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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).

UNCLASSIFIED




51 UNCLASSIFIED

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
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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

Right stowage box extension

— Centerline stowage

16 mm movie camera window
hox (ref)

mount storage area

Left aft stowage box

Right sidewall stowage box

Blood pressure bulb
stowage area

pouch

Right stowage //

Flight plan
display (vef)

Stowage
pouch

\
b
S

stowage area
/

™' Command pilot ejection seat

removed for clarity

f:_iE@ 7 "‘h‘ TR R
Plotting board__/r" o
stowage area

Voice tape recorder

Biomedical recorder {left) —

(b} View looking into pilot's side

Figure 3.1-9. ~ Concluded.

UNCLASSIFIED



5-2l UNCLASSIFIED

THIS PAGE INTENTIONALLY LEFT BLANK

UNCLASSIFIED



UNCLASSIFIED 525
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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GTI Grand Turk island HAW Hawaii
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Cyl Grand Canary Islands CAL Pt, Arguello, California
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Figure 4.3-1. - Ground track for the Gemini V orbital mission.

(a) Revelutions 1 through 4
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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.

UNCLASSIFIED



5-14 UNCLASSIFIED

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.

UNCLASSIFIED



UNCLASSIFIED 5-31

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
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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)

d3l4ISSVIONN
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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

d3ldISSVIONN



d31dISSVIONN

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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TVILIN3dIINOD

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
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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

UNCLASSIFIED



UNCLASSIFIED 5-71

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
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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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Figure 5.1.7-1. = Fuel cell section 1 performance.
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Figure 5.1.7-3. ~ Effect of temperature on fuel cell section 1 performance.
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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 