system was satisfactory.
The primary flight-control system was in command throughout the flight
and no gwitchover to the secondary system was required. The operation
of three-axis reference system (TARS) and the inertial guidance system
(168) was compatible during both stage T and stage IT flight. Switch-
over could have been successfully accomplished at any time during the
flight.

5.2.3.1 GStage T flight.- Tgnition and lift-off transients were
normal. The peak actuator travel and rate-gyro disturbances recorded
during the ignition and holddown period are shown in table 5.2-TIT.
The combination of thrust misalinement and engine misalinement at full
thrust again initiated a small roll transient at lift-off. The control
system responded satisfactorily to correct the roll transient, limiting
the roll rate to a maximum of 1.1 deg/sec clockwise at 0.21 second
after 1if't-off. No significant transients were noted in the pitch and
vaw channels. : )

The TARS roll and pitch programs were properly executed, The
rates and initiation times were nominal and within the first-stage
trajectory requirements. All TARS-initiated discretes were executed
as programed. The planned and actual roll and pitch programs are
listed in section 5.2.5 (table 5.2-IV).

Analysis of the primary flight-control attitude error sigmals
during stage I flight shows proper response to wind disturbances and
to the guldance programs. The maximum rates and attitude errors are
shown in table 5,2.V.

The TARS and TGS attitude signals for pitch, yaw, and roll are
presented in figure 5.1-4. The stage I dispersions between the primary
and secondary systems were caused primarily by gyro drift, errors in
the TARS guidance programs, and reference axis cross-coupling effects.
The magnitude of these dispersions was well within the primary system
limits,

5.2.3.2 gSeparation.- Stage separation was satisfactory. Thrust-
vector control was attained as soon as the stage II hydraulic system
was pressurized. The piteh, yaw, and roll rates at stage sepsration
were higher than those experienced during previous missions, and are
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attributed to the heavier spacecraft. The maximum attitude errors re-
corded were as follows:

Pitch, deg . . . . . . . . . . . . +0.47 at BECO + 1.3 gec
Yaw, deg . . . . . . . . . .. .. +1.2 at BECO + 2.5 sec
Roll, deg . . . . . . . & . . .. -0.3 at BECO + 1.2 gec

The maximum vehicle rates recorded during staging were as follows:

Pitch, deg/sec . . . . . . . . . . -1.7 at BECO + 0.1 sec
Yaw, degfsec . . . . . . . . . .. +1.4 at BECO + 1.2 sec
Roll, deg/sec . . . . . . . . .. -1.7 at BECO + 0.2 sec

5.2.5.3 Stage IT flight.- The radio guidance system (RGS) guidance
cnable command was initiated by the TARS timer at I0O+162.59 seconds.
The first pitch guidance command was received at LO+168.Y% seconds and
consisted of a small command followed by a full 2.0 deg/sec pitchdown
for 5.8 seconds. Throughout the remainder of the Tlight, small pitch
commands were transmitted to the vehicle to achieve the desired cut-
off conditions,

The control system indicated attitude bias in both piteh and yaw
during stage II. The yaw bias of +1.2° compares closely with the
Gemini IV bias of +1.3°, and is approximately the same as the biases
experienced on other Gemini flights. Both pitch and yaw biases were
well within the predicted limits. The attitude errors in piteh, yaw,
and roll are shown in figure 5.1-4. The biases are caused by engine
thrust-vector misalinement, center-of-gravity travel off +he vehicle
longitudinal axis, and the position of the roll thrust vector off the
longitudinal axis.

5.2.3.4 Post-8SECO flight.- The vehicle piteh, yaw, and roll rates
during the period from SECO through spacecraft separation appear in
table 5.2-VI. Again, as on Cemini IV, the vehicle post-SECO rates were
less than those experienced on the GT-1 and (T-9 flights. OSpacecraft
separation was accomplished at 23.63% seconds after SECO.
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5.2.4  Hydraulic System

Operation of the hydraulic system was normal.
and steady-state values are shown in the following table:

Starting transients

System event .Stage T Stage 1 Stage 1T
primary system secondary system system
Starting transient (max) 3880 psia 3%80 psia 3760 psia
Starting transient (min) 2700 psia 3040 psia 3000 psia
Steady state 3000 psia 3040 psia 3000 psia
BECO 2760 psia 2060 psia N.A,
SECO LA, N.A. 2850 psia

5.2.5 Guldance System

The vehicle was guided by the primary Mod IIT radio guidance
system (RGS) which performed satisfactorily throughout the countdown
and flight.

5.2.5.1 Programed guidance.- The programed guidance was within
acceptable limits, as shown in table 5.2-IV. As discussed in section 4,
a slightly lofted first-stage trajectory was flown. The errorg at BECO
were 16k ft/sec low in velocity, 5383 feet high in altitude, and 0.89°
high in flight-path anglie. :

5.2.5.2 BRadio guidance.- The guidance system acquired the pulse
beacon of the launch vehicle, tracked in the monopulse automatic mode,
and was locked-on continucusly from 1lift-off to 30 seconds after
sracecraft-launch vehicle separation, At this time, there was a
12-second period of intermittent lock until final loss of sgignal at
66 seconds after SECO. Track was maintained to an elevation angle of
2.%2° above the horizon. The average received signal strength at the
central station during stage IT operation was satisfactory. Rate lock
was continuous, except for a momentary interruption at staging, from
LO+hk. I seconds to LO+380.8 seconds (47.52 seconds after SECO). Rate
lock was maintained to an elevation angle of 4.1° above the horizon.

Normal steering commands were issued, as planned, by the airborne
decoder at LO+168.4 seconds. At this time, an initial 10-percent pitch-
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down steering command (0.2 deg/sec) was given for 0.5 second, followed
by a 100-percent pitch-down steering command (2.0 deg/see) for 5.8 sec-
onds. The 100-percent command wasg given 2.8 seconds longer than nominal
because of the slightly lofted first-stage trajectory. The steering
gradually returned by 15 seconds later to relatively small and slowly.
varying pitch-down commands of 0,1 deg/sec. This produced generally
negative pitch rates until LO+275.0 seconds; however, the rates, start-
ing at LO+222.0 seconds, became quite oscillatory, varying between
pitch-up and pitch-down commands of 0.1 to 0.% deg/sec, until 2.5 sec-
onds before SECO. Yaw steering started at LO+168.4 seconds. The yaw
commands were of very. small magnitude, with the commands over the radio-
guided portion of flight amounting to positive and negative yaw rates

of 0.04 to 0.06 deg/sec.

SECO occurred at LO+3%%.28h4 seconds at an elevation angle of 7.26°.
The STCO+20 second conditions were well within Aa limitg.  The
flight-path angle was -0.01°, the velocity was 25 805 ft/sec, and the
altitude was 531 025 feet., The planned column in table 4.3-T lists
spacecraft separation conditions at SECO+20 seconds which may be com-
pared with these conditions. The flight-path angle wag 0.01° low, the
velocity was nominal, and the altitude was 96 feet low. These differ-
ences do not precisely agree with the differences indicated in
table L.3%-T because the actual conditions listed are for spacecraft
separation which occurred 3.6 seconds later. Because the shut-down
thrust transient was nominal, the small insertion errors were attribut-
able to shut-down timing at SECO and to the noise in the guidance data.
At the end of tail-off, vehicle rates were 0,77 deg/sec pitch-down,
0.31 deg/sec yaw-right, and 0.45 deg/sec roll-clockwise,

The computing system, in conjunction with the RGS ground and air-
borne systems, completed all prelaunch and launch operations in a
normal and satisfactory manner. The spacecraft inertial guidance gys-
tem ascent updates from the computer were sent by way of the spacecraft
digital command system and verified b, the buffer as follows:

Update sent, Update verified, .
LO + sec 1O + sec Velue, ft/sec
100.0 105. 693 -319.5
140.0 145.69% -204.0
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In figures 5.2-% and 5.2-4, the velocity and flight-path angle
are shown in the regiong of SECO and tail-off. The launch-vehicle RGS
data and the range safety data (MISTRAM T - 10 000-foot base legs) are
shown to illustrate the quality of the post-SECO data used by the
real-time computing complex (RTCC) at Houston to compute the orbital
determination. Both sources of data, as compared with previous Gemini
flights, experienced noisier data in the area of cut-off. This random
noise is considered worse than the predicted magnitude for this time
of the year. Tt can also be observed in the figures that the flight-
path angle and velocity parameters gave distinet differences from those
computed by using NASA tracking network information.

5.2.6 Electrical System

The electrical system operated normally throughout the flight.
No anomalies were noted in any of the electrical varameters. Variation
of load on both the auxiliary power system (APS) bus and the instrumen-
tation power system (IPS) bus reflected electrical Punctions snd se-
quence of events as expected. Both bus potentials remained within
acceptable limits for the noted variations of electrical load. The
characteristics of the ac power system as well as the ingtrumentation
power sources remained constant and well within required Iimits.

5.2.7 Instrumentation System

5.2.7.1 Ground.- All measurements programed for use during the
countdown and launch performed as anticipated. There were 121 measure-
ments in use. The wiring associated with the outlet temperature mea-
surement of the oxidizer heat exchanger was damaged during the recycle
period and was not reparired for the launch. The umbilical sequence
was as planned and complete in 0.760 second.

5.2.7.2 Airborne.- The removal of the FM/FM system, and the re-
duction in some engine parameters on GLV-5 and future missions reduced
the number of measurements by 40, There were 191 measurements programed
for this flight. No anomalies occurred in the countdown and launch, and
data acquisition was 100 percent. Loss of signal for telemetry was
I10+43%0.5 seconds.

5.2.8 Malfunction Detection System
Performance of the malfunction detection system (MDS) during pre-

flight checkout and flight was satisfactory. All MDS hardware func-
tioned properly with the exception of the stage II fuel tank channel B
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pressure indicator, which was intermittent. Table 5.2-VII presents
MDS parameters.

5.2.8.1 Engine MDS.- The actuation times of the malfunction detec-
tion thrust chamber pressure switch (MDTCPS) have been evaluated. The
stage I engine subassembly 1 and subassembly 2 (SA1l and SA2) switches
actuated at 580 psia and 600 psia, respectively. The stage IT malfunc-
tion detection fuel injector pressure switch (MDFIPS) pressure cannot
be determined, because there was no analog telemetry channel of in-
‘jector pressure. BSwitch actuation times and corresponding pressures
were as follows: :

' Condition Actuation time | o e

Switch J Lot from 1ift-off, FESSUre,
bsla sec psia
Subassembly 1 MDTCPS | Make:  540/600 -2, 580
Break: 585/515 +153.50 520
Subassembly 2 MDTCPS | Make: 5L0 /600 -2.3%6 £00
Break: 585/515 +153. 49 535
Subassembly 3 MDEJPS Make +154, 28 -
' Break +333. 44 —

5.2.8.2 Airframe MDS.- The MDS rate switch package performed pro-
perly throughout the flight. No vehiele overrates occurred from 1ift-
off through spacecrait separation.

5.2.8.3 Tank pressure indicators.- All tank pressure indicators
performed satisfactorlly except for stage IT fuel B channel which was
intermittent. Taunch vehicle telemetry indicates that the transducer
wae looking into an open circuit rather than the 13%3% ohms of the meter
from LO+8: seconds to LO+151 seconds, LO+15L seconds to LO+318 seconds,
and from LO+333 seconds to spacecraft separation. The command pilot
reported full-scale indication of the meter during approximately these
time periods and agreement with the A channel sensor at other times.

Fach of the four GILV propellant tanks have redundant pressure
tranducers whose outputs are displayed on paired anslog display meters
in the spacecraft panel. The primary (A) sensor from each tank is
powered from the GIV-APS bus and the four analog needles are nearest
the center of the two analog gages. The secondary (B) sensor from each
tank is powered from the GLV-IPS bus and the four analog needles are
located nearest the outside of the two analog gages.
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An indication of power failure of elther IPS or APS would register
as an immediate full-scale deflection on the respective analog indi-
cators. The malfunction thet occurred was on only one analog indieator.
However, the command pilot correctly diagnosed the problem as a wire or
indicator failure rather than a loss of IPS power. The tank pressure
monitor at MCC uses channel A only and was not aware of the malfunction.
A failure analysis of recovered spacecraft equivment was made in an
attempt to isolate the malfunction.

5.2.9 Range Safety and Ordnance

The performance of all range safety and ordnance items was satis~
factory.

5.2.9.1 Flight termination system.- Both GIV command receivers
were looking at minimum signel strengths of between 6 and 10 microvolts
at approximately IC+%22 seconds. A similar drop in received signal
strength at approximately the same position in flight ocecurred on the
Gemini IV mission. Data indicate that, had a command been transmitted
during this period, it would have been successfully accomplished by the
GLV flight termination system. The Gemini spacecraft command receiver
did not experience this drop in signal strength. A review of the ground
transmitter power output disclosed no change in transmitted power dur ing
this period. This phenomenon is again attributed to the vattern charac-
teristics of the GLV command receiver antenna configuration.

The following command facilities were used:

Time, sec Tacility
10 to LO+66 Cape 6GOO-W transmitter and single helix antenna
LO+66 to LO+H115 Cape 10-KW transmitter and quad helix antenna
IO+115 to TO+453 GBI 10-KW transmitter and ESCO steerable antenna
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5.2.9.2 Range safety tracking system.- Missile trajectory measure-
ment (MISTRAM) system I was used as the primary source for impact pre-
diction (IP) and provided accurate information through insertion. These
dats were selected for input to the TP for a total of 289.8 seconds.

Prior teo lift-off, an unlock of one receiver at the central site
occurred. Ag & result, no calibrated rate data could be obtained from
the west 100 000 foot leg and it was necessary to use data from the
west 10 000 foot leg throughdut the launch, Automatic track in azimuth
and elevation was maintained from 22.4 to %82.2 seconds after lift-off.
During the first 159 seconds after 1lift-off, polarization was manually
updated and polarization track was inhibited, but track was stable after
that period until LO+%82 seconds. Approximately %08 seconds of MISTRAM T
data were reconstructable for postflight use.

5.2.9.3 Ordnance.- The performance of all ordnance items was sat-
isfactory.

5.2.10 Prelsunch Operations

5.2.10.1 TILaunch attempt.- Problems encountered by the spacecraft
forced a delay of 1 hour 27 minutes in initiation of propellant loading.
The lcoading was complete in 3 hours 21 minutes. The launch vehicle con-
tinued the split count at T-240 minutes. At T-13L minutes the launch
pad crew discovered a leak in the pressure regulator for the remote
charging system for the oxidizer standpipe. 1In the final portion of the
launch count (T-34 minutes) a manual charging procedure was initiated,
and 1t was complete in approximately 10 minutes. This operation delayed
the lowering of the erector for 10 minutes.

Following a spacecraft anomaly at T-10 minutes, a hold was ini-
tiated at 1708 G.m.t. After 5 minutes 1n the hold, the Supervisor of
Range Operations warned of thunderstorm activity in the Cape Kennedy
area. The vehiele erector was raised after 10 minutes sand at hold plus
31 minutes (1741 G.m.t.) on August 19, 1945, the launch attempt was
cancelled.

5.2.10.2 Recycle.- The recycle activities consisted of off-loading
of propellants, removing start cartridges and destruct initiators, and
special engine ingpections to insure that oxidizer was not leaking by
the thrust-chamber valves. Electrical power was left on the vehicle
during this period.
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The off-loading of propellants was accomplished between 200 G.m.t.,
August 19, and 0300 G.m.t. on August 20, 1965.

An investigation of the leaking regulator revealed metal chips
within the regulator. Because of the possibility of these metal chips
passing through the regulator and damaging the electrical/manual ball
valve downstream of the regulator, as well as on the launch vehicle, it
was decided to use the manmual charging procedure on the subsequent
launch.

5.2.10,% Taunch,- The split count was initiated through the range
sequencer for the rescheduled launch at 1700 G.m.t. on August 20, 1065.
Propellant prechill was begun at 0015 G.m.t. and propellant loading was
completed at 03LC G.m.t. on August 21, 1965. Loading was accomplished
in 3 hours 25 minutes. Because the prevalve remained open during the
recycle, a welight correcfion had to be gpplied to the loading schedule
to compensate for this difference in configuration. A manual oxidizer
standpipe charging procedure was accomplished, starting at T-1L0 minutes.

At T-34 minutes, & hold fire circuit (which monitors parameters
assoclated with correct launch vehicle and AGE status) was found to be
inoperative. By placing the selection switch in the "test' position,
the circuit was found to function properly. The circuit did function
properly, while in the "test" mode, until T-10 seconds when it was
manually turned off. (Normally, this parameter is avtomatically pro-
gramed on at T-3%5 minutes and off at T-2 seconds.) It was subseguently
determined that the RCA sequencer, which is part of the Master Opera-
tions Control Set, had malfunctioned; it had not turned this hold~fire
circuit on. Investigation is underway to determine the cause of this
malfunction.

No further delays were encountered and launch was successfully
accomplished. Pad damage was minimal.

Flight crew debriefing revealed an event which occurred during
erector lowering preparations. A vibration was introduced into the
vehicle and has not yet been explained. TInvestigation has been in-
stigated to resolve this vibration and eliminate it if possible.
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TARLE, 5.2-T, - PRELIMINARY STAGE I ENGINE PERFORMANCE PARAMETERS
Preflight | Postflight Difference,
— Parameter predicted | reconstructed percent
Thrust® (engine), Ib . . « « « . . . . 438 696 438 281 -0.09
Thrust (engire flight average), 1b . . . , L1 711 hey 377 0,57
Specific impulse®, l%?ﬂ e 260,91 260. 8k -0. 0%
Specific impulse (flight average),
Teosec L. 278.10 278.140 0,11
1b
Engine mixture ratics . « v « . 4 o0 . . . 1.9%87 1.9554 0. 86
Engine mixture ratio (flight average) . . . 1.923k 1.9%59 0.65
Burn time (87FS1 to 87FE2), sec . . . . . . 158. 20 156. 86 -0.85
®Standard inlet condition
TABLE 5.2-1II.~ PRELIMINARY STAGE TII ENGINE PERFORMANCE PARAMETERS
Preflight Postflight Difference
P + ’
aremeter predicted | reconstructed percent
Thrust® (engine), 1b° . 101 200 102 T17 1.50
Thrust (engine, flight average), 11° 101 hok 10% 099 3.67
a lb-secb
Speeific impulse , —_IEH— C e e e e e e . 312.35 312,23 -0, 04
Specific impulse (flight average),
lb—secb
L e e e e e e 312,91 312, 61 -0.10
b
Engine mixture ratio® . . . . . . ., . . 1. 7706 1. 7629 ~0. 43
Engine mixture ratio (flight average) . . 1.7378 1. 7387 0. 05
Burn time {91FS1 to 91F32), sec . . . ., . . 182.10 179. 74 -1.2L
Burn time remaining, sec 1.0

aStandard inlet condition

Includes roll control nozzle thrust
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TABRLE 5.2-T17.- TRANSTENTS DURING STAGE I HOLDDOWN PERTOD
R Maximum during ignition Maximm during
X R Travel, Time from T-0O, holddown null check,
designation R .
in. gsec in.
Pitch 1, -0,0h -2,53 -0.01
Yaw/roll 2y +0, 0% -2.52 +0, 01
Yaw/roll 3, +0.09 -2.55 +0.01
Pitch hl -0.10 -2.57 -0.01
Maximum rate stage I gyro,
Axis deg/sec
Primary Secondary
Pitch +0. 30 -0.28
Yaw +0, 21 +0.20
Roll +0.51 +0.50
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TABLE 5.2-IV. - PLANNED AND ACTUAL TAUNCH VEHICIE EVENT TIMES AND RATES

Planned time Actual time Di ference Planned | Actusl Difference

Event from lift-off, | from lift-off, ’ rate, rate, ! ?
sec deg/sec

sec sec deg/sec | deg/sec

Roll program start 10.16 10.1% -0.0% 1.25 1.19 ~0. 06
Roll program end 20. 48 20. 45 -.03 1.25 1.19 -.06
Pitch program 1 start 23, 0l 23,09 .05 -, 709 -.75 .ok
Piteh program 1 end 88. 32 88. 35 .03 -. 709 ~-.75 .0kl
Pitch program 2 start 88,32 88. 35 .03 -.516 -.56 . Ol
Pitch program 2 end 119. Ok 119. 06 .02 -.516 -.56 . Ok
Pitch program 3 start 119.04 119, 06 .02 -, 235 -.25 . 015
Piteh program 3 end 162,56 162.61 .05 -.235 -.25 , 015
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TABIE 2.2-V. - STAGE I MAXIMUM RATES AND ATTITUDE ERRORS

. Attitude error, Time from lift-off,
Axds
deg sec
Pitch +1.%1 ' 68.0
Yaw +0,5% 81.3
Roll +0. 79 152.0
. Rates Time from lift-off
Axis 4 ’
deg/sec sec
Pitech +0.31 0.3
-1.0 83.0
Yaw +(0.21 o.L
-0.30 83.0
Roll +1. 6% 10.9
-1.10 153.5
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5-135

TABLE 5.2-VI.~ VEHICLE RATES BETWEEN SECO AND SPACECRAFT SEPARATTON

Pitch axis

Rate, deg/sec

Max pesition rate at SECCH3 sec +1.03%
Max negative rate at SECO+19.1 sec -0. 89
Rate at SECO+20 sec -.89
Rate at spacecraft separation (SECO+23,463 sec) -.77
Yaw axis
Max pesitive rate at SECO+18 sec +0.31
Max negative rate at SECO+3 sec -.39
Rate at SECO+20 gec +.31
Rate at spacecralt separation (SECO+2%,63 sec) +.31
Roll axis
Max positive rate at SECO+18 sec +0, 66
Max negative rate at SECO+9 sec +.35
Rate at SECO+20 gec +.66
+,h5

Rate at spacecraft separation (SECO+23.63 sec)

UNCLASSIFIED



d34ISSVIONN

TABLE 5.2-VIT.~ GEMINI V MALFUNCTION DETECTICN SYSTEM SWITCHOVER PARAMETERS

Parameter Switchover Maximum or Time from Minimum or Time from
setting positive lift-off, sec negative 1ift-off, sec
Stege T primary hydraulics Shuttle spring 2080 pei -2.16 2700 psi -2.43
{1500 psis equiv}
Stage T secondary hydraulics NWone 3370 psi 2,70 2960 psi BECO
Stage I tandem actuators
o, 1 subassembly 2 pitch .0 deg +0.7%5 deg 40.0 ~0.50 deg 68.0
Fo. 2 subassembly 2 yaw/roll .0 deg +0, 20 deg 80.5 -0.7%5 deg 39,0
Wo. 3 subassembly 1 yaw/roll .0 deg +0, 02 deg 39,0 -0.50 deg 80.5
Jo. 4% submssembly 1 pitch =, 0 deg +0.50 deg €8, 0 ~0.40 deg 40,0
- +2.5 deg/sec
3tage I pitch rate 5.0 deg/sec +0, 20 deg/sec 0.5 -1.04 deg/sec 83.5
Stage I yaw rate 2.5 deg/sec +0.22 deg/sec 66.5 -0.28 deg/sec 8.0
Stage T roll rate 20 deg/sec +1.60 deg/sec 11.0 -1.7 deg/sec 15%, 70
Stage I1 pitch rate £10 deg/sec +0.10 deg/sec 321.0 -2.02 deg/sec 172.0
Stage 11 yaw rate £10 deg/sec +1.00 deg/sec 155.5 -0.20 deg/see 159.5
Stage IT rell rate 20 deg/sec +0.9C deg/sec 159.2 -0.10 deg/sec 395, 5

Note: + indicates up
right
clockwise

- indicates down

left
counterclockwise

9¢TG
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5.3 SPACECRAPT-TAUNCH-VEHICIE INTERFACE PERFORMANCE

The various aspects of the spacecraft—launch=vehicle interface as
defined in reference 9 performed within specification limits. The per-
formance of the electrical and méchanical interfacing systems was de-
rived from the overall performance of the launch vehicle and the space-
craft as determined from instrumentation and crew observation.

The electrical circuitry performed as anticipated except for the
intermittent operation of the pressure~indicating system for the stage IT
B fuel tank. A discussion as to the cause of this intermittent oper=-
ation is given in section 5.2,8 of this report. All other facets of
the electrical interface performed nominally as indicated by the passive
condition of the malfunction detection system (MDS) performance and the
spacecraft inertial guidance system (IGS) steering signals.

Mechanical interface inspection before and after the final mating
of the launch vehicle and spacecraft showed the configuration to be as
specified by the interface drawings. The venting and sealing require-
ments of the spacecraft adapter and the skirt area of the launch vehicle
were inspected and determined to be in accordance with the specification
drawings.
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6.0 MISSION SUPPORT PERFORMANCE

6.1 FLIGHT CONTROL

The Gemini V misszion was controlled from the Mission Contrecl Center
et the Manned Spacecraft Center, Houston, Texas (MCC-H). This was the
Tirst mission in which the Mission Control Center at Cape Kennedy
(M2C-C) was not used as a backup to MOC-H during the launch phase.

This section of the report is based on real-time observations, and
may not agree with some of the detailed evaluations in other sections
cf the report that were derived from postflight analysis of all avail-
able data from the flight.

6.1.1 Premission Operations

6.1.1.1 Premission activities.- The flight-control teams at the
MCC-H conducted simulations and provided support to the launch-site
operaticns during the premission phase. Support was provided for the
Simultaneous Launch Demonstration (SLD), the Final Systems Test, the
Simulated Flight Test, and for the launch attempt on August 19, 1965.
This support operation provided the flight controllers with the oppor-
tunity to monitor telemetry from the launch vehicle and the spacecraft,
to send commands to the spacecraft, and to observe systems tests on
both the launch vehicle and the spacecraft. This support also resulted
in an operational checkout of the equipment in the MCC-H.

6.1.1.2 Documentation.- The documentation for the mission was
satisfactory. However, numerous changes in the flight plan were re-
quired during the mission as a result of the fuel-cell oxygen supply
pressure problem and the assoclated effect on the mission.

6.1.1.3 MCC/network flight control operations.- The network went
on mission status on August %, 1965, when flight controllers were de-
ployed to the remote sites. The remote sites and MCC-H went through
the normal preflight schedule of simulations and checkout. The tests
were successful and 211 sites were ready to support the mission on
August 21, 1965.

6.1.1.4 Countdown.- The countdown was completely nominal as seen
by MCC-H. MCC-H entered the countdown at T-300 minutes. At T-260 min-
utes, the Flight Dynemics Officer (FIDO) participated in a trajectory
run which was successful. At T-189 minutes, the Retrofire Controller
updated the time of retrograde (TR) by way of the DC3 with the
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revolution 2, area 1l reentry area time. The update wes validated. At
T-145 minutes, FIDO participated in the second trajectory run which was
successful. At various times during the countdown, voice checks were
nade with the remote site, and in each case the communications were good.

There were no problems at any time during the countdown which could
have caused a hold or impaired the MCC-H support of the mission. It
should be mentioned, however, that transmission of the auxiliary stage II
cut-off (ASCO) command from MCC-H was inhibited because of noise in the
lines between MCC-H and MCC~C. Thisg noise had alsoc caused the ASCO com-
mand to be inadvertently transmitted during the countdown of the launch
attempt on August 19, 1965. The ASCO command, if needed, would have
been transmitted by the Range Safety Officer (RSO) at the Air Torce
Eastern Test Range (ETR).

6.1.2 Migsion Operations Summary

6.1.2.1 Powered flight.- At lift-off, the ground time-to-retrofire
clock did not start. The clock did start at 3 minutes ground elspsed
time (g.e.t.) and was reported to be lagging by 2 seconds, requiring
correction. The roll and pitch programs started and stopped at the
nominal times. At LO + 30 seconds, the spacecraft telemetry transmis-
sions became intermittent. This problem persisted until late into the
stage I thrust, and the real-time telemetry was commanded by MIC-H to
the standby transmitter. Switching the transmitters did not solve the
problem; however, the telemetry did clear up at some time around stag-
ing. Both the 105-second and 1h45-second inertial guidance system (IGS)
updates were correctly sent, received, and verified. At about IO + 2 min-
utes, the flight-path angle appeared to be a little low; however, the
radio guidance system (RGS) steered the wehicle onto the correct flight-
path angle during stage IT Tlight. At approximately IO + 100 seconds,
the crew reported loss of the stage II fuel tank pressure gage powered
by the instrumentation power supply (IPS). This anomaly was not seen
on the launch-vehicle telemetry records and was considered to be a gage
or circuitry failure rather than a transducer failure. The crew reported
feeling longitudinal oscillations (POGO) at approximately 126 seconds.
The Booster Systems Engineer saw no indications on telemetry of the ex-
cessive POGO,

At cut-off, the following conditions were achieved as indicated at
MCC-H:
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Data source Velocity, ft/sec Fllght-gzgh angle,
GE /Burroughs 25 820 -0.20
IP 3600 25 819 - .19
Bermuda radar 25 802 - .02

The orbit, based on Bermuda data, was 86.8 nautical miles by
189 nautical miles and required an apogee maneuver of about 10 ft/sec
for the rendezvous evaluation pod (REP) exercise.

6.1.2,2 Orbital.- At spacecraft separation, the crew accomplished
a 5—ft/sec maneuver and proceeded with thelr insertion checklist. At
Canary Islands, the telemetry was good, and the system was switched back
to the primary transmitter. At Carnarvon, the perigee was raised with
) 9.7—ft/sec maneuver. Bermuda radar data subsequently confirmed that
the orbit had a perigee of 92.1 nautical miles and an aspogee of
188.5 nautical miles. At the beginning of the second revolution, the
fuel-cell oxygen supply tank pressure had dropped from a value of
810 psi at lift~off to 450 psi under a heavy electrical load and after
purging of both sections. This pressure had been read at Canary Islands,
the last station able to receive telemelry data prior to the REP ejec-
tion. The heater switch had been placed in the manual ON position dur-
ing revolution 1 and MCC-H was aware of this event. Considering the
heavy electrical load, the purging effects, and the fact that the pres-
sure was well above the 200 psi specification minimum inlet pressure of
the regulator, REP ejection was recommended. At 02:07:15 g.e.t., the
REP was successfully ejected as planned and the radar was providing
good readouts of range and range rate. About 10 minutes after REP ej-
ection, the crew reported over Carnarvon that the pressure in the fuel-
cell oxygen supply tank was dropping very rapidly. During this pass
over Carnarvon, the pressure was determined to be 330 psi, and approxi-
mately 18 minutes later over Hawaii the pressure had dropped to 116 psi.
In order to maintain the oxygen pressure, the spacecraft was powered
down and by revolution 4 the electrical load was reduced to about 13
amperes. The oxygen pressure stabllized at Ti.2 psia. It was deter-
mined at that time that the oxygen heater had failed. The decision was
made to take fuel-cell section 2 off line and to turn off the coolant
pump in the secondary loop. The decision was also made to purge only
the hydrogen side of the fuel-cell sections and to do so on & normal
6-hour cycle. The quantity and pressure time histories for fuel-cell
reactants are shown in figures 6.1-1 and 6.1-2. These trends were
plotted and used in real time by the MCC-H.
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The pressure began to increase and at about 10:145:00 g.e.t., the
pressure was approximately 80 psia. At this time, the decision was
made to increase the power load graduwally. A short time later, a fuel-
cell oxygen purge of Z2-minute duration was suceessfully completed on
section 1. At 16:59:00 g.e.t., a second oxygen purge of section 1 was
successfully completed and section 2 was brought back on the main bus
and performed normally. At approximately 23:00:00 g.e.t., the electri-
cal load had gradually been increased to 20 amperes and the oxygen tank
pressure had again increased to 80 psia. At this time in the mission,
operatlions were somewhat normal as far as electrical power usage was
concerned, and the crew began to perform flight-plan items and experi-
nents. The oxygen pressure continued to increase but was kept under
close surveillance and no further trouble was experienced with it dur-
ing the mission.

At approximately 94:00:00 g.e.t., the crew reported that the pri-
mary horizon sensor melfunctioned and would not maintain the spacecraft
in the proper pitch attitude. A test was performed at 98:00:00 g.e.t.
which confirmed that the horizon seunsor had failed. The secondary
horizon sensor was used for the remasinder of the mission and performed
gsatisfactorily.

Tour rendezvous radar tests were conducted during the mission by
using the backup REP transponder at Cape Kennedy. Good rader lock-on
was achieved on all four tests, but no digital range or range-rate
readouts were obtained on the last three tests. The cause of this lack
of digital output information was not determined; however, it was not
considered to be a spacecraft computer problem.

The orbital attitude and maneuver system (OAMS) attitude thruster T
(yaw-left) failed at approximately 120:00:00 g.e.t. The crew reported
that when the thruster was fired, vapor could be seen, indilcating that
oxidizer flow had stopped and fuel was flowing out unburned. A short
time later the crew reported that thruster 8 (yaw—left) was producing
no thrust, but combustion could be seen. The OAMS heaters were turned
on to correct for any possible oxidizer freezing. During the sixth day,
the entire OAMS became sluggish. During the last few orbits of the
mission, the OAMS had cdegraded to the point where it was unusable.

Tests were performed to determine the cause of the thruster problems,
but the results were inconclusive. Possible causes considered at the
time were clogging of the lines, freezing of the lines, or a combination
of both.

In contrast to the fuel-cell oxygen tanks, both the fuel-cell hy-
drogen and envircnmental control system (ECS) oxygen tanks vented at
high pressure due to heat leak as anticipated. As shown in figure 6.1-2,
the hydrogen pressure varied with demand, reaching a peak vent rate at
approximately 120:00:00 g.e.t. The sharp pressure drop at that time was
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believed to be caused by normal poppet action of the pressure relief
valve. ECS oxygen curves in figure 6.1-3 show the rise in the primsry
oxygen supply pressure at 26:00:00 g.e.t., when the automatic heater
was turned on. Subsequently, the pressure rose to the vent pressure of
1020 psia; however, the mass quantity usage curve indicates a negligible
amount of oxygen loss,

The water management system was cause for concern during the mis-
sion because the fuel cells were apparently producing more water than
anticipated. On the fifth day, the spacecraft was powered down to min-
Imize water production of the fuel cells to insure that the remaining
water storage space would be sufficient for the planned 8-day mission.
Real~time computation of water gquantity (fig. 6.1-4) was Qifficult be-
cause of a combination of factors. The water management system—fuel-
cell system interface was of prime concern because of the risk of
fuel-cell damage which would have resulted had tank B been emptied of
drinking water. The most accurate computation was based on tank A
quantity change and the quantity of water drunk as reported by the crew.
The inaccuracy in determining the latter quantity was on the order of
20 percent. An even less accurate computation of tank B product-water
quantity was based on ampere-hours delivered by the fuel cells. Thisg
computation was blased by the obvious errors in the oxygen quantity
readout from the gaging system and by the uncertainty in estimating gas
leakage through the water separator plates in the fuel cells. In addi-
tion, the hydrogen venting, which began at approximately 43 hours g.e.t.,
made this technique unusable after that time.

Beginning on the second day, the delayed-time telemetry data became
increasingly noisy, probably because of damage to the recorder tape sur-
face. During the remainder of the flight, different portions of the
tape were used with varying results. Toward the end of the mission,
some improvement was noted even though that particular segment of tape
had been used for 4 days continuously. At the end of the mission, the
last recorded tape transmission was timed so as to position the final
orbit and reentry data on the final portion of the tape to obtain the
cleanest possible record of spacecraft reentry performance.

6.1.2.3 Reentry.- At Carnarvon (CRO) on revolution 120, the T, of

190:27: 4% g.e.t. for a revolution 121, aree 1 reentry was transmitted
to the spacecraft and confirmed to be synchronized with the ground TR

clock. The reentry command update was also transmitted and was checked
by having the crew read out 2 cores with the manual data insertion unit
(MDIU). (Incorrect coordinates were transmitted to the spacecraft and
for a detailed discussion, refer to section 6.2.2.2.1.)

Retrofire occurred exactly on time over Hawaii. The retrorocket
thrust based on the incremental velocity indivator (IVI) appeared to
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be nominal and the crew reported that the spacecraft attitude was good
during retrofire. The Hawaii radar tracking data were of poor quality
and were not used. The California and White Sands redar tracking were
good, and the guidance officer used these dats to determine the back-up
guldance quantities of roll left 54°, roll right 68°, and a retrofire-
elapsed-time-to-reverse bank (RETRB) of 19 minutes 25 seconds. The
back-up quantities were relayed to the crew prior to blackous, which oc-
curred 16 minutes 23 seconds after retrofire. The landing area foot-
print, based on California and White Sands data, did not shift after
retrofire.

The crew reported after blackout that they did not get guidance
and had flown the back-up guidance quantities. The crew thought that
they would land a 1ittle short, and in fact, they were about 89 nauti-=
cal miles short.

The crew made contact with the carrier at 190 hours 51 minutes
g.-e.t. and reported that they were on the main parachute and in landing
attitude. The spacecraft landed at approximately 190 hours 56 min-
utes g.e.t. Except for one transmission immediately after landing, no
further communications could be obtained from the crew. The cause of
the commmications failure was assumed to be a battery failure at that
time.
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6.2 NETWORK PERFORMANCE

The network was placed on mission status for Gemini V on August 4,
1965. The first launch attempt on August 19 was conducted with only
minor network problems until T-25 minutes, at which time the Cape Kennedy
complex experienced major problems because of an electrical storm. On
the rescheduled launch day, August 21, the network was ready to support
the mission at lift-off.

6.2.1 MCC and Remote Facilities

The network configuration and the genersl support required at each
station are indicated in table 6.2-I. Table 6.2-II details the type of
data collected and processed at each location. Figure 4.3%-1(a) shows
the network, and figure 6.2-1 illustrates the network complex at Cape
Kennedy. In addition, approximately 14 aircraft provided supplementary
photographic, weather, telemetry, and voice relay support in the launch
and reentry areas. The U.S.S. Wheeling (WHE) was also considered sup-
plementary support and was positioned near Midway Island for backup
tracking and volce relay.

6.2.2 Network Facilities
Performance of the network is reported on a negative basis by sys-
ten and site, All performance not detailed in this report was satis-

factory.

6.2.2.1 Remote sites. -

6.2.2.1.1 Telemetry: The telemetry ground stations supporting
the mission had no equipment failures to cause total loss of real-time
data for any one revolution. California, however, did lose postflight
eveluation data for one pass because a magnetic tape recorder was not
turned on. Several incidents such as radio Trequency interference
(RFI), patching errors, and spacecraft recorder problems caused data
losses and dropoutbs.

6.2.2,1.2 Radar: With the exception of two problems associated
with the Carnarvon (CRO) radar data and several failures on the U.S.S.
Wheeling (WHE), the tracking performance of the network radar was
satisfactory. Of the 18 reported radar failures, only 4 resulted in a
loss of data.

Good skin tracking of the launch vehicle was obtained by all sched-
uled network sites throughout its orbital lifetime of 48 revolutions.
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Although attempts were made to track the rendezvous evaluation pod (REP)
and the kite-shaped cover plate, skin track acquisition was not suc-
cessful,

During the first day, 1T was discovered that the CRO data contained
a bias, and the data were manually rejected at MCC-I. MCC-H compubters
were expecting CRO data with a glightly different calibration. The
difference in the calibration would have resulted in an error of approx-
imately 138 yards when tracking at = range of 1000 nautical miles. A
decision was made to reprogram the 4101 computer at CRO so that all
range radar data would be compatible with the MCC-H programs. At
66 hours 55 minutes g.e.t., the program changes were made and checked
out. The CRO data were then accepted by the MCC-H computers.

During revolution 78, the WHE radar failed and was not operational
for the remainder of the mission. The problems reported with this radar
included failures of slip rings, hydraulic pumps, preamplifiers, and a
reference voltage supply.

The spacecraft reentry assembly C-band Transponder was turned on
for the last three revoluticns. All stations tracked the spacecraft
and supplied data for an orbit computation prior to reentry. The CRO
data were manually rejected on each pass because Goddard Space Flight
Center (GSFC) computations indicated an intermittent angle bias error.
Retrofire was compubed without using CRO data. This problem is under
study by GSFC.

6.2.2.1.3 Acquisition aids and timing: There were several minor
failures during the mission, none of which were significant.

6.2.2.1. % Command: The command support of the mission prelaunch
and orbital phases demonstrated a relatively high reliability. Approx-
imately %% discrepancies were reported throughout the mission, and only
two items resulted in a loss of command support during scheduled passes.
A total of three passes was affected by these two items. The remainder
of the discrepancies were either identified and corrected between passes,
or involved a redundant system, and therefore did not affect mission
support.

The most significant command discrepancy noted during prelaunch
activities was the sporadic transmission of the auxiliary stage IT cut-
off (ASCO) function at Cape Kennedy when the MCC-H master digital com-
mand system (MDCS) output to the Cape was inhibited. The MDCS inhibit
was accomplished by opening the command data line at Houston. This
resulted in noise at the input to the MCC-C data routing and error de-
tection (DRED) equipment and the noise was randomly recognized as an
ASCO command as well as other valid commands. The decision was made
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to inhibit the ASCO tone at the Cape. This was accomplished by power-
ing down the tone transmitter.

During the fourth pass over Texas (TEX), an attempt was made to
update the spacecraft computer with revolution 6, area 4 reentry in-
formation. The DCS commands were transmitted too fast to be accepted
by the spacecraft computer. This has been determined not to be a
MDCS problem., The telemetry ground station at TEX lost synchronization.
The remote site data processor (RSDP) continued to send the last valid
data frame, which contained a valid message acceptance pulse (MAP), and
continued to recycle this transmission until synchronization was regained.
Therefore, when the greretrofire update load was transmitted, it was
validated by a MAP contained in the recycled data frame rather than by
8 apacecraft-transmitted MAP. Consequently, the rate at which commands
were transmitted did not Include the normal uplink and downlink delay
vetween command transmission and validation.

During revolutions 51 and 52, the Coastal Sentry Quebec (CSQ) digi-
tal command system (DCS) was not able to support the mission. Several
modules were destroyed due to application of improper voltages. The
DCS cables were damaged by ship vibrations and as a result of repeated
opening and closing of the DCS drawers. The shorted and open cable
wires were repalred and operation was restored.

During revolution 79, the C5Q digital command system RF command
did not function. A circuit breaker had malfunctioned (internal short
to an arc shield) and caused a loss of power. The arc shield was
tightened and the burned contacts were cleaned and polished. The cir-
cuit breaker performed normally for the remainder of the mission.

6.2.2.1.5 Missile trajectory measurement (MISTRAM) system: The
MISTRAM system supported the lsunch with no significant problems.

6.2.2.2 Computing. -

6.2.2.2.1 MSC computers: Computer personnel experienced approxi-
mately 20 operational problems during the mission. Most of these were
associated with programing and interfaces with other systems. Proce-
dures have improved, and the number of problems of this type should

decrease in the future. At no time was MCC-H without the required real-
time computer support.

On August 23, both the mission operational computer (MOC) and dy-
namic standby computer (DSC) were inoperative from 57 hours 25 min-
utes g.e.t. until 57 hours 36 minutes g.e.t. This situation was
initiated by the entry of an illegal code at the checkout console. The

UNCLASSIFIED



6-1 UNCLASSIFIED

operator did not realize that the code entered was 1llegal, and the
executlive program did not recognize and reject the illegal code. The
computer program failed in attempting %o implement the coded instruction.
A third computer was placed on-line. During the 11l-minute period fol-
lowing, the required programs were reloaded, all necessary data were
replayed from tape in the commumications area, and the computers were
returned to their normal condition. The cause of the problem is cur-
rently under investigation. The mission program will be changed to
reject all illegal codes, =nd operators will be instructed further on
legal and illepgal codes.

On August 29 at 189 hours 23 minutes g.e.t., the MOC recommended
a 5-second change in retrofire time for revoluticn 121, zone 1 landing
area. Prior to this time, the retrofire time had bheen fairly constant
for several revelutlons. Basically, the problem resulted from a lack
of data on a segment of orbit over CRO. Without data from this orbit
segment, the RICC program required approximately three revolutions of
orbitel data over the United States to determine veloeity accurately.
Had CRO data been used, the orbit determination would have been more
accurate. The reasons for not using CRO data are many, but basically
the data did not appear to fit with the other tracking data. This ap-
parent misfit was due to an 1mproper weighting of & new station in the
differential correction program and a possible erroneous residual sum-
mary display. Also, on the first day of the mission, the data were not
usable because of a difference in the range granularity congtant used
by CRO and the RICC. On the seventh day, GSFC reported a posgsible 100
to 200 millisecond bias in the CRO data. Postflight replay of all data
from the last day of the mission shows the CRO data did contribute to
a good solution, and that The final revolution 121, area 1, retrofire
time was correct. The orbit determination is currently being reviewed.
A change will be implemented to adjust the weilghting of new stations,
and the residual summary display is being reviewed.

On August 29, at 190 hours 50 minutes g.e.t., the MOC end DSC went
into a constant on-line print condition, when a manual entry was made.
This appears to be a program problem ag the entry was legal., A third
machine was put on-line in the event the print condition caused the
machine to fail. A second entry was made which caused the MOC and DSC
to recover.

It was discovered pestreentry that a part of the preretrofire up-
date calculation was in error by approximately T.89°. This quantity,
which references the longitudinal (Xe) axis of the spacecraft coordinate

system to Greenwich, was computed incorrectly in the real-time program
at MCC-H. The net result of this error was that at retrofire the space-
craft computer was instructed that the spacecraft was at 187.44° west
from Greenwilch when, in fact, it was at 195.33° west. Thus, to the
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orboard computer, the spacecraflt appeared to be overshooting the
target, and the computer displayed corrections for the sitvation, re-
sulting in a zero-lift indication and an actual undershoot. The MCC-H
computer program was correct as written. An earth's rotation rate of
%60.98° per day is used in the program which requires that the total
elapsed time from G.m.t. midnight, prior to lsunch, be inserted to de-
rive the spacecraft present position relative to the earth. The 7T.89°
error resulted from an omission of the elapsed number of days in the
G.m.t. of retrofire term. Subsequent Gemini missions will have this
caleulation checked by an off-line computer which will use the pre-
retrofire IGS update and spacecraft trajectory data to calculate a
landing point for correlation and wvalidation.

6.2.2.2.2 Remote site data processors (RSDP): The RSDP's per-
formed very well during the mission. The Coastal Sentry Quebec, Rose
Knot Victor, Bermuds, and Texas sites experienced some temporary dif-
ficulties in generating pulse code modulation (PCM) summary messages.
Hardware and procedural problems contributed to these failures.

6.2.2.2.% GSFC computing: The GSFC real-time computing center
supported the mission with no malfunctions. No problems were encoun-
tered in generating skin track pointing data for the launch wvehicle.
The second stage impact point computed by Goddard was:

Date + o v v« o « « o o « « . . . August 24, 1965
Time, Gom.t. . o . o . . . . .. 17:0%:10
Revolution « v v v « o o « + « & 48
South latitude . . . . . . . . . 20. 4ggP
Fast longitude . . . . . . . . . 117.0691°

The data received from the North American Air Defense Command
(NORAD) on the first day track of the REP appeared to contain track of
more than one object; therefore, it was not possible to obtain a reli-
able vector. As the mission progressed, a more reliable vector was ob-
tained but never with the confidence associated with vectors computed
for the spacecraft or launch vehicle.

6.2.2.3 Communications.~ Communications for the mission were ex-
ceptionally effective, both point-to-point and air-to-ground.

6.2.2.3.1 Ground commmications: During revolution 2, a cable
was cut at Oxford, Alabama, which affected both Houston-Cape circuits
and GSFC-TEX circuits. A temporary restoration was made on microwave
and all cilrcuits were returned to normal service after 3 hours. All
three of the DOD network circuits were plagued with echo problems and

at times were unusable.
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During the launch sttempt on August 19, 1965 the MIC~-C was virtu-
ally isolated due to a manhole fire in the Department of Defense (DOD)
facility at Cape Kennedy. The first outage was noted at 1930 G.n.t.
and the last circuit was turned up for service at 1600 G.m.t. on
August 20, 1965.

The communications processor at MCC-H had four outages during the
mission which, because of system redundancy, caused no loss of data.
The cause for these outeges was a drum memory lockout resulting from s
pulse-shaped circuilt thet was sensitive to a particular data pattern.
On August 24, 1965, 11 incoming messages and 1 outgoing messsge were
delayed for approximately 2 minutes. All messages were recovered and
forwarded without any loss of data., There were a total cf 46 097 mes-
sages processed by the communications processor.

6.2.2.3.2 Air-to-ground: Spacecraft communication during the
miggicn was generally reported satisfactory with improvement over that
of the previcus missions. Actual failure to communicate with the space-
craft seldom occurred and these few times were due to atmospheric con-
dltions interrupting ground communication links and in most cases were
predicted. Two ground EF transmitters failed temporarily during the
mission with no significant loss of support.

6.2.2.3.3 Frequency interference: Partially because of the length
of the mission, a large number of interference reports were generated.
They are approximated in the following table.
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HF interference was not always identified because it either dis-
appeared in a short time or did anot present any major problem. The
Cape FPS-8 radar caused rendezvous radar interference at 1498 Mc; some
1528 Me interference was not identified, and it disappeared before air-
craft could pinpoint the location,

Radio frequency interference (RFI) was not considered excessive,
and did not cause a significant loss of support. It did degrade telem~
etry date in some instances and was a potential threat to mission success.

UNCLASSIFIED



UNCLASSIFIED

6-18

i)

p-T. - GEMINI V WHETWORK CONFIGURATIOX

-
O

TABLE

WYALS 1N

Burjowas
PUNOIZ=01=JITY

/v ‘od

o

BUUSIUE ADM NI

PLE UOTIESTNROY

paUMBU D

eqEp I2pBI
JOSUSE UOZTJIOH

e

(ropgvi) adfyatar

X

L

(vHvDg) soTon

PUBIIOD Y

UOTFOSLIY A0JIID
puB JUuLINOL BB

HUETAn 28 08Lum0

[ELRTNS]
puBuMOD TBITITQ

PUBICD AT

ArpeweTen ATD

Arsumms aogssooad
2ARY I3TS @ouay

STID

X

KarswaTey
powds YBIH

Lo, 8

40.8

e, 8

2,

he, 8

KLepdsTp

JUIUTLSIKS [T

q pue ¥

QuUSMTISdXS W

S

AIqsusTen
auty pafeTeq

>

fe1dsTp
WL SWI3 Tesy

WL 4 PUE o

JYANYIS

1EPpeL PUBa-)

X

X
X

MCC-H
MCC-C

MILA

CNv

PAT

GBI

GTL
BDA

CYT

KNO

TAN

CRO

CTN
HAW

GYM

CAL

TEX

WHS

EGL

ASC

or214)

afc
WLP
PRE

VAL
ELU

(:)-Master DCS

[¥] -Record only

-‘D

S 85°w, €8Q - 21°N 125°E; WHE - 25°N 175°w

-2

RKV

Ship positions:

UNCLASSIFIED



UNCLASSIFIED 6-19

TABIE 6.2-IT.- DATA AVAILABILITY
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Figure 6,2-1. - Cape Kennedy Air Force Eastern Test Range network stations.
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6.% RECOVERY CPERATIONS

6.3.1 Recovery Force Deployment

The four categories of plauned landing areas designated for the
Gemini V mission were:

(a) Primary landing areas (supported by an aircraft carrier and
located in the West Atlantic zone).

{b) Secondary landing areas (East Atlantic, West Pacific, Mid-
Pacific, and areas within the West Atlantic zone not supported by the
aireraft carrier).

(¢) Iaunch site landing area.
(4) Launch abort landing areas.

Date concerning the deployment of ships and aircraft in planned
landing areas are provided in table 6.3-I. TFigure 6.3-1 shows the
deployment of ships and aircraft in the launch abort landing areas.
The four worldwide landing zones are illustrated in figure 6.3%-2, and
the ship support provided for each of the numbered landing areas is
listed in table 6.3-I.

The recovery forces were assigned positions in these areas so that
any point in a particular area could be reasched within a specified ac-
cess time. The ship and aircraft access times, which varied for the
different areas, were based upon the probability of the spacecraft land-
irg within a given area and the amount of recovery support provided in
that ares.

Twelve ships, 59 fixed-wing aircraft, 10 helicopters, and various
special vehicles were positioned for support of the planned landing
areas. Torty-nine of the aircraft, with parsrescue teams aboard, were
deployed around the world on strip alert to provide contingency recovery
gupport and support in the zones deseribed in the preceding paragraphs.

Normal operationsl contingents of Department of Defense (DOD) ships
and aircraft were used for recovery support. Special equipment, such
as retrieval cranes, airborne UHF electronic receivers (homing systems),
spacecraft flotation collars, and swimmer interphones, was furnished to
the DOD by NASA. All aircraft providing contingency and secondary
landing-area support carried pararescue teams ready to drop to the
spacecraft, install a spacecraft flotation cocllar, and render assist-
ance to the flight crew. Twin turbine helicopters (type SH-3A) launched
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from the aircraft carrier provided location support and were used to
transport swimmer teams, flotation collars, and photographers to the
landing point. Fixed-wing aircraft from the carrier were utilized for
communication relay and to transport the "on-scene commsnder" to the
landing point.

6.%.2 TLocation and Retrieval

The MCC-Recovery Control Center informed all recovery forces of
flight progress throughout the mission. As the orbital ground tracks
shifted during the mission, possible landing points were passed to all
forces, and the position of the recovery ships and aircraft were al-
tered accordingly. During the third revolution, as a result of the
fuel-cell oxygen supply pressure problem, recovery forces were alerted
and ailrcraft deployed in the mid-pacific area, zone 4, to reduce access
time in the event of an early mission termination. Iate in the mission,
the decision was made to terminate the flight in landing area 121-1
(revolution 121, zone 1) rather than the planned 122-1 area, because of
expected poor weather conditions associated with Hurricene Betsy. Re-
covery forces were notified of this decision and assumed positions as
shown in figure 6.3-3.

On August 29 at 190 hours 31 minutes g.e.t., recovery forces were
informed that retrofire was nominal. The destroyers U.8.S, DuPont and
U.S5.8. Waldron, positioned uprange from the aircraft carrier U.S.S..
Lake Champlain, reported radar contact of the spacecraft after blackout
and provided range and bearing information to the carrier and air ele-
ments, thus initiating movement of recovery forces toward the projected
spacecraft landing point. The "on-scene commander", in an S-2F aircraft,
received a short count from the Gemini V flight crew on request and ob-
tained UHF-DF bearing information. At approximately 191 hours 16 min-
utes g.e.t., the on-scene commander reported visuval sighting of the
spacecraft located approximately 91 nautical miles from the carrier.

An Air Rescue aircraft (HC-97) from an uprange position was vectored to
the spacecraft and reported over the spacecraft at 191 hours 27 min-
utes g.e.t. It was decided not to deploy a pararescue team but instead
to await the arrival of swimmers abosrd helicopters enroute from the
carrier. A swimmer team was deployed at 191 hours 38 minutes g.e.t.

The spacecraft flotation collar was installed and inflated by

191 hours %5 minutes g.e.t. Voice contact with the flight crew was
established by a swimmer using the swimmer interphone. The crew members
egressed through the left hatch and were taken aboard the helicopter at
191 hours 58 minutes g.e.t. for transportation to the aircraft carrier.
The recovery helicopter landed aboard the carrier (U.S.S. Lake
Champlain) at 192 hours 26 minutes g.e.t, The carrier retrieved the
spacecraft at 194 hours 50 minutes g.e.t. The position of the spacecraft
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at pickup was 29°52.5' N., 69°50.8" W., approximately 7 naubical miles
from where it had landed (29°47' N., 69°L5.4' W.) at 190 hours 55 min-
utes g.e.t.

Recovery forces in the landing area reported no visual sighting of
the main parachute nor the rendezvous and recovery (R and R) section.

6.%.% Recovery Aids

6.%.3.1 UHF recovery beacon.- Signals from the spacecraft recovery
beacon were received by the various aircraft as follows:

Aireraft Initial t%me of contact, Rangg, Recelver Mode
hr:min g.e.t n. mi.

Search 1 101: 2L 80 SPP Pulse
(sH-3A) cwW
Search 2 191:0% 113 SPP Pulse
(sH-3A) CW
Search 3 191200 70 SPP © Pulse

(SH-34)
Rescue 1 181:00 95 SPP Pulse
(HC-97) cW
Relay air-
craft 191:00 87 ECM Pulse
(FA-1F)

No aircraft reported reception of recovery beacon transmissions
prior to spacecraft landing time. Search 1 was not airborne at space-
craft landing time because of a fuel leak. Search 3 assumed the up-
range on-station position originally assigned to Search 1.

6.3.3.2 IF transmitter.- The HF antenna was not erected and HF
transmissions were not atbtempted or reported.

6.3.3.3 UHF transmitter.- UHF voice btransmissions were recelved
by aircraft as follows:
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Aircraft Time O? contact, Rang?, Receilver
hrimin g.e.t. n. mi.
Air Boss 190: 54 50 LRA-25
(5-2F)
Photo 2 190: 53 %0 ARA-25
(5H-34)

Freguent attempts were made from aircraft in the area to communi-
cate with the flight crew on UHF after landing; however, the aircraft
reported no response from the spacecraft. Voice tapes recorded at the
MCC-H confirm that transmissions were made from the spacecraft as late
as 14 minutes after landing.

6.3.3. L UHF survival radio (voice and CW, 244, 0 Mc).- This sys-
tem was not used.

£.3.3.5 Flashing light.- The spacecraft flashing light erected
properly and was activated after landing. Adrcraft in the area did not
report sighting the flashing light; however, the deployed swimmer team
noted that it operated rnormally. The alrcraft carrier reported a sight-
ing range of approximately 500 yards.

6.3.3.6 Fluorescent sea marker.- The sea-dye marker diffusion
appeared normal and was observed by all recovery ships and aircraft in
the landing area. The maximum range reported was 15 nsutical miles
from an aircraft at an altitude of 15 000 feet. Dye was still being
emitted in small quantities at the time of spacecraft retrieval.

6.3.4 Postretrieval Procedures

Spacecraft postretrieval procedures were performed as specified in
references T and 8. All onboard film and certain equipnent were expe-
dited to Cape Kennedy and Houston by special flights from the carrier.

Visual inspection of the spacecraft disclosed no excessive heating
effects. Other cobservations include the following:

(a) The heat shield sppeared very similar to other recovered

Gemini spacecraft. Two relatively deep gouges in the heat shield were
noted. The cause of the gouges has not heen determined.
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(b) Both windows contained some moisture between the glass layers,
except at the periphery. Protective covers were placed over the windows
by recovery personnel.

(c) The hoist loop door functioned properly, as did the recovery
light, which was operating when the spacecraft was hoisted aboard the
carrier.

(a) Upon retrieval it was noted that the left-hand spacecraft
hatch was closed, bubt in the unlocked position. The right-hand hatch
was locked and a torque of 275 in-1b was required to open it. Both
hatch seals appeared to be in excellent condition.

(e) The spacecraft interior was exceptionally clean and all equip-
ment was stowed.

(f) A1l spacecraft power was ofT with the exception of the re-
covery light.

(g) Safety pins had been installed in the drogue mortar and the
ejection seat D-ring was in the stowed position.

(h) Moisture was noted in both the left and right footwells.

At 1500 G.m.t. on August 30, 1965, the day after recovery, the
flight crew departed the U.S.S. Leke Champlain and flew to Cape Kennedy.
The spacecraft was off-loaded at Mayport Naval Station, Florida, at
1430 G.om.t., August 30, 1965.

6.3.5 Reentry Control System Deactivation

After the spacecraft was unloaded from the carrier U.S.S. Lake
Champlain at Mayport, it was transported by dolly to a previously
selected, well-isclated area where deactivation was begun at 3:00 p.m.
e.s.t., August 30, 1965, and completed by midnight the same day. Upon
receipt of the spacecraft, there was no visual indication of toxic
vapors from any of the reentry control system (RCS) thrust chamber
assemblies, The RCS shingles had bheen removed previously onboard the
carrier by contractor personnel.

Before the pressurant in each ring was relieved to atmospheric
pressure, source pressure and regulated lock-~up pressure were measured.
Source pressure readings of 1190 psig and 1560 psig (ambient dry bulb
temperature of T6C F) were cbtained from rings A and B, respectively.
Regulator lock-up pressure readings of 285 psig from ring A and 290 psig
from ring B were obtained. The pressures in each ring were then re-
lieved to atmospheric pressure. Immediately following the source
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pressurant draining operation, the pressurant upstream of the propel-
lant bladders and downstream of the system check valves was relieved by
venting through separate scrubber units.

Following the above operations, nitrogen pressure of 50 psig was
utilized to force the remaining usable propellants of bobh rings into
the proper propellant holding containers. When these steps were ac-
complished, the propellant motorized wvalves were still in the closed
position so that propellant loss would be minimized. The propellant
solenoid valves did not leak vapors or flush-fluids at any time. A1l
the RCS5 wvalves appeared to function normally.
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TABLE ©6.3-I.- RECOVERY SUPPORT

. Accegs time, hr ‘ .
Landing area Hireratt Ship Support
Launch site: 4 LARC (amphibicus vehicle)
Pad 1 LU {large landing craft) with spacecraft
retrieval capabilities
Land 10 min 2 LVTR (amphibiocus vehicle) with spacecraft
retrieval capabilities
Water (ejected) 2 min 5 M-113 {tracked land vehicleg)
Water (spacecraft)| 15 min L CH-3C (nelicopters) (3 with rescue teams)
2 MS0 (mine sweepers) with salvage capabilities
1 ATF (deep water salvage ship) with spacecraft
retrieval capabilities
2 boats (50 ft) with water salvege Leams
Launch abort:
A P ) . .
1 Cvs (aireraft carrier) with onboard gircraft
capabilities, 4 DD (destroyers), 1 A0 (oiler),
5 5 5 and D aireraft on station (2 HC-97 and 3 HC-5k)
(See fig. 6.3-1)
C 5 14
D 3 14
Primery: L by 1 ¢vs (aircraft carrier) from area A, station 3
1 DD (destroyer) assigned just prior to end of
West Atlantic N mLeslon _
{end-of-mission DD from station 2
area 121-1) 2 HC-97 (search and rescue)
5 JC=130 (5 telemetry and 2 communications relay)
6 SH-3A helicopters (5 location, 2 swimmer, and
1 photo)
2 5-2F (on-scene commander and backup)
2 EA-1F (Navy commnications relay - ) primary,
1 backup)
1 EA-1E (radar search)
Secondary landing
areas:
West Atlantic 5 6 1 VS (carrier) from station 3
(zone 1) 2 DD (destroyer), 1 from stetion 2 and 1 from
station 4 on a rotating basis
Fast Atlentic 5 ) 1 ID {destroyer) from station 7 and 1 AO (oiler)
{zone 2) from station 6 on a rotating basis
West Pacific 5 12 1 DD (destroyer)
(zone %)
Mid-Pacific 5 ) 1 DD (destroyer) and 1 AO (oiler)
(zone 4)
Contingency 18 49 Aircraft on strip alert at worldwide staging bases

Total (including MSO's)

12 ships, 10 helicopters, 59 aircraft
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NASA-S-65-8558
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Figure 6.3-1, - Gemini X launch abort areas
and recovery force deployment.
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Figure 6.3-2. - Gemini X landing zone force deployment.
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Figure 6.3-3, - Details of primary landing area.
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NASA-5-65-8562

Astronaut L., Gordon Cooper, Jr., Command Pilot

and Astronaut Charles Conrad, Jr., Pilot.
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7.0 FLIGHT CREW
7.1 FLIGHT CREW PERFORMANCE

7.1.1 Crew Activities

The results of the flight indicate that the flight crew satisfac-
torily performed a series of experiments in addition to the reguired
operational tasks over a period of 8 days within the confines of the
Gemini spacecraft. The crew completed most of the major mission objec-
tives in spite of systems problems requiring considersble modification
to the flight plan and alteration of practiced flight procedures. Fig-
ure 7.1l-1 represents the actual swmsry flight plan for thig mission.

The crew correctly analyzed various systems problems and estab-
lished appropriate alternate procedures. The rendezvous evaluation pod
(REP) was ejected on time; however, a fTailure of the heater in the fuel-
cell oxygen supply tank required termination of the REP exercise. The
reentry was performed according to techniques established prior to the
mission; however, an error in the use of the equation to calculate ret-
rofire coordinates was entered in the ground computer and the effect of
this error was extended into the airborne computer by way of the digital
command system (DCS)" This erroneous update resulted in an error of ap-
proximately 90 miles in the landing point. Crew training was adequate
but more out-the-window simulation would have been beneficial. No sig-
nificant physical problems were evidenced. The most significant crew
probvlem emanating from this flight was that of routine crew-station
housekeeping.

7.1.1.1 Prelsunch.- The crew entered the spacecraft at the proper
time and all prelaunch crew functions were completed on time. The only
prelaunch anomalies noted by the crew were: the command pilot's window
had foreign matter between the panes, both windows fogged over com-
‘Pletely during prelaunch but cleared up reasonably well by lift-off, and
the OAMS fuel quantity indicated only 87 percent at lift-off.

7.-1.1.2 Powered flight and insertion.- Powered flight was nominal
except for three events:

(a) The launch vehicle instrument power supply (IPS) second-stage
fuel-pressure indicator failed intermittently to full sesle during
launch. The pilot properly reported this to be an indicator malfunction.
(See section 5.2.8.3.)

{b} Launch-vehicle longitudinal oscillations (POGO) occurred for
a short period of time prior to staging and the pilot estimated the
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amplitude to be 40.5g (actual amplitude 10.38g). Talking and panel
indicator reading were degraded during POGO (See section 5.2.1.1.)

(¢c) The no. 1 UHF radio appeared to become inoperative several
seconds prior to insertion and the command pilot switched to the no. 2
backup radio before insertion. Radio commumnication on both UHF radios
was excellent after insertion. (See section 5.1.2.1.)

This was the first flight during which the nose and horizon sensor
falrings were jettisoned during the launch profile, and the nose fairing
exploded and fell away from the spacecraft in many smell pieces. (See
section 5.1.1.3.) Five or six very small gray splotches hit the command
pilot's window as these fairings were Jettisoned, and remsined there
through reentry. As expected, the fuel-cell warning lights ceme on
after Lift-off, remained on throughout launch, and went out several sec-
onds after insertion. (See section 5.1.7.1.5.)

Insertion was nominal. The spacecraft came off the launch vehicle
with no noticeable zngular rates. The pilot read nominzl wvalues for all
insertion parameters from the inertial guidance system (IGS) before re-
ceiving the same information from the ground. The insertion checklist
was performed according to the flight plan.

T-1.1.5 Operational checks.- The scheduled operaitional checks were
completed according to the flight plan. These checks, in addition to
control systems and platform procedures, are discussed in the following
paragraphs.

T.1.1.3.1 Platform alinements: The platform was alined on numer-
ous occasgions during the flight, during both day and night conditions.
At least 18 alinements were made in the small-end-forward (SEF) mode,
and at least five were accomplished in the blunt-end-forward (BEF) mode.
The crew attempted two or three platform alinements early in the mission
by making use of the platform attitude control mode; however, they be-
lieved the mode to be out of tolerance in the yaw channel, and elected
not to use it for subsequent alinements. During the critical alinements
such as retrofire, or when adequate time was permitted to do a final
alinement, final alinement errors were usually less than 1°. In a few
cages, misalinements up to 5° occcurred when the platform was alined
quickly as the spacecraft drifted through the 0°, 0°, O° position. The
primary horizon sensor interrupted alinements during the early phases
of the mission, although this was not immediately recognized because of
the horizon sensor intermittent tendencies.

The crew preferred BEF slinements when alining wilh an earth ref-

erence, although the SEF alinements were within the same accuracies as
the BEF alinements.
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7.1.1.35.2 Use of spacecraft controls and displays: IExcept for
periods when the spacecraft was powered down, the orbital attitude and
maneuver system_(QAMS) was ubilized for attitude control and transla-
tion maneuvers until the last orbit. During the last orbit, the reentry
control systemA(RCS) was used for final platform alinement in prepara-
tion for the retrogrede maneuver. This was made necessary by the de-
gradation of the OAMS toward the end of the misslon. (See sec-
tion 5.1.8.1.3.)

The translationsg accomplished during orbit by using the rate-com-
mand mode for attitude control appeared to the crew to be contbrolled
more accurately in attitude than those accomplished while in the plat-
form mode which had a tendency to drift in yaw. TFine tracking in all
axes during translations was found to be more precise in the actual
spacecraft than that experienced in the Geminl Mission Simulator.

Spacecraft attitude control response in the pulse mode was less
than in the simulator, whereas the control authority of the spacecraft
in rate command or direct mode was more positive than experienced on the
Gemini Mission Simulator. The crew readily adapted to this variance and
were able to position and track targets in each of these modes.

The crew used fuel conservatively in attitude hold by remaining
in the pulse and horizon scan modes for long periods of the flight. The
rate command was primarily used during translation maneuvers, and a com-
pination of direct and pulse mode was used for some tracking tasks when
the target was acquired late. The reentry-rate command mode was never
checked by the flight crew during the flight. The failure and degrada-
tion of the OAMS was easily recognized and analyzed by the crew with
subseguent. attitude control maintained by a combination of thrusters in
the remaining axes. The effect of venting of gases such as the water
evaporator, cryogenic oxvgen, and hydrogen was recognized and was ade-
guately handled by the crew.

The reentry control system provided thée crew with a positive con-
trol system for retrofire and reentry. The crew selected single-ring
operation after jettison of the retroadapter section. This configuration
was used until drogue parachute deployment after which the second ring
was burned on.

The crew initially had difficulty in establishing or recognizing
the proper spacecraft orientation associated with 0°, 0°, 0° attitude.
This was caused by the crew angular position offset and by the lack of
dynamic out-the-window simulations prior to flight., The crew, however,
was able to obtain reference points on the spacecraft and windows to
assist in determining correct alinements after a little experience in
flight. Pitch attitude was referenced by establishing a line through
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the corner of the window, the front RCS yaw thruster, and the airglow
on the horizon. Zero roll angle was referenced by orisnting the inside
vertical edge of the window frame perpendicular to the horizon., Yaw
alinement was established by pltching dowvn for a better view and then
removing the apparent yaw error by using drift of terrestrial features
as a reference.

T.1.1.3.5 Cabin lighting survey: Figure 7.1-2 presents the measg-
urement of ambient light levels taken at several locations oan the con-
trols and displays panel together with the related out-the-window levels.
Although the number of data pcints acquired so far is minimal, several
preliminary conclusions can be drawn.

There is a significant contrast between the day-side black sky and
the earth-shine light levels as seen through the window (roughly 29 abhove
and below the earth's horizon). These intensities differ markedly from
those viewed within the cabin, particularly on the center panel instru-
ment and controls group, the radar range display on the command pilot's
side, and the dc voltmeter area at the pilot's station. The 4200 foot-
lambert reading measured by the pilot on August 24, 1955, suggests the
presence of sun shafting and/or a reflection off the window or window
frame. The combination of high light levels viewed out the window and
low light levels within the cabin presents a problem of vision accomoda-
tion for those tasks reguiring acquisition of the outside targets simul-
taneously with the management of systems within the cabin.

The flight director indicators (FDI) in the right and left center
instrument panels are the only instruments with individual lighting.
The cabin lights were normally on during the day portion of the revolu-
tion. The light from these two sources, together with that shining
through the window, did not railse the light levels appreciably at the
nonindividually lighted instrument locations. Light levels slso appear
to be too low for those situations involving the cross-monitoring of
instruments when one crew member has to read an Instrument in the op-
posite station.

7.1.1.%3.4 Apollo landmark investigation: The Apollo landmark in-
vestigation on Gemini V consisted of obtaining photographs of preselec-
ted landmarks, evaluating the cnboard maps used for the acquisition and
identification of the landmarks, and obtaining photographs of landmarks
selected from orbit.

The landmarks photographed were:

(a) Southern tip of L= Palme Island in the Canaries

(b) Western tip of Cape Rhir, Morocco
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(c) Northwestern tip of point on western extreme of peninsula,
Lake Titicaca, Bolivia

(d) Northern tip of Isla de Panza in Take Poopo, Bolivia

The TO-mm photographs are excellent and will be used as landmark
acquisition-identification alds during the Apollo missions. The crew
commented that the Apollo onbcard maps were unsatisfactory and 4id not
present enough information for acquiring and identifying landmarks.
This will be remedied by use of the Gemini photographs as acquisition-
identification aids on the Apollo missions.

The crew alsc commented that the types of landmarks most desirable
for acquiring, identifying, and tracking sre predominant coastal areas,
lakes, and rivers. They believe that sirports are not particularly
good landmarks because they do not contrast sharply with the surround-
ing terrain.

7.1.1.% Rendezvous evaluation pod (REP) and simulated Agena,
rendezvous. - The mission proceeded according to the flight plan through
REP ejection. A problem was encountered in alining the platform just
prior to REP ejection because of apparent intermittent operation of the
horizon sensor; therefore, a 30-second slinement was made just prior to
the 90° yaw for REP ejection. The REP was ejected approximately on
time (15 sec late), the spacecraft was yawed 180°, the radar was turned
on, and lock-on was quickly attained. The first digital readout of sep-
aration relative velocity was 3.5 ft/sec. Shortly afterwards, the first
analog reading of relative velocity on the range—range rate indicator
was 5 ft/sec. The REP continued straight out the 270° line for 0.9 mile
and the range rate attained was 7 ft/sec. No definite nodal point was
reached where the range stopped increasing and the range rate did not
decrease noticeably.

The REP started moving behind the spacecraft and as it passed
through the 210° bearing, the decision was made to power down and ter-
minate the REP maneuver because of the fuel-cell oxygen supply pressure
problem. Visual indications confirmed the radar readings. The crew
estimated that the REP tumbled at a rate of approximately 1 deg/sec.
The BREP remained in the wvicinity of the spacecraft for the next Tive
revolutions and illuminated the nose of the spacecraft many times when
1t was very close to the spacecraft. In many instances, sunlight re-
flection off the REP was more visible than the blinking lights.

As a substitute for the cancelled REP exercise, four translation
maneuvers were made to similate rendezvous with an imaginary Agena in
a different orbit. The information for the first two maneuvers was in-
serted into the computer by way of the DCS., The first maneuver was a
height adjustment using the platform control mode; however, because of
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problems with this control mode, some out-of-plane change in velocity
resulted. The second translation was the phase adjustment maneuver.
The information for the third and fourth maneuvers was transmitted to
the crew over the UHF voice link and inserted into the computer by the
crew. The third maneuver was a plane change, and the last maneuver was
a coelliptical maneuver. The last three maneuvers were made in the
rate command attitude control mode, and this system satisfactorily held
the spacecraft in the proper attitude. The aft-firing thrusters were
used for all these maneuvers. In all four maneuvers, the spacecraft
was well positioned in space to continue the rendezvous if this had been
an actual case.

7.1.1.%5 Experiments.- Although the crew was hampered by spacecraft
systems failures of the oxygen tank heater, slow degradation of the
OAMS, and power and propellant limitations, they did sccomplish a large
part of all experiments with the exception of D-2, which had to be
cancelled because it required a rendezvous with the RIP. Additional
photography and spacecraft systems tests were also performed.

Electrical power was limited intermittently throughout the mission.
The fuel-cell oxygen cryogenic heater failed early in the mission and
the fuell-cell water production rate later in the mission constrained
the amount of allowable electrical power. A degradation in the 0AMS
thrusters, beginning with the fifth day of the mission, limited the
amcunt of controliability of the spacecralt, making tracking tasks ex-
tremely difficult. A failure of the utility cord powering the reticle
in the optical sight curtailed tracking-type experiments over the United
States on the third day.

Preestablished methods of acquisition to be used by the crew in
accomplishing the tracking task experiments were revised. The fields
of view of the telescope and of the 1270-mm lens were too small to be
used for acquisition or tracking. The method used by the crew was to
acquire the object first with the unaided eye, and then to lel the com-
mand pllot track 1t using the optical sight and the pulse attitude control
mode while the pilot operated the cameras or eduipment controls. Re-
sults shown by the photographs indicate very satisfactory tracking by
the crew. The pulse attitude control mode was satisfactory for all
tracking where acquisition was begun early enough to start tracking at
low apparent rates. However, during one of the missile tracking tasks,
the visual sighting was lost against the cloud background and when the
missile was reacguired against the sky background, the direct attitude
control mode wag required to get hack on the accelerating missile.
After the optical sight was again alined on the target, the pulse mode
was used successfully to complete the tracking task.

The numerous experiments and operational tests performed during
the passes over the United States placed a heavy work load on The crew
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each day. The stowage, assembly, and disassembly of equipment required
to perform these rapidly occcurring tasks were handled well by the crew,
and a high percentage of these experiments and tests was completed.

Electrical power and propellant constraints prevented attitude
control for the sccomplishment of some experiments. Nevertheless, the
crew was given information in the event they would be in proper attitude
for accomplishing certain experiments.

7.1.1.6 Crew housekeeping.- The extended length of the mission,
together with the number of experiments requiring pilot-operated equip-
ment in the crew station, made it mandatory that the crew carefully
manage housekeeping activities, The most critical tasks were antici-
pating stowage requirements and being prepared for a contingency reentry.

The flight crew maintained an orderly cabin by planning the re-
guirements for equipment in advance for temporary stowage of each piece
of equipment and for a location of the operational data required for
each task. The crew made it a policy to stow only a limited number of
items in the footwell and unstow limited items of food per man. By
careful selection and management of equipment stowage and dry waste
stowage, the crew was always in a seml-state of readiness iIn the event
of an early reentry.

The flight data books were made available during the flight by
stowing them next to the pilot on the center side of the seat. Continu-
ity of command was provided by the interchange of necessary information
and data to the obther pilot prior to each sleep cycle. The crew sleep
and eat cycles were not satisfactory during the flight. The sleep
periods of one crew member were often interrupted by the other pilot's
activities, air-ground volce communications, systems operation, and ex-
terior lighting conditions. The crew eventually avoided some of the
sleep interruptions by eating at the same time, taking vision tests at
the same time, and sleeping at the same time. The crew also found that
sleep pericds were more successful when scheduled near their normal pre-
flight sleep habits.

The flight crew monitoring of systems operation was satisfactory.
The crew initially had detected the loss of the fuel-cell oxygen supply
pressure and had turned the heater to automatic prior to the ground con-
trol request. The crew, by noting the RCS heater warning light, found
that the RCS heaters were required during most of the flight.

The monitoring of critical items on the center instrument panel
and waber management panel was degraded because of inadequate lighting
in this area. Crew efficiency was also hampered by the low light level
in the overhead stowage areas. Items in this area are very difficult
to stow efficiently and this is compounded by the lack of proper light.
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7.1.1.7 Retrofire and reentry.- Stowage of experiment znd opera-
tional equipment was initiated approximately 16 hours prior to retrofire
and was completed about 12 hours later. The platform was alined accur-

ztely in BEF over the final l%—revolutions. Alinement was maintained

throughout this period by using out-the-window references during both
day and night. Stars and constellations close to the oarbital track Pro-
vided excellent night-side reference. The RCS system was used through-
out this period because of the degraded OAMS.

During the last revolution over Carnarvon at T_-27 minutes, the

R
computer was updated by way of the DCS. This operaticn was apsetting
to the crew because they were unawsre that additional tracking data had
made this update necessary, and were not expecting it. They were also
concerned about quickly switching the computer from the reentry mode to
the prelaunch mode to receive this update. In addition, the crew re-
ported that the update verification indicator light did not illuminate
(see section 5.1.10.2,2); however, to verify the computer entiy, two
memory cores were checked by the pilot using the manual data insertion
unit. This served to confirm the validity of the update and restore
the confidence of the crew for the retrofire and reentry maneuvers.

ALl preretrofire checklists were completed on or before the sched-
uled time. Crew reports of the separation events were similar to those
of previous Gemini crews. Reftrofire occurred precisely on time from the
time reference system, and the pilot backed up the retrofire signal with
manual retrofire at TR+1 second. Spacecraft attitudes were held within

+1° of nominal by use of the rate commnd system with both RCS rings
activated. The flight director indicator had tc be usad for the refer-
ence, because retrofire occurred on the dark side of the revolution and
the RCS thrusters completely obliterated sll externsl references. The
crew reported the retrofire incremental velocities zs 269 ft/sec aft,

10 ft/sec left, and 181 ft/sec down, which were close to nominal. Zach
of the crew members, particularly the pilot, sald he experienced vertigo
during the retrofire maneuver.

Retropack jettison was nominal after which the spacecraft was
rolled to the heads-down position, the pulse mode selected (attitude
contrcl to PULSE and RCS to ACME), and the RCS B-ring turned off. At
40O 000 feet, the direct mode was selected (attitude control in RATE
COMMAND but with RCS to DIRECT) and only small lnputs were required to
damp the oscillations. The command pilot flew the back-up bank angle
of 54°-left using the flight director indicabor as a raference until
the deceleration started to rise rapidly. The computer was indicating
& significant overshoot with a full-scale deflection in the low-range
and nearly Tull-scale in the high-range position. Because the down-
range Indication did not seem to be changing, the command pilot then
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rolled left to the 88° bvank angle (zerc 1ift), which he held to approx-
imately the time of pesk deceleration. At this time he went back to
the nominal back-up bank angle of 54°-left and held this for about

40 seconds, after which he rolled to 60° right which he held for the
last %% seconds before drogue parachute deployment. Flying zerc 1ift
for a relatively short period of tine (about 1 min 30 sec) during the
most effective period of reentry 1ift capability caused the major por-
tion of the 89 miles uprange miss distance. The navigation coordinates
that had been entered into the spacecraft computer were subsequently
determined to be incorrect. (See section 6.2.2.2.1.)

The command pilot's Technique for controlling the reentry was to
alternate between control modes and between rate and attitude flight-
director-indicator references so as to provide optimum control and mon-
itoring. Lending occurred at a zero altitude reading on the altimeter.
The crew reported that the landing was very 'soft", with submersion
only part way up the spacecraft windows. The crew had completed all of
the prelanding checklists, with the exception that the pilot could not
stow his D-ring pin until after landing.

7.1.1.8 Recovery.- Recovery weather conditions were optimal and
the spacecraft flotation attitude was satisfactory. The cablin and suitb
inlet temperatures, shortly after landing, were approximately 45° T and
50° F, respectively, providing a comfortable condition for the crew
with the suits on and the hatches closed. All postlanding procedures
were performed according to the postlanding checklist with one possible
exception. The HEF antenna, which is powered by the common control bus,
would not extend and the crew could not transmit on HF. There remains
a question as to whether or not the pilot inadvertently turned off the
number 3 squilb battery (common control bus), which powers the extend
motor, prior to the time of the attempted HIF antenna extension. The
crew made a routine egress through the left hatch after approximately
1 hour in the spacecraft. The pilot and command pilot were hoisted
sboard the helicopter shortly thereafter and transported to the prime
recovery ship. Other than the crew reporting that the flight to the
carrier was extremely warm {due to helicopter cabin temperature and no
sult ventilation), no postlanding physical discomfort or problems were
encountered.

7.1.1.9 Training.- The Gemini V crew training was conducted as
outlined in reference 10, A summery of the Gemini V crew training is
shown in table 7.1-T.

Because of the large number and complexity of experiments sched-
uled for the first time on this flight, the most time-consuming part
of the training program was that concerned with experiments. Although
this training was considered adequsate, more priority should have been

UNCLASSIFIED



7-12 UNCLASSIFIED

given to providing training hardware to the crew esrly in the training
program so that experiment training could have been essentially complete
before the crew reported to Cape Kennedy for the final phase of pre-
lauwnch testing.

Gemini Mission Simulator training was adequate with the exception
that there was no "out-the-window" feature. Although some "out-the-
window" training for the REP rendezvous was accomplished on the engi-
neering simulator at the spacecraft contractor's plant, more training
cf this type should have been availsble for normal launch, orbit, retro-
fire, and reentry operations. As a result, the crew had to spend con-
siderable time in flight learning to correlate spacecraft attitudes
with horizon and/or star sightings.
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7.1.2 QGemini V Pilot's Report

7.1.2.1 Preflight schedule and training.- The Gemini V flight
team was on a rigorous schedule, and it was recognized early in the
preparation for flight that in order to meet the scheduled launch time,
it would be necessary to make efficient use of the critically short
training time. Although efficient utilization of time was observed,
it is thought that the training of the Gemini V crew was minimal. How-
ever, the flight appeared to go well and training was apparently ade-
quate to complete the flight. The amount of systems training, technical
training, and study in the systems area was adequate. The crew had
confidence that they were well versed in the spacecraft systems. Water-
egress training was well planned and adequate.

7.1.2.2 Countdown.~- On the day of the actual flight, the launch
countdown was excellent. The operstions crew did a good job and every-
thing went smoothly. In particular the flight crew was well pleased
with the timing.

7.1.2.% Powered flight.- The powered portion of flight can be
summarized by saying that except for a few minor discrepancies, it was
a smooth, powered flight that inserted Gemini V into an almost perfect
orbit. ILift-off was smooth, and easily identifiable. The first minor
discrepancy occurred when the stage II instrumentation power supply (1PS)
fuel-pressure gage failed to the full-scale position at approximately
99 seconds. The noise level and vibration through max q were not ob-
jectionable at all, and were at a very low level as compared with the
Atlas. The second minor discrepancy was the higher than expected "POGO."
Tt was of a higher level than would be desirable for flight and vision
was impaired for a short periocd; however, i1t was nol overly objection=~
able hecause there were no detailed gage readings required in that
particular pericd. Staging was on time, and the launch vehicle had
Lofted slightly up to the time of staging as anticipated. After stag-
ing, the RGS smoothly steered out the lofting, and the radio guidance
system and inertial guidance system were nearly syanchronized throughout
the remainder of the flight. There were no attitude deviations and no
noticable angular rates. Insertion was nominal and in the 20-gecond
period immediately after insertion, the angular rates and attitude ex-
cursions remained negligible., Commnications were lost with MCC-H after
the announcement of V/VR of 0.8, and the loss persisted until imme-

diately following insertion. The command pilot switched to the second-
ary UHF, and contacted MCC-H immediately after recording the incremental
velocity indicator (IVI) readouts. (It was found later, however, that
the radio had not failed, and the problem was one of procedures at
MCC=C.) The spacecraft separated from the launch vehicle cleanly, with
no apparent angular rates,
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7.1.2.4 Orbital phase.-

7.1.2.4.1 Control system:

Orbital attitude and maneuvering system - The torquing obtained in
the pulse mode by the thrusters was less than in the CGemini mission simu-
lator (GMS). This mode, however, is excellent for precise tracking
tasks and uses a negligible amount of fuel.

The direct mode was a precise stream of thrust and was much sharper
and more positive than in the GMS., This mode was necessary where g
rapid movement was regqulred from one attitude to another but should be
avoided if possible because of the associated high rate of fuel con-
sumption. Rate command was a very strong mode and stopped the space-
craft orecisely when the stick deflection stopped. It was much more
precise than in the GMS. The horizon scan mode had looge tolerances,
but is an excellent mode for long-range general attitude hold. The crev
thought that the platform mode was not maintaining attitude within the
preseribed design limits. (See section 5.1.% for operation of the plat-
form mode. )

Reentry control system (RCS) - The pulse mode is the same as on
the OAMS. Thruster firings were all visible at night. Very precice
control was possible, The direct mode was very precise snd had excel-
lent control authority. The rate mede had slightly looser limits than
the OAMS rate command, but was still very tight. The horizon scan mode
was almost identical to the OAMS horizon scan mode, (The platform mode
was not used while on the RCS.)

T7.1.2.4,2 Experiments: In relation to the length of the Gemini V
migsion, it is believed that the proper number of experiments was on-
board and that there was enough time available to do most of these ex-
periments. The tracking reticle was used without the additional dimming
rheostat in the circuit and the dim setting was satisfactory for lower
order star tracking. Full bright was ample for day tracking across
any type of sky or terrain. The new pattern on the reticle was evenly
diffused and was satisfactory for the task. In general, the experi-
ments went well. Some were compromised because of the long periods of
drifting t'light; however, the majority of experiments were 85 to
100 percent completed.
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f.1.2.5 EFEating, drinking, sleeping, urination, defecation, and
housekeeping. -« The Gemini V flight crew found that the bite-size foods
were not as appetizing as they had hoped in the early days of testing,
and, because of this, they were not eaten after the third day. Rehy-
dratable food, which was also carried on this flight, was eaten for
the remainder of the flight, Four rehydratable food bags failed on the
Gemini V flight, mostly because of the folds caused by crushing these
bags around smaller objects.

It would be difficult to overremphasize the importance of drinking
sufficient water, A careful drinking-water log was kept on this Flight
in order to assure proper water intake. The water on the Gemini V mis-
sion was good and it was cold., It still had a great deal of air in its
however, this did not seem to have an adverse effect on the crew. The
drink gun worked satisfactorily and did not leak or have valve stoppage
or slowdown.

The Gemini V crew had extreme difficulty in sleeping during the
periods allotted. The spacecraft was so quiet in flight that anything

(conversations with the ground crew, experiments, system management and
test, et cetera) done by one crew member interrupted the other crew mem-
ber's sleep. The polarcid window shields were found to be useful dur-
ing sleep periods in cutting down distractions from sunlight. At times
on this flight, both crew members slept simultaneously.

The urine system worked quite well. Two new procedures established
in flight were:

() Preheat the system for & minimum of % minutes prior to
flushing.

(b) After the urine receiver bag is empty, open the valve on the
urine receptacle for 30 seconds to flush air through and then cycle two
or three times to actuate the flapper valve for drying.

The new rubber recelver worked well but did get very gummy and sticky

even when cleaned thoroughly, and each one remained usable for approxi-
mately 2 days.

Defecation was performed carefully and slowly. Care had to be .
utilized to assure that the defecation bag was wide open all the way
to the bottom, was firmly glued on, and rroperly alined. The whole
procedure was difficult and time consuming, but possible. For stowage
planning purposes, one defecation bag, complete with medical disinfect-
ant bag and tissues, will require approximately the same amount of
stowage room as one entire food bag unless there is some change to the
equlpment or procedures.
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It was recognized at a very early date that stowage would be one
of the biggest and most critical problems of the Gemini V mission, and
the Tlight proved this to be the case, The spacecraft was badly crowded,
but the crew did successfully stow most items for reentry in the places
where they belonged, and the spacecraft was landed in s ¢lean, well-
stowed configuration. This would not have been the case, however, had
not a great many hours been available toward the end of the mission for
restowing. For later missions, it should be recognized that approxi-
mately 4 hours must be made available for stowage, or all items will
noet be stowed properly during reentry. ‘

The first step concerning stowage was to remove all of the food
from the right-aft food box. This food was stowed about the cockpit
above both ejection seats in the red stowage bags and one or two pack-
ages on each side of the floor. From this point on, the right-aft food
box was used only to store wet waste, defecation bags, and garbage type
items. The red bags above both ejection seats were extremely useful.

The 8%—indh by 1ll-inch flight olan and the flight bocks were kept on

the inside edge of each seat between either the command pilot's or the
pilot's hip and the seat, depending on which one was using them. The

two smaller 5-inch by 8-inch books were kept in the elastic~topped
pouches alcng the side of the center conscle. The surface photography
maps were kept in the regular map and data case in the left-tand foot-
well. The larger green stowage pouches were found to be unsatisfactory.
The lids, with the bungee cord along the top, were too hard to get apart;
and anytime that any large items were in the pouches, these pouches stood
open at the top and allowed small items to float in and out, These
pouches rapidly wore to shreds.

The helmets and gloves were removed very early in the flight,
placed in a light-weight helmet bag and fastened with wvelero to the
floorboard in between the ejection seat foot stirrups. These items
remained there throughout the entire flight until just tefore reentry.
On the right side of each helmet there was a convenientu place to put a
food bag and/or an aluminum food cover to hold garbage or paper trash.
On the left side of the helmet, by the squared-off footwell corner,
There was room for the exerciser and perhaps one cother small item. As
the flight progressed, it rapidly became evident that for every food
bag removed, twice that amount of room was required for stowage. That
ig, when the paper and trash and residual food were repilaced in the
aluminum bag holding the food, it was nearly equal to the volume it had
occupied prior to unpacking it. In addition, the defecation bag with
the feces and disinfectant bag a1l rolled into a package very similar
in size to a food bag. Tach and every day, a very thorough house clean-
ing was performed in which all garbage and trash were stowed very care-
fully, 1If this were not done, 1t was found that the available free
space very rapidly dwindled, making it difficult to find anything.
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The preretrofire stowage was conducted over approximately a l2~hour
period. A great deal of time and thought was given to this stowage,
and it was completed according to the reentry stowage list with a few
exceptions: several partially emply defecation bag pouches, the voice
tape recorder cartridge belt, cne food bag full of paper trash, one of
the sponge rubber camera box liners, and cone or twc other small ltems
of this type were stowed around, behind, and under the left ejection
seat; the zodiacal light camera was stowed in the right-aft food box,
and a fair amount of food was carefully packed and taped into the win-
dow adapter mount in its bracket in front of the keystone stowage box.
It was found that each piece of paper trash had to be very carefully
folded and reduced in size as much as possible and that each rehydrat-
able food bag had to have the air evacuated, then had to be rolled very
tightly, and fastened with a piece of tape or rubber band. These were
left temporarily in one of the stowage bags and then restowed, item by
item, in the big locker =so that they were fitted very tightly into each
of the small areas. These small items had to be gtowed very tightly at
zero g because they kept fleating cut if friction did not hold them in
place., This fact combined with the deep storage boxes was one reason
so much time was needed for inflight stowsge.

7.1.2.6 Retrofire.- The RCS was activated, checked out, and used
to aline the platform BEF for one and one-half orbits prior to retro-
fire. The pilatform was alined by using horizon scan and the spacecraft
was controlled inside the horizon scan limits with the pulse mode. The

needles were finely alined. The TR and targeting load was sent over

Houston, and reentry mode was selected on the computer immediately there-
after. The platform, computer, and all systems checked out good around

to Carnarvon. At Carnarven, =a TR update was sent without warning to

the crew. No digital command system (DCGS) light was received and the
computer was still in the reentry mode just as the update was started.
The crew rapidly switched to prelaunch mode, but the DCS light did not
illuminate. The crew was not certain that the update had heen entered
correctly. The ground had received the proper message-acceptance pulses
via telemetry, and two memory locations were read out from the computer
by the crew to further veriflyy the update to be correct. The clock was
set to TR-26 over Carnarvon, and was counting down correctly. The crew

then started going through the preretrofire checklist and had every-

thing checked and double checked prior to the retrofire maneuver. The
crew went to retrofire attitude and dual-ring rate command; the aline-
ment appeared excellent, and the TR time and the spacecraft clock times

were exactly synchronized. At TR, the retrorockets fired and the

attitudes were held within £1°. It was noted that the third retrorocket
tended to yaw the spacecraft slightly off to the left and the fourth one
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tended to yaw it slightly off to the right. However, the dual-ring

RCS had ample authority to counteract this offset. Retrofire was ac-
complished in the middle of the night, and the lights were turned up
bright in the cockpit. At the instant of retrofire, the crew had the
impression that the whole outside was a fireball as the retrorockets
fired and the RCS thrusters began firing directly in front of the space-
craft windows., The crew was apparently somewhat sensitive from being

in zerc g for 8 days, ard as the retrorockets fired, the command pilot
felt that the spacecraft had completely stopped and was accelerating
back to the west. The pilot felt that it was going into an inside loop.

f.1l.2.7 Reentry. - After retrofire, the retro attitude was main-
tained, the retro jett 8quib was armed, the retro jett light came on,
and the retropack was jettisoned on time. The spacecraft was pitched
up to approximately +20° and rolled left to the Inverted position. The
B-ring was turned off, and A-ring was placed in pulse mode. Single-
ring pulse mode was flown to 400 000 feet, and single-ring direct mode
was used from 400 000 feet to approximately the time decelerstion forces
started to rise rapidly. The rates, combined with steering, became
too demanding, at which time single-ring rate command was selected +o
help damp the rates. GCuidance commands came in at 280 000 feet; the
crossrange needle was off to the right and the downrange needle was
pegeed full-scale low (approximately'half-way on high-scale). At this
voint, the spacecraft was banked 54° left, according tc vlan, and held
for about 40 seconds. When the downrange needle did not start moving
up, the spacecralt was banked 90° left (time of rapid deceleration
rise). By the time the deceleration reached 6g, it was realized that
the downrange needle was not going to come off the peg, and the space-
craft was rolled back to the nominsl bank angle of 54°-left. At this
point, it was debated whether to g0 to the reverse nominal bank angle
or to hold the left bank angle. The crossrange needle had moved in
during the 90° bank, indicating that it appeared to be working properly
and that left bank was still needed to correct the Crossrange error.
Tt was decided to fly the 54°-left bank through the effective 1ift and
then bank right., In a short time the deceleration reached 7.5g, and
shortly thereafter the altimeter began indicating below the full-scale
reading of 100 000 feet. The crew started down the checklist for land-
ing and, as the pilot called off 100 000 feet, the landing squib was
armed; however, when the pilot called off 70 000 feet, the command pilot
erroneously put out the drogue parachute instead of going to dual-ring
RCS. The drogue parachute came out at 70 000 feet, gave a couple of
supersonic squids, opened very neatly in the reefed condition, dereefed,
and was a very good looking drogue. The crew selected dval-ring RCS at
65 000 feet. The spacecraft appeared extremely stable throughout the
entire landing phase. Cabin repressurization and O2 high rate were

selected at 50 000 feet to pressurize the cabin with a positive pres-
sure; however at 27 000 feet the pressure dropped rapidly to zero,
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and the snorkle and vent were opened at that time. The main parachute
was deployed at 10 000 feet and it opened in the reefed condition,
perfectly symmetrical, and disreefed symmetrically. There was no swing,
oscillation, or roll during descent. The snorkel and the vent valves
were closed at 2000 feet, the repressurization and O2 high rate were

left on, and approximetely 1 psi of positive pressure bullt up prior
to landing.

7.1.2.8 landing and recovery.- Touchdown was very "soft" and no
large water splash was noticed. The crew Jettisoned the main parachute
and proceeded through the postlanding checklist. fThey could hear the
helicopters and "Air Boss" (Navy recovery leader's airplane) calling
while on the main parachute. The crew talked to "Air Bess" two or three
times, giving him counts so they knew that they were approximately
85 miles from the ship on a bearing of 280°., After the spacecraft
landed in the water, the recovery aircraft apparently did not receive
any transmissions from the crew, but the crew was receiving from that
alrecraft in addition to many other aircraft. The first alrcraft directly
overhead was an Air Force C-5k, apparently out of'Befmuda, with swirmers
and Jumpers aboard, "Air Boss' however elected to wait a few minutes
for the prime recovery helicopter. The helicopter arrived shortly and
the swimmers Jumped in and attached the flotation collar to the space-
craft. The spacecralt windows were relatively clear at that time and
the swimmers came up and peered into the windows. The crew gave them
the "thumbs up" signal, and the swimmers completed putting the collar
around the spacecraft and inflating it. After the collar was inflated,
the left-hand hatch was opened. The crew proceeded to shut off the ECS
system and power down the spacecraft. The crew egressed without inci-
dent, closed the hatch, stepped intc a Navy raft, and rode the sling
up and into the recovery helicopter.
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TABLE 7.1-I.~ CREW TRAINING SUMMARY

Command Pilot Pilot
Runs Hr:min Runs Hr:min
Spacecraft tests | 53155 73:28
Gemini mission simulator 105:50 108: Lo
MAC engineering simulator
(launch, rendezvous, and
reentry) 38: 00 3L: 00
Parachute 11 11
Fxperiments training/briefings 150: 00 150: 00
Centrifuge 2 8
Launch abort training 236 172
Planetarium 34: 00 3h: 00
Zero-g (KC-135) L by
Parabolas Parabolas
Survival training
(water egress) 8:00 8:00
Systems briefings 58:00 58:00
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7.2 AEROMEDICAL

Gemini V provided an opportunity to study the physiological effects
of space flight on two crewmen in the Gemini spacecraft for a period
of 8 days. This flight clearly demonstrated the usefulness of man in
gpace and the ability of man to function during prolonged space flight
of this duraticn with no serious decrement in performance. It also
demonstrated that man can readapt to normal gravitational forces after
a space flight of this duration. There were many interesting aero-
medical ovservations and significant findings during this flight. These
data are presented in the following sections.

7.2.1 Preflight

7.2,1,1 Medical histories.- The medical histories from the flight
crew consisted of their military health records, records of the medical
examinations conducted at the time of their selection as astronauts,
and their annual medical examinations since selection. In addition, a
considerable volume of data has been collected during simulated flights,
centrifuge fTraining runs, and spacecraft systems tests (table 7.2-T).

7.2.1.2 Bicinstrumentation.-~ The standard Gemini biloinstrumentation
system described In previous reports was used during this flight., A
microphone placed on the anterior chest wall of each crewman was used
to record their phonocardiograms for the M-4 experiment. These micro-
phones were positioned to the left of the sternum at the fourth inter-
coastal space. In addition to the standard Gemini instrumentation,
gtrain gages were used to measure the difference in circumference of
the legs during all tilt-table studies.

7.2.1.3 Preflight tilt-table studies.~ Three preflight tilt studies
were accomplished on the Gemini V prime crew. These studies were used
as a baseline or normal tilt response and postflight responses were com-
pared to these normals.

7.2.1. 4% Preflight diet.- Approximately 3 weeks prior to the sched-
uled mission date, the crew began a low-residue diet. Three days later
a diet of .the programed inflight food was begun. This subjective evalu-
ation was termlnated during the second day because of the onset in both
crewnmen of a mild upper respiratory illness associated with general
malaise and soft stools. As a result of this subjective evaluation and
a continued evaluation by the backup pilot, the crew elected to alter
thelr original selection of bitewsize food to include a number of re-
hydratable items.
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7.2.1.5 Preflight medical examination.- Ten days prior to the
scheduled launch, an examination of both the prime and backup crew
members revealed no abnormalities. Signs and symptoms of the above-
mentioned iliness were found to be completely resolved except for the
hematologic changes seen in table 7.2-TII. A comprehensive examination
of the prime and backup crew was conducted 2 days prior tc the scheduled
launch, This examination was conducted by the medical evaluation tesm
which included an internist-cardiologist, ophthalmologist, otorhino-
laryngologist, a neuropsychiatrist, and a flight surgeon. Due to a
delay in the launch date, this examination aetually occurred L days
prior to launch. At this time, no significant abnormalities were found
and the crew was considered medically ready for flight. Hematological
studies done in connection with these examinations are reported in
tables 7.2-I1 and 7.2-III. The preflight blood volume and red cell
mass determinations are reported in table 7.2-IV, A brief preflight
physical examination was conducted by the flight surgeons on the morning
of' the succegsful launch. No significant changes were found, and the
crew wag again considered medically fit for flight.

7.2.1.6 Miscellaneous preflight activities.- The flight crew
elected to move into the astronauts' guarters in the Manned Spacecraft
Operaticns Building at the Kennedy Space Center approximately 1 month
pricr to flight. This afforded them the necessary privacy for study
and preparation, and it minimized inadvertent exposure to communicable
diseases. At the time of the upper respiratory illness mentioned in
section 7.2.1.4, an alpha-hemolytic streptococcus organism was cultured
in the throat of the backup command pilot. He was treated with antibio-
tics and his throat culture rapidly reverted to normal. Throat cultures
on all other crew members were repeatedly normal.

Operational reguirements planned for the first day of flight made
it highly desirable to delay defecation until after thies critical pericd.
After thorough consideration by the medical director, 2 mild laxative
was given to both crew members 2 days prior to flight.

All crew members were tested for sensitivity to the bicsensoring
agents and onbeard medications. No abnormal reactions were found.

7.2,1.7 BSensoring, suiting, and checkout, - Sensoring, suiting,
and checkout were accomplished as for previous flights, The M-l cuffs
described in section 8 were fitted to the pilot and connected to the
common blood pressure/M-l gult fitting. Satisfactory records of the
electrocardiogram, impedence pneumogram, blood pressure, and phonocardio-
gram were obtained prior to departure from the crew preparation trailer
for ingress into the spacecraft.
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7.2.1.8 Denitrogenation.- Denitrogenation was begun 127 minutes
prior to launch as the suits were being purged with oxygen. Oxygen
concentration in both suits was determined to be 100 percent, 3 minutes
after the helmet visors were closed., The visors were not opened again
until after launch.

7.2.2 Inflight

The inflight portion of the aercmedical report iIncludes events
from lift-off to spacecraft landing, an elapsed time of 190 hours
56 minutes.

7.2.2.1 Physiological measurements.~ Physioclogical meagurements
obtained from the Gemini bioinstrumentation system and certalin environ-
mental parameters were monitored by physicians at the Mission Control
Center, Houston (MCC-H}, and at the remote network tracking sites.
The electrocardiograms, pheumogram, and blood-pressure tracings on each
crewman were relayed to the MCC-H over the voice-data lines either dur-
ing a pass over the station or immediately after the pass. The quality
of the analog data received at MCC-H was satisfactory for clinical anal-
ysis; however, there was some decrement in signal evident in the blood-
pressure records.

7.2.2,1.1 Electrocardiograms: The rates and patterns of the
electrocardiogram on each crewman remained within normal and expected
Limits., During the flight, a detalled analysis of the electrocardio-
gram was made during each pass by the remote site physician and/or the
physicians at the MCC-H for rates, patterns, and intervals. The rates
were transformed into graphs in the Staff Support Room at MCC-H and
further analyzed for trends or significant findings. Each crewman's
electrocardiogram was also recorded on the onboard biomedical tape re-
corders. Significant periods of this record were reviewed during the
postflight analysis. 1In addition, a beat«by-beat rate was derived
from the onboard tape recorded data and averaged for each l5«minute
interval over the entire flight. For the purpose of this report,
figure 7.2-1 shows a 4-hour average of rates for the complete flight
along with respiration, bloecd pressure, and oral temperature findings.
This record also depicts the Florida day and night cycle, as well as
an approximation of each subject's sleep periocds. Peak heart rates
associated with specific activities or events are also shown in this
figure.

7.2.2.1.2 Respiration: The respiratory rates, as measured by

the impedence pneumogram, were within the expected nocrmal range and
are shown in figure 7.2-1.
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7.2.2.1.% Blood pressure: Eighty-nine blood-pressure measurements
were obtained during this flight. Most of these were associated with
exercise pericds which were a part of the M-3 experiment described in
section 8, An O-ring seal on the blood-pressure bulb fitting was damaged
twice early in the Tlight and replaced each time by the pilot., The pilot
also repaired (tightened the screws in the flange seal) the suit fitting
common to the M-1 and blood-~pressure measuring systems during the second
day. Other than these minor failures, the bloodw-pressure measuring
system performed satisfactorily and provided a considerable amount of
significant information, All blood pressures obtained were completely
within normal limits. Tt was observed, however, that the pilot's bloocd
pressure appeared to be more labile in response 1o exercise and excite-
ment than the command pilot's. There also appeared to be a narrowing
of the postexercise pulse pressure toward the end of the Tlight on the
command pilot's record. This finding was also present on the postflight
examinatlion and may relate to the extreme narrowing of pulse pressure
during the postflight tilts. It cannot be determined st this time
whether this is because of individual differences in ths crew or repre-
gsents a benefit derived from the M=l experiment.

During this flight, it was found that the blood-prassure readings
obtained by the remote site physicians did not correlate with the read-
ings at the MCC-H. The records of all blood pressures obtained at re-
mote sites were returned to Houston and compared with racords received
at MCC-H. The problem was determined to have been causad by inherent
errors in reading the rapidiy decreasing post-exercise blood pressure,
coupled with a minor calibraticn and noise problem in the transmission
of data over the voice-data lines to MCC-H. For this report, the blood-
pressure readings by the remote site physicians have bezn confirmed and
are graphically presented in figure T.2-1.

7.2.2,1.% Oral temperature: The oral temperature on both crew
members was measured regularly during the medical data passes. A graph
of these temperature is shown in figure 7.2-1l. Inasmuca as the obvious
inaccuracies of oral temperatures are recognized, it is interesting to
note that the oral temperature trace very closely followed the circadian
rhythm for the first 4 days of flight. These readings on both crew
members appeared to stabilize after the fourth day. No such adaptation
is geen in the mean-pulse rate and no adaptaticn is seen in the pilot's
sleep pattern. This may serve to indicate the importance of sody tem-
perature as a basic tool in the study of circadian rhytam associated
with space flight. This study has obvious operational importance in
future prolonged manned space flight.
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7.2.2.2 Medical observations.-

7.2.2.2.1 Environment: The environmental control system functioned
well during the flight. The cabin temperature ranged between 70° and
79° F with a relative humidity of 72 percent or less. The sult inlet
temperature ranged between 50° F and 55° F for most of the flight and
-ecould be raised to 65¢ F to 70° F when the coolant flow to the suit
heat exchanger was turned to the full off position. Both crewmen were
cool during the entire flight except during periods of maximum physical
activity. At times, they were uncomfortably chilled. Both crew members
flew the entire flight, with the exception of lift-off and reentry,
with their helmets and gloves off. They were isolated from the suit
flow by neck dams and wrist dams. There was no nose or throat irritation
during this flight and there were no persistent disagrecable odors in
the cabin.

7.2.2,.2.2 Food and water: TFor this flight, it had been planned
that a menu of freeze-dehydrated bite-size food would be utilized in
order to save storage space in the spacecraft. However, shortly before
the flight, it was found that, although the bite-size food was sufli-
cently nourishing and tasty when sampled, if eaten for every meal, it
became excessively dry and rich and, because it had to be chewed thor-
oughly, caused actual fatigue in the masseter muscles., PFor these rea-
sons, the menu was changed prior to flight to give slightly over
2700 calories per man per day. Twenty-seven separate meals were pro-
vided for each crewman, each one consisting of a mixture of the bite-
size food and the rehydratable foocd. The crew, by cholce, ate very
little of the bite-size food. They did notice a 1ift in energy level
after eating, and stated that the rehydratable food was very tasty.
Their total food intake was slightly less than 1000 calories per day,
which is certainly less than the programed 2700 calories and can account
for some of the loss in welght which was experienced,

The crew did not have a satisfactory methoed of measuring the
drinking water consumed; however, they did keep an accurate log of the
swallows., Prior to the flight, their normal swallows had been roughly
calibrated to equal a fluid ounce. Sixteen of these fluid ounces were
taken to equal 1 pound of water. Although the inherent inaccuracies
of this system of walter measurement are quite cobvious, it served to
give an adequate check to monitor the crew's fluid intake. Fach crew-
man drank approximately 6 pounds of water per day and approximately
1 pound of water after landing while awaiting recovery.

7.2.2.2.% Waste: Each crewman urinated approximately four to
five times a day and experienced no difficulty with the procedure.
There was very little leakage from the new roll-on urine receptale.
Bach crewman had two bowel movements during the flight. These were
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relatively soft and difficult to manage. On the seventh day each crew-
man tock medication in a successful effort to prevent additional bowel
movements.

7.2.2.2.4 Sleep: It was planned for each crewman to heve a 6-hour
sleep period and a 2-hour nap period during each 24 hours of flight.
These pericds were to be separated by a F0-minute briefing period.
Barly in the flight, it was found that nearly all of a 24-hour period
had been allocated as sleep time or nap time for either one créw member
or the other, leaving very little time for certain experiments or cther
activities that required mutual participation. Moreover, it was found
that since the suit fan noise and other noises associated with the suit
circuit air flow were essentially isolated from the crewmen by the neck
and wrist dams, the spacecraft became very quiet. It was impossible
for one crewman to do anything without awakening the other. Such minor
noises as clicking a camera or turning pages in the flight plan were
enough to awaken the other crewman. The crew estimated their sleep time
during a medical data pass each day, and while there was no accurate way
to measure their actual sleep, it became apparent that. after the first
24 hours, they were averaging approximately 5 to 6 hours eack day. Tt
was also apparent that they had naturally reverted to sleeping at the
same time. Their sleep periods can be seen in figure 7.2-1l 1o coincide
with the latter part of the Florida night. The diurnal swings in tem-
perature and heart rate coincide roughly with the sleep periods and
with the Florida nights.

7.2.2.2.5 DPersonal hygiene: Prior to the flight the crew had
bathed for several days with socap containing hexachlcrophene, Their
flight undergarments had also been laundered with soap containing this
agent, During the flight, they did not feel that body odors were a
problem. However, toward the end of the flight, the pllot noticed
some disagreeable odors in the suit circuit. Dandruff became a major
problem in that when they moved their heads, a cloud of dandruff would
appear. This cloud would settle on parts of the spacecraft and at tTimes
caused some difficulty reading the instrument panel, Neither crewman
complained of disagreeable dental problems, The bristies on the tooth-
brush were too hard to be effective and chewing gum was used only oc-
casionally, They did not use the dental floss and felt no need for
additional oral hygienic measures.

7.2.2.2.6 Reentry: The g-forces of reentry caused no medical
problems, There was, as expected, an increase in the heart rate during
retrofire and reentry. This increase started earlier than anticipated,
especially in the pilot. However, this can be explained by the com-
plicated storage procedure which was begun several hours pricr to retro-
fire. Although nc medication was prescribed by the MCC-H surgeon, both
crewnmen took a stimulant 2 hours prior to retrofire. The highest heart
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rates during the flight were experienced during reentry and correspond
with the time of concern over the reentry guidance error and premature
deployment of the drogue parachute., When the spacecralt was commanded
to the two-point suspension landing attitude, the crewmen were easily
able to brace themselves and did not impact with any part of the space-
craft. Throughout reentry, no symptoms indicative of hypotension were
reported. ‘However, after landing the pilot felt that his legs were
heavy, After leg exercises, they felt completely normal. Both crew-
men state that there were no symptoms of dizziness, lightheadedness,
blurring of vision, or nausea during reentry or at any time awaiting
recovery.

7.2.% Postflisnt

This portion of the report includes medical information gathered
after the time of spacecraft landing. These data were obtained during
clinical examinations, medical debriefing, and by laboratory examina-
tiong of blood, urine, and feces. Pogtflight deviations from normal
were limited to the following: (1) +transient reduction in pulse
pressure and elevation of heart rate during the postflight tilt pro-
cedures which were greater than the preflight normals, (2) mild crew
fatigue, and (3) body fluid changes.

T.2.3.1 Recovery activities.~ Medical recovery activities were
planned in advance of the mission and were modified as dictated by the
obgerved medical respcnses of the crew.

7.2,%.1.1 Planned recovery procedures: Following recovery and
suit removal, a detailed examination by the medical evaluation team
who examined the crew preflight was planned. Tilt procedures were
planned twice on the day of recovery and daily thereafter until the
responses had returned to preflight values.

7.2.3.1.2 Narrative: Significant postflight medical events are
listed iIn table 7.2-V. After larding, the crew reported that they
were comfortable in the spacecraft and elected to remain in their pres-
sure sults. The pilot ingested a single 50-mgm cyclizine hydrochloride
tablet shortly after water landing. The crew egressed without dif-
ficulty and were iImmediately taken aboard the rescue helicopter where
both crew members stcod up without difficulty. The NASA physician
aboard the helicopter performed a brief examination and found no medical
abnormalities in the crew. Immediately after landing aboard the air-
craft carrier, the crew walked unassisted below decks to the ship's
sick bay where the initial postflight medical examinations were per-
formed. At no time during the recovery or postflight phase of the
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mission did the crew report any subjective symptoms of low blood pres-
sure, except as noted in section 7.2.2.2.6,

T.2.3.2 Examinations.,- A detailed medical exdmination was con-
ducted by the medical evaluation team and by the NASA physicians aboard
as soon as the crew arrived in sick bay. The examination protocol is
shown in table 7.2-VI. With the exception of body fluid changes and
tilt responses, no significant abnormalities were noteé during the ex-
amination. The findings are summarized in tables 7.2-I1 to 7.2-VIIT.

Both crew members exhibited a moderate reaction to the micropore
tape used to fasten the body sensors in place. There was a moderate
amount of dead skin that peeled off at the time of underwear doffing
in a manner similar to skin loss following a heavy sun exposure. There
was no discomfort assgociated with this phenomenon. The 8-day beard
growth was not matted and, following shaving, the facial skin was normal.
The underwear was nearly saturated with perspiration, but appeared to
ve relatively clean. It was noted that odor was definitely less than
on Gemini IV. There was no skin reaction at any sites other than where
the bicsensors had been attached. Specifically, there was no maceration,
no change in skin turgor, and no evidence of pressure points. There was
marked scaling noted in the command pilot's scalp and somewhat less in
the pilot's. The Geminil V crew appeared to be better rested than the
Gemini IV crew, They repcorted to be fully rested following 10% hours
of sound sleep on the night following recovery. During the day of re-
covery, from R + 3.5 hours to bedtime at R + 14 hours, the command pilot
drank 1530 cec fluid; the pilot consumed 1650 cc in the same period.

7.2.3,% Tilt-table studies.- The same tilt-table procedure as
used on previcug flights was used on this mission with the following
modifications: (1) the same three individuals performed all of the
tilts, (2) the saddle was modified to allow partial deflation for more
subject comfort, (3) the leg strain gages were placed in the same posi-
ticn each time by measuring nct only the leg circumferences but also
the distance cephalad from the medial malleolus, and (%) the tension
of these gages was calibrated bvefore each tilt to insurs that measure-
ments were obtained where the response of the gage was linear. A total
of six postflight tilt studies were performed on each crewman. The
first postflight tilt procedure revealed significant elevation of heart
rate and decrease in pulse pressure in both crewmen, although no symptome
were noted at any time. This tilt response returned to preflight normals
s shown by figures 7.2-2 and 7.2-3. These cardiovascular responses
are believed to have occurred because of physiclogic alterations, al-
though the individual crewman's t1lt responses were influenced by =z
number of indilvidual, operational, and environmental variables. This
physiological change did not in any way compromise the crew's ability
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to function during the inflight or postflight phases of the mission.
The strain gages gave a reliable indication of the increase in leg cir-
cumference during the 70° head-up tilt., From these readings a calcu-
lation of mean change in leg volume was derived. These changes were
significantly higher on both subjects during the postflight tilts as
compared with preflight normals. Present information indicates that
the increase in leg volume is a reflection of altered physiology which
could mean a pocling of blood in the lower extremlties.

7.2.%.4 Radioisctope studies.- Plasma volume, circulating red
cell mass, and red cell survival determinations were performed shortly
hefore launch and after recovery. .All -plasma volume measurements were
made by the RISA125 technique, while the red cell mass and red cell

survival times were accomplished with Cr

51° The calculated total amount
of effective radiation received per crew member for the entlre series

of isotope tests was 88 millirem. The measured radiation received dur-
ing the mission i$ reported in table 7.2-IX. All injections were made
intravenously, without extravasation or other untoward consequences.

A1l samples were prepared in duplicate for counting. Analysis of the
counting statistics shows excellent reliability. Comparison of expected
ang obserwved baseline values exhibit insignificant variations.

In both crewmen the total circulating blocd volumes were reduced
postflight as tabulated in table 7.2-IV. Quantitatively, this amounted
to a 13-percent decrease or 592 cec and 547 ce for the command pilot and
pilot, respectively. Analysis of the red cell mass and plasma volume
data reveals the circulating blood volume deficit is due primarily to
a loss of red cell mass, with only small decreases of the plasma volumes.
Actual values Tor both crewmen show a 20-percent decrease in red cell
mass, whereas plasma volume deficits of only 8 percent and 4 percent
were observed.

Three possible basic mechanisms exist which could explain the
observed decrease in red cell mass: (1) reduced red cell production
with a normal red cell destruction rate, (2) normal red cell production
with an increased red cell destruction rate, and (3) sequestration of
red cells or redistribution of the circulating red cell mass. At this
time, direct evidence exists in support of the first two hypotheses.
Significantly, reduced reticulocyte counts were observed immediately
after the flight interval. Average reticulocyte counts prior to flight
were 1.9 percent, whereas postflight counts averaged 0.77 percent.

The average red cell survival times showed a decrease from the normal
T% Cr5l range of 22 to 29 days to 18 and 16.6 days for the command piloct
and pilot, respectively. BExtrapolation to the percent tagged red cells
present 8 days postlaunch reveals values of TO percent and 69 percent
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as compared with the normal range of 82 percent to 83 psrcent. In
light of the hematolegic picture and directly observed red cell mass
and red cell survival data, 1t may be postulated that both decreased
red cell production and increased red cell destruction axisted during
the 8-day flight. FEvidence in Ffavor of the third hypotnesis is slight;
however, comparison of the peripheral hematocrits and tae calculated
total body hematocrits suggests = redistribution of the cilrculating red
cells or, more accurately stated, a greater percentage of red cells

per unit volume in the periphery than centrally. Clinical observations
do not support the contention that significant sequestration of red
cells exists in processes such as hematoma formation, iatracavitary
bleeding, et cetera. Examination of all stool specimens produced dur-
ing flight show less than 0.015 ce of blood per stool. ‘This value is
well within the limits of normal.
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TABLE T7.2~-I,- PREFLIGHT MEDICAL STUDIES AND ASSOCIATED ACTIVITIES

Date,

1965 Activity Medical study or support

May 18 Simileted flight (S8ST) Fxamination before and after tests.

and 19 Biosensors used during test.

June 1 Spacecraft checkout in Examination before and after tests.
altitude chamber (SST) Biosensors used during test.

July 22 Wet mock simulated launch |Brief examination before test.

Biogensors used during test.

August 5 Tilt-table test 1; Biosensors and strain gages used.
exercige baseline; No instrumentation for counter rolling.
counter rolling®

August 11| F-10 day examination by Complete physical examination, including
flight surgeon; tilt-table |blood and urine. Densitometry;
test 2; exercise baseline |[biosensors and strain gages used.

August 1k FPlasma volume, red cell Radiolsotope studies (I and Cr..)

125 51
mass, CBC

Avgust 15 Red cell survival Blood apecimen

Avgust 17| PFP-2 day medical examina- Examinations by Medical Evaluation Team;
tion; tilt-table test 3; bicsensors and strain gages used.
exercise baseline

Avgust 19§ Launch morning examina~ Final brief clinical examination.
tion by flight surgeon. No hematology.

Migsion postponed, crew
egress :

August 21 | Repeat of August 19

examination; launch at
9:00 g.m. e.s.t.

fgee section 8 for experiment M-9
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(2) Chemistries

TABLE 7.2-IT.- BLOOD STUDIES - COMMAND PITOT

Determination Freflight PostTlight

Date, 1G65 Avgust 11 August 17 Lugust 29 August 29 |September 1

Time, e.s.t. 7:30 a.m. 2:00 a.m. 11:00 a.m. 9:15 pom. ¥ | B:b5 aum#
Blood urea nitrogen (BUN), mg percent . - 22 16 25 -—-
Bilirubin, direct, mg percent . 0.2 - 0.2 0.1 0.1
Bilirubin, total, mg percent 0.7 1.0 0.8 0.5 0.k
Alkaline phosphatase {B-L units) 0.9 1.2 1.1 1.2 1.1
Cholesterol, mg percent . . . ——— 255 205 235 205
17-0H corticosteroid, mg percent 17.0 15.0 1.2 17.0 -
Sodium, m Bq/1 145 143 139 146 137
Potassium, m Ba/l . . . . . h.g oo 3.9 h.6 Lok
Chloride, m Eg/l C e e 106 103 101 106 10k
Calcium, mgms percent . . . . . 9.6 10.5 2.1 9.5 9.0
Phosphate, gm percent . AT R 3.5 k.2 2.8
Glucose, mgm/100 ml . 72 ¥ ol 8l 79
Albumen, gm percent . Loy ok k.9 b b1
Alpha 1, gm percent . Q.2 0.1 0.2 0.2 a.2
Alpha 2, gm percent . o . .+ 0.4 0.5 0.6 0.6 0.6
Bets, gm percent 0.9 0.3 0.5 0.6 0.8
Gayiine, @2 percent . . C.0 1.4 1.3 1.z 1.z
Total protein, gm perceni . 6.5 7.2 7.8 7.9 6.9
Electrophoretic pattern . . . Normal Normal Normal Normal Normel

3
Non-fasting

6=,
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TABLE 7.2-IL.- BLOOD STUDIES - COMMAND PITOT - Concluded
(0) Hematology
* Preflight Postflight
Determination
F-10 days F-L days R+2 hrs R+8 hrs
White blood cells fmm . . 1557 6850 7125 9200
Neutrophiles, percent 29 (1%16) 34 (2329) 70 (4988) T2 (662k)
Tymphoeytes, percent . . 58 (2631) 61 (4179) 2% (1639) 24 (2208)
Monocytes, percent . 11 {4k9) 5 (34%) 6 (428) 3 (276}
Eosinophiles, percent 2 (4h) 0 1 (16) 1 (92}
Basophiles, percent 0 o] o] 0
Red blood cells, millions/rm3 hooy 5. 17 5005 -
Hematocrit, percent L L7 g L3
Mean corpuscular, volume, W 89 gl 13 -
Total serum protein, gm percent 6.8 7.2 7.3 7.1
Reticulocyte count, percent 2.2 - 1 -
Eemoglobin, gn/100 ml 15.5 15.5 - -
Platelets/mms 176 000 - 222 500 -

"
rFigures in parentheses are absolute cell counts
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TABLE 7.2-IIL.- BLOOD STUDIES - PILOT
(2) Chemistries

Determination Preflight Postflight

Date, 1965 Avgust 11 August 17 Avgust 29 August 29 | September 1

Time, e.s.t. 7:30 a.m. 8:00 z.m. 11:45 a.om. 9:15 pam.t | 8:30 a.m.#
Blood ures nitrogen (BUN), mg percent . — 2k 17 23 19
Bilirubin, direct mg percent . Q.1 0.1 0 G.1 0
Bilirubin, total mg percent . . .2 0.8 ok 0.5 0.2
Alkaline phosphatase (B-I units) . 1. 1.8 1.6 1.4 1.h
Cholesterol, mg percent . . . . - 255 185 275 205
17-04 corticosteroid, mg percent . 20.8 25.0 7.1 9.2 15.7
Sodium, m Bq/l . . . .. . . 14E 148 14l 143 136
Potassium, m Hg/l . . L& 4oy bl k.5 k.o
Chlorida, m Eq/1 103 107 106 105 105
Calecium, mgms percent . 10.2 2.9 8.8 9.7 9.3
Phosphate, gm percent . . . 36 2.0 3.4 3.7 L2
Glucose, mgm/100 ml . . . . . . 93 100 o2 100 100
Albumen, gm percent . . . . . . b3 S 5.1 b2 4.6
Alpha 1, gm percent . 0.2 0.1 0.2 0.2 0.1
Alpha 2, gm percent . . 0.6 0.7 0.7 0.8 0.6
Beta, gm percent 1.0 0.8 0.8 0.9 0.7
Gamme, gm percent . 1.0 1.2 1.1 1.5 1.2
Total protein gm percent . . 7.1 7.4 7.9 7.6 7.2
Electrophoretic pattern . . . Normal Normal Normal Hormal Normal

A

"an-fasting

96 L
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TABLE 7.2-TIT.- BLOOD STUDIES - PTLOT - Concluded
(b} Hematology
Preflight Postflight
Determination
F-10 days F-L day. R+2 hrs R+3 hrs
White blood cells/mm3 .. 6575 9650 11 150 9400
Neutrophiles, percent . . . . . . . . . 3% (2170) dp (hosz) {71 (7927 61 (+734)
Lymphocytes, percent 5% (3435) |43 (k632) 119 (2119) |33 (3102)
Monocytes, percent . . . . o« . . . . . 11 (723) 6 (339) g (100L) L (376)
REosinophiles, percent . . . . . . 1 (66) 3 (290) 0 {11) 0
Basophiles, percent . . . « 4 .« o . . 1 {€6) 1 (96) 1 {112) 1 (9b)
Red blood cells, millions/mw . . 5.36 5.32 5.30 -
Hematocrit, percent . . . . bl Lo u7 i
Mean corpuscular volume, M?’ ...... a7 92 38 -
TPotal serum protein, gm percent . . . . 7.1 7.4 7.8 T.1
Reticulocyte count, percent . . . . . . 1.8 - 0.355 -
Hemoglobin, gm/100 ml . « + « « « . . . 15.0 15.9 - -
Platelets/mm5 e e e e e e e 191 580 - 157 250 -

a*

'Figures in parentheses are absolute cell counts
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TABLE 7.2-TV.- BIOOD RADIOISOTOPE STUDIES (1125 and Cr53)
Preflight Postflight
Determination Wormal | Observed | Difference | Observed Cgig%iigigm
Command Pilot
Blood volume, cc k3ha 4267 -7k 3675 1 -592 (-13 percent)
Plasma volume, cc . 2388 2354 -3k 2145 | 209 (- 8 percent)
Red cell mass, cc . 1953 1913 -Lo 1530 | =383 (-20 percent)
Body hematocrit, percent L5 45 (46)2 - ho (47)® --
Pilot
Blood volume, cc hozo 4=506 +7h 3759 | =547 (-1% percent)
Plasma volume, cc . 2328 2300 -28 210k | -106 (- L4 percent)
Red cell mass, cc . 1904 2006 +102 1565 | -4L1 (-20 percent)
Body hematocrit, percent 45 L7 (48)® - Lo (LE)® -

Fenous hematocrit, peripheral, percent, in parenthesis

Qc-),
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TABLE 7.2-V.- POSTHLIGHT EVENTS AND MEDICAL ACTIVITIES
Date, 1965 Time, e.s.t. Activity
August 29 7+55 a.m. Spacecraft landing, 9% miles from
U.8.8. Leke Champlain
8: 45 a.m. Right hatch open, egress began
8:58 a.m. Both crewmen in helicopter
9: 26 a.m. Arrived aboard U.S.S. Lake Champlain
10:00 a.m. Suits doffed
10: 35 a.m. Began initial medical examination
12: 45 p.m. First postflight meal (low caleium)
4:15 p.m. Completed initial medical evaluation
745 p.m. Second tilt procedure and blood specimens
10: 00 p.m. To bed, asleep shortly thereafter
August 30 8:30 a.m. Awoke, breakfast
10: 00 a.m. Departed U.S3.5. Lake Champlain by way of
aircraft
10: 45 a.m. Arrived launch site
1:40 p.om. Third tilt procedure; medical debriefing
August 31 8:00 a.m. Fourth tilt procedure; third blood speci-
mens; medical debriefing
September 8: 45 a.m,. Fifth tilt procedure; mediecal debriefing
September 1:00 p.m. Depart launch site for Houston
September £:30 p.m. Sixth (final) tilt procedure

UNCLASSIFIED
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TABLE 7.2-VI.- POSTFLIGHT MEDICAL EXAMINATION PROTOCOL

[?n order of prioritj]

Comand pilot Pilot
Duration, Duration,
min min

X-ray - Chest X-ray Tilt and exercise test 60

Densitometry
Blood - CBC 50 X-ray - Chest X-ray

Chemistry Densitometry

Tsotopes studies Blood - CBC 30
Electrocardiogram Chemistry

Isotopes studies

Ophthalmology 30 Electrocardiogram
Tilt and exercise test 60 Ophthalmology 30
Audiogram 15 Counter-rolling b5
Neuropsychiatry 30 Ear, nose, and throat 30
Counter-rolling L5 Internal medicine 30
Ear, nose, and throat B3 Audiogram 15
Tnternal medicine 30 Nevropsychiatry 30

Note: Both crewmen had nothing by mouth until the blood specimen had been taken
and initial tilt-table procedures

were completed.

09-1L
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TABLE 7.2-VII.~ SUMMARY CLINICAL EVATUATION

(a)

Commend Filot

Preflight

Postflight

(Launch site)
August 21, 1965
5:00 a.m. e.s.t.

{shipboard)
August 29, 1965
11:30 a.m. e.s.t.

{8nipboard)
Auvgust 29, 1965
8:00 p.m., e, a.t.

{Taunch site)
Auvgust 30, 1965
2:L0 p.m. e.s.t.

Body weight (nude), 1w

Temperature, oral, °F .

Respirations, breaths/min .

Skin

Commenits . .« + . .+ .

152

98
1

Minimal neuro-
dermatitis on
chest; otherwise
clear,

Well ceonditioned
normal mele, fit
for flight.

2
1&&8

98. 6
16

Moderate reaction
at biosensor sites,
moderate desquama-
tion; otherwise
clear, good turgor.

Alert, cooperative,
steady, oriented,
tired, minimally
thirsty, hungry.

150

99.2
16

No change at sen-
sor sites, other-
wise normal. {after
shower).

Wo longer hungry
nor thirsty (after
a meal); otherwise

no change,

1&9%
g8. 4

18

Minimal skin clear-
ing at sensor sites:

otherwise normal.

Rested.

BThe shipboard scale was calibrated to the launch site scale; weights

considered accurate to

i

Ln.

d314ISSVIONN
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TABLE 7.2-VII.- SUMMARY CLINICAL EVALUATION - Concluded

(b) Pilot

Preflight

Postflight

(Launch site
Lvgust 21, 1665
5:00 a.m. e.s.t.

(Shipboard )
August 29, 1965
10:45 a.m. e.s.t.

{Shipboard)
August 29, 1963
7:00 pom. e.s.t.

(Launch site)
Augngt 30, 1965
1: 30 p.m. e.s.t.

Body weight (nude), e

Temperature, oral, °F

Respirations, breaths/min .

Skin

Comments

154

98. 4

Clear, no
lesions.

Well conditioned
normal male, fit
for flich*.

157

99.6
18

Moderate reaction
at bilosensor sites,
moderate gquantity
of desquamation;
otherwise clear,
gocd turgor.

Steady, alert,
oriented, cooper-
2tive, moderately

tired, not thirsty,
hongry.

mgg

99.2

=}
[&a

o change at
sensor sites;
otherwise normal
{after shower).

Ne longer thirsty
nor hungry (after
2 meall; otherwise

no change.

Minimal skin
clearing at sensor
sites; otherwise
normal.

Rested.

SThe shivboerd scale was calibrated to the launch site scale; weights

considered accurate to

=

—

z9-L
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TABLE 7.2-~VIIT.- URIMALYSIS

{2} Ccmmand Pilot
Proflight Postflight
- F-2 Gaye F-2 days . o N
F-10 days F-4 days {1st voiding) (ond voiding) Fright morning R+l hours
Volume, ce 300 86 375 0 50 700

Color .
Speciflic gravity . . . . . . . . .
5

Albumen, sugar, occult blood

RES e o
MIcTossoplc

Epirephrine, micro gm/)
Worcpinephrine, micro gm/l

17-0H corticosteroids, micro gm/l
Sodium, mBg/l . . . . . . ...
Potassium, mEg/l

Calcium, mEo/l

Caleium, mem vercent

Chloride, mFq /3

Phosphato, gn/l

Osmolarity, mCsm/kg .

Creatinine, gn/l

Urca nitrogen, sm/l

Total nitrogen, gn/l
Hydroxyproline, mg/l

Creatine, gn/l

amber, clear
1.025

5.0

Negative
Pyuria, 4 Lo

£ white blood
cells /hpf

1,520

6,810

.53
110
2l

25.6

]

pus}
fos) .
O o

=
=
Ny

&1k

yellow, clear
1.025

5.5

Negative

1 to 2 while

blood cells/hpf,
rare red bleod
ceils, occasion-
al epithelial
threads

2.520

6. 160

yellow, cloudy

1.015

£.0

Negative

& tec 10 white

tlood cells/hpf,
1 te 2 red blood
cells/hpf, occa-
sioral epithe-
1lial and mucous
threacs

13.5
27.0

yellow, cleax
1.022

6.0

Negative

oy B sl

' - s
= N0 U wWaLnte

lo0d ecells/hpf,

epithelial,
rere red bleood
cells

vellow, clear
1.020
6.0

Nepative

£ to 8 white
blood eells/hpf,
1 to 2 red blood
cells/hnf, ia-
fresuent cellu-
tar cast

amber, cloudy
1.025
6.0

Jepative

Yo 5 white
blood ceils/hpf,
large smount of
uric acid crys-

tals preosent

d3lHISSVIONN
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TABIE 7.2-VITI, - URINALYSIS

~ Concluded

(v) Pilot
Preflight Fostflight
F-10 days -3 days F-2 days Flight R+4 hours  |B+11 hours |R+2: hours| E+75 hours
mornlng

Volume, ce . . 0 567 160 56 Zh0 160 300 380
Color vellow, yellow, yellow, yellow, yellow, yellow yellow, yellow,
cloudy clear clear clear clear clear ¢lear clear
Specific gravity . . . . . . 1.0%0 1.029 1.020 1.025 1,020 1.025 1.025 1.020
PH . o . 5.0 5.5 €.0 5.0 5.0 5.0 5.0 5.5
Albumern, sugar, occult blood . Negative Negative Wegative Negative Negative | Megetive | Wegative Wegative
Microscopic . . . . To cellsy 2to 3 1lto 2 3 Lo b 1to2 -- - 1 to 2
large amounts { white blood | white blood | white Blood | white blood white bloed
amorphous cells/hpf, cells/hpf, cells/hpf, cells/hof, cells/hpl

urates rare red cccasional infrequent occasional

tlood cells MICOUS red blood mucous

tjreads Jcells, occe- threads

silonal
thelil

Epinephrine, gm/1 1.080 1.810 - - 17,280 - 1.000 1.000
Norepinephrine, mm/l . 9,280 L. 680 -- - 16.500 . 20, 800 7.13%0
17-0H corticosteroids, mg/l . . 7.65 -- - - 8. 82 -- 5. 67 2.7
Sodium, mEQ/l . . . . . . . [l 104 99 - 72 - 31 139
Potassium, mBg/l . 365 30 26 - 65.6 - 55.2 22
Caleium, mEq/1l . 26,4 10,4 10.7 -- 12.8 - 10.2 15.8
Caleium, mgm percent . 52,8 20.8 21,k -- 25.6 -- 0.k 31.5
Chlavide, wFa/1 52.0 89 &5 -- .0 -- 20.0 99
Phosphate, gm/l 1.2 0.=8 0,5 — 0.7 - 1,10 3,65
Osmolarity, mOsm/kg i L0 840 -a 625 -- 855 a7
Creatinine, gm/l . 2.6 L%t 1 - 3.0 - .72 T, 8
Urea nitrogen, gn/l . . 18.8 15.7 1 - 9.7 - .- 14
Total nitrogen, en/l . 21.2 184 16,k -- 10.7 - 16.9 14
Eydroxyproline, mg/l ons 6% &5 - 90 - 78 78
Greatine, gm/] - -- - -- 0.5 -- 0.36 .28

d3HISSYIONN
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TABLE 7.2-IX. - CREW RADIATION

[The Gemini V radiation film badges were read out

using a thermoluminescent detector]

Command Pilct

Film badge locaticn Dose, mr

Right chest pocket 173 +£ 17.3
Left chest pocket 190 £ 19.0
Left thigh pocket 183 + 18.3
Helmet 195 £ 19.5

Pilot

Film badge location Dose, mr

Right chest pocket 172 £ 17.2
Left chest pocket 140 & 1k.0
Right thigh pocket 186 + 18.6
Helmet 172 + 17.2

UNCLASSIFIED
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NASA-S-65-8571

Blood pressure, mm Hg-heart rate, beats/ min
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Pre-tilt
—

Loy breai bt

August 5, 1965

Tilt to 70°

--—-Heart rate
Blood pressure

Darkened area represents pulse pressure

Post-tilt

Pre-tilt

August 11, 1965

Tilt to 70°

Post-tilt

Pre-tilt

August 17, 1965

Tilt to 70°

Post-tilt

0

5 10

15(0 5 0

510
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(a) Command pilot.
Figure 7.2-2. - Tilt table studies,
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Started at landing + 3.5 hr
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Elapsed time, min
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NASA-S-65-8572

Blood pressure, mm Hg—heartfate, heats/ min
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—-—-Heart rate
Blood pressure
Darkened area represents pulse pressure

August 29, 1965
Started at landing + 12 hr

Tilt to 70°

Post-tilt

August 30, 1965

Started at landing +30.75 hr
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Tilt to 70°
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August 31, 1965
Started at landing +48 hr

Tilt to 70°

Post-tilt
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September 1, 1965
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Postflight tilt studies
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(b) Command pilot.
Figure 7.2-2. - Concluded.
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NASA-S-65-8570

Blood pressure, mm Hg-heart rate, beats/ min
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Pre-tilt

THENEN

August 29, 1965
Started at landing + 11 hr

Tilt to 70°
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(a) Pilot.

Figure 7.2-3. - Tilt table studies.
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