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GEMINI FLIGHT HISTORY
h
Mission Description Lz:zz Major accomplishments
Gemini Unmanned Apr. 8, Demonstrated structural integrity.
I 6L orbits 1964 Demonstrated launch vehicle systems per-
formance.
Gemini Unmanned Jan. 19, Demonstrated spacecraft systems perform-
I1 suborbital 1965 ance.
Gemini Manned Mar. 23, Demonstrated manned qualification of the
III 3 orbits 1965 Gemini spacecraft.
Gemini Manned June 3, Demonstrated spacecraft systems perform-
Iv 4 days 1965 ance and crew capability for U4 days in
space.
Demonstrated EVA.
Gemini Manned Aug. 21, Demonstrated long-duration flight.
v 8 days 1965 Demonstrated rendezvous radar capability
and rendezvous maneuvers.
Gemini Manned Oct. 25, Demonstrated dual countdown procedures
VI 2 days 1965 (GAATV and GLV-spacecraft), flight per-
, rendezvous formance of TLV and flight readiness of
(canceled the GATV secondary propulsion system.
after fail- Mission canceled after GATV failed to
b ure of GATV) achieve orbit. -
) .
Gemini Manned Dec. U, Demonstrated 2-week luration flight and
VII 14 days 1965 station keeping with GLV Stage II,
evaluated "shirt sleeve" environment,
acted as the rendezvous target for
Spacecraft 6, and demonstrated con-
trolled reentry to within 7 miles of
planned landing point.
Gemini Manned Dec. 15, Demonstrated on-time launch procedures,
VI-A 1l day 1965 closed-loop rendezvous capability, and
rendezvous station keeping technique with Space-
craft T.

(Continued inside back cover)
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1.0 MISSION SUMMARY

Gemini X was the eighth manned mission and the fourth rendezvous
mission of the Gemini Program. The Gemini Atlas-Agena Target Vehicle was
launched from Complex 1k, Cape Kennedy, Florida, at 3:39:46 p.m. e.s.t.
on July 18, 1966. The Gemini Space Vehicle was launched from Complex 19,
Cape Kennedy, Florida, at 5:20:27 p.m. e.s.t. on July 18, 1966, with
Astronaut John W. Young as the Command Pilot and Astronaut Michael Collins
as the Pilot. The flight was successfully concluded on July 21, 1966,
when the spacecraft was landed within sight of the prime recovery ship
at T0:46:39 ground elapsed time. The flight crew elected to be retrieved
by helicopter and were on the deck of the prime recovery ship approxi-
mately 28 minutes after landing.

The primary objective, to rendezvous and dock, was completed. The
secondary objectives completed were (1) to rendezvous and dock during
the fourth revolution, (2) to use large propulsion systems in space
(attempt dual rendezvous using Gemini Agena Target Vehicle. primary and
secondary propulsion systems), (3) to conduct extravehicular operations,
and (4) to conduct systems evaluations. One secondary objective, to con~
duct experiments, was only partially achieved, in that some experiments
could not be completed because of time limitations and a constraint on
the use of spacecraft propellants. Also, for the same reasons, a sec-
ondary objective to conduct docking practice was not attempted.

The launch of the Gemini Atlas-Agena Target Vehicle was satisfactory.
The countdown was completed with no holds, and the Gemini Agena Target
Vehicle was placed in a near-circular orbit having an apogee of 162.0 nau-
tical miles and a perigee of 156.6 nautical miles.

The lift-off of the Gemini Space Vehicle occurred approximately
1 hour and 40 minutes after the lift-off of the Gemini Atlas-Agena
Target Vehicle. The performance of the Gemini Space Vehicle during the
countdown and launch was satisfactory in all respects. The spacecraft
was separated from the launch vehicle approximately 30 seconds after
second stage engine cutoff, and the Insertion Velocity Adjust Routine of
the onboard computer was used to calculate the necessary velocity to
add at insertion and/or first apogee in order to achieve the planned
orbit. The single required velocity increment, 26 ft/sec at insertion,
was applied by the crew and the spacecraft was placed in a very satis-
factory orbit. The apogee of the orbit was 145.1 nautical miles, and
the perigee was 86.3 nautical miles. These altitudes were only 0.1 of
a mile low at apogee and 0.h of a mile low at perigee, when compared with
the planned altitudes. The slant range to the Gemini Agena Target Vehicle
was very close to the nominal 1000 nautical miles.
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Beginning at 20 minutes ground elapsed time (start of the first dark-

ness period), the crew started a series of measurements and computations

to obtain onboard rendezvous solutions for the phase adjust, plane change,

and coelliptic maneuvers. The onboard computer had been programmed to
calculate these solutions from the measured ascent vector and target
ephemeris data. The computer was also programmed to accept star-sighting
data and predict the spacecraft orbit. These data were combined with
the target ephemeris to compute solutions for the pretransfer maneuvers
for the first rendezvous. In real time, the values obtained directly
from the ascent vector solution, as well as from the star-sighting data,
were judged to be outside the acceptable limits and the ground-computed
solutions were applied by the crew. Postflight analysis has shown that
the causes for the dispersions in the ascent solution were a small inac-
curacy in the vertical component of the Inertial Guidance Systém inser-
tion vector and a slight ellipticity in the target vehicle orbit. Post-
flight analysis has also shown that the pretransfer maneuvers were
actually within acceptable limits and that the rendezvous could probably
have been achieved using the ascent solution for these maneuvers and the
closed-loop onboard-computer solutions for the terminal phase maneuvers.

The crew completed the rendezvous during the fourth revolution, as
planned, at 5 hours 23 minutes ground elapsed time and, about 30 minutes
later, docked with the Gemini X Agena Target Vehicle.

As a result of a higher-than-predicted propellant usage during the
first rendezvous, an alternate flight plan was developed which enabled
the mission to be completed with the major portion of the objectives
being accomplished. The spacecraft remained docked with the target vehi-
cle for approximately 39 hours. During the docked periocd, a bending mode
test was conducted to determine the dynamics of the docked vehicles. The
spacecraft Orbital Attitude and Maneuver System thrusters were used for
the test. Standup extravehicular activities were also conducted during

the docked phase of the mission. The hatch was opened at 23 hours 24 min-

utes ground elapsed time and closed at 24 hours 13 minutes ground elapsed
time. During this L49-minute period, several photographic experiments
were conducted.

The Gemini Agena Target Vehicle propulsion system was used to suc-
cessfully accomplish six maneuvers of the docked vehicles in preparation
for the rendezvous with the passive Gemini VIII Agena Target Vehicle.
The primary propulsion system was used for three of the maneuvers and
the secondary propulsion system for the other three.
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At approximately bl hours LO minutes ground elapsed time, the space-
craft was separated from the Gemini X Agena Target Vehicle, and the
remaining maneuvers for the second rendezvous were made with the space-
craft thrusters. The second rendezvous was completed at 48 hours ground
elapsed time. The Gemini VIII Agena Target Vehicle was in a stable atti-
tude and the command pilot was able to maneuver to within a short dis-
tance of the target vehicle. The second extravehicular activity, during
which a 50-foot umbilical and the Extravehicular Life Support System
chestpack were used, was begun at 48 hours L2 minutes ground elapsed
time. After making the necessary preparations, the pilot translated to
the Gemini Agena Target Vehicle and retrieved the micrometeorite collec-
tion package (Experiment S010).

During the extravehicular activity, the command pilot was required
to control the spacecraft attitude so that he could see both the pilot
and the Gemini Agena Target Vehicle. This procedure required a consider-
able expenditure of propellant; therefore, the extravehicular activity
was terminated after about 38 minutes to conserve propellant for the
remaining required maneuvers. The hatch was opened again about an hour
later to jettison extraneous equipment in preparation for reentry.

The crew performed a true anomaly adjust maneuver at 51:38:51 ground
elapsed time to position retrofire to a true anomaly of 2L0 degrees. This

was done to minimize reentry dispersions as a result of the retrofire
maneuver.

After the third sleep period, the crew performed several more experi-
ments and made final preparations for retrofire which occurred at
T0:10:25 ground elapsed time. The landing occurred at 70 hours L6 minutes
ground elapsed time in the revolution-Uh primary landing area within
sight of the prime recovery ship. The crew elected to be flown by heli-
copter to the U.S.S. Guadalcanal and were aboard 28 minutes after land-
ing.

Three maneuvers were performed with the Gemini Agena Target Vehicle
after the spacecraft landed. These maneuvers placed the target vehicle

in a 190-nautical-mile circular orbit for possible use as a passive
target on future missions.
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2.0 INTRODUCTION

A description of the Gemini X mission and a discussion of the mis-
sion results are contained in this report. The report covers the time
from the start of the simultaneous countdown of the Gemini Atlas-Agena
Target Vehicle and the Gemini Space Vehicle to the date of publication
of this report. Detailed discussions are found in the major sections
related to each principal area of effort. Some redundancy may be found
between the various sections where it is required for a logical presen-
tation of the subject matter.

Data were reduced from telemetry, onboard records, and ground-based
radar tracking but were reduced only in areas of importance. The
evaluation of all vehicles consisted of analyzing the flight results
and comparing those results with results of ground tests and previous
missions.

Section 6.1, FLIGHT CONTROL, is based on observations and evalua-
tions made in real time and may not coincide with the results of the
postflight analyses.

Brief descriptions of the experiments flown on this mission are
presented in section 8.0, and preliminary results and conclusions are
included.

The primary objective of the Gemini X mission was to rendezvous
and dock.

The secondary objectives were as follows:

(a) Rendezvous and dock during the fourth revolution (check of
onboard navigation)

(b) Use large propulsion systems in space (attempt dual rendezvous
using Gemini Agena Target Vehicle primary and secondary propulsion
systems)

(c) Conduct extravehicular operations

(d) Conduct docking practice

(e) Conduct experiments
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(f) Conduct systems evaluations

(6)

Perform bending-mode tests

Maneuver docked Spacecraft 10/Gemini Agena Target Vehicle
Monitor static discharges

Perform post-docked Gemini Agena Target Vehicle maneuvers
Demonstrate reentry guidance

Maneuver Gemini Agena Target Vehicle into a suitable

a

<3

orbit for possible future use as a passive rendezvous target.

At the time of publication of this report, more detailed analyses
on the performance of the launch vehicles and the guidance systems were
continuing. Supplemental reports, listed in section 12.4, will be issued
to provide documented results of these analyses.

The results of previous Gemini missions are reported in references

1 through 10.
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3.0 VEHICLE DESCRIPTION

The manned Gemini Space Vehicle for the Gemini X mission consisted
of Spacecraft 10 and Gemini Launch Vehicle (GLV) 10. The Gemini Atlas-
Agena Target Vehicle (GAATV) consisted of Gemini Agena Target Vehicle
(GATV) 5005 and Target Launch Vehicle (TLV) 5305.

The general arrangement and major reference coordinates of the
manned Gemini Space Vehicle are shown in figure 3.0-1. Section 3.1 of
this report describes the spacecraft configuration, including the
Extravehicular Life Support System (ELSS); section 3.2 describes the
GLV configuration; and section 3.3 provides the space vehicle weight
and balance data. The general arrangement and major reference coordi-
nates of the GAATV are shown in figure 3.0-2. Section 3.4 describes
the GATV configuration, including the Target Docking Adapter (TDA);
section 3.5 describes the TLV configuration; and section 3.6 provides
the weight and balance data of the GAATV.
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3.1 GEMINI SPACECRAFT

The structure and major systems of Spacecraft 10 (fig. 3.1-1) were
of the same general configuration as the previous Gemini spacecraft.
Reference 2 provides a detailed description of the basic spacecraft
(Spacecraft 2), and references 3 through 10 describe the modifications
incorporated into the subsequent spacecraft. Except for the extravehic-
ular equipment, Spacecraft 10 closely resembled Spacecraft 9 (ref. 10)
and only the significant differences (table 3.1-I) between these two
spacecraft are included in this report. A detailed description of Space-
craft 10 is contained in reference 11.

9

3.1.1 Spacecraft Structure

The primary load-bearing structure of Spacecraft 10 was essentially
the same as that of Spacecraft 9. The few significant changes are
described in the following paragraphs.

The Envirommental Control System (ECS) primary oxygen supply tank
was relocated to the structure for the fuel-cell module (see fig-
ure 3.1-2), and a 22-inch-diameter spherical Orbital Attitude and Maneu-
ver System (OAMS) propellant tank was added to the blast-shield panel
previously used to support the ECS oxygen tank. The fuel-cell sections
were positioned in the same manner as in the Spacecraft 7 configuration.
The tank for fuel-cell product-water storage was also relocated to the
fuel-cell module, as shown in figure 3.1-2.

An extendable telescopic boom was used to deploy the tri-axis flux-
gate magnetometer for Experiment MLOS. This boom was mounted in the
adapter retrograde section, and an opening for extension of the boom was
provided in the adapter skin. Additional structural modifications for
this experiment consisted of mounts for a relay panel and an electronics
package in the adapter retrograde section. An Aerospace Ground Equipment
(AGE) connector was also installed in the adapter assembly to permit pre-
flight functional checks and calibration of the magnetometer without dis-
connecting the electronics-package connector.

For Experiment MLO8 (Beta Spectrometer), a spring-loaded door was
installed in the adapter retrograde section to allow exposure of the
sensing unit to the orbital enviromment. This experiment employed the
relay panel provided for Experiment MLOS5; however, an additional elec-
tronics package was mounted in the adapter retrograde section.

UNCLASSIFIED
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The structural modifications for incorporation of Experiment DO1O
(Ion-Sensing Attitude Control) consisted of providing two mold-line
doors in the adapter retrograde section to permit deployment of two
sensing systems.

A micrometeorite collector unit and a fairing for Experiment S012
(Micrometeorite Collection) were mounted on the outer skin of the adapter
retrograde section in the area immediately behind the pilot's hatch. The
fairing was constructed so that it could be manually released by the
pilot for retrieval of the micrometeorite collector.

N

The extravehicular sequence-camera mount on the adapter retrograde
section was provided with a positive lock by replacing the spring-loaded
plunger with a screw having a knurled head.

A bracket was provided on the pilot's inboard hatch sill for
attachment of the 70-mm camera used in Experiment S013 (Ultraviolet
Astronomical Camera).

Because the Astronaut Maneuvering Unit (AMU) was not used on the
Gemini X mission, the nitrogen and hydrogen peroxide lines needed on
Spacecraft 9 to service the AMU were not provided on Spacecraft 10, and 3
neither were the adapter handholds, foot supports, and floodlights, nor TN
the modifications to the thermal curtain. Other changes required for Y,
the Gemini X extravehicular operations are described in section 3.1.2.12. ’

3.1.2 Major Systems

3.1.2.1 Communication System.- The Communication System was basic-
ally the same as the one used on Spacecraft 9. Minor changes were:

(a) The special Astronaut Maneuvering Unit (AMU) telemetry receiver
used on Spacecraft 9 was not installed in Spacecraft 10.

(b) The helmet microphone provided for the pilot was of a differ-
ent design.

3.1.2.2 Instrumentation and Recording System.- The turns on the \
negator spring in the PCM tape recorder were increased from 88 to 94 to
ensure tape tension from the beginning to the end of the usable tape

supply.

The wiring change on Spacecraft 9 to permit recording of AMU
telemetry data while the AMU was in the stowed configuration was not
incorporated on Spacecraft 10.

UNCLASSIFIED o
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A mating plug was added to extend the AGE disconnect on the pro-
grammer. This modification was required to incorporate Experiments MLO8
(Beta Spectrometer) and M409 (Bremsstrahlung Spectrometer).

3.1.2.3 Environmental Control System.- The ECS primary oxygen
supply system was modified to permit the primary-oxygen tank to furnish
all fuel-cell reactant oxygen as well as breathing oxygen (see para-
graph 3.1.2.6).

To provide an easier hook-up, bulkhead-type tube fittings were
installed on the ECS package in the reentry assembly, replacing the
quick disconnects previously used for oxygen purge and connection of
the demand regulators.

3.1.2.4 Guidance and Control System.- The Guidance and Control
System was basically the same as the Spacecraft 9 system except for
the following changes:

(a) The rendezvous radar contained a modification to improve
damping of the range/range-rate indicator.

(b) A hand-held space sextant, like that used on Gemini IV and
Gemini VII for Experiment D009 (Simple Navigation), and a star occulta-
tion navigation photometer (also used for Experiment D005 on this
mission) were included with the operational guidance and control
equipment.

(¢) The computer operational program (Math Flow 7) contained
Modules IT, III, IV, V, and VI whereas the program for Spacecraft 9
contained only Modules IV and V.

3.1.2.5 Time Reference System.- The Time Reference System
configuration was the same as the one used on Spacecraft 9.

3.1.2.6 Electrical System.- The Spacecraft 10 Electrical System
(fig. 3.1-2) differed from the Spacecraft 9 system in the following
respects:

(a) The fuel-cell sections were rearranged as noted in
section 3.1.1.

(b) The reactant supply system (RSS) cryogenic oxygen tank and the
RSS/ECS oxygen crossfeed valve were removed. The ECS primary oxygen
supply system was modified to provide both breathing oxygen and fuel-
cell oxygen, as described in section 3.1.2.3.
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(c) No telemetry readouts of fuel-cell differential pressures
were provided on Spacecraft 10.

3.1.2.7 Propulsion System.- The Propulsion System was the same as
the Spacecraft 9 system except as discussed in the following paragraphs.

3.1.2.7.1 Orbital Attitude and Maneuver System: The usable pro-
pellant storage capacity for the OAMS was increased from approximately
700 pounds on Spacecraft 9 to approximately 9L0 pounds on Spacecraft 10.
This was accomplished by (1) adding a 22-inch spherical oxidizer tank to
a panel of the blast shield previously used to support the ECS oxygen
tank, (2) replacing a 20-inch spherical oxidizer tank with a 20-inch
spherical fuel tank, and (3) replacing the 30-inch-long cylindrical
reserve fuel tank with a similar reserve oxidizer tank. The OAMS con-
figuration is shown in figure 3.1-3, and a schematic diagram of the
system is shown in figure 3.1-k.

Because of the changed propellant capacities, resistors were added
in series with the propellant quantity indicator to make the indicator
reading agree with the propellant-depletion calibration used for previous
spacecraft.

A 10-watt heater and a 25° to 35° F thermostat were added to each
end of the cylindrical tank, and a 1/L-watt oxidizer line heater was
added in series with one of the tank heaters. The OAMS RESV switch and
wiring and the provisions for telemetry and cabin readout of pressure
remained the same as the Spacecraft 9 configuration.

To provide additional protection to the engine propellant-valve
heater and thermostat wires, the aluminized tape previously used was
replaced with fiber glass tubing covered with silicone rubber.

3.1.2.7.2 Reentry Control System: The thrust chamber assemblies
installed in the Spacecraft 10 Reentry Control System (RCS) were all of
the 6-degree-chamber-wrap configuration with the exception of two
90-degree-wrap engines installed in positions 3 and 8 of the A-ring.

3.1.2.8 Pyrotechnic System.- Except for the addition of pyrotech-
nic devices required to deploy the sensors for Experiments D010, MLOS5,
and MLO8, and the deletion of the pyrotechnic devices associated with
the Gemini IX-A experiments, the Pyrotechnic System was similar to the
one used on Spacecraft 9.

3.1.2.9 Crew-station furnishings and egquipment.-
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3.1.2.9.1 Controls and displays: In addition to the following
changes, the crew-station controls and displays also included minor
changes in the operation and nomenclature of controls and indicators
(see figure 3.1-5).

(a) Auxiliary power and telemetry receptacles for Experiment D005
(Star Occultation Navigation) were incorporated in the right-hand utility
bracket as they were in Spacecraft 5 and Spacecraft 7.

(b) A switch combining the ON-OFF functions of Experiments MLOS5
and MLO8 was added to the pilot's panel adjacent to the Auxiliary Tape
Memory Unit (ATMU) controls.

(¢c) An ON-OFF switch to control the bremsstrahlung spectrometer
used for Experiment MLO9 was added to the pilot's panel adjacent to the
switch described in the preceding paragraph.

(d) Controls for Experiment D010 (Ion-Sensing Attitude Control)
were added to the pilot's panel in place of the Experiment DO14 (UHF/VHF
Polarization) controls used on Spacecraft 9.

(e) The labeling of the computer mode selector switch was changed
to conform to the computer operational program used on this mission, and
a plastic plate was added to the selector switch knob to permit notation
of the number of the computer module loaded.

(f) The switch for AMU deployment and telemetry control on the
command pilot's panel of Spacecraft 9 was also installed on Spacecraft 10;
however, it was not operational because the AMU experiment was not flown
on this mission.

(g) The ATDA STAB OFF/NORM switch on the right switch/circuit-
breaker panel was changed back to the GATV ENGINE ARM/STOP switch, its
normal function.

(h) The oxygen crossfeed switch on the main console was replaced

by the H2 TANK VAC switch. The function of the H2 TANK VAC switch was

to initiate a pyrotechnic device to sever the pinch-off tube of the RSS
cryogenic hydrogen tank. The oxygen crossfeed switch previously had
the same capability.

(i) A positive external stop for the encoder control switch was
incorporated to preclude the possibility of failure due to the appli-
cation of excessive force.

UNCLASSIFIED



3-12 UNCLASSIFIED

3.1.2.9.2 Miscellaneous equipment changes: The following changes
were made in the spacecraft cabin:

(a) The special support bracket which was mounted on the right-
hand hatch window of Spacecraft 9 for Experiment SO11 (Airglow Horizon
Photography) was not installed in Spacecraft 10.

(b) A welded tubular frame was installed at the forward end of
the left footwell, and the plotboard brackets were removed from the
center pedestal to provide for stowage of the 50-foot umbilical. Items
formerly stowed in the plotboard container were relocated to-other
stowage pouches.

(¢) A bracket was installed on the left-hand-hatch torque box to
attach the stowage container for the photometer provided for Experi-
ments DOOS (Star Occultation Navigation) and M41l2 (Landmark Contrast
Measurements).

(d) A bracket was installed on the right-hand-hatch torque box to
attach the stowage container for a miniature hand-held space sextant.

(e) The center-stowage-frame door mount was used to attach the
Experiment DOO9 hand-held space sextant which was included with the
operational guidance and control equipment.

(f) An attachment point for a portable block-and-tackle hatch
closing device was incorporated in the lower left~hand corner of the
pilot's instrument panel. The upper attachment point for the device
was the same as that used for the regular hatch closing lanyard.

3.1.2.9.3 Stowage facilities: The stowage containers are shown
in figure 3.1-6. Table 3.1-II lists the major items of equipment stowed
in the containers at launch.

3.1.2.10 Landing System.- No significant changes were made to the
Landing System.

3.1.2.11 Postlanding and Recovery System.- No significant changes
were made to the Postlanding and Recovery System.

3.1.2.12 Extravehicular equipment.- The following modifications
were incorporated in the spacecraft, space suits, and ELSS to support
the Gemini X extravehicular activities (EVA).

3.1.2.12.1 Structural modifications: Handrails and Velcro patches
like those installed on Spacecraft 8 and 9 were also installed on

UNCLASSIFIED




UNCLASSIFIED 3-13

Spacecraft 10. To provide propellant for the Hand Held Maneuvering Unit
(HHMU) (see paragraph 3.1.2.12.3) during the umbilical extravehicular
operation, two nitrogen tanks were installed in the adapter eguipment
section, and a quick disconnect fitting and a manual ON-OFF valve were
installed on the external surface of the adapter equipment section to
permit attachment of the HHMU nitrogen line.

3.1.2.12.2 Space suits: The space suit configuration for the
command pilot was the same as that used on the Gemini IX-A mission-—a
G-U4C suit with a lightweight coverlayer. The pilot's space suit was
also a G-LC suit; however, it was fitted with an extravehicular cover-
layer of the same configuration as the Gemini VIII pilot's suit.

The pressure visor on both helmets was of the same configuration
as that used on the Gemini IX-A mission. The pilot's visor assembly
also included an additional single-lens removable sunvisor similar to
the one used by the Gemini IX-A pilot. As a result of the fogging of
the pilot's visor during Gemini IX-A extravehicular operations, a
temporary wetting agent was provided the Gemini X crew for onboard
application prior to each EVA period. '

3.1.2.12.3 Extravehicular Life Support System: The major compo-
nents of the ELSS were the same as those used on the Gemini IX-A mission
except for the differences noted in the following paragraphs.

The ELSS umbilical assembly was 50 feet in length rather than the
25-foot length used on Gemini IX-A. In addition to the electrical,
oxygen, and tether connections provided by the 25-foot umbilical, the
50-foot umbilical incorporated a nitrogen line to furnish propellant
to the HHMU. The attachment points in the spacecraft cabin for the
electrical line, oxygen line, and tether were the same as those used
for the 25-foot umbilical. After egress, the nitrogen line was attached
to the quick disconnect fitting located on the adapter equipment section.
The attachment points for the EVA crewman's end of the umbilical were:

Electrical (spacecraft power and

audio warning) . . « « « « « « +« « + « « « « ELSS chestpack
Electrical (communications and
biomedical instrumentation) . . . . . . . . Space suit
OXYZEN « « « « o« o o s s o « « o o o« « « + « o ELSS chestpack
Tether « « « « « o ¢ 4 ¢« « o« o « « s « o« +« o« o« Restraint harness
(left hip)
Nitrogen . « « « v « + ¢ o &« o & o o« 4 o « « « HHMU
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The ELSS chestpack modifications for Gemini X were as follows:
(a) Velcro was added to the left display panel.

(b) The emergency oxygen quantity scale was reduced in size (with
consequent reduction in range from 7000 psi to 5000 psi).

(c) A modified oxygen fill-line check valve was incorporated.

3.1.2.12.4 Hand Held Maneuvering Unit: The HHMU was basically
the same as the one provided for the Gemini VIIT mission (ref. 9),
except that nitrogen was used as the propellant rather than Freon-1k,
and the propellant was delivered to the HHMU through the 50-foot umbil-
ical assembly rather than from a self-contained propellant supply. The
HHMU trigger and handle assembly was modified to provide easier one-
handed operation; however, the basic configuration of the unit remained
unchanged.

UNCLASSIFIED
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TABLE 3.1-I.- SPACECRAFT 10 MODIFICATIONS

Significant differences between Spacecraft 10

System and Spacecraft 9 configurations
Structure (a) The following changes were made to the adapter
equipment section primarily to increase the OAMS
propellant storage capacity:

(1) The ECS primary oxygen tank was moved to the
fuel-cell module.

(2) An OAMS oxidizer tank was installed on the
blast shield panel in the position pre-
viously occupied by the ECS oxygen tank.

(3) The fuel-cell sections were rearranged.

(4) The fuel-cell product-water storage tank was
moved to the fuel-cell module.

(b) Experiment provisions were modified.
(¢) EVA provisions were modified.
Instrumentation {(a) The turns on the negator-spring in the PCM tape

and Recording

Envirommental
Control

Guidance and
Control

recorder were increased.

Wiring for recording of AMU data was not
installed. :

The primary oxygen tank supplied all fuel-cell
reactant oxygen in addition to breathing oxygen.

Bulkhead-type tube fittings were installed on the
reentry assembly ECS package for oxygen-purge and
demand-regulator connections.

The rendezvous radar system was modified to
improve damping of the range/range-rate indicator.
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TABLE 3.1-I.- SPACECRAFT 10 MODIFICATIONS - Continued

System

Significant differences between Spacecraft 10
and Spacecraft 9 configurations

Guidance and
Control - con-
cluded

Electrical

Propulsion

Pyrotechnics

(v)

(c)

(a)
(b)
(e)

(a)

(p)

(e)

(a)

No significant difference other than provisions for
deployment of experiment sensors.

A hand-held space sextant (like the one pre-
viously used for Experiment DO09) and a photom-
eter (also used for Experiments D005 and MLl2)
were included with the operational guidance and
control equipment.

The onboard computer program (Math Flow T)
included Modules II, III, and VI.

The fuel-cell module components were rearranged.
The RSS oxygen tank was deleted.

Fuel-cell differential pressure telemetry read-
outs were not provided.

The OAMS usable propellant storage capacity was
increased from approximately TOO pounds to
approximately 940 pounds by:

(1) Adding a 22-inch-diameter oxidizer tank.

(2) Replacing a 20-inch-diameter oxidizer tank
with a 20-inch-diameter fuel tank.

(3) Replacing the reserve fuel tank with a
similar reserve oxidizer tank.

Heaters and thermostats were added to each end
of the OAMS reserve oxidizer tank.

OAMS engine propellant-valve heaters and thermo-
stat wires were protected by fiber glass tubing
and silicone rubber rather than by aluminized
tape.

Two 90-degree-wrap thrust chamber assemblies
were used in RCS A-ring.

UNCLASSIFIED
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TABLE 3.1-I.- SPACECRAFT 10 MODIFICATIONS - Concluded

System

Significant differences between Spacecraft 10
and Spacecraft 9 configurations

Crew-station
furnishings
and equipment

EVA equipment

(a)

(v)

(e)

(a)

(v)

()
()

(e)

(£)

Minor changes were made in switch operation and
nomenclature resulting primarily from different
experiments and extravehicular operations.

The plotboard brackets were removed from the
center pedestal to allow the installation of a
frame for stowage of the 50-foot umbilical in the
command pilot's footwell.

An attachment point for a portable block-and-
tackle hatch closing device was incorporated on
the pilot's instrument panel.

Structural modifications to incorporate the AMU
on Spacecraft 9 were not needed on Spacecraft 10.

The pilot's space suit was similar to the Gemini
Gemini IX-A pilot's suit, except that the EVA
coverlayer did not have additional thermal pro-
tection for the legs.

An HHMU was included.

The ELSS umbilical was 50 feet in length and
included a nitrogen line for the HHMU.

Two nitrogen tanks and a fitting for attachment
of the HHMU nitrogen line were installed in the
adapter equipment section.

A modified oxygen-fill-line check valve was
incorporated in the ELSS chestpack.
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TABLE 3.1-II.~ CREW-STATION STOWAGE LIST

Stowage area

(see fig. 3.1-6) Item

Quantity

Centerline stowage Mirror mounting bracket
container 18-mm lens, 16-mm ceamera
75-mm lens, 16-mm camera

16-mm sequence camera with film
magazine

70-mm camera, superwide angle
16-mm film magazine

70-mm film magazine

5-mm lens, 16-mm camera

Ring viewfinder

TO-mm camera with film magazine

f£/2.8 lens, general purpose

ST o AR o

= H P W o M

Left sidewall Personal hygiene towel

containers Roll-on cuff receiver assembly
(urine system)

Lightweight headset

EVA remote control cable,
16-mm camera

Penlight

Vdice tape cartridges
Velecro pile, 2 by 6 in.
Velcro hook, 2 by 6 in.

Velero back-to-back tape,
1 by 8 in.

Pilot's preference kit
Circuit breasker, 16-mm camera

Urine hose and filter

n

® +H H o

pes.
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TABLE 3.1-IT.- CREW-STATION STOWAGE LIST - Continued
Stowage area Item Quantity

(see fig. 3.1-6)

Left aft stowage
container

16-mm film magazine
Postlanding kit

T0-mm film magazine

Dual "Y" connector
ELSS restraint assembly
Food, one-man meal

Glareshield

Hand Held Maneuvering Unit

EVA movie camera adapter
Zodiacal-light camera

Radiation measuring system

Manual blood-pressure inflator

H O OH O H N D D W

Left footwell

50-foot umbilical

'_l

Right sidewall
containers

Mirror mounting bracket
Spotmeter

Exposure dial

Personal hygiene towel
Waste container
Lightweight headset
Penlight

Defecation device

Pilot's preference kit

Single utility cord
Medical kit

Ultraviolet lens

Circuit breaker, 16-mm camera

e i i e = e A = T T |V S S Ry Sy
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TABLE 3.1-II.- CREW-STATION STOWAGE LIST - Continued

Stowage area

(see fig. 3.1-6) ITtem Quantity )

Right aft stowage T0-mm camera with film magazine
container Waste container

Pressure gloves, thermal pr.
Defecation device

Hose nozzle interconnector
ELSS hose, short

ELSS hose, long

Standup electrical cable

Tether, short

Right pedestal 16-mm film magazine

pouch T0-mm film magazine
Experiment log book
Systems book

Right footwell Orbital path display assembly

Celestial display, Mercator
Celestial display, polar
Flight data book

Rendezvous log book

Orbital utility Bracket, 16-mm camera
pouch Hatch closing lanyard
Hatch closing device

Right and left Glareshield, optical sight
circuit-breaker
fairings

Clamp for urine collection device
Latex roll-on cuffs

Velcro pile, 1 by L4 in.

Tape, 3/4 in. by 10 ft

Tape, 2 by 9 in.

I A T Tl I T e B e R B S S By T T Y T = W S
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TABLE 3.1-II.~ CREW-STATION STOWAGE LIST - Concluded
Stowage area R
(see rig. 3.1-6) fven Quantity
Right and left Urine receiver - removable cuff 1
circuit-breaker . .
fairings - con- Visor anti-fog pads 1 pkg.
cluded
Center stowage rack ELSS chestpack 1
Left and right hatch Food, one-man meal 12
pouches
Hatch torque box Sextant, miniature hand-held 1
Water management Roll-on cuff receiver assembly 1
console (urine system)
Urine receiver - removable cuff 1
Left and right dry- Tissue dispenser 2
stowage bags Visor cover 2
Auxiliary window shade 2
Auxiliary reflecting shade 2
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NASA-S-66-8153 AUG 17
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Figure 3.1-2. - Electrical system,

. UNCLASSIFIED




5.2l

UNCLASSIFIED

NASA-$-66-8065 AUG 9

f Pressure regulator
< /— E-package

A2 )},\‘. /— A-package
<

% Pressure transducer

B-package

-8

Oxidizer shutoff valve D-package

Fuel shutoff valve Oxidizer tank
C-package

Fuel tanks

OAMS reserve
oxidizer tank

Fuel tank

Equipment section

h Retrograde @
section
Cabin section

Figure 3.1-3. - Orbital Attitude and Maneuver System.
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NASA-S-66-8169 AUG 17

Aft stowage box (right)

Biomedical recorder Hand-held sextant
no, 1
Extravehicular

Life Support System
stowage

16mm camera mounting
bracket stowage

Left sidewall stowage box

Swizzle stick
stowage area

Left stowage

"mm

Pilot ejection Left stowage
seat removed box extension ™~
for clarity Voice tape recorder

Optical sight

Left side dry stowage bags stowage area

Right pedestal pouch
PCM recorder

(a) View looking into command pilot's side.

Figure 3,1-6, - Spacecraft interior stowage areas,
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NASA-S-66-8170 AUG 17

Extravehicular Life
Support System

Hand-held sextant
stowage

- Aft stowage box (left)
. ) Biomedical recorder
Right stowage box extension
Blood pressure bulb stowage area
Right sidewall stowage box

Medical kit

Right stowage pouch

Command pilot ejection

» seat removed for clarity
i owage box extension

Right side dry stowage bags

50-ft umbilical
stowed in

left footwell Left pedestal pouch

(b) View looking into pilot's side,

Figure 3,1-6, - Concluded,
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3.2 .GEMINI LAUNCH VEHICLE

There were no significant differences between Gemini Launch
Vehicle 10 (GLV-10) and GLV-9.

3.3 GEMINI SPACE VEHICLE WEIGHT AND BALANCE DATA

Weight and balance data for the Gemini X Space Vehicle are as

follows:
Weight (including Center-of-grgvity location,
| Condition spacecraft), 1b i
i (a) (a)a (b)
X Y Z
Ignition 344 856 751.7 -0.049 59.96
Lift-off 341 164 752.0 -0.050 59.95
First stage engine 86 921 349.0 -0.202 59.8L
cutoff (BECO)
Second stage start of 73 995 343.0 -0.0k41 59.97
steady-state combus-
tion
Second stage engine 1k 243 283.0 -0.1L5 59.97
cutoff (SECO)

aWeights and center-of-gravity data were obtained from the GLV con-
tractor.

bRefer to figure 3.0-1 for the Gemini Space Vehicle coordinate
system. Along the X-axis, the center of gravity is referenced to GLV
station 0.00. Along the Y-axis, the center-of-gravity location is
referenced to buttock line 0.00 (vertical centerline of horizontal vehi-
cle). Along the Z-axis, the center of gravity is referenced to water-
line 0.00 (60 inches below the horizontal centerline of the horizontal
vehicle).

N,
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Spacecraft 10 weight and balance data are as follows:

Center-of-gravity location,
Condition Weight, (a)
1b
X Y Z
Launch, gross weight 8295 -1.35 +2.11 +10k4 .68
Retrograde 5578 +0.01 -1.07 +129.85
Reentry (0.05g) 476k +0.06 -1.49 +136.72
Main parachute deployment 4365 +0.02 -1.60 +129.91
Touchdown (no parachute) Lask +0.02 -1.66 +127.84

&Refer to figure 3.0-1 for spacecraft coordinate system. The
X-axis and the Y-axis are referenced to the centerline of the space-
craft. The Z-axis is referenced to a plane located 13.4l4 inches aft
of the launch vehicle/spacecraft separation plane.
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3.4 GEMINI AGENA TARGET VEHICLE

The Gemini Agena Target Vehicle (GATV-5005) for the Gemini X mis-
sion was similar to GATV-5003, which was used for the Gemini VIII mis-
sion (ref. 9) and as the passive target for the Gemini X dual rendezvous.
The following table lists the significant differences between GATV-5005

and GATV-5003.

Svetem Significant differences between GATV-5005 (Gemini X
y mission) and GATV-5003 (Gemini VIII mission)
Structure (a) One primary battery was removed, one running-
light battery was removed, and lead ballast was
added to the forward auxiliary rack to alter the
vehicle center of gravity.

(b) Heat reflective aluminum tape was applied over
15 percent of the forward auxiliary rack and
forward equipment rack skin panels.

(¢c) The GATV/TLV separation monitor was modified by
adding a retainer to limit the travel of the
actuating lever of the switch and by rotating the
three switch trips 180 degrees.

(d) Sensing devices and a programmer for Experiment
S026 and an electric charge monitor were
installed in the TDA.

Propulsion Five temperature sensors were relocated to provigde
more usable data on main-engine post-fire venting.
Electrical The battery removals resulted in a decrease in the
overall life of the electrical power system and also
resulted in the capability to automatically reactivate
only the forward running lights.
Guidance and (a) Five additional functions were incorporated into
Control the ascent sequence timer.
(b) A modified velocity-meter counter was installed.
Communications The ranges of the pitch, roll, and yaw gyro telemetry
and Command readouts were increased from *5 degrees to t10 degrees.

UNCLASSIFIED
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These differences are further described in the following paragraphs.

3.4.1 Structure

3.4.1.1 Gemini Agena Target Vehicle.- GATV-5005 was modified to
alter the vehicle center of gravity to avoid the yaw-offset rate encoun-
tered during the Gemini VIII mission (ref. 9). The major structural
modifications were as fcllows:

(a) One primary battery was removed.
(b) One running-light battery was removed.

(c) Approximately 150 pounds of lead ballast was added to the
forward auxiliary rack. The ballast weight was supported partly by the
forward auxiliary rack longerons and partly by a stainless steel door
installed in place of the magnesium door used previously. The changes
resulted in a net vehicle weight decrease of 85 pounds.

To obtain better thermal interaction between the forward auxiliary
rack and the forward equipment rack, heat-reflective aluminum tape was
applied over approximately 15 percent of the external surfaces of the
forward-auxiliary-rack/forward-equipment-rack skin panels. No paint
removal, additional painting, or other surface preparation was performed.

The GATV/TLV separation monitor was modified because of erratic
telemetry indications on previous flights. A retainer for the actuating
lever of the switch was added, and the three switch trips were rotated
180 degrees to eliminate oscillations which had caused erratic readings.

3.4.1.2 Target Docking Adapter.- The Target Docking Adapter (TDA)
used on the Gemini X mission was essentially the same as the one used on
the Gemini VIII mission. The significant differences were as follows:

Ion-sensing devices and a programmer were added for Experiment S026
(Ion-Wake Measurement). :

An electric charge monitor was installed to collect and measure the
charge exchanged between the spacecraft and the GATV at the time of
docking.

The L-band transponder coaxial cable connectors were packed with
silicon lubricant to eliminate the possibility of corona.

UNCLASSIFIED
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3.4.2 Major Systems

3.4.2.1 Propulsion System.- Five temperature sensors were relocated
to provide more usable data on main-engine post-fire venting effects.
This information was needed to better determine engine condition prior
to refiring.

3.4.2.2 Electrical System.- The deletion of the two batteries
described in paragraph 3.4.1.1 caused minor changes in Electrical System -
operation. The deletion of the primary battery decreased the overall
life of the power system but did not affect the Gemini X mission.

The deletion of the running-light battery did not change the opera-
tion of the running lights when the lights were commanded on from the
ground or the spacecraft. However, when they are commanded on by the
timer, only the forward three running lights will illuminate.

3.4.2.3 Guidance and Control System.-

3.4.2.3.1 Guidance system: Additional functions were incorporated
into the ascent sequence timer to provide a backup capability for initia-
tion of the following five events between primary propulsion system P
thrust cutoff and sequence timer shutdown in case of a command link .>
failure. -

(a) Event 1k - Extend L-band boom antenna

(p) Event 18

Remove power from L-band boom extend relay

(¢) Event 21

Unrigidize TDA

(d) Event 22

Remove power from unrigidize TDA relay
Redundant shutdown sequence timer signal

(e) Event 23

Remove redundant shutdown sequence timer signal.

A modified velocity-meter counter, incorporating transistors not
affected by moisture, was installed.

3.4.2.3.2 TFlight Control System: No changes were made to the
Flight Control System.

3.4.2.4 Communications and Command System.- The communications -
system was changed to increase the range of the pitch, roll, and yaw
gyro telemetry readouts from *5 degrees to *10 degrees. On the
Gemini VIII mission, the gyro displacement exceeded *5 degrees.
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The telemetry orbit antenna receptacle assembly was rotated
90 degrees to prevent its cracking when the antenna was folded in an aft
direction to permit the TLV adapter installation.

3.4.2.5 Range Safety System.- No significant changes were made to

the Range Safety System.’

3.5 TARGET LAUNCH VEHICLE

The Target Launch Vehicle (TLV-5305) was an Atlas Standard Launch
Vehicle (SLV-3) and was of the same basic configuration as the TLV-530k
used for the Gemini IX-A mission (ref. 10). The following table lists
the significant differences between TLV-5305 and TLV-530L4.

System

Significant differences between TLV-5305 and
TLV-5304 configurations

Propulsion

Flight Control

(a) Two booster liquid-oxygen gas-generator hoses
were replaced with a single hose, and the gas-
generator-valve cover plate was redesigned.

(b) The liquid-oxygen start-tank fill and check
valve was redesigned.

(¢) The liquid-oxygen high-pressure relief valve
and the ullage fitting on the liquid~-oxygen
start tank were redesigned.

(d) The booster liquid-oxygen gas-generator mani-
fold was redesigned.

(e) Propellant utilization system circuits were
modified by incorporating a noise filter in
the 28-volt dc input line and by incorporat-
ing a pulse suppression circuit in the com-
puter trigger input.

(a) Loose bolts formerly used to install the rate
gyro package were replaced with captive mount-|
ing hardware.

(b) Special quality parts and reworked circuit
boards were incorporated in the autopilot.
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These differences are described further in the following paragraphs
(ATDA-peculiar changes on TLV-5304 (ref. 10) are not considered).
3.5.1 Structure

No significant structural changes were made.

3.5.2 Major Systems

3.5.2.1 Propulsion System.- Because of cyrogenic oxygen leakage on
several SLV flights prior to the Gemini X mission, the following modifi-
cations were incorporated in the Propulsion System:

(a) Two booster liquid-oxygen gas-generator hoses were replaced
with a single hose, and the liquid-oxygen gas-generator-valve cover plate
was redesigned to eliminate the bulkhead fitting used previously.

(b) The liquid-oxygen start-tank fill and check valve body was
redesigned to provide a flange joint with a Naflex seal, and intercon-
necting tubing was modified.

(¢c) The liquid-oxygen high-pressure relief valve and the ullage
fitting on the liquid-oxygen start tank were redesigned to eliminate
bulkhead fittings, and interconnecting tubing was modified.

(d) The booster liquid-oxygen gas-generator manifold was redesigned
to eliminate bulkhead fittings and the check valve for the bypass fill
system.

As a result of problems on two recent SLV flights in which the pro-
pellant utilization computer jumped stations and experienced a noise
"scramble," a noise filter was incorporated in the 28-volt dc input line,
and a pulse suppression circuit was incorporated in the trigger input.

3.5.2.2 Guidance System.- No significant changes were made to the
Guidance System.

3.5.2.3 Flight Control System.- The loose bolts formerly used to
install the rate gyro package were replaced with captive mounting hard-
ware in order to shorten replacement time and eliminate the possibility
of hardware being dropped in the TLV adapter section after GATV/TLV mat-
ing.
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Because of a previous SLV flight failure, the autopilot was improved
by replacing electronic parts with special-quality parts and by reworking
circuit-board assemblies.

3.5.2.4 Electrical System.- No significant changes were made to the
Electrical System.

3.5.2.5 Pneumatic System.- No significant changes were made to the
Pneumatic System. {

3.5.2.6 Instrumentation System.- No significant changes were made
to the Instrumentation System.

3.5.2.7 Range Safety.- No significant changes were made to the
Range Safety System.

3.6 GEMINI ATLAS-AGENA TARGET VEHICLE

WEIGHT AND BALANCE DATA

Weight and balance data for the Gemini Atlas-Agena Target Vehicle
are as follows:

Weight Center-of-gravity location,
Condition (including GATV), in.
1b (a)
(a)
X Y yA
Ignition 281 288 - - -
Lift-off 278 881 821.1 -0.5 -0.4
Booster engine cutoff 72 5471 847.9 -1.7 -1.5
(BECO)
Sustainer engine cutoff 26 560 549 .4 -2.0 -3.3
(SECO)
Vernier engine cutoff 26 k451 S5kl .1 -2.1 -3.b
(VECO)

#Refer to figure 3.0-2(c) for TLV/GATV coordinate system.

UNCLASSIFIED




3-38

Gemini Agena Target Vehicle weight and balance data are as follows:

UNCLASSIFIED

Center-of-gravity location,

(in-orbit)

Condition Weight, 1b %2)
X Y Z
Launch, gross weight 18 0Tk 339.6 0 0
Separation 17 664 337.0 0 0
Insertion weight 7 184 343.7 -0.1 -0.1

®Refer to figure 3.0-2(b) for GATV coordinate system.
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4.0 MISSION DESCRIPTION

4.1 ACTUAL MISSION

The Gemini X mission was initiated at lift-off of the Gemini Atlas-
Agena Target Vehicle (GAATV) on July 18, 1966, at 20:39:46.131 G.m.t.
The flight-controller and range-safety plotboards all indicated a normal
flight of the Target Launch Vehicle (TLV). The Gemini Agena Target Vehi-
cle (GATV) achieved a nearly circular orbit with a perigee of 156.6 nauti-
cal miles and an apogee of 162.0 nautical miles.

One hour, 40 minutes, and 40.517 seconds after the GAATV lift-off,
the Gemini Space Vehicle was launched at the beginning of the 35-second
launch window available for a rendezvous in the fourth revolution of

the spacecraft with the Gemini X GATV and for a subsequent rendezvous
with the Gemini VIII GATV.

The Gemini X mission is outlined in figure 4-1, which shows both the
planned and the actual mission activities. The first (M=L) rendezvous
was achieved within five minutes of the planned time. After docking, a
bending-mode test was accomplished over the Hawaii tracking station to
obtain dynamic data in the docked configuration, prior to maneuvering
the spacecraft with the GATV primary propulsion system (PPS). To con-
serve spacecraft propellant, all docking practice was deleted from the
flight plan.

The second rendezvous was carried out using both the Gemini X GATV
primary and secondary propulsion systems (PPS and SPS) and the space-
craft Orbital Attitude and Maneuver System (OAMS). The initial maneuver
was a PPS phase adjustment to allow catch-up of the Cemini VIII GATV.
This maneuver placed the docked configuration in an elliptical orbit
having an apogee of U412.2 nautical miles and a perigee of 158.5 nautical
miles.

During the first sleep period from 9 hours to 16 hours 30 minutes
ground elapsed time (g.e.t.), Experiment S012 (Micrometeorite Collection)
was open. After this sleep period, a height adjust maneuver and a
coelliptic maneuver were performed with the GATV PPS to place the vehicles
in the proper relative positions for rendezvous.

Extravehicular activity (EVA) was conducted with the vehicles

docked, and nearly all of the tasks planned for the standup EVA were per-
formed. Experiments M41lO (Color Patch Photography) and S013 (Ultraviolet
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Astronomical Camera) were conducted. However, the duration of the EVA
was reduced approximately six minutes due to eye irritation and subse-
quent watering which severely blurred the vision of both crewmembers.

At 26 hours 31 minutes g.e.t., Mode A of Experiment D005 (Star
Occultation Navigation) was performed for 19 minutes. A docked phase
adjust maneuver using the GATV SPS was performed at 27:45:36 g.e.t.,
followed by a 9-hour sleep period beginning at approximately
30 hours g.e.t. During the undocking operations, Experiment S026 (Ion-
Wake Measurement) was conducted for about L0 minutes. The final two
docked maneuvers for rendezvous with the Gemini VIII GATV were accom-
plished following the second sleep period. These consisted of a phase
adjust maneuver and a plane change maneuver using the Gemini X GATV SPS.
The spacecraft was then separated from the Gemini X GATV. The second

" rendezvous was achieved after accomplishing corrective combination,

coelliptic, and terminal phase maneuvers, all using the spacecraft pro-
pulsion system. The crew was station keeping with the Gemini VIII GATV
at 48 hours 3 minutes g.e.t.

An earlier test of the spacecraft Environmental Control System (ECS)
showed that the effects of the eye irritation in the suit circuit were
apparently reduced when only one suit fan was in operation; therefore,
it was decided to initiate the umbilical EVA while restricting ECS oper-
ation to one suit fan. Approximately LO minutes after the start of
station keeping, the pilot egressed the spacecraft. The operations
scheduled for the umbilical EVA, which included retrieving Experi-
ments S010 and S012 packages and evaluating the Hand Held Maneuvering
Unit, were nearly all accomplished; however, a greater-than-expected
quantity of propellant was expended in station keeping and attitude
control, and the EVA period was terminated a few minutes early in order
to conserve propellant for subsequent required maneuvers. After the
conclusion of the umbilical EVA and a subsequent reopening of the hatch
to jettison extraneous equipment, a height adjustment was performed to
separate the spacecraft from the Gemini VIII GATV, and a true anomaly
adjust maneuver was performed to minimize the spacecraft trajectory dis-
persions during reentry.

During the period between the true anomaly adjust maneuver and the
third sleep period, Mode A of Experiment DO10O (Ion-Sensing Attitude
Control) was conducted. During the early portion of the sleep period,
many photographs were taken for Experiments S005 (Synoptic Terrain Photog-
raphy) and S006 (Synoptic Weather Photography). Also Mode G of Experi-
ment D010 was activated for a major portion of the sleep period. Follow-
ing the end of the sleep period, Experiments DO10 and DOO5 were performed
in various modes for 2 1/2 hours. Experiment D010 was again activated
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at 66 hours 50 minutes g.e.t. and left activated until about two minutes
prior to retrofire. Retrofire and reentry were normal, and the space-
craft was landed within three nautical miles of the planned landing point.
The crew elected to be brought aboard the prime recovery ship by heli-
copter, and 28 minutes after landing they were on the deck of the U.S.S.
Guadalcanal.

After spacecraft recovery, two PPS and one SPS Gemini X GATV solo
maneuvers were conducted to determine the PPS operational character-
istics at higher than previously attained altitudes. The first maneuver
placed the Gemini X GATV in an elliptical orbit having an apogee of
T750.0 nautical miles and a perigee of 208.2 nautical miles to set up the
desired phasing with the Gemini VIII GATV. The final two maneuvers placed
the vehicle in a circular orbit at the required altitude of 190.2 nauti-
cal miles to permit the vehicle to serve as a passive rendezvous target
vehicle for future missions.

4.2 SEQUENCE OF EVENTS

The times at which major events were planned and executed are pre-
sented in tables 4-I and L4-II for the Gemini Space Vehicle and in
tables 4-III and 4-IV for the Gemini Atlas-Agena Target Vehicle.

4.3 FLIGHT TRAJECTORIES

The launch and orbital trajectories referred to as planned are
either preflight-calculated nominal trajectories (refs. 12 through 1L)
or trajectories based on nominal outputs from the Real Time Computer Com-
plex (RTCC) at the Mission Control Center-Houston (MCC-H) and planned
attitudes and sequences as determined in real time in the Auxiliary Com-
puter Room (ACR). The actual trajectories are based on the Manned Space
Flight Network tracking data and actual attitudes and sequences, as
determined from airborne instrumentation. For all trajectories except
the actual launch phase, the Patrick Air Force Base atmosphere was used
for altitudes below 25 nautical miles and the 1959 ARDC model atmosphere
was used for altitudes above 25 nautical miles. For the launch phase,
the current atmosphere, as measured up to an altitude of 25 nautical
miles at the time of launch, was used. The earth model for all trajec-
tories contained geodetic and gravitational constants representing the
Fischer ellipsoid. Ground tracks of the spacecraft revolutions for the
periods of the first rendezvous and the second rendezvous and the period
from retrofire to landing are shown in figure 4-2. The Gemini Space
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Vehicle launch, orbit, rendezvous, and reentry trajectory curves are
presented in figures 4-3 through 4-T7. The Gemini Atlas-Agena Target
Vehicle (GAATV) launch trajectory curves are presented in figure L4-8.

4.3.1 Gemini Spacecraft

4,3.1.1 Launch.- The Gemini Space Vehicle was launched on a rendez-
vous launch azimuth of 98.8 degrees. The nominal azimuth calculated
prior to the GAATV launch was 98.6 degrees, but minor deviations in the
GAATV launch trajectory required a shift of 0.2 of a degree in launch
azimuth to effect a nominal rendezvous. The flight-controller plotboards
indicated a launch trajectory that was satisfactory in every respect.
The velocity at first stage engine cutoff (BECO) was 128 ft/sec low
(approximately two sigma). Vehicle closed-loop steering corrected an
out-of-plane velocity of approximately 225 ft/sec.

The launch trajectory data shown in figure U4-3 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 3600 used data
from the Missile Trajectory Measurement System (MISTRAM) and from FPS-16
and TPQ-18 radars. The GMCF used data from the GE MOD III radar. Data
from these tracking facilities were used during the time periods shown
in the following table:

Facility Time from lift-off, sec
IP 3600 (FPS-16, TPQ-18) 0 to k41
GMCF (GE MOD III) 41 to k63
IP 3600 (FPS-16, MISTRAM) 463 to 4oL

The actual launch trajectory, compared with the planned launch tra-
jectory (fig. 4-3), was low in altitude, velocity, and flight-path angle
during first stage powered flight. At BECO the altitude, velocity, and
flight-path angle were low by 4280 feet, 128 ft/sec, and 0.39 of a degree,
respectively. After BECO, the Radio Guidance System (RGS) corrected the
errors accumulated during first stage flight and guided Stage II to an
insertion that was close to nominal. At second stage engine cutoff
(SECO), altitude and velocity were low by 152 feet and 4 ft/sec, respec-
tively, and the flight-path angle, measured to the nearest one-hundredth
of a degree, was zero, as planned. At spacecraft separation, the actual




altitude and flight-path angle were high by 62 feet and 0.0l of a degree,
respectively, and the velocity was low by T ft/sec.

Table L~V contains a comparison of planned and actual conditions
at BECO, SECO, and spacecraft separation. The actual conditions at
BECO were obtained from MISTRAM. The actual conditions at SECO and
spacecraft separation were obtained by integrating the best estimated
trajectory orbital fit back through the Insertion Velocity Adjust Routine
(IVAR) maneuver, the separation maneuver, and the tail-off impulse, as
determined from telemetry records of Inertial Guidance System (IGS)
data. (NOTE: This best estimated trajectory was based on tracking data
obtained during the complete first revolution.)

The GE MOD III tracking and MISTRAM radar tracking data after SECO
were used to compute a go/no-go for spacecraft insertion by averaging
10 seconds of data starting at SECO + five seconds. The go/no-go con-
ditions obtained from GE MOD III contained a velocity and a flight-path
angle that were low by 19 ft/sec and high by 0.13 of a degree, respec-
tively, when compared with the more accurate ephemeris data. The con-
ditions obtained from MISTRAM showed the velocity and the flight-path
angle to be high by 4 ft/sec and low by 0.08 of a degree, respectively,
when compared with the later ephemeris data.

4L.3.1.2 Orbit.- Tables 4-VI and 4-VII show the planned and actual
spacecraft orbital elements from insertion to retrofire, and figure L-4
shows the actual apogees and perigees for the same periods. The planned
elements shown in tables 4-VI and 4-VII were those calculated in real
time by the RTCC, and the actual elements in table L-VII were obtained
by integrating the Gemini tracking network vectors after each maneuver.
The maneuvers accomplished to rendezvous and dock with the Gemini X GATV
and to rendezvous with the Gemini VIII GATV are described in more detail
in the following paragraphs. ’

4.3.1.2.1 First rendezvous: The planned trajectory and the actual
trajectory for the first (M=4) rendezvous are presented in figure L-5.
This figure does not show the final braking trajectory. (The relative
trajectory during final braking was determined from onboard radar data.
The trajectory is shown in figures 5.1.5-15 and 5.1.5-16.) The planned
maneuvers, the ground-commanded maneuvers, and the actual maneuvers are
presented in table L-VIII.

The planned trajectory for the initial rendezvous in spacecraft
revolution 4 was obtained from the real-time solution using the Bermuda
revolution 3 vector for the Gemini X GATV and the Ascension revolution 2
vector for the spacecraft. The ground-commanded maneuvers were deter-
mined from spacecraft and GATV vectors as the planned maneuvers were
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updated after each maneuver. The actual trajectory during the initial

rendezvous was reconstructed utilizing anchor vectors obtained from the
best estimated trajectory and the actual maneuvers, as derived from the
Inertial Guidance System (IGS) postflight analysis, applied as instan-

taneous changes in velocity.

After spacecraft orbital insertion, ground computations indicated
a nominal situation for obtaining a fourth-orbit rendezvous. At space-
craft insertion, the range between Spacecraft 10 and the Gemini X GATV
was approximately 1000 nautical miles, and the out-of-plane velocity
error resulting after the GLV ascent yaw steering was 5.4 ft/sec.

At 2:18:11 g.e.t., a phase adjust maneuver ( was initiated near

NCl>
second apogee. The horizontal, posigrade AV of 55.8 ft/sec was applied
with the aft-firing thrusters. The resultant altitude at perigee was
about 117 nautical miles, and the resultant apogee was about 145 nau-

tical miles. At 2:30:49 g.e.t., the plane change (NPC) maneuver was

initiated and required a AV of 10.5 ft/sec.

The coelliptic maneuver (NSR> was initiated at 3:L47:36 g.e.t. and

performed orthogonally with the aft-firing and down-firing thrusters.
The actual AV's applied were 4T ft/sec forward and 5 ft/sec up. The
resultant spacecraft orbit was about 143 by 147 nautical miles, and the
differential altitude (Ah) between the spacecraft and the Gemini X GATV
orbits was about 15.6 to 16.5 nautical miles. Prior to the terminal
phase initiate (TPI) maneuver, the Ah varied from 16.3 to 16.5 nautical
miles with a value of 16.4 nautical miles at TPI.

The TPI maneuver was initiated at 4:33:44 g.e.t. when the elevation
angle to the Gemini X GATV was approximately 26.0 degrees and the range
was about 37 nautical miles. A total AV of L42.3 ft/sec was applied. 1In
computer coordinates, the actual AV applied resulted in a AV, of

X
37.0 ft/sec, AV, of minus 20.5 ft/sec, and a AV, of 0.17 ft/sec. Ground-

Y Z
commanded maneuvers indicated that TPI should occur at 4:34:05 g.e.t.
with a AV of 34.0 ft/sec to be applied. In computer coordinates, the
ground-commanded AV resulted in a AVX of 30.6 ft/sec, AVY of

minus 14.8 ft/sec, and a AVZ of minus 1.2 ft/sec.

For the first midcourse correction, the spacecraft onboard computer
called for 15.0 ft/sec aft, 22 ft/sec down, and 1 ft/sec right in space-
craft body coordinates. In computer coordinates, considering the target
boresighted, this resolves into a AV, of L ft/sec, AVy of 26 ft/sec,
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and a AVZ of minus 1 ft/sec. The actual first midcourse correction
applied resulted in a AVy of minus 2.5 ft/sec, AVy of 20.3 ft/sec,

AVZ of 0.8 ft/sec in computer coordinates. This correction was initiated
at L:46:23 g.e.t.

The actual second midcourse correction, at an angle of orbit travel
to rendezvous (wt) of 33.6 degrees, resulted in a AVX of 29.0 ft/sec, a

AVY of minus 12.2 ft/sec, and a AVZ of minus 5.7 ft/sec in computer coor-

dinates, and the correction was initiated at 4:58:24 g.e.t. The space-
craft onboard computer displayed 1 ft/sec forward, 25 ft/sec down, and

5 ft/sec right in spacecraft body coordinates. In computer coordinates,
the onboard computer AV approximately resolves into a AVX of 23 ft/sec,

AVY of 12 ft/sec, and AVZ of minus 5 ft/sec.

The actual midcourse corrections applied resulted in a non-nominal
closing trajectory, requiring difficult line-of-sight control and braking
thrusts during the last several miles to rendezvous.

The terminal phase finalize (TPF) maneuver was initiated at approxi-
mately 5 hours g.e.t., and braking thrusts were applied almost contin-
uously over the next 15 minutes. At 5 hours 15 minutes g.e.t. the
spacecraft was less than 200 feet from the Gemini X GATV, and the crew
was station keeping. The total translation cost of the terminal phase
maneuvers, including TPI and braking, was approximately 400 pounds of
propellant, which is more than three times the average amount used during
this phase of rendezvous on previous missions.

A detailed evaluation of the spacecraft trajectory between 5 hours
5> minutes and 5 hours 15 minutes g.e.t. is contained in section 5.1.5.
A simulation of the actual trajectory between TPI and TPF is presented in
figure 4-5. The onboard radar outputs and planned profile are also shown
for the same period in figure 4-5. The actual trajectory from TPF to
rendezvous is shown in figures 5.1.5-15 and 5.1.5-16.

4.3.1.2.2 Second rendezvous: The planned trajectory and the actual
trajectory for the rendezvous with the Gemini VIII GATV, a passive target,
are presented in figure 4-6. The planned maneuvers, ground-commanded
maneuvers, and actual maneuvers are presented in table 4,.3-VIII.

The planned trajectory for the second rendezvous was obtained from
a real-time solution of an RTCC vector for the Gemini VIIT GATV, measured
on the day before the launch of Gemini X, and the Bermuda revolution 2
Gemini X GATV vector for the docked vehicles. The ground-commanded
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maneuvers were determined from various spacecraft and GATV vectors as

the planned maneuvers were updated after each actual maneuver. The

actual trajectory during the second rendezvous was reconstructed utilizing
anchor vectors obtained from the best estimated trajectory and the actual
maneuvers, as derived from IGS postflight analysis.

At 7:38:34 g.e.t., the first of the docked configuration maneuvers
was performed. The Gemini X GATV primary propulsion system (PPS) was
used to apply the ground-commanded AV of 420 ft/sec. IGS postflight
analysis indicated that approximately L2Lk ft/sec was actually applied.
This maneuver, a phase adjust maneuver G%Hﬂ)’ raised the spacecraft

apogee to U412 nautical miles, setting up a Spacecraft 10 rendezvous with
the Gemini VIII GATV during revolution 30 of the spacecraft. The PPS was
then used to perform a height adjust maneuver (NCH2> at 20:20:12 g.e.t.

The near-nominal AV of 346 ft/sec lowered the spacecraft apogee to approx-—
imately 206 nautical miles. The final docked PPS maneuver occurred at
22:37:06 g.e.t. and resulted in a AV of 82 ft/sec. The ground-commanded
maneuver AV was 75.7 ft/sec. This maneuver circularized the orbit of

the docked vehicles about nine miles below the orbit of the Gemini VIII
GATV.

Small dispersions in docked maneuvers and inaccuracies in predict- ‘ i)
ing exact forces due to spacecraft drag made it necessary to perform N
several small orbit-shaping maneuvers. At 27:45:36 g.e.t., the Gemini X

GATV secondary propulsion system (SPS) was used to perform a phase adjust

maneuver of 9.7 ft/sec, the first of the shaping maneuvers. The AV of

the ground-commanded maneuver was 7.7 ft/sec. At 41:04:26 g.e.t., the

SPS was used to apply a plane change maneuver of 16 ft/sec, and at

41:35:50 g.e.t., a phase adjust maneuver of 4.k ft/sec. The AV's of

these ground-commanded maneuvers were 1l4.8 ft/sec for the plane change

maneuver and 3.5 ft/sec for the phase adjust maneuver.

Spacecraft 10 was separated from the Gemini X GATV at approximately
Lh:40:16 g.e.t. with a AV of 2.0 ft/sec. This maneuver also served as a
vernier phase adjustment.

A spacecraft corrective combination (NCC> maneuver of 4.2 ft/sec was

applied at 45:5L:01 g.e.t., and a coelliptic CNSR) maneuver of 10.6 ft/sec

at 46:09:29 g.e.t. allowed Spacecraft 10 to achieve a Ah of approximately

7.2 nautical miles with the passive Gemini VIII GATV. This maneuver also

served to control phasing so that TPI would occur at the desired time -
(32 minutes before spacecraft sunset).
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The ground-commanded solution for TPI was very close to the onboard
computed solution based on optical techniques. TPI was applied at
L7:26:4k g.e.t. and resulted in a AV of approximately 22 ft/sec. At TPI,
the relative range between the spacecraft and the passive GATV was about
14.2 nautical miles and the elevation angle to the target was about
31 degrees. Spacecraft corrective maneuvers at 4T7:3L4:10 g.e.t. and
47:38:58 were approximately 4 ft/sec and 1 ft/sec and were computed
entirely by means of onboard optical techniques.

At 47:39:10 g.e.t. the command pilot began braking maneuvers (TPF),
and almost continuous thrusts were applied until station keeping started
at 47:59:22 g.e.t. The total propellant expenditure for the final brak-
ing maneuver was approximately 150 pounds, or only about the same as the
average expenditure for simulations of this type of rendezvous. The crew
reported that the target was stabilized.

4.3.1.3 Reentry.- The planned and actual reentry trajectories are
shown in figure L4-7. The planned trajectory was determined by integrating
the Carnarvon vector in revolution 42 through planned retrofire sequences
determined by the RTCC and then using the Math Flow 7 reentry-guidance
scheme described in reference 15. The Carnarvon vector, taken one revo-
lution before retrofire, was used because the retrofire time that had been
transmitted to the spacecraft was based on that solution. The actual
trajectory was obtained by integrating the White Sands vector from after
retrofire to landing using the Math Flow T reentry-guidance technique.

The times of the events associated with the reconstructed reentry
trajectory agree very well with the actual times of the reentry events.
The reconstructed guidance commands agree with the onboard guidance com-
mands, the maximum acceleration loads compare with telemetry within
0.6g at analogous times, and the parachute deployment altitudes at
recorded sequence times are in accord with those reported in sec-
tion 5.1.11. Table 4-V contains a comparison of reentry dynamic param-
eters and landing points. The actual landing was within three nautical
miles of the planned landing point. (See section 5.1.5 for a more
detailed description of the spacecraft landing coordinates.)

'4.3.2 Gemini Atlas-Agena Target Vehicle

L.3.2.1 Launch.- The Gemini Atlas-Agena Target Vehicle was launched
from an initial azimuth of 105 degrees to a final flight azimuth of
83.85 degrees. Sustainer steering was used to obtain the desired longi-
tude of the ascending node and inclination angle. Minor booster steering
was required. The flight-controller and range-safety plotboards all
indicated a nominal Target Launch Vehicle (TLV) flight.
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The Gemini Agena Target Vehicle (GATV) performed as planned, execut-
ing the 90 deg/min pitch-down rate after separation and continuing this
rate until the D-timer started the minus 3.99 deg/min orbital geocentric
pitch rate. The GATV achieved a nearly circular orbit with a perigee of
156.6 nautical miles and an apogee of 162.0 nautical miles.

The launch trajectory data presented in figure 4-8 are based on the
real-time outputs of the GMCF, the IP 3600, and the Bermuda FPS-16 track-
ing radar. Data from these tracking facilities were used during the

time periods listed in the following table: ”
Facility Time from lift-off, sec
GMCF (GE MOD III) 0 to 355
IP 3600 (TPQ-18, FPS-16) 355 to Lok
Bermuda (FPS-16) Lok to 61k
The actual launch trajectory, as compared with the planned trajec- : \\
tory in figure k-8 was essentially nominal. The differences indicated in S

table 4-IX are not representative of errors or dispersions (see sec-
tion 5.5.5) because the TLV is targeted for coast-ellipse orbital ele-
ments rather than for a specific position and velocity. Table L4-X pre-
sents the targeting parameters and osculating elements at GAATV vernier
engine cutoff (VECO) and GATV insertion.

4.,3.2.2 Orbit.- The GATV was placed into the desired orbit for the
planned Gemini Space Vehicle launch and spacecraft rendezvous (see para-
graph 4.3.1.2.1). Table L4-IX contains a comparison of the planned and
actual insertion conditions of the GATV. The actual conditions were
obtained by integrating the best estimated trajectory orbital fit back
to the time of GATV primary propulsion system (PPS) cutoff.

After the conclusion of the spacecraft flight, the Gemini X GATV
was placed in a circular orbit at an altitude of 190 nautical miles for A
possible use as a passive target during later missions. Table 4-XI con-
tains data concerning these maneuvers, and table 4-XII presents the
orbital parameters before and after these maneuvers. Figure L-9 shows

the altitudes of the apogees and perigees of the Gemini X GATV for the -
entire mission.
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4.3.3 Gemini Launch Vehicle Second Stage

The second stage of the Gemini Launch Vehicle was inserted into an
orbit having apogee and perigee altitudes of 131 and 86.8 nautical miles,
respectively. North American Air Defense Command (NORAD) network track—
ing equipment was able to skin-track the GLV second stage during the
ensuing 25-hour orbitazl lifetime. NORAD predicted reentry in revolu-

tion 16, with a predicted impact point in the Atlantic Ocean east of the
southern tip of Africa.
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TABLE 4-I.- SEQUENCE OF EVENTS FOR GEMINI SPACE VEHICLE LAUNCH PHASE

Time from lift-off, sec

Difference,

et Planned Actual sec

Stage I engine ignition signal (87FS1) -3.k0 -3.26 +0.1k
Stage I MDTCPS make, subassembly 1 -2.30 -2.33 -0.03
Stage I MDTCPS make, subassembly 2 -2.30 -2.32 -0.02
Shutdown lockout (backup) -0.10 -0.10 0.00
Lift-off (pad disconnect separation) 22:20:26.648 G:im.t.

Roll program start (launch azimuth = 98.8 deg) 9.36 9.35 -0.01
Roll program end 20.L48 20.L45 -0.03
Pitch program rate no. 1 start 23.04 23.00 -0.0kL
Pitch program rate no. 1 end, no. 2 start 88.32 88.08 -0.24
Control system gain change no. 1 104.96 104.69 -0.27
First IGS update sent 105.00 105.41 +0.41
Pitch program rate no. 2 end, no. 3 start 119.0k 118.73 -0.31
Stage I engine shutdown circuitry arm 14k .64 1LkL .26 -0.38
Second IGS update sent 145.00 145,41 +0.41
Stage I MDTCPS unmake 151.66 152.3L4 +0.68
BECO (stage I engine cutoff) (87FS2) 152.38 152.38 0.00
Staging switches actuate 152.38 152.38 0.00
Signals from stage I rate gyro package 152.38 152.38 0.00

to Flight Control System discontinued

Hydraulic switchover lockout 152.38 152.38 0.00
Telemetry ceases, stage I 152.38 152.38 0.00
Staging nuts detonate 152.38 152.38 0.00
Stage II engine ignition signal (91FS1) 152.38 152.38 0.00
Control system gain change 152.38 152.38 0.00
Stage separation begin 152.44 153.10 +0.66
Stage II engine MDFJPS meke 152.64 153.02 +0.38
Pitch program rate no. 3 end 162,56 162.13 -0.13
RGS guidance enable 162.56 162.13 -0.43
[First guidance command signal received by TARS 169.00 168.27 -0.73
Stage II engine shutdown circuitry arm 317.k4k 316.58 -0.86
SECO (stage II engine cutoff) (91FS2) 339.7L 340.57 +0.83
Redundant stage II shutdown 339.7h 3L0.61 +0.87
Stage IT MDFJPS breek 340.0L 3L0.71 +0.67
Spacecraft separation (shaped charge fired) 369.74 371.44 +1.70
OAME on 369. 74 370.95 +1.21
OAMS off (final)?® 399.7k 141,65 +41.91

a . :
Over a Tl.T-second time interval two maneuvers were made, a separation maneuver of
0.7 seconds and an Insertion Velocity Adjust Routine (IVAR) maneuver of 34.6 seconds.

UNCLASSIFIED
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TABLE 4-II.~ SEQUENCE OF EVENTS FOR GEMINI SPACECRAFT ORBITAL AND REENTRY PHASES

Ground elapsed time,
Event hr:min:sec Difference,
sec
Planned Actuel

M=4 rendezvous

Phase adjust maneuver 02:18:09 02:18:11 +2

Plane change maneuver 02:30:49 02:30:49 0

Coelliptic maneuver 03:47:34 03:47:36 +2

Terminal phase initiate maneuver 0b:3k4:13 0h:33:k4k -29

First midcourse correction 0L :46:23 -

Second midcourse correction 0k:58:2L -

Terminal phase finalize 05:06:15 05:01:52 -263
Second rendezvous

Phase adjust maneuver 07:38:34 07:38:34

Height adjust maneuver 20:20:12 20:20:12

Coelliptic maneuver 22:37:07 22:37:06 -1

Phase adjust maneuver 27:45:36 27:45:36

Plane change maneuver 41:04:26 L1:04:26

Phase adjust maneuver 41:35:50 41:35:50

Spacecraft separation and phase adjust maneuver| Lk:40:15 4h:40:16 +1

Corrective combination maneuver 45:54:01 45:54:01 0

Coelliptic maneuver 46:09:28 46:09:29 +1

Terminal phase initiate maneuver L7:27:20 L7:26:44 -36

First midcourse correction 47:34:10 -

Second midcourse correction 47:38:58 -

Terminal phase finalize LT:47:31 47:39:10 501
Spacecraft separation maneuver 51:16:00 51:16:00 0
True anomaly adjust maneuver 51:38:51 51:38:52 +1
Equipment adapter separation 70:09:25 70:08:37 -8
Retrofire initiation 70:10:25 70:10:2k -1
Begin blackout 70:3k:L6 870:34:39 -7
End blackout 70:39:34 870:39:26 -8
Drogue parachute deployment TO:41:08 TO:41:3k +26
Pilot parachute deployment, main parachute T0:42:42 70:42:51 +9

initiation
Landing T0:46:L2 70:46:39 -3

®These times were obtained from the actual reentry trajectory simulation because telemetry
signal~strength records were not available.

UNCLASSIFIED
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TABLE L-III.- SEQUENCE OF EVENTS FOR GAATV LAUNCH PHASE

Event Time from lift-off, sec Difference,
Planned Actual see
Lift-off 20:39:46.131 G.m.t.
Booster engine cutoff (BECO) 131.00 130.37 -0.63
Booster engine separation 134.00 133.41 -0.59
Primary sequencer start 276.23 275.50 -0.73
Sustainer engine cutoff 279.20 279.34 +0.14
(SECO)
Vernier engine cutoff (VECO) 297 .47 298.06 +0.59
TLV/GATV separation 300.00 300.70 +0.70
Initiate horizon sensor roll 302.50 302.70 +0.20
control
Start 90 deg/min pitch down 337.23 336.40 -0.83
Stop 90 deg/min pitch down 350.23 349.50 -0.73
Start orbital pitch rate 350.23 349.50 -0.73
SPS ignition 352.23 351.LL -0.79
Open PPS gas generator - 370.23 369.40 ~-0.83
valve
PPS ignition 370.73 370.37 -0.36
SPS thrust cutoff 372.23 371.45 -0.78
Jettison nose shroud 380.23 380.17 -0.06
Velocity meter cutoff 556.19 558.05 +1.86
PPS thrust cutoff backup 564 .50 566.68 +2.18

UNCLASSIFIED
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TABLE L4-IV.- SEQUENCE OF EVENTS FOR GATV ORBITAL PHASE

4-15

Ground elapsed time,

Event hr:min:sec Difference,
sec
Planned Actual

Phase adjust maneuver 07:38:34 07:38:34 0
Height adjust maneuver 20:20:12 20:20:12 0
Coelliptic maneuver 22:37:07 22:37:06 -1
Phase adjust maneuver 27:45:36 27:45:36 0
Plane change maneuver 41:0Lk:26 41:0L:26 0
Phasé adjust maneuver 41:35:50 41:35:50 0
Height adjust maneuver 72:21:07 T2:21:05 -2
Height adjust maneuver 79:11:41 79:11:38 -3
Height adjust maneuver 82:58:08 82:58:06 -2

"UNCLASSIFIED
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TABLE %-V.- PLANNED AND ACTUAL GEMINI LAUNCH

VEHICLE AND SPACECRAFT TRAJECTORY PARAMETERS

Actual
Condition Planned
Preliminary Final
BECO

Time from lift-off, sec . . . . . .. . 152.38 152.38 152,38
Geodetic latitude, deg north . . . . . 28.38 28.38 28.38
Longitude, deg west . .. 79.64 79.65 79.65
Altitude, £ . . . . .. . . .. N 210 860 206 500 206 580
Altitude, n. mi. . . . 3L.7 33.9 3Lk.0
Range, n. mi. . . . . .. . . .. .. L8.8 47.8 47.8
Space-fixed velocity, ft/sec . . . 9 869 9 739 9 Tkl
Space-fixed flight-path angle, deg . . 19.58 19.18 19.19
Space-fixed heading angle, deg east of

north . . . . . . . ... ... e e . 98.18 97.94 97.93

SECO A

Time from lift-off, sec . . . . « . « . . . . 339.7k4 340.57 340.57
Geodetic latitude, deg north . . . . . P 27.12 27.13 27.13
Longitude, deg west . . . . . . e e e 71.94 71.93 T1.9k%
Altitude, £t . . . . ... .. .. . . . . 527 300 527 155 527 252
Altitude, n.mi. . . ... ... e e 86.8 86.8 86.8
Range, n. mi. . . . .. . 4 . o .0 ... 465.3 L65.8 L67.3
Space-fixed velocity, ft/sec . . . . . . . . 25 637 25 633 25 633
Space-fixed flight-path angle, deg c e e e o] 0 0
Space-fixed heading angle, deg east of

morth . . . . . . ... L L. ... 100.66 100.69 100.68

Spacecraft separation

Time from lift-off, sec . . . . . . . . 369.7h 371.L4 371.Lk
Geodetic latitude, deg morth . . . . . . . ., . 26.72 26.72 26.72
Longitude, deg west . . . . . . . . . . . 69.80 69.73 69.73
Altitude, £t . . . . ... ... .. 526 871 526 933 526 933
Altitude, n. mi. . . .. . ... ... . 86.7" 86.7 86.7
Range, n. mi. e e e e e e e . . . 584.3 588.0 588.0
Space-fixed velocity, ft/sec . . N . 25 T19 25 T12 25 T12
Space-fixed flight-path angle, deg .. 0.00 0.01 0.01
Space-fixed heading angle, deg east of

morth . . . . ... 0L oL .. 101.69 101.73 101.73

SR
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TABLE 4-V.- PLANNED AND ACTUAL GEMINI LAUNCH

VEHICLE AND SPACECRAFT TRAJECTORY PARAMETERS - Concluded

Actual
Condition Planned
Preliminary Final
Maximum conditions
E_titude, statute miles . . . . . . .. . . .. 472.6 L7k .0 L74.0
titude, n. mi. . . . .. ... ... ... h11.0 biz.2 hiz.2
Space-fixed velocity, ft/see . . . . . . . . . 25 Tho 25 738 25 738
arth-fixed velocity, ft/sec . . . . . . . . . 24 37k 24 372 24 372
xit acceleration, ¢ . . . . . . . .. .. .. 7.2 T.1 T.1
it dynamic pressure lb/f‘t2 e e e e e e e . T42 TL8 48
Reentry deceleration, g (tracking data) . . . . 6.4 6.1 6.1
Reentry deceleration, g (telemetry data) . . . N/A 5.5 5.5
Reentry dynamic pressure, lb/ft2 e e e e e 416 koo 400
Landing point
Latitude, North . . . . . . . .. . .. ... .| 26deg 3 min| ®26 deg 2 min |°26 deg 45 min
Longitude, West . . . . . . . .. . ... .. .| 72 deg 00 min| ®72 deg 02 min |°71 deg 57 min

aLanding point based on IGS at drogue deploy.

bLanding point based on determinations made on U.S.S. Guadalcanal.
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TABLE L-VI.- SPACECRAFT ORBITAL ELEMENTS
cas 1 d
Revolution Condition P ?Z?e Ac%ﬁ?l
1 Apogee, n. mi. . . . . .. . 1Lks.2 15,1
(Insertion) Perigee, n. mi. . . . . e e 86.7 86.3
Inclination, deg . . . . . . .. 28.89 28.87
Period, min . . . . . . . . . 88.72 88.79
L Apogee, n. mi. e e . . . . 1k7.0 1L45.8
(Before first . .
rendezvous) Perigee, n. mi. . . . . .. . 144.0 143.3
Inclination, deg . . . . e e e 28.86 28.85
Period, min . . . . . . . . . . 89.81 89.88
I Apogee, n. mi. e e e e 162.8 161.9
(After first . .
rendezvous) Perigee, n. mi. . . . . . . . . 158.8 156.5
Inclination, deg . . +« « + « « . . . 28.85 28.85
Period, min . . . . . . . . . ... 90.38 90.56
12 Apogee, n. mi. e e . . .. 411.0 k2.2
(After N..., PPS |perigee, n. mi. « « « o « v o . . . 160.0 158.5
CH1
phase adjustment) |Inclination, deg . . . . . . . . 28.89 28.88
Period, min . . . . . . . . .. 94,92 95.31
2L Apogee, n. mi. . . . . . 4. .. . 210.1 209.9
(After Nopo> FFS  [Perigee, n.omi. . . . . . . . . .. 208.0 205.0
height adjustment)|Inclination, deg . « « + « . + . . . 28.87 28.88
Period, min . . . . . . .. .. 92.15 92.34
29 Apogee, n. mi. .. .. . . 208.9 209.2
(Before second . .
rendezvous) Perigee, n. mi. . . . .. 208.6 205.9
Inclination, deg . . . . . 28.88 28.90
Period, min . . . . . . . . .. 92.13 92.38

®Planned elements are those computed in real time by the RTCC. The apogee
and perigee are measured over a spherical earth with Launch Complex 19 radius.
The periods were calculated by the anomalistic apogee and perigee curve in ref-

erence 12.
b

Actual elements are measured over an oblate earth.

are osculating elements.

UNCLASSIFIED
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TABLE 4-VI.~ SPACECRAFT ORBITAL ELEMENTS - Concluded

. . Planned Actual
Revolution Condition (a) (v)

29 Apogee, mn.mi. . . . . 4 4. e o0 . . 216.2 216.0

(After second . .
rendezvous ) Perigee, nomi. + « v o v v ¢« o v . 216.0 213.5
Inclination, deg . « « « « « « « . . . 28.90 28.91
Period, min . . « ¢« « & v v 4 4 . . . 92.41 92.63
L3 Apogee, n. mi. e e e e e e e e e 216.0 215.5
(Retrofire) Perigee, n.mi. . . . . « . ¢ . . . 158.3 157.9
Inclination, deg « « « « « + « . . . . 28.88 28.87
Period, @88 . « + v ¢ 4 ¢ 4 4 40 o . 91.35 91.48

&planned elements are those computed in real time by the RTCC. The apogee
and perigee are measured over a spherical earth with Launch Complex 19 radius.
The periods were calculated by the anomalistic apogee and perigee curve in
reference 12.

bActual elements are measured over an oblate earth. Period and inclination
are osculating elements.

UNCLASSIFIED
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TABLE L-VII.- SPACECRAFT ORBITAL ELEMENTS BEFORE AND AFTER MANEUVERS
Before maneuver After maneuver
Meaneuver Condition Planned Actual Planned Actual
(a) (v) (=) (b)
First Apogee, n. mi. e 1ks.2 1k5.1 147.0 1h4k.5
lrendezvous |Perigee, n. mi. . 86.7 86.3 118.3 117.2
Pgase adjustitnclination, deg . 28.89 28.87 28.88 28.87
(Vc1) Period, min 88.72 88.79 89.45 89.39
Plane Apogee, n. mi. 147.0 1kk.5 147.0 1kk.s5
change . . 8 8
(N ) Perigee, n. mi. 118.3 117.2 118.3 117.2
EG Inclination, deg . 28.88 28.87 28.86 28.85
Period, min e 89.45 89.39 89.45 89.39
Coelliptic |Apogee, n. mi. 147.0 1L4kL.5 147.0 145.8
(Msg Perigee, n. mi. 118.3 117.2 1444 1L3.3
Inclinetion, deg . 28.86 28.85 28.86 28.85
Period, min . . 89.45 89.39 89.81 89.88
Terminal Apogee, n. mi. 1L47.0 145.8 162.8 160.6
phase . .
initiate Perigee, n. mi. 14h4.0 143.3 bk .Y 1k3.3
(TPI) Inclination, deg . . . . . . . 28.86 28.85 28.84 28.85
Period, min . . . . . . e 89.81 85.88 90.13 90.18
Terminal Apogee, n. mi. 162.8 160.6 162.8 161.9
phase . :
finalize | eTigee, n. mi. 1bh.u 143.3 158.8 156.5
(TPF) Inclination, deg . 28.84 28.85 28.85 28.85
Period, min 90.13 90.18 90.38 90.56
Second Apogee, n. mi. 162.8 161.9 411.0 hi2.2
|zendezvous Iperigee, n. mi. 158.8 156.5 160.0 158.5
Frese 8dJust iy lination, deg . 28.85 28.85 28.98 28.88
(dggked) Period, min 90.38 90.56 9k.92 95.31
Height Apogee, n. mi. 411.0 L12.2 205.7 205.8
al‘é"“s)t Perigee, n. mi. 160.0 158.5 160.0 158.4
taond sy |Inclination, aeg . 28.89 28.88 28.86 28.89
Period, min 9Lk .92 95.31 91.20 91.45

®Planned elements are those computed in reel time by the RTCC. The apogee and perigee are

measured above a spherical earth with Launch Complex 19 radius. The periods were calculated by
the anomalistic apogee and perigee curve in reference 12.

Actual elements are measured above an oblate earth. Period and inclination are osculating
clements.

UNCLASSIFIED
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TABLE 4-VII.- SPACECRAFT ORBITAL ELEMENTS BEFORE AND AFTER MANEUVERS - Continued
Before maneuver After maneuver
Maneuver Condition Planned Actual Planned Actual
(a) {v) (a) (v)
Coelliptic Apogee, n., mi. “ e e . 205.7 205.8 207.2 208.7
(NSR) Perigee, n. mi. . . e 160.0 158.4 203.9 203.9
(docked) R .
Inclination, deg . . . . 28.86 28.89 28.85 28.88
Period, min . . . . .. . 91.20 91.L45 92.00 92.18
Phase adjust|Apogee, n. mi. c e e 207.2 208.7 210.1 209.9
(NCl) Perigee, n. mi. c e e e 203.9 203.9 208.0 205.0
(dockea) Inclination, deg . . . . . . 28.85 28.88 28.87 28.88
Period, min . . . . . 92.00 92.18 92.15 92.34
Plane Apogee, n. mi. . e . 210.1 209.9 210.1 209.9
change i ' 08 208.0 20
(Npc) Perigee, n. mi. . . . . 208.0 205.0 . 5.0
(docked) Inclination, deg . . . . . . 28.87 28.88 28.87 28.87
Period, min . . . . ... . 92.15 92.34 92.15 92.34
Phase adjust|Apogee, n. mi. e e e e 210.1 209.9 208.8 208.5
(NCl) Perigee, n. mi. e e e e 208.0 205.0 207.1 205.5
(docked) e
Inclination, deg . . . 28.87 28.87 28.87 28.90
Period, min . . . e e . 92.15 92.34 92.11 92.32
Separation |Apogee, n. mi. e e e e 208.8 208.5 209.2 208.2
(NCl) Perigee, n. mi. . . 207.1 205.5 207.9 205.4
Inclination, deg . . . . . . 28.89 28.90 28.91 28.91
Period, min . . . . .. . . 92.11 92.35 92.13 92.35
Corrective |Apogee, n. mi. e e e 209.2 208.2 208.9 209.2
E;mb3n3t1°“ Perigee, n. mi. . . ... . 207.9 205.4 208.6 205.9
ce Inclination, deg . . . . . . 28.91 28.91 28.88 28.90
Period, min . . . . 92.13 92.35 92.13 92.38
Coelliptic (Apogee, n. mi. e e e e 208.9 209.2 208.8 208.9
(NSR) Perigee, n. mi. . .. 208.6 205.9 208.3 206.1
Inclination, deg . . . . . 28.88 28.90 28.90 28.91
Period, min . . . . . .. . 92.13 92.38 92.13 92.36

®planned elements are those computed in real time by the RTCC.

measured above a spherical earth with Launch Complex 19 radius.
the anomalistic apogee and perigee curve in reference 12.

b
Actual elements are measured above an oblate earth.

elements.

UNCLASSIFIED

The apogee and perigee are
The periods were calculated by

Period and inelination are osculating
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TABLE 4-VII.- SPACECRAFT ORBITAL ELEMENTS BEFORE AND AFTER MANEUVERS - Concluded

Before maneuver After maneuver
Maneuver Condition
Planned Actual Planned Actual
(a) (v) (a) (v)
Terminal Apogee, n. mi. e e e e e 208.8 208.9 217.0 216.8
phase Perigee, n.mi. . . . ... .| 208.3 206.1 209.4 207 .4
initiate
(TPI) Inclination deg . + . . . . . 28.90 28.91 28.90 28.90
Period, min . « « « « « « . . 92.13 92.36 92.30 92.61
Terminal Apogee, n. Mi. . . . . . . . 217.0 216.8 216.2 216.0
phase Perigee, n.mi. . . . . . . .| 209.4 207.4 216.0 213.5
finalize
(TPF) Inclination, deg . . . . . . . 28.90 28.90 28.90 28.91
Period, min . . . . .« . . . . 92.30 92.61 92.41 92.63
After Apogee, n. mi. e e e e e 216.2 216.0 216.0 215.5
separation Perigee, n.mi. . . . « . . . 216.0 213.5 158.3 157.9
nge :“°maly Inclination, deg . . . . . . .| 28.90 28.91 28.88 28.87
adjus
Period, min . . . . . . . . . 92.41 92.63 91.35 91.48

Bplanned elements are those computed in real time by the RTCC. The apogee and perigee are
measured above a sphericel earth with Launch Complex 19 radius. The periods were calculated by
the anomalistic apogee and perigee curve in reference 12.

bActual elements are measured above an oblate earth. Period and inclination are osculating
elements.

UNCLASSIFIED
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TABLE 4-VIII.- RENDEZVOUS MANEUVERS

Maneuver Preflight planned Ground-commanded Actual
First rendezvous
Phase adjust (NCl)
Initiate time, g.e.t. 2:18:11 2:18:09 2:18:11
AV, ft/sec . . . 55.8 55.9 55.8
Pitch, deg . . .. 0.0 0.0 0.0
Yaw, deg B 0.0 0.0 0.0
At, sec .« .. T4.0 T5.0 75.0
Plane cyange (NPC)
Initiste time, g.e.t. 2:33:09 2:30:49 2:30:49
AV, ft/sec . . . . . 9.2 9.6 10.5
Pitch, deg I 0.0 0.0 2.0
Yaw, deg . . . . 90.0 90.0 90.0
Ot, sec . . . . . . 12.0 13.0 895.0
Coelliptic (NSR)
Initiate time, g.e.t. 3:47:32 3:47:34 3:47:36
AV, ft/sec .. 48.6 L48.7 bh?.s
Pitch, deg . . . . . 9.2 9.0 5.0
Yaw, deg . . .. 0.0 0.0 0.0
At, sec . . . . . 6L.0 65.0 65.0

®The time interval (at) indicated here is the amount of time that was taken to perform the
maneuver which includes the zeroing of the IVI.

bThis maneuver was performed orthogonally, with AV's of 47 ft/sec forward and 5 ft/sec up.

UNCLASSIFIED
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TABLE L-VIII.- RENDEZVOUS MANEUVERS - Continued

c
VX, VY’ VZ , ft/sec .

At, sec e s e s e s e

First midcourse correction
Initiate time, g.e.t. B

AV, ft/sec . . .« . . .

Pitch, deg . . . - . . . .
Yaw, deg . . . . . . . .
V. A% v ¢

x> Vyo Vg s ft/sec . . .
At, sec . .+ + . o o o . .

Second midcourse correction

Initiate time, g.e.t. . .
AV, ft/seec . . . . . . .
Pitch, deg . . . . . . .
Yaw, deg . . . . . . . .

c
VX’ Vy’ VZ , ft/sec . . . .
At, sec . . . . o . 0. .

Not computed

Ls.0

Not computed

Not computed

Not computed

Not computed

30.6, -14.8, -1.2

45.0

Not sent

Not sent

Not sent

Not sent

Maneuver Preflight planned Ground-commanded Actual
First rendezvous - Continued
Terminal phase initiate (TPI)
Initiate time, g.e.t. L:35:58 4:34:05 L:33:L4
AV, ft/sec . . 35.0 34.0 2.3
Piteh, deg . . 26.5 26.7 d26.2
Yaw, deg . . . 0.0 0.2 dO.O

37.0, -20.5, 0.2

a

55.0

L:u6:23.k
20.4

4u2.0

dl.2

-2.5, 20.3, 0.8

54.0

L:58:2L

32.0

3.0

6.0

29.0, -12.2, -5.7

873.0

BThe time interval (At) indicated here is the amount of time that was taken to perform the

maneuver which includes the zeroing of the IVI.

c

VX’ VY, VZ are the velocity vector components in computer coordinates. V, is positive in

the direction of motion, V

the right of the orbit path {South).
d

Approximate line-of~sight angles to target during corrections.

UNCLASSIFIED
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Y is positive towards the center of the earth, and VZ is positive to
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TABLE 4-VIII.- RENDEZVOUS MANEUVERS - Continued

425

Maneuver

Preflight planned

Ground-commanded

Actual

First rendezvous - Concluded

Terminal phase finalize
(TPF) (braking)

Initiate time, g.e.t.
AV, ft/sec . . .
Pitch, deg . . . . .
Yaw, deg . . . .

At, sec e e e e

Not computed

Not computed

Not sent

Not sent

5:01:52

f900

Second rendezvous

Height adjust (

Phase adjust (NCHl)

Initiate time, g.e.t.
AV, ft/seec . . . . .
Pitch, deg . . . . .
Yaw, deg . . . . . .

At, sec s s s e

Vo)

Initiate time, g.e.t.
AV, ft/sec . . . .
Pitch, deg . . .

Yaw, deg . . . . . .

At, sec

€7:39:42

420.0

£20:20:57
336.2

0.0

180.0

76.0

T:38:34
420.0

0.0

79.0

20:20:12
340.0
0.0
180.0

78.0

T:38:34
423.6

0.0

80.0

20:20:12
346.2
0.0
180.0

78.0

©This is the resultant AV applied during the braking; however, the total AV expended during

the semi-optical approach was about 350 ft/sec.

f‘Brakiné lasted intermittently for about 15 minutes.

8pPS 75 percent full thrust.
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TABLE 4-VIII.- RENDEZVOUS MANEUVERS - Continued

Maneuver Preflight planned Ground-commanded Actual
Second rendezvous -~ Continued
Coelliptic (NSR)
Initiate time, g.e.t. . 22:37:53 22:37:07 22:37:06
AV, ft/sec . . . 8h4. 4 75.7 82.2
Pitch, deg . . . -7.0 0.0 0.0
Yaw, deg .. . 0.0 0.0 0.0
At, sec .. 69.0 69.0 70.0
Phase adjust (NCl)
Initiate time, g.e.t. Not computed 27:45:36 27:45:36
AV, ft/sec . . . Not computed 7.7 9.7
Pitch, deg . . 0.0 0.0
Yaw, deg . e . . 0.0 0.0
At, sec e e e e . 9.0 10.0
Plane change (NPC)
Initiate time, g.e.t. . Not computed 41:0k4:26 41:04:26
&V, ft/sec . . . .. Not computed 1.8 16.0
Pitch, deg . . . 0.0 0.0
Yaw, deg P . -90.0 -90.0
At, sec [ . 17.0 20.0
Phase adjust (NCl)
Initiate time, g.e.t. . Not computed 41:35:50 41:35:50
AV, ft/sec . . . Not computed 3.5 L.u
Pitch, deg .« . . 0.0 0.0
Yaw, deg . . . . 180.0 180.0
At, sec C e 5.0 4.0

RN
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TABLE 4-VIII.- RENDEZVOUS MANEUVERS - Continued
Maneuver Preflight planned Ground-commanded Actual
Second rendezvous - Continued
Separation
Initiate time, g.e.t. . Not computed LL:40:15 hL:40:16
AV, ft/sec . . . . . . . . Not computed 1.5 2.0
Pitch, deg . . . . . .« . . 0.0 0.0
Yaw, deg . . . . <« . . . 0.0 0.0
At, sec e e e e e e e e s 3.0 3.0
Corrective combination (NCC)
Initiate time, g.e.t. . Not computed L5:54:01 45:54:01
AV, ft/sec . . . . . .. Not computed L.2 4.2
Pitch, deg . + « « « « . 65.0 65.0
Yaw, deg . . . . . -53.0 -53.0
At, SEC v &« o 4 4 . s 6.0 6.0
Coelliptic (NSR)
Initiate time, g.e.t. . . Not computed L6:09:28 46:09:29
AV, ft/sec .« ¢« « v ¢ o o . Not computed 9.8 10.6L
Pitch, deg . . . . . . . -85.0 -85.0
Yaw, deg . .« .« . ¢ o+ o . 0.0 0.0
At, sec e h e e e e e e 12.0 15.0
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TABLE L4-VIII.- RENDEZVOUS MANEUVERS - Continued

Maneuver Preflight planned Ground-commanded Actual
Second rendezvous - Continued
Terminal phase initiate (TPI)
Initiate time, g.e.t. Not computed L47:27:20 LT7:26:44
&N, ft/sec . . Not computed 25.1 22.3
Pitch, deg . . . .« . . . 32.9 d31.0
Yaw, deg . . . . . . . . -0.1 dO.O
Vys Vg vzc, ft7sec . 21.5, -12.5, -3.2 [18.0, -12.0, -0.6
A, s€C . . v 4 4. e . . 31.0 26.0
First midcourse correction
Initiate time, g.e.t. . Not computed Not sent L7:3k4:10
AV, ft/sec . . . . .‘. . . Not computed Not sent L.L
Pitch, deg . - « + « - . dun.0
Yaw, deg . .+ + o o . . . d3.0
Vs Vys vzc, ft/sec . . . k.2, 1.2, 0.2
At, sec e e e e e e 9.0
Second midcourse correction
Initiate time, g.e.t. . Not computed Not sent 47:38:58
AV, ft/seec . . . . . . . Not computed Not sent 0.9
Pitch, deg . + « + . . . . 4s6.0
Yaw, deg . . . . . . . . dg,o
Vys Voo VZ", ft/sec . . 0.5, -1.3, -0.L
At, sec e e e e s e . 1.2
v is positive in

the direction of motion, VY

the right of the orbit path

is positive towards the center of the earth, and V

(south).

x? Vy, VZ are the velocity vector components in computer coordinates. V

dApproximate line-of-sight angles to target during corrections.

UNCLASSIFIED
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TABLE L-VIII.. RENDEZVOUS MANEUVERS - Concluded

L-29

Maneuver Preflight planned Ground-commanded Actual
Second rendezvous - Concluded
Terminal phase finalize
(TPF) (braking)
Initiate time, g.e.t. P Not computed Not sent 47:39:10
AV, ft/sec . . . . . . . .. Not computed Not sent h28.5
Pitch, deg . . . . . . « . . ’
Yaw, deg . . . . . . . . ..
At, sec e s v w e e e e i1200

hThis is the resultant AV applied during the braking; however, the total AV expended during

the approach was about 160 ft/sec.

lBra.king was performed intermittently for about 20 minutes.
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TABLE 4-IX.- PLANNED AND ACTUAL TLV AND GATV TRAJECTORY PARAMETERS

Actual
Condition Planned
Preliminary Final

BECO
Time from lift-off, sec . . + « « « ¢« « « « . 131.00 130.43 130.37
Geodetic latitude, degnorth . . . «. « + « « &« « . . 28.57 28.56 28.56
Longitude, deg west 79.74 79.75 T9.75
Altitude, ft . . . . . . . 197 379 198 000 197 776
Altitude, n. mi. 32.5 32.6 32.6
Range, n. mi. . . . . . e e e e e e e e e e e e L42.9 k3.1 2.9
Space-fixed velocity, ft/sec . . . . . . . . 9 835 9 825 9 818
Space-fixed flight-path angle, deg . 21.37 21.45 21.46
Space-fixed heading angle, deg east of north . . . . BL.96 85.20 85.20

SECO
Time from 1ift-off, S€C . « « v & « « v o o o & o . 279.20 279.3k 279.3k
Geodetic latitude, degnorth . . . . . . . « « . . . 28.92 28.89 28.89
Longitude, deg West . « « « v v v 4 e e e 4 e e . T4.66 T4.63 T4.6L
Altitude, ft . . . . . . . e e e e e . 655 T62 658 500 658 L82
Altitude, n. mi. 107.9 108.4 108.4
Range, n. mi. . . . . . . e e e e e e e e 311.4 313.5 313.1
Space~-fixed velocity, ft/sec . . . . « « « & v « . . 17 637 17 620 17 610
Space-fixed flight-path angle, deg . . . . . . . . . 10.22 10.21 10.19
Space-fixed heading angle, deg east of north . . 87.20 87.70 87.21

VECO
Time from lift-off, S€C . v v & & v « o « .« . 297 .47 298.07 298.09
Geodetic latitude, degnorth . . . . . . . . . . .. 28.95 28.93 28.93
Longitude, deg west . . + . ¢ v v 4 4 v e 4 0. . . 73.78 73.74 73.7L
Altitude, ft . . . . . . . 710 315 713 800 713 993
Altitude, n. mi. . . . . . . L 000 e e e 116.9 117.5 117.5
Range, n. mi. . . . ... e e e e e e e e e e e 357.9 360.6 360
Space-fixed velocity, ft/sec . . . 17 569 17 561 17 560
Space-fixed flight-path angle, deg . . . . . . . . . 9.30 9.22 9.23
Space-fixed heading angle, deg east of north . . 87.67 87.68 87.68

PPS start

Time from lift-off, sec . . . . . . . e e 370.23 370.37 370.37
Geodetic latitude, degnorth . . . . . v « « v « . . 29.04 29.01 29.01
Longitude, deg west . . v v . 4 v 4 4 4 e e e w . . 70.28 T70.34 70.3k4
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TABLE 4-IX.- PLANNED AND ACTUAL TLV AND GATV TRAJECTORY PARAMETERS - Concluded
Actual
Condition Planned
Preliminary Final
PPS start - concluded
Altitude, £t . . . . . . . .. . 0L, 874 9k1 875 500 875 500
Altitude, n. mi. . 1kk.0 1kk.1 14,1
Range, n. mi. . . . . . . . . 542 537 537
Space-fixed velocity, ft/sec . . . . . . . 17 288 17 295 17 295
Space~fixed flight-path angle, deg . . . . . . . 5.50 5.75 5.75
Space-fixed heading angle, deg east of north . 89.51 98.56 89.56
GATV insertion
Time from lift-off, sec . 556.39 558.27 558.27
Geodetic latitude, deg north . 28.65 28.61 28.61
Longitude, deg west . e 59.60 59.49 59.k49
Altitude, £t . . . . . .. .. ... .. 981 051 979 215 979 215
Altitude, n. mi. . . . 161.5 161.2 161.2
Range, n. mi. . . . .. .. . ... . 1105 1111 1111
Space-fixed velocity, ft/sec . . . . 25 368 25 366 25 366
Space-fixed flight-path angle, deg . .01 -.03 -.03
Space-fixed heading angle, deg esst of north . 94,91 9Lk.91 9k .91
Maximum conditions

Altitude, statute miles . . ., . 862 862 862
Altitude, n. mi.. . 750 750 750
Space-fixed velocity, ft/sec . . . . . . 25 368 25 367 25 367
Earth-fixed velocity, ft/sec . . . 23 970 23 969 23 969
Exit acceleration, g . . . . 6.3 6.3 6.3
Exit dynemic pressure, lb/f‘t2 e 95 967 967
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L-X.- PLANNED AND ACTUAL GAATV

CUTOFF AND GATV INSERTION CONDITIONS

Condition Planned Actual Difference
VECO targeting parameters
Semi-major axis, n. mi. e 2331 2330 -1
Eccentricity . ... . . . . 0.5k436 0.5k437 +0.0001
Inclination, deg . . 28.88 28.86 -0.02
Inertial ascent node, deg . . 153.09 153.10 +0.01
VECO osculating elements
Apogee altitude, n. mi. . . . . 158.1 158.0 -0.1
Perigee altitude, n. mi. . . . . -2376.9 -2377.3 -0.4
Period, min . . . . . . . . . LT7.07 L47.07 0.0
Inclination, deg « . « +» « « . . 28.88 28.86 -0.02
True anomaly, deg . « + « « « & 172.00 172.07 +0.07
Argument of perigee, deg . -86.24 -86.28 -0.04
Insertion osculating elements
Semi-major exis, n. mi. . . . 3604 3603 -1.0
Eccentricity . . . . . . 0.0008 0.0008 0.0
Inclination, deg . . . « . . . . 28.88 28.85 -0.03
Inertial ascent node, deg . 153.30 153.42 +0.12
Apogee altitude, n. mi. . . 167.1 16L4.3 -2.8
Perigee altitude, n. mi. 161.4 158.5 -2.9
Period, min . . . . . . . . 90.50 90.L46 -0.04
True anomaly, deg . + . . . . . 13.85 -45.92 &.59.77
Argument of perigee, deg . . . . 85.12 144,89 8459.77

aThese elements are not

well defined for circular orbits.
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TABLE 4-XI.- GATV MANEUVERS AFTER SPACECRAFT LANDING
Condition Ground Actual
Commanded
First PPS maneuver
Maneuver initiate, g.e.t., hr:min:sec . . T2:21:07 T2:21:05
AtB’ SEC ¢ 4 4 4 . . o e . 30 30
AV, ft/sec . 856.8 845.3
Pitch, deg . . 0 -1.3
Yaw, deg . . 0 +2.2
Second PPS maneuver
Maneuver initiate, g.e.t., hr:min:sec . . .| 79:11:k41 79:11:38
AtB’ sec . 31 29.3
AV, ft/sec . . . . . . . . 886.3 865.7
Pitch, deg . . . . . . . . 0 -1.9
Yaw, deg . + ¢ ¢« v 4 e . . . 180 181.8
SPS maneuver
Maneuver initiate, g.e.t., hr:min:sec . 82:58:08 82:58:06
AtB’ sec . 12 11.7
AV, ft/sec .. 32.2 32.7
Pitch, deg . . . 0 -0.2
Yaw, deg + « ¢« & ¢ o o 0 . . . 180 180
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TABLE 4-XII.- COMPARISON OF GEMINI X GATV ORBITAL ELEMENTS
Revolution Condition Planned Actual
(a) (v)
1 Apogee, n. mi. R e e 163.3 162.0
(Insertion) Perigee, n. mi. . . . . e e 158.6 156.6
Inclination, deg . . . . Ce e 28.86 28.87
Period, min . . . . . . e e 90.50 90.56
12 Apogee, n. mi. . . . . .. . 411.0 Li2.2
(After Neyy» PPS 1o igee, n. mi. . . . . ... | 160.0 158.5
phase adjustment) Inclination, deg . . . e e 28.89 28.88
Period, min . . . . . . .| 9k.92 95.31
24 Apogee, n. mi. R - e e 210.1 209.9
(After Noyy» PPS  |o ieee, n. mi. . . . . . .| 208.0 205.0
height adjustment) Inclination, deg . . . . e e . 28.87 28.88
Period, min . . . . e e e 92.15 92.3
29 Apogee, n. mi. .« e e . e e . 209.0 209.2
(Before second . .
rendezvous ) Perigee, n. mi. . . . . e e 207.0 205.9
Inclination, deg . . . . e e s 28.88 28.90
Period, min . . . e . . . 92.13 92.38
L6 Apogee, n. mi. . . . . . . . 750.5 750.0
(Before parking) Perigee, n. mi. . . . . . .. 208.6 208.2
Inclination, deg . . . e e . 28.91 28.89
Period, min . . . . . . | 102.60 102.75
52 Apogee, n. mi. . . . 190.2 190.3
(After parking) Perigee, n. mi. . e e 190.2 187.6
Inclination, deg . . e e 28.90 28.91
Period, min . . . . . . e 91.45 91.67
&planned elements are those computed in real time by the RTCC. The apogee

and perigee are measured over a spherical

reference 12.
b

Actual elements are measured over an oblate earth.

are osculating elements.

earth with Launch Complex 19 radius.
The periods were calculated by the anomalistic apogee and perigee curve in
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{a} Altitude and range,

Figure 4-3. - Trajectory parameters for GLV/spacecraft launch phase,
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Figure 4-3. - Continued.

(c) Earth-fixed velocity and flight-path angle,
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Figure 4-3. - Continued.
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Figure 4-3. - Concluded,
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5.0 VEHICLE PERFORMANCE

5.1 SPACECRAFT PERFORMANCE

5.1.1 Structure

The spacecraft strueture sustained all loads satisfactorily, and all
mechanisms functioned properly except that the aft handrail on the adapter
deployed improperly and the recovery beacon antenna did not deploy. The
dynamic response of the Spacecraft 10/Gemini Agena Target Vehicle docked
configuration to the excitation of the Gemini Agena Target Vehicle (GATV)
primary propulsion system firings was as expected. The hatch opened and
closed easily during all three operations in orbit. Reentry trim atti-
tude, lift-to-drag ratio, and heating were nominal.

5.1.1.1 Handrail and recovery antenna anomalies.- The extravehic-
ular pilot reported that the aft handrail on the adapter did not deploy
properly. He reported that the forward end was up and the aft end down.
A parallelogram mechanism should have deployed both ends of the handrail
so that it would be parallel to the adapter surface. The handrail is
normally released when the spacecraft separates from the launch vehicle
second stage. This action releases a stop which allows the handrail to
be spring-driven aft about a quarter of an inch and to disengage from a
hold-down flange at each end. After handrail release, the mechanism is
spring-driven from the forward crank link to an upright position. It is
believed that the forward end of the handrail released first and started
deploying upward before the aft end was unlocked. This action would jam
the mechanism in the position described by the pilot. The design is being
corrected by providing less engagement of the aft end of the handrail with
the hold-down flange to ensure that the aft end releases before the for-
ward end. )

The recovery beacon antenna did not deploy because the D-5 ablative
material covering the parachute line trough did not shear out properly.
The parachute bridle line should shear the D-5 material on both sides ot
the trough, and the material should come off to permit the antenna to
deploy. Instead, the parachute bridle line sheared only one side; con-
sequently, the D-5 material acted as a flap and held the antenna down.
The D-5 material has an inverted fiber glass channel bonded to it at each
of the two antenna locations. Each channel section fits down over the
bridle line to acquire the proper tear-out loading on the D-5 material.
It is possible that the bridle line was inadvertently shifted under one
flange of the channel while a minor change was being made in the UHF
antenna. It is also possible that a rotation of the spacecraft on the
main-parachute bridle could have caused the two-point bridle to shear
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out on only one side (see section 5.1.11). Investigation is continuing
to determine if corrective action should be taken either in the design
or in the installation procedure.

5.1.1.2 Spacecraft 10/GATV dynamic response.- One orbit prior to
the first docked GATV primary propulsion system (PPS) firing, the docked
Spacecraft 10/GATV configuration was tested for verification of the first
bending-mode design parameters. Frequency and damping of this mode indi-
cate the structural integrity of the joined vehicles and the degree to
which the structural dynamics of the joined vehicles will couple with
the GATV control system dynamics and affect the overall "flexible body"
system stability. The spacecraft Orbital Attitude and Maneuver System
(OAMS) thrusters were used to excite the mode, and accelerometers in the
spacecraft adapter measured the response.

A frequency of four cps was measured for the fundamental mode. This
was about ten percent higher than the 3.3 to 3.7 cps expected; however,
the higher frequency provides a greater stable-gain margin. Cross cou-
pling, which is the cross-axis response compared with the forced-axis
response, was measured to be 20 percent maximum. Studies had shown that
structural cross coupling would not significantly affect the stability
of the coupled vehicle system, although a value as high as 50 percent
had been investigated. However, it was necessary to measure the cross
coupling because of its effect upon damping measurements. With a large
amount of cross coupling, the mode can appear to be highly damped in one
axis, when actually the damping may be quite low and the energy is
simply transferring to some other axis.

The damping ratio of the first bending mode was found to be between
L.5 and 5.5 percent for the pitch axis and between 5.5 and 6.5 percent
for the yaw axis, after accounting for the cross coupling influence.
This range is higher than the 1.5 percent to 4.0 percent expected and is
considerably above the 0.8-percent damping which would give zero-
stability margin. Ground tests had indicated that damping might be as
low as two percent. The GATV control system network was compensated to
give at least *6 dB stable-gain margin for structural damping of 1.5 per-
cent.

Hence, the inflight dynamic response test indicated that all
structural parameters, frequency, cross coupling, and damping were such
as to provide conservative stability margins. This finding was con-
firmed by the first PPS maneuver when the structural mode was excited
to an amplitude of less than 0.0bg peak-to-peak by the ignition tran-
sient, and the oscillations were quickly damped in a few cycles with only
a low-amplitude 0.83 cps GATV fuel-slosh oscillation which persisted
until PPS cutoff.
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5.1.1.3 Reentry aerodynamics and heating.- The environment experi-
enced by the spacecraft during reentry was as expected and was well
within the spacecraft limits. The apparent heat shield stagnation point
measured 17.2 inches below the centerline, which tends to confirm the
predicted trim angle of eight to ten degrees.

The peak reentry stagnation heating rate was L8 Btu/ftz/sec as
determined by a trajectory fitting technique and comparison with 1lift-
to-drag parameters. The total stagnation heat sustained was about

7950 Btu/ft.

5.1.2 Communications System

All spacecraft communications equipment performed in a satisfactory
manner and without evidence of malfunction. During the postflight
debriefings and data analyses, a few areas of minor concern were noted
and investigated.

Nine tapes of acceptable quality were recorded on the spacecraft
voice tape recorder during the mission. Portions of both transmitted and
received voice communications were recorded.

The reentry communications blackout was predicted to occur from
70:34:46 to 70:39:34 ground elapsed time (g.e.t.). Real-time telemetry
signal-strength charts were not available to verify the blackout times.

5.1.2.1 UHF voice communications.- UHF voice communications were
satisfactory for mission support during launch and during the orbital
phase of the mission. Voice communications were excellent between the
spacecraft and the recovery forces from shortly after the predicted time
of communications blackout until after landing. ’

5.1.2.2 HF voice communications.- HF voice communication equipment
is included in the Gemini spacecraft for emergency purposes during orbital
flight and to aid in locating the spacecraft after landing. The HF
equipment was not needed while in orbit and was not used. Because of
the accurate landing and immediate recovery, the HF equipment was not
used for direction-finding or voice communications after landing.

5.1.2.3 Radar transponders.- The operation of the C-band radar
transponders was satisfactory, as evidenced in the excellent tracking
information supplied by the network stations.
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5.1.2.4 Digital Command System.- The performance of the Digital
Command System (DCS) was satisfactory throughout the mission. Flight
control personnel reported that all commands sent to the spacecraft were
validated.

5.1.2.5 Telemetry transmitters.- Satisfactory operation of all
telemetry transmitters was indicated by the quantity and quality of data
received. Several network signal-strength charts were reviewed, and the
signal levels were found to be more than adequate for good telemetry
reception and tracking.

5.1.2.6 Antenna systems.- All antennas which were deployed operated
properly during the mission, as evidenced by the adequate performance of
the communications system. The HF whip antenna installed on the adapter
assembly was not extended in orbit, and the HF whip antenna installed
on the reentry assembly was not deployed for the postlanding phase of
the mission.

The UHF recovery beacon antenna failed to deploy at spacecraft two-
point suspension on the main parachute. Postflight inspection revealed
that the part of the tear strip which covered this antenna was torn on
only one side and remained in place, preventing deployment of the antenna
(see section 5.1.1).

5.1.2.7 Recovery aids.- All communication recovery aids operated
normally. The UHF recovery beacon was turned on after spacecraft two-
point suspension on the main parachute; however, because the UHF recovery
beacon antenna failed to deploy, reception of beacon signals was reported
only by aircraft in the immediate vicinity of the spacecraft.

UHF voice communications between the spacecraft and the recovery
forces were satisfactory. The flashing light extended normally, but its
use was not required and it was not turned on by the crew. During the
recovery prior to opening the hatches, communication between the swimmers
and the crew was excellent. The operation of spacecraft recovery aids
is further discussed in section 6.3.3.

5.1.3 Instrumentation and Recording System

The Instrumentation and Recording System performed satisfactorily
throughout the mission. The PCM tape recorder was used continuously
from before lift-off until seven minutes after landing, and excellent
data were obtained. The remote PCM multiplexers, however, experienced
a brief period of continuous resets from L8:58:11.3 to 49:05:38.1 g.e.t
during the umbilical extravehicular activity (EVA).
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5.1.3.1 Umbilical EVA resets.- During the umbilical EVA, the
reentry and the adapter low-level remote PCM multiplexers and the adapter
high-level remote PCM multiplexer were spuriously reset continuously over
two time periods—from 48:58:11.3 until 48:58:46.6 g.e.t., a period of
35.3 seconds; and from 48:59:25.5 until 49:05:38.1 g.e.t., a period of
six minutes and 12.6 seconds. The manual oxygen heater was turned on at
48:43:07 g.e.t., operated continuously during this period, and was turned
off at 49:05:2k g.e.t., within 1L seconds of the time the continuous
resets completely stopped, but this time was almost coincidental with the
end of the resets on both low-level multiplexers. The continuous reset
periods and the period of manual heater operation are shown in
figure 5.1.3-1 with reference to the pilot's extravehicular activity.
The cause of these resets has not been established, but an investigation
into the possible causes is underway.

5.1.3.2 System performance.- Satisfactory operation was obtained
from all 241 parameters monitored during this mission.

5.1.3.3 Delayed-time data quality.- The quality of the delayed-
time data received at the Cape Kennedy, Hawaii, and Antigua ground
stations is summarized in table 5.1.3-I. This table represents 21 of
the 43 delayed-time data dumps as well as data from the last orbit and
reentry recovered from the onboard PCM tape recorder. For all ground
stations and the onboard PCM tape recorder, the usable data exceeded
99.5 percent of that recorded. All percentages were derived from
computer-processed data edits. The excessive data losses at Hawaii are
attributed to the low signal-to-noise ratios associated with a low
elevation-angle pass during revolution 31.

5.1.3.4 Real-time data quality.- Proper operation of the delayed-
time PCM tape recorder during this mission resulted in a minimum require-
ment for computer processing of the real-time telemetry data. From the
computer-processed time edits which were accomplished, the following
percentages of usable data were obtained:

Station Revolution Usa;iicgiza’
mee-x 1/2 99.8
Hee-K 2/3 99.27
HAW 3 agg . 5
o s 99.35

&Maximum elevation angle = 16 degrees.
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5.1.4 Environmental Control System

The performance of the Envirommental Control System (ECS) was gener-
ally good throughout the mission. All parameters were as expected except
those reported herein.

5.1.4.1 Coolant temperature control valve.,- During the early por-
tion of the mission, the temperature of the coolant out of both ECS
coolant temperature control valves was above the normal control range
of 36° to L2° F for short periods of time. This occurred at ground
elapsed times of approximately 1 1/2 hours, 3 hours, and 6 1/2 hours,
and the peak temperatures during these periods were 50° F, L7° F, and
L6° F, respectively. Each of these temperature rises occurred near the
end of a dayside period when the radiator outlet temperature is normally
at a maximum. The spacecraft electrical load was approximately 60 am-
peres at the time of these temperature peaks. Computations based upon
previous flight and test data indicate that such power levels can result
in peak radiator outlet temperatures of this magnitude. This, then,
would cause the outlet temperature of the ECS coolant temperature control
valve to be above the normal control band.

At approximately 8 hours 30 minutes g.e.t., the temperature of the
coolant out of the primary ECS coolant temperature control valve began
to decrease from the nominal 40° F control point and was down to 32° F
by approximately 13 hours 30 minutes g.e.t. The start of this transition
appears to be coincident with the switching of the primary coolant loop
from operation with the A coolant pumps (high flow) to operation with the
B coolant pumps (low flow). At 18 hours 19 minutes g.e.t., the primary
A coolant pump was again activated, and the control valve outlet temper-
ature rapidly returned to its normal control range.

At 29 hours 20 minutes g.e.t., the primary B coolant pump was again
selected, and by 29 hours 56 minutes g.e.t. the control valve outlet
temperature had decreased to 32° F. The crew was then requested to
return to use of the primary A coolant pump for the remainder of the
mission. After switching pumps, the control valve outlet temperature
rapidly returned to the normal control band. This anomaly did not occur
in the secondary coolant loop which was operated with the low-flow
B coolant pump during nearly all of the mission.

Previous testing and flight use of this valve have shown that the
valve may exhibit unstable regulating characteristics when used with the
low-flow coolant pumps. During the Gemini VII mission, the coolant tem-
perature out of this valve began to cycle over a wide range when the
B pump was used and radiator outlet temperature was below 0° F. This
cycling was duplicated in ground testing and was attributed to poor mix-
ing of hot and cold fluids in the sensing section of the valve.
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The characteristics experienced on Gemini X have not occurred in
any previous flight or ground testing. Calculations have shown that the
control valve was not stuck in a fixed position. The anomaly is attrib-
uted to poor mixing within the valve, causing an instability which is
characteristic of this particular valve.

5.1.L.2 Eye irritation.- At approximately 24 hours g.e.t. during
the standup EVA, both crewmen reported the sudden onset of eye watering
and irritation and terminated the EVA. It was believed at that time that
suit compressor no. 2 may have caused the problem. A special ECS test

was conducted in flight on compressor no. 1 to assure its satisfactory
operation for the umbilical EVA.

Postflight debriefing revealed that the command pilot had experi-
enced mild eye, nose, and throat irritation at approximately
9 hours g.e.t. and also during the third sleep period. Both crewmen
noticed mild watering of the eyes during the special ECS test.

The cause of this anomaly is not readily apparent; therefore, an
extensive investigation of spacecraft components and crew equipment was
made in an attempt to determine the cause. Spacecraft investigations
included operation of the ECS in an altitude chamber simulating the
standup EVA conditions, and operating suit compressor no. 2 deadheaded.
A particle trap was used during the first test, and gas samples were
taken during both tests for chemical analysis. Also, chemical analyses
were made of samples taken from the solids traps, suit heat exchangers,
lithium hydroxide, charcoal, and wet wipes of ducts. The pressure suits
and underwear were subjected to chemical analysis. All analyses have
failed to show any contaminant in sufficient quantity to have caused the
anomaly. The majority of samples showed small amounts of ammonia,
sodium, silicone, argon, lithium, carbon dioxide, carbon monoxide, and
numerous metals. These results are similar to those on previous flights
and, therefore, are as expected. ’

Several of the samples contained pectin esterase which has been
traced to the orange juice powder that was spilled by the crew. This
was not the source of the eye irritation, as the crew reported that the
spillage occurred after the standup EVA. Another possible source of the
irritation concerns the flow of oxygen across the faces of the crew.

This possibility is also being investigated. During EVA the suit circuit
pressure is approximately 3.7 psia, and, because the weight of oxygen
from the fan remains nearly constant, the velocity of the air stream
across the face is at its highest level at this low density. This con-
dition is also worse when operating with both suit fans, rather than one.
All possibilities will continue to be explored in an attempt to isolate

the cause of the eye irritation. On future flights, EVA will be conducted
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using a single suit fan which will lessen the effect, if the cause is
present, and the present high standards of cleanliness will be maintained
in an attempt to preclude any contaminants that may have caused the prob-
lem.

Corrective action is planned to prevent reoccurrence of the anomaly
on the remaining Gemini flights. The cleaning procedures for installa-
tion of the flight lithium hydroxide canisters will be improved. Also,
the lithium-hydroxide canister verification test will be conducted with
both suit compressors operating, which was the configuration during the .
anomaly and should increase the probability of detecting the presence
of possible irritants.

5.1.5 Guidance and Control System

5.1.5.1 Summary.- The performance of the Guidance and Control System
was excellent throughout the mission, with no equipment malfunctions
reported and none detected in the analysis. Ascent backup guidance was
nominal, and rendezvous guidance was adequate to place the spacecraft in
an acceptable closing configuration. The onboard orbit-navigation com-
puter program, mechanized for the first time on this mission, operated
properly; however, go/no-go criteria for the ascent vector derived from
the Inertial Guidance System (IGS) and difficulties with the procedures ' )
for orbit determination prevented the use of the computer outputs for the R
rendezvous catch-up phase. A partiasl assessment of the potential perform-
ance of the system is discussed in section 5.1.5.2. The onboard
radar/computer solution for the coelliptic (NSR) maneuver was acceptable;

however, the solution computed on the ground was used. The two solutions
resulted in nearly the same thrust vectors but called for slightly dif-
ferent times of initiation. The Auxiliary Tape Memory Unit (ATMU) was
used to reprogram the onboard computer, and the operation was completely
satisfactory. Reentry guidance was adequate, and the spacecraft was
sighted from the recovery carrier prior to landing. The control system
performance was nominal throughout the mission. Table 5.1.5-I contains

a summary of significant guidance and control events for this mission.

5.1.5.2 Inertial guidance system performance evaluation.-

5.1.5.2.1 Ascent phase: Steering-command deviations of the IGS in
roll, pitch, and yaw are presented in figure 5.1.5-1. Superimposed on
the IGS steering quantities are the primary guidance system steering
signals along with the upper and lower IGS attitude error 1limit lines
for nominal, zero-wind steering signals for the Gemini X trajectory.
Analog time histories of predicted pitch and yaw attitude errors for winds
at T minus five hours are shown for the first 90 seconds of flight. A
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comparison of steering signals for the two guidance systems indicates that
the IGS roll, pitch, and yaw steering commands were correct and agreed
very closely with those of the primary system. The only deviations noted
between primary and secondary signals were in pitch and yaw attitude
errors at guidance initiation and in pitch attitude errors during the
second-stage closed-loop radio guidance phase. Aside from these minor
steering deviations, the IGS attitude time histories were within the
preflight zero-wind limits. Other differences between the two systems
are attributed to known programmer and timing differences, initial

engine misalignments, and drifts in the primary guidance Three Axis
Reference System (TARS).

The IGS pitch and yaw attitude errors indicated a normal response
to closed-loop steering commands at guidance initiation. IGS error
signal saturation on this mission occurred at lift-off (LO) + 167.9 sec-
onds. At that time, the IGS pitch steering command saturated to a full
pitch-down command and stayed there for a period of 7.25 seconds. The
primary guidance system did not initiate a 100-percent pitch-down com-
mand until four seconds later. The primary-system pitch guidance-
validation test lasted four seconds longer than expected because the GLV
velocity was lower than the reference value set in the primary guidance
equations. The primary decoder output indicated a 6-percent pitch-down
command during the b-second time interval. Because the primary system
yaw commands at guidance initiation are dependent on the time when the
pitch decoder indicates full pitch commands, the yaw output was zero
during this time period.

The behavior of the second-stage pitch steering signals indicated
positive error signals (pitch-down commands) for the primary system and
negative error commands for the secondary system. The behavior of the
primary system in maintaining positive error signals throughout second
stage flight is attributed to a pitch actuator bias of 1.0 degree, which
has been used in the primary guidance system since Gemini II. This
adjustment to the null linkage on the pitch actuator included a 3-sigma
approximation adjustment, which apparently over-compensated on this mis-
sion. During the last 20 seconds prior to SECO, oscillations in pitch
commands were indicated which were slightly greater than those which had
occurred on previous missions. These oscillations are attributed to the
effects of atmospheric refraction of the tracking signals at low eleva-
tion angles.

The sequence between SECO and spacecraft/GLV separation was as
expected, with no evidence of spurious accelerations noted. Fig-
ure 5.1.5-2 contains a time history of inertial measurement unit (IMU)
accelerometer outputs during this period.
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If guidance switchover had occurred during early second stage flight,

the insertion conditions prior to the separation maneuver would have
deviated from nominal by minus 2.5 ft/sec in velocity, plus 0.03 of a
degree in flight-path angle, and plus 2050 feet in altitude. The IGS
SECO discrete was delivered within 30 milliseconds of the primary SECO
discrete signal, verifying the comparison between primary and secondary.
guidance systems. Following an Insertion Velocity Adjust Routine (IVAR)
correction, the resultant orbit for an IGS-guided launch phase would have
had a 145.6-nautical-mile apogee and 87.3-nautical-mile perigee, very
close to the desired 145.2 and 86.7 nautical miles.

The in-plane IVAR correction was applied during this mission with
a resultant 86.3 by 145.1 nautical-mile orbit, indicating that both the
IVAR solution and application were accurate. The Incremental Velocity
Indicator (IVI) display, as actually computed by the onboard IVAR, was
reconstructed using IGS navigational and gimbal-angle data. For separa-
tion, the reconstructed IVAR, in component form, indicated 25 ft/sec
forward, 4 ft/sec left, and 5 ft/sec down, for a 26 ft/sec in-plane and
4.5 ft/sec out-of-plane correction vector. Following reconstruction of
the roll and yaw maneuvers to zero-zero and nulling of the pitch atti-
tude errors, the reconstructed IVAR indication was 25 ft/sec forward
and 1 ft/sec right, confirming the reported crew IVI readings. Following
the 35-second IVAR maneuver, the reconstructed IVAR indication was
1 ft/sec aft and 1 ft/sec right, again confirming the reported crew IVI
readings. The out-of-plane velocity component was less than 2.5 ft/sec
during the IVAR maneuver. The perigee correction to be applied at apo-
gee, as computed by IVAR, was about 0.7 ft/sec, reflecting the 2050-foot
altitude error in the IGS navigation.

Table 5.1.5-II contains an estimate of orbital injection parameters
at second-stage engine cutoff (SECO) + 20 seconds, as determined from
the IGS, the real-time tracking data, and the postflight corrected data.
A preliminary estimate of IMU component errors was obtained by comparing
ground tracking measurements with guidance position and velocity data
(fig. 5.1.5-3). The external tracking data used for these comparisons
were GE MOD III final (postflight corrected) data and Missile Trajectory
Measurement (MISTRAM) data (postflight corrected) using the 100K-foot
legs. The differences between the real-time MISTRAM and MOD III and the
postflight MISTRAM and MOD III data indicate the extent of postflight
corrections to the data. The tracking data agree within the accuracy
expected. The residuals obtained using MISTRAM were used to estimate
component errors which could account for the velocity error propagations
along the computer X, Y, and Z axes. The accelerometer telemetry data
acquired during ascent had no significant dropouts and were excellent for
analysis. On this flight, compensations for the gyro drift terms were
made in addition to the normal accelerometer compensations on previous
flights. The values used for compensation were predicted using a least-
square fit of the preflight data to a first order curve, with a
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50-ppm bias to the accelercmeter scale-factor term only. The preflight
test data and the predicted drift values are shown in figure 5.1.5-k.

The velocity error along the X axis can be explained by the coupling
of the drift-induced vertical velocity error into X, a scale factor error,
and timing errors. A large time bias of 55.6 milliseconds between the
computer clock and range time and a computer clock drift of minus 99 ppm
were noted. Most of the gyro terms which can induce velocity error along
the Z axis appear to have been adequately compensated. The major veloc-
ity error contributor appears to be a shift of 0.1 deg/hr/g of the Z gyro
input axis unbalance from its compensated value. The error sources
which could have induced the velocity errors along the computer axes are
shown in table 5.1.5-III. Two fits were made primarily to match the
Y-velocity errors. The first fit, although more complete, attributes the
errors to gyro parameter errors. The second fit attributes the errors to
change in orientation of the Z accelerometer sensitive axis. A review
of preflight data (fig. 5.1.5-4) shows that the misalignment fit is more
consistent with test data. Further analysis is planned to verify this
condition. In additon, sensor and tracker errors obtained from a pre-
liminary Error Coefficient Recovery Program (ECRP) run are presented.

The major velocity-error contributors obtained from the ECRP are con-
sistent with those obtained by a hand fit although, because the propoga-
tion characteristics of accelerometer misalignment and mass unbalance
gyro terms are similar, it is difficult to choose between the two fits.

The present best estimates of the guidance position and velocity
errors at injection are given in table 5.1.5-IV. These quantities were
obtained from position and velocity comparisons using the best estimates
of the tracker reference trajectory. In this table, the IMU error con-
sists of sensor errors, whereas navigation errors result from various
approximations within the airborne computer.

5.1.5.2.2 Primary Rendezvous Phase: In order to further explore
onboard capabilities, three onboard techniques were developed for the
rendezvous portion of this flight. The first used a simple hand-held
sextant to take star-to-horizon measurements which were used with a
deterministic onboard-computer program to derive the state vector of
the spacecraft. This state vector was then used with computer readouts

and charts to compute the NCl and NSR rendezvous maneuvers. The second

technique used the state vector measured by the IGS during ascent and
the same charts as the first technique to compute a second set of N

Cl
and NSR maneuvers and an»NPC maneuver. The third technique used radar
data provided by the computer and a chart to determine the N__ maneuver.

SR
A ground solution for each of the maneuvers was also to have been
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calculated and transmitted to the spacecraft, giving the crew three
solutions for NCl’ two for NPC’ and four for NSR' Paragraph 5.1.5.2.3

contains a brief summary of the onboard computer program capabilities
added for this and subsequent flights.

Prior to using the sextant measurements to obtain a state vector,
it was necessary to define the radius of the sensible horizon. This was
accomplished on this flight by providing a horizon calibration chart
based on comparing the measured horizon altitude with that obtained from
the onboard computer using the ascent vector. After a calibrated horizon
height was obtained and entered into the computer, subsequent star-to-
horizon measurements were taken to determine the spacecraft state vector.
Figure 5.1.5-5 shows the nominal and actual onboard timeline activities
for this portion of the flight. The figure is a summary of the maneuver
determination period and indicates the command pilot and pilot activities.
Figure 5.1.5-6 shows the onboard charts which were used to determine the
required catch-up rendezvous maneuvers. A star chart is also included
for reference of star locations. The chart formats were specifically
designed to reduce plotting and numerical complexity.

The procedures began on schedule with the application of IVAR (see
paragraph 5.1.5.2.1). The spacecraft entered the first darkness period
at about 9 minutes 15 seconds g.e.t. The alignment of the platform, the
automatic loading of Module VI, and the completion of the insertion check-
list were accomplished ahead of schedule. A D009 sextant, which has a
12-degree field of view to improve acquisition and an 80/20 light split
to improve the visibility of the horizon, was used to obtain star-to-
horizon measurements. This sextant exhibited fine quality optics and
excellent operating characteristics; however, the crew reported diffi-
culties with the horizon definition as the result of the new-moon condi-
tions which existed.

At 24 minutes 46 seconds g.e.t., the crew decided to take the first
star-to-horizon measurement from the star Schedar to the top of the air-
glow, after which the pilot decided to use the real horizon for subsequent
measurements. The calibration measurements were obtained guickly and
the command pilot plotted the residuals from the five calibration meas-
urements on a flight chart (see figure 5.1.5-6, chart no. 1) to obtain a
new reference horizon altitude. (See section 7.1.2 for the crew report
on star sightings.) During this process, a plotting error was made, the
details of which are reported in section T7.1l.1l. The reference horizon
altitude obtained was 27 500 yards instead of the correct value of about
32 000 yards. This caused a bias of about 0.1k of a degree in all sub-
sequent star-to-horizon angle residuals. The resulting reference horizon
altitude of 27 500 yards was entered into the computer, completing the
horizon altitude calibration.
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The spacecraft was yawed SEF to acquire the star Hamal at about
32 minutes g.e.t. At this point the pilot was unable to get the star
image to separate properly as the sextant angle was changed. This was
determined during postflight discussions to be caused by holding the
sextant such that the upper line of sight of the sextant was obstructed
by the window frame. When unable to "split" the star image with the
D009 sextant, the pilot tried the small modified marine sextant. With
the small sextant the star image would "split", but the crew reported
that the horizon was not well enough defined for accurate measurements
because of the 50/50 light split in the instrument. The pilot then
tried the DOO9 sextant again and was able to "split" the star image.
Another measurement on Hamal was made at 4O minutes 24 seconds g.e.t.
and properly entered into the computer. The inputting of a dummy star
local-vertical measurement (used to obtain the out-of-plane components)
was completed at 41 minutes 53 seconds g.e.t.

The crew elected to take the next measurement on the alternate star
Vega rather than on the nominal star Altair and inserted the correct
star coordinates. The required setting of logic choice was not selected
to indicate to the computer that a sextant measurement was to be made.
The logic choice remained set for a star-to-local-vertical measurement ,
the setting used for the previous dummy measurement (see figure 5.1.5-5).
As a result, when the sighting on Vega was made at 4L minutes 15 sec-
onds g.e.t and the measured sextant angle of 5.36 degrees entered into
the computer, a residual of minus 76.30 degrees was computed and dis-
played to the crew. The crew rejected this residual and chose to return
to the nominal star Altair and take the measurement rather than use a
dummy measurement (set the residual to zero as planned for gquestionable
measurements). They assumed that the large residual was due to incor-
rect star coordinates. The star coordinates were changed to those of
Altair, but the logic choice was again not entered for a star-to-horizon
measurement. The crew had difficulty identifying the star constellation

(possibly due to the similarity of the guard star orientations; see sec-

tion 7.1.2) and may have acquired the star Antares instead of Altair.
Telemetered gimbal angles show that the spacecraft was pointed southwest,
in the general direction of Antares, instead of northwest, toward Altair.
(See figure 5.1.5-6, chart no. 8,) The measured angle has been calculated
to agree with the actual Antares-to-horizon angle at the time of the
sighting to within 1.7 degrees but is more than 25.8 degrees from the
Altair-to-horizon actual angle.

An odd combination of circumstances led the crew to believe that
the measurement on Antares (which they believed to be on Altair) was
valid and accurate. The measurement was taken at 46 minutes 21 sec-
onds g.e.t, and the sextant-measured angle to Antares (L.97 degrees) was
entered in the computer. (The best estimate of the correct angle to
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Antares at this time is 6.7 degrees; to Altair, 30.8 degrees.) An angle
residual of [-]O0J0]1[3] degrees was displayed on the MDIU which would
appear to the crew to be a reasonable measurement. However, computer
telemetry shows that the actual residual was -100.13 degrees. This
residual was computed for the measured star-to-horizon angle to Antares,
using the Altair coordinate and the star-to-local-vertical logic. The
hundreds digit was dropped from the MDIU display because only five digits,
including sign, can be displayed, and the crew accepted the measurement.
This measurement ended the orbit-determination activity in the first
darkness period. Figure 5.1.5-5 shows that, even with the difficulties
encountered, the last measurement was taken only about 30 seconds later
than the nominal time.

On entering the daylight phase the rendezvous maneuver computations
began, using the orbit prediction method based upon the ascent state

vector and flight charts, and values were determined for the NCl’ NPC’

and NSR maneuvers (the second method previously discussed). The pilot

completed the first chart (fig. 5.1.5-6, chart no. 2) and obtained a AV

for NCl of 58 ft/sec, with a time of the midpoint of the maneuver at

2:20:20 g.e.t.

The chart (fig. 5.1.5-6, chart no. 3) used to calculate the Nop

maneuver yielded a AV for N_.. of L6 ft/sec. The time of the midpoint of

SR

the NSR maneuver was calculated by the command pilot to be at

3:49:43 g.e.t.

In using the chart (fig. 5.1.5-6, chart no. 4) to locate the nodal
crossing of the spacecraft and target vehicle planes, difficulty was
encountered due to the effect of nodal crossings on the sign of the
out-of-plane velocity (see figure 5.1.5-5 and figure 5.1.5-6). However,

a solution for the AV of NPC of 8.0 ft/sec, spacecraft nose to the south,

at 2:53:25 g.e.t. (thrust midpoint) was obtained. Postflight chart cal-
culations resulted in about 10 ft/sec, spacecraft nose to the south,
with a thrust midpoint of 2:45:00 g.e.t.

The solutions obtained for NCl and NSR were .read to the ground at

1 hour 16 minutes g.e.t., and the solution for N was read to the ground

PC
at 1 hour 31 minutes g.e.t. The ground checked these solutions, using
the ground tracking RTCC state vector, to determine if these solutions
would place the spacecraft on a trajectory that would reach TPI within
15 minutes of the correct time and with a coellipticity error of less
than five nautical miles. This conservative go/no-go criteria was
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selected prior to flight because postflight analysis would permit investi-
gation of the results of applying the onboard determined maneuvers. The
no-go decision from the ground on the ascent-vector maneuver solutions
determined onboard was based on a coellipticity error. The time at TPI
was nine minutes in error which was acceptable. Two factors contributed
to the coellipticity error: (1) The onboard solution for Nop (horizontal

maneuver) was designed to accommodate only circular or near-circular
target orbits in order to reduce chart complexity, whereas the actual
target orbit had an ellipticity of about five nautical miles. (2) The
ascent vector (with a velocity error (see paragraph 5.1.5.2.1)) caused

an additional coellipticity error of about four nautical miles. A total
of nine nautical miles resulted when the maneuvers were checked with the
ground state vector available in real time. By using the radar determined
NSR maneuver or by adding a procedure and using the existing program to

calculate and read out the relative radial velocity, a correction could
have been made to compensate for target ellipticity; however, procedures
for the latter case were not made available for this flight.

The final orbit-determination sextant-measurement sequence was begun
at approximately 1 hour 35 minutes g.e.t. at the start of the second
darkness period when the pilot switched to the orbit-determination com-
puter mode and set the required initializing inputs. The proper inputs
were made in preparation for the dummy measurement, the first activity
in this darkness period. At 1 hour L4l minutes g.e.t., the nominal
planned time, the dummy measurement was made. The correct logic setting
was made prior to the actual sextant measurements and the final orbit
determination measurement, a sighting on Arcturus, was made at the
nominal time of 1 hour 56 minutes g.e.t.

The acceptance of this final (sixth) measurement was followed imme-
diately by the normal illumination of the COMP light, indicating that
the computer had begun to process the information provided by the four
sightings and the two dummy.measurements in order to obtain an updated
state vector. However, the large residual resulting from the incor-
rectly set logic choice (effective during the first darkness period) pro-
duced an erroneous state vector which prevented determination of the

NCl and NSR maneuvers.

An onboard solution for the NSR maneuver was obtained using chart

no. T in figure 5.1.5-6. This solution, which is obtained using radar
data in conjunction with chart no. 7, yielded AV's of 48 ft/sec forward
and 6.0 ft/sec up compared with the ground-computed values of 47.8 ft/sec
forward and 6.0 ft/sec up. The correct value for the forward component,
based on the postflight BET, is 45.2 ft/sec.
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Table 5.1.5-V shows a summary of the maneuver calculations. The
ascent vector solution magnitudes were close to the ground values. The
BET time of second and third apogees was different from those used to
compute the ground determined maneuver times. The rendezvous catch~up
maneuvers actually applied were based on ground-computed values.

Figure 5.1.5-7 presents a number of spacecraft/target relative tra-
jectories covering the period from insertion through rendezvous. Each
of the trajectories is a result of a digital simulation and shows the

effect of differently computed NCl and NSR maneuvers on the spacecraft

orbit. In each case, the terminal phase of rendezvous was obtained from
a closed-loop simulation assuming no measurement errors. Curve (a) was

obtained by applying the real-time ground computed NCl and NSR maneuvers

to the postflight Best Estimate Trajectory (BET) and represents the
actual spacecraft orbit from insertion to TPI. From TPI to rendezvous,
the trajectory was obtained from a closed-loop simulation and indicates
the trajectory which would have been followed for the case where the
input data to the onboard computer contain no errors.

Curve (b) was obtained by applying the NCl and NSR maneuvers to the

BET, which were obtained by the crew during the mission using the ascent-
mode-navigation insertion vector and the onboard flight charts. It
represents the orbit which would have been followed had the onboard ascent
maneuvers been applied. The conditions prior to TPI resulting from these
maneuvers would have resulted in a normal rendezvous with essentially

no propellant penalty and nominal final approach conditions.

Curve (c) was obtained by applying the ascent N,y and N maneuvers

to the ascent insertion vector. This curve indicates the relative motion
information of the spacecraft orbit available to the crew from the onboard
computer.

Curve (d) was obtained by applying the N

and NS maneuvers,

C1 R
obtained from the BET and flight charts, to the BET. It represents the
spacecraft trajectory which would have been followed had the IGS accuracy
been perfect and the onboard maneuvers calculated from this perfect
vector been applied, and shows the accuracy of the onboard charts.

Curve (e) was obtained by applying maneuvers to the BET obtained
from an orbit-determination updated vector. In order to obtain the
orbit-determination vector, the procedural errors and the horizon alti-
tude calibration errors made during the mission were corrected. The
actual star measurements made to Hamal, Fomalhaut, and Arcturus were
used in calculating a vector update; however, the sighting to Altair was
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rejected by zeroing the residuals. The resulting vector update was used
in conjunction with the onboard flight charts to obtain solutions for

NCl and NSR' The curve, then, represents the spacecraft orbit which

would have been obtained had the orbit-determination maneuvers (based

on the previously mentioned star measurements) been applied. The star
measurements were not totally correct and, as a result, the vector update
was inaccurate; however, the resulting NCl’ as shown, would have placed

the apogee for the NSR maneuver several miles prior to a 30-degree line-
of-sight transfer TPI. If the NSR maneuver had been calculated using

the radar, an adequate rendezvous could probably have been conducted
with little difference in propellant requirements.

Table 5.1.5~VI shows all the sextant measurements taken during the
flight and the spacecraft rates at the time of the measurement. The
residuals calculated by the computer for each of the measurements are
shown. The large residual shown on the intended Altair measurement
caused the orbit-determination solution to be incorrect.

Table 5.1.5-VII presents data showing the effect of sextant meas-
urements on the corrections to the spacecraft state vector assuming four
different combinations of measurements. Each of these cases assumed
an href in the onboard computer of 32 000 yards (height above a spheri-

cal earth radius of 2.09099 x 107 feet). For those cases which involved
perfect measurements, postflight BET values were computed using a horizon
altitude above the oblate earth of 90 000 feet. Component corrections,
resulting from measured residuals, of the spacecraft state vector are
included. The sum of these component corrections gives the total cor-
rections which would have resulted from that combination of measurements.
It can be seen that missing the Altair measurement and the inaccurate
radial component of the Arcturus measurement prevented an effective cor-
rection of the ascent vector using the actual measurements. For this
case it is assumed that the crew would follow the planned procedure of
zeroing or inserting a dummy measurement for any questionable residuals
for sextant measurements. These data show that the Hamal and Fomalhaut
star measurements were ineffective in correcting the actual spacecraft
state vector errors; however, the use of local vertical measurements
might have improved the sensitivity. Taking more measurements at these
times on these two stars, Hamal and Fomalhaut, and using a recursive and
statistical technique probably would not have improved the accuracy
significantly because of the low sensitivity. The accuracy of the orbit-
determination state vector for the flight was very dependent on the
accuracy of the Arcturus measurement, which was the least accurate meas-
urement on this flight.
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A set of numbers has been presented in the flight charts
(fig. 5.1.5-6) based on actual flight computer data to clarify the
intended use of the charts. Any errors which may have been made during
the mission have been corrected. Thus, the charts, as shown, indicate
the proper handling of actual computer flight data, the solutions
obtained from them, and the proper solutions available from the IGS.

During the primary rendezvous, a more than normal amount of pro-
pellant was expended after TPI. A detailed analysis was conducted to
identify the major periods when this expenditure occurred and to evaluate
the alternate onboard solutions available to the crew between the TPI

and braking maneuvers. The abnormal readout of the NSR maneuvers is

discussed in paragraph 5.1.5.2.3. The NSR maneuver was completed 100 min-

utes after completion of the onboard maneuver calculations and TPI
occurred 46 minutes after the Nop maneuver.

Figure 5.1.5-i is a time history of gimbal angles, radar angles,and
range data, and the telemetered values of total velocity to rendezvous

AVT calculated onboard and displayed to the crew prior to TPI. Also

included are AVT's calculated postflight in simulations using the RTCC

and TRW Best Estimate Trajectory (BET) state vectors. The unusually
large values of AVT calculated onboard prior to L hours 10 minutes g.e.t.

were caused by an orbit-rate-torquing compensation problem similar to
that during the NSR maneuver and discussed in paragraph 5.1.5.2.3. When

the orbit-rate compensation was removed, the AVT displayed to the crew

rapidly decreased and, after the platform alignment, began to more closely
approach the simulated values, indicating adequate -system operation. As
on previous flights, the effect of the radar off-boresight error on AVT

was seen during the platform alignment.

Table 5.1.5-VIII lists the values displayed to the crew for the
TPI maneuver and the subsequent midcourse maneuvers, as well as the
AV's actually applied. The onboard backup and computer closed-loop
values agreed in the vertical plane; however, the polar plot and the
ground-transmitted values were lower for the TPI maneuver. The closed-
loop computer rendezvous indicated a 16 ft/sec out-of-plane maneuver
which did not agree with the ground value. A brief summary of the
analysis to determine the cause of these differences is contained in
the following paragraphs.
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Figures 5.1.5-9 and 5.1.5-10 are time histories of azimuth and
elevation look angles from the spacecraft to the taxrget as collected by
the onboard computer. The same angles calculated from Best Estimate
Trajectory data are also included. The relatively constant bias of
0.5 to 0.8 of a degree including trajectory errors shown in the eleva-
tion data was sufficient to cause the somewhat high forward component
in the TPI command. The cause of this bias is not definitely known;
however, because the crew reported no pitch boresight error in the radar
data, it possibly may be attributed to platform misalignment. The
azimuth bias shown in figure 5.1.5-9 is not constant, reflecting the
sinusoidal transfer (in 90 degrees of orbital travel) of platform align-
ment error from yaw to roll and vice-versa. The variable bias noted in
the figure is representative of 1.4 to 1.9 degrees yaw misalignment and
resulted in the history of out-of-plane maneuver commands noted in
table 5.1.5-VIII.

Figure 5.1.5-11 contains a history of the apparent target out-of-
plane position relative to the spacecraft based on radar and platform
data collected by the computer prior to each maneuver. Also shown are
the positions calculated from the BET, the projected apparent target
trajectory based on the pre-TPI data, and the spacecraft trajectory
which would have resulted had the 16 ft/sec out-of-plane TPI command
been followed. The data collected during the pre-TPI period show the
resulting out-of-plane displacement caused by the yaw misalignment, and
the decreasing effect of misalignment as range decreases. The data from
L hours 15 minutes to 4 hours 30 minutes g.e.t. are the basis for the
computer determination of TPI out-of-plane maneuver commands. The radar
data to the computer indicate that the target vehicle was following a
trajectory with a maximum displacement of approximately two nautical
miles and with a nodal crossing shortly after TPI. The computer cal-
culates a maneuver to place the spacecraft in a trajectory commencing
at TPI which will cause an interception LO degrees following the point
of maximum travel away from the original orbit plane or at wt = 130 de-
grees. The AV required for this amount of plane change is about
16 ft/sec to the left commanded by the onboard computer at TPI. The
out-of-plane AV was not applied, leaving the spacecraft in its initial
plane. The crew correctly (for this flight) decided not to apply the
out-of-plane computer-displayed value because the history of the out-of-
plane radar angles prior to TPI and the ground transmitted TPI maneuvers
did not indicate a large out-of-plane condition. Following TPI the
radar tracking indicated the data points shown for the first midcourse
correction between U4 hours 38 minutes and 4 hours 46 minutes g.e.t.

(see figure 5.1.5-11) and show that the radar/platform combination indi-
cated that the vehicles were traveling on a parallel path at that time
(that is, the orbits would intersect in approximately 90 degrees of
travel). The computer calculation to rendezvous in 82 degrees indicated
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that essentially no out-of-plane component was required (1 ft/sec) for
the first midcourse correction. The data points for the second mid-
course correction also gave an apparently near parallel trajectory but,
because only 3L degrees of travel remained, a larger correction to the
right was needed and 5 ft/sec was displayed.

The velocity change applied at TPI would have raised the spacecraft
altitude 19.L4 nautical miles in 130 degrees of orbital travel (approxi-
mately three nautical miles high) and would have caused a lagging phase
angle. The first midcourse solution from the onboard closed-loop system
would have reduced this altitude overshoot by 2.8 nautical miles and
would have compensated for 5.3 nautical miles of the phasing error intro-
duced at TPI. Because the down component for the first midcourse actu-
ally applied was between the backup and closed-loop soluticns, it placed
the spacecraft on a trajectory which would have been 0.6 of a nautical
mile high and 1.2 nautical miles behind at the intended rendezvous time.
The backup solution was 10 ft/sec down and the closed loop was 22 ft/sec
down and the crew applied 14 ft/sec down.

Because the first midcourse corrections were not as large as
required, the second midcourse solution was larger than normally neces-
sary. The second closed-loop midcourse correction would have adjusted
the altitude by 0.13 of a nautical mile and the phase by two nautical .
miles in the 33.6 degrees of orbital travel remaining. The midcourse i /)
maneuvers applied resulted in a trajectory which deviated more from a N
nominal final approach than the computer midcourse solutions would have.
The crew intended to apply the closed-loop solution; however, the prob-
lem discussed in paragraph 7.1.2.5.1 resulted in a deviation in the
fore/aft component.

Figure 5.1.5-12 is a time history of spacecraft attitudes, AV appli-
cations, and range and range rate during the braking phase. At approx-
imately 5 hours 10 minutes g.e.t., the closing rate dropped to zero at a
range of 1000 feet. From this point to the time the pilot reported
station keeping, the line-of-sight rates were high and, during this
period, approximately 65 ft/sec of maneuvering thrusts were applied.

The analysis has shown that the large fuel usage during rendezvous
was caused by a combination of the midcourse maneuvers applied and a
thrusting schedule to facilitate line-of-sight control which caused the v i
closing velocity to decrease prematurely (prior to station keeping). :
Postflight analysis of the onboard solutions for the terminal phase
maneuvers has not revealed any malfunction of the equipment.

To investigate possible platform or radar errors and to determine

their effects on the onboard-computed solutions, several simulation runs
were conducted. The first run, using no platform misalignments, was
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obtained by integrating the TRW-BET forward and applying combinations

of applied flight actual, onboard-computer, and simulator-calculated
maneuvers. The simulator was mechanized to solve the same equations

as the onboard system. A second series of runs was conducted by choos-
ing a value of fixed (non-time dependent) platform misalignment which
would result in duplicating the onboard-computed TPI solutions, assum-
ing all the differences between the simulated solution with no misalign-
ments (using the BET) and the flight computed values was due to misalign-
ment. Figures 5.1.5-13 and 5.1.5-1b4 and tables 5.1.5-IX and 5.1.5-X
summarize the results.

The larger-than-zero value of the C3SS second midcourse correction
in table 5.1.5-X (see legend on figure 5.1.5-13) without misalignments
results from the first midcourse correction because it is calculated
impulsively but applied as a continuous thrust starting at the impulse
time. This becomes more significant when thrusts are applied over an
extended period, and the last midcourse correction was applied over a
period of 180 seconds. The first midcourse value for this case shows
the correction resulting from initiating TPI with too large a velocity
along the line of sight. The second midcourse (CSS with misalignment)
shows that the assumed misalignment made the vertical velocity too nega-
tive by (4.2 and 1.0) approximately 5 ft/sec. This is larger than the
actual misalignment, because a smaller error existed in the onboard
solution (on the order of 1.3 ft/sec FFC-FFS).

The SSS trajectories show that the second midcourse correction in
yaw calculated with a fixed misalignment is 8 ft/sec. The actual yaw
alignment error (4.9 ft/sec) had a smaller effect on the onboard computer
computations, indicating that the misalignment during this period was
less than the simulated values. The results of this type of analysis
brackets the effect of the misaligned platform.

The comparison of the ¥FF cases with and without misalignment in
the tables shows that the required TPF maneuvers are very similar, indi-
cating that the accelerometer measurement errors caused by the misalign-
ment, as expected, did not significantly contribute to the size of the
onboard-computer flight-midcourse corrections.

Comparison between the FFS and FCS simulations with and without
misalignment for the second midcourse correction in table 5.1.5-X shows
that the onboard-computed first midcourse was more correct than that
flown (without misglignment——EO.Q versus 0.8 ft/sec AX and 10.1 versus
minus 2.5 ft/sec AY) and shows that the pitch misalignment used in the
simulation produced a much larger measurement error (wi@h misalignment—
1.7 and minus 0.3 ft/sec AY versus FFC of 11.4 ft/sec AY) than actually

. existed in flight during the measurement period for the first midcourse.
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The trajectories for the cases without platform misalignments are
shown in figure 5.1.5-13. The SSS trajectories follow the nominal quite
closely and approach the terminal braking phase from ahead and below.
The misalignment trajectories (fig. 5.1.5-14) show a greater deviation
from nominal at TPI, as expected; however, the simulator and computer
midcourse cases direct the trajectory to return to an approach path
closer to the nominal than does the FFF case. These data indicate that
the ground and cloosed-loop solutions were adequate to achieve a normal
rendezvous and would have approached the nominal terminal phase more
closely than the maneuvers chosen in the flight case. It also shows
that a platform misalignment of less than 0.5 of a degree in pitch and
less than 1.5 degrees in yaw actually existed in flight. However, the
closed-loop solutions would have been adequate to achieve rendezvous.
It is clear that the yaw misalignment was not constant but cyclic, as
expected from an earth-rate-torqued platform, and, therefore, the
error was probably due to the platform and not to the radar.

In order to investigate the terminal approach and braking phase,
a detailed analysis was conducted. First the RTCC and BET state vectors
for the spacecraft and target were used with the flight maneuvers to
determine how the relative trajectory would approach the target. Several
simulations were conducted to determine the most adequate method of
obtaining a more correct terminal relative trajectory to use to conduct
an analysis. Simulations integrating forward from TPI using improved

state vectors and integrating backward from a point close to the target RN

were tried using the most accurate integration of the applied maneuvers
available from the telemetry data. Because of the extended period of
time of the approach and errors in the state vectors, this approach is
difficult. A trajectory was obtained using the measured radar and plat-
form data as recorded by the computer and is shown in figures 5.1.5-15
and 5.1.5-16. The data points were obtained at one-minute intervals

and are plotted with the assumed actual flight path which was confirmed
by the crew as representing essentially the actual trajectory flown.
These figures show that braking was commenced soon after the second mid-
course and that the in-plane trajectory was depressed by the applied
maneuvers and the spacecraft passed below the target, with the result
that the subsequent approach was from ahead and below. During the period
starting after the second midcourse correction until the spacecraft went
ahead of the target, the applied maneuvers caused the spacecraft to
approach the target with a constant out-of-plane displacement. At about
5 hours 8 minutes g.e.t., with the spacecraft north and ahead and below
the target, line-of-sight control was used and the trajectory converged
on the target.

5.1.5.2.3 Orbital phase: Table 5.1.5-XI contains a listing of

the program modules contained in the Auxiliary Tape Memory Unit (ATMU)
for this mission along with the periods during which each was loaded
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into the onboard computer. The table also includes a summary of each
module size and the size of the program contained in the computer when

a given module is loaded. Module I remains in the computer and serves

as a "hard core". Each module is redundantly loaded on the tape in that
it is contained in two separate locations to provide a completely inde-
pendent check on any module loaded. The ATMU significantly increased

the capacity of the onboard computer memory over the 12 288 13-bit equiv-
alent instruction words normally available. Modules I, IV, and V had
been previously utilized on Gemini VIIT and IX-A and Modules II, IIT and
VI were added on this mission. Module II provided the capsability for
inertial component compensation of gyro mass unbalance along the input
and output axes and for constant gyro drifts. Additional MDIU readouts
were provided for the IVAR exercises. Module III, shown in block diagram
in figure 5.1.5-17, contained additional capabilities over the catch-up
and rendezvous modes previocusly used. Orbit rate torquing compensation,
which reduces fuel penalties during rendezvous maneuvers for those orbits
having different orbital periods than that set into the platform, is
provided along with the capability for calculating maneuvers based on
relative state vectors and offset targets, thereby allowing rendezvous
with an offset target and subsequent rendezvous with the real target.
Module VI, which has three modes of operation, is shown in block diagram
form in figure 5.1.5-18. The orbit predict mode of Module VI contains
the capability of integrating either of two state vectors (typically
spacecraft or target) or both (relative) to a selected point in time,
either ahead or backward, and to simulate impulsive maneuvers at selected
points in the spacecraft trajectory. The orbit navigation mode allows
integration of the equations of motion using accelerometer outputs dur-
ing periods of thrusting. The orbit determination mode provides the
capability of updating existing knowledge of the spacecraft orbit by
processing the data provided by six star sightings in a deterministic
solution (star-to-horizon or star-to-local vertical).

The automatic reprogram mode of the Auxiliary Tape Memory (read,
load, and verify operation) was utilized throughout the mission. No
automatic reverify procedures using the redundant modules stored on the
tape were conducted on this flight because the crew was satisfied with
the operation of the verification features included in the automatic
reprogram operation.

A summary of major translation activity, as calculated from telem-
etered accelerometer data, is shown in table 5.1.5-XII. Acceleration
bias checks were made periodically throughout the flight, with small
bias updates in the X and 7 axes required only prior to retrofire.

The crew reported that, during the insertion of the N_,_, maneuver

SR
into the computer on the first rendezvous, 12 ft/sec instead of 6 ft/sec
appeared in the "up" IVI window each time the crew attempted to enter
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the maneuver. This was caused by not setting the "logic choice" which
controls whether or not the computer utilizes orbit rate compensation in
its transformation of the commanded AV from platform to spacecraft
coordinates for display in the IVI. At the time of the AV insertion,
this compensation value was approximately five degrees, computed by the
computer platform-pitch-gimbal-angle reading, and was added to the solu-
tion resulting in an IVI display of 47 forward, O left/right, and 12 up
rather than the correct (uncompensated) reading of 48 forward,

O left/right, and 8 up. The discrepancy was diagnosed (on the ground)
immediately after the NSR maneuver and the crew were notified at the

next opportunity (prior to TPI calculations) to insert into the computer
a logic choice which removed the compensation. No further difficulty
in this area was reported after the logic choice insertion.

An analysis was performed to determine the effect of varying IVI
display cycle times on the ability of the crew to perform a precise
translation maneuver. Table 5.1.5-XIII contains the computer computation
cycle and IVI servicing cycle times associated with each mode of inter-
est. Figure 5.1.5-19 is a time history of thruster firings and result-

ing AV applications dquring the "tweaking" phase following the N., and

NSR maneuvers for the first rendezvous. More firings were commanded
after the NCl maneuver using Module VI than after NSR which used Mod-
ule IIT with orbit-rate-torquing compensation; however, the maneuver
was more precise, showing less than 0.1 ft/sec residual compared to
approximately 0.9 ft/sec for NSR' The differences between planned and

actual AV's noted in table 5.1.5-XII using Module III with compensation
and Module VI are representative of those seen on previous mission using
Module III without compensation, as are the number of thruster firings
needed to adjust residuals. A review of the translation maneuvers con-
ducted during this flight indicates that no adverse effect can be detected
relating to the difference in display cycle time.

Figure 5.1.5-20 is a time history of spacecraft attitudes and plat-
form accelerometer outputs for the second docked PPS maneuver. The
period of ullage prior to PPS ignition can be seen as well as the tail-
off at the end of the maneuver. The attitudes indicate that small resid-
ual errors remained in all three axes at the end of the thrust. The
computer mode which allowed changing the scale on the forward/aft IVI
indicator by a factor of ten was used. The fore/aft IVI was serviced
once every 1.35 seconds during the 10-second PPS thrusting period and
would have been counting in increments of 10 ft/sec. At 20:21:20 g.e.t.
the IVI read minus 33 and at 20:21:32 reagd plus 1 which meant that the
IVI read plus 10 ft/sec at the end of the thrust. Therefore the IVI
was not delayed and provided the crew with an indication to actuate cut-
off. A backup cutoff could be cbtained by using nominal firing time.
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Sufficient information was available to the crew (rates, attitude, crcss-
axis and longitudinal IVI readings) to allow adequate reaction to atti-
tude control type malfunctions or gross overspeeds. The velocities
accrued in this and the other docked translations (SPS and PPS) were
consistently larger than planned. The IGS measured ullage-positioning
AV, using the GATV SPS Unit II propulsion, was approximately 5 ft/sec.

Table 5.1.5-XIV contains a summary of platform alignment checks
performed by computing the difference between horizon sensor and platform
pitch and roll outputs. These spot checks indicate alignment accuracies
comparable to previous flights; however, due to a possible misalignment
during the first rendezvous, the alignment prior to TPI was examined in
detail. A time history of sensor and platform roll and pitch differences
during this period is contained in figure 5.1.5-21. The lack of gYyro
torquing currents and IMU mode switching information from telemetry pre-
cludes exact determination of alignment time; therefore, the assumption
was made that the alignment began immediately after pitching down to
horizontal and continued until just before pitching up to boresight. The
data appear normal, indicating that an acceptable alignment was in pro-
gress, until 4:09:18 g.e.t. when a rather large roll difference appeared,
as may be seen in the figure. The initial peak in the roll difference
was caused by an inecrease in the horizon sensor roll output; however,
the duration was short and did not significantly contribute to the yaw
misalignment. This horizon sensor output may have been caused by a
cloud (although no significant pitch error resulted) or by a combination
of yaw and roll error. Telemetry data indicate that pulse mode was
selected and that thruster firings and attitude controller operation
were in the direction to initiate the roll maneuver which created a
roll error. The roll error extended over approximately a l-minute period
and was sufficiently large to have torqued the platform between 5.4 and
T.2 degrees in yaw. At L:09:55 g.e.t., the control mode was switched
from PULSE to PLAT and, as indicated in the figure, the difference
rapidly disappeared and remained close to zero for the rest of the align-
ment period. Without torque current data, the effect of the roll dis-
turbance is difficult to determine; however, if the aligmment had
continued until the pitch-up maneuver started, the yaw gyro would have
been torqued back approximately 4.0 to 5.3 degrees, leaving a residual
yaw alignment error of between 1.4 and 1.9 degrees. This value is of
the same order of magnitude as that detected in the rendezvous analysis.
An evaluation of the preretrofire alignment is being conducted to iden-
tify the cause of the possible misalignment indicated in para-
graph 5.1.5.2.2.

5.1.5.2.4 Dual rendezvous phase: Table 5.1.5-XV shows the maneu-
vers during the passive rendezvous and figure 5.1.5-22 contains a time
history of the measured acceleration and platform gimbal angles. The
differential altitude for passive rendezvous was seven nautical miles
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which required a smaller TPI maneuver than required for the primary
rendezvous at a nominal 15 nautical miles separation attitude. The table
shows that the largest AV requirement occurred after the last terminal
midcourse correction. The relative motion trajectory is shown in fig-
ure L-6. The onboard charts indicated a nominal approach to rendezvous.
The crew reported that measuring range with the sextant was accurate

for ranges less than one mile. Figure 5.1.5-22 indicates that braking
was initiated soon after the last midcourse correction at approximately
47:39:10 g.e.t. and completed at 47:59:22 g.e.t. A significant amount

of maneuvering was conducted between 47:53:15 g.e.t. and L7:57:00 g.e.t.

5.1.5.2.5 Reentry phase: The IGS operated properly throughout the
retrofire and reentry phases of the mission. The total velocity change
as a result of the firing of the retrorockets was 0.98 ft/sec higher
than predicted. A comparison of the actual and planned velocity compo-
nents can be found in table 5.1.5-XII. The pitch and yaw attitudes were
held within 1.5 degrees, and the roll attitude was held within
2.0 degrees. The total footprint shift due to the retrofire maneuver
was approximately 1l nautical miles, as shown in figure 5.1.5-23.

From retrofire to an altitude of LOOK feet, a 10-degree bank angle
toward the south was flown as planned. At 70:32:46.7 g.e.t., the com-
puter commanded a Zero-degree bank angle. This indicated proper space-
craft navigation to the LOOK-foot level when compared with the time of
4OOK feet as computed on the ground by using IVI data acquired after
retrofire. From the 4LOOK-foot level to guidance initiation, the backup
angle of 45 degrees toward the south was flown as planned. At
70:34:55.6 g.e.t., the spacecraft acceleration passed through a level

of 1.0 ft/sec2 (density-altitude factor of 8.73971) and the computer
began to calculate the bank-angle commands necessary to guide the space-
craft to the desired target.

At T0:35:36 g.e.t., the command pilot started to fly the bank angles
commanded by the onboard computer. From this time until guidance ter-
mination at 70:40:39 g.e.t., the commands from the computer were accu-
rately followed. The time histories of bank-angle commands and actual
bank angles, downrange errors, and crossrange errors are presented in
figure 5.1.5-24. Only small downrange and no crossrange oscillations
occurred. Figure 5.1.5-25 is a time history of the spacecraft attitudes,
rates, aerodynamic data, and hand-controller positions during a typical
period of the reentry. The computer properly terminated guidance at a
density-altitude factor of 4.625.

Table 5.1.5-XVI contains a comparison of the reentry parameters

obtained from telemetry data with the same parameters reconstructed after
the flight using the DCS update, gimbal angles, spacecraft body rates,
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and platform accelerometer outputs. This table shows close agreement
between the sets of data and demonstrates the proper functioning of the
computer in the reentry mode.

At guidance termination the IGS-computed position of the spacecraft
was 2.3 nautical miles South Southeast of the target point, while radar
data showed the spacecraft to be approximately 2.5 nautical miles North
of the target point.

Table 5.1.5-XVIT contains a comparison of radar with IGS data. This
table shows a difference between the two sets of data at retrofire of
zero nautical miles and at guidance termination of 4.2 nautical miles.

The second portion of the table shows the results of fitting the
platform errors to the reentry-tracking velocity and position differences
in a manner similar to the ascent IGS analysis.

The touchdown point reported by the recovery forces was 3.4 nautical
miles East Northeast of the target. Figure 5.1.5-23 shows the position
of the spacecraft relative to the planned landing point during reentry
and the position of the reentry footprint before and after retrofire.

5.1.5.3 Control system performance evaluation.-

5.1.5.3.1 Attitude Control and Maneuver Electronics: The control
system performed properly throughout the flight. Platform, pulse, rate-
command, and reentry rate-command modes were utilized and each exhibited
proper performance. The separation sequence was nominal, response to
disturbance torques during translations was proper, and line-of-sight
control capability during rendezvous was satisfactory. Disturbance
torques introduced by the extravehicular pilot were noted on this flight
and, as during previous flights, control authority was more than ade-
quate. ’

Reentry Control System (RCS) thruster firing indications were not
telemetered on this mission; therefore, a thorough analysis of the RCS
performance could not be made. However, performance appeared nominal.
Following retrofire, the control mode was switched from rate command to
pulse. At LOOK feet altitude, about 22 minutes after retrofire, the
rate-command mode was utilized, and five seconds later, the reentry
rate-command mode was energized. The control mode remained in this
configuration until the spacecraft was powered down. The crew reported
single-ring RCS operation; however, approximately four minutes after the
spacecraft passed through LOOK-feet altitude, the telemetered fuel
depletion indicated that both the A-ring and the B-ring were on and
remained on until the spacecraft was powered down. The maximum rates
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experienced by the spacecraft prior to drogue parachute deployment were
approximately 5 deg/sec in pitch and yaw, comparable to the rates
observed on previous missions, indicating normal operation of the RCS
using the reentry rate-command mode. Table 5.1.5-XVIII shows the effect N
of the retrofire maneuver on the position of the zero-lift point, as 2
determined by various sources.

5.1.5.3.2 Horizon sensors: The horizon sensors performed satis-
factorily throughout the flight (see paragraph 5.1.5.2.4). The sec- b
ondary sensor was turned on and performed satisfactorily for 13 minutes
during the first revolution. The primary sensor was used for the remain-
der of the mission with no difficulties reported by the crew. The
horizon-scanner mode was not utilized.
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TABLE 5.1.5-XIV.- PLATFORM ALIGNMENT ACCURACY

Event Pitch Roll
Post-IVAR 0.3 0.5
Phase adjust maneuver 0.3 0.3
Plane change maneuver 0.3 0.k
Coelliptic maneuver 0.2 0.2
Terminal phase initiation 0.4 0.5
Predocking 0.4 0.6
Postseparation from GATV 0.2 0.3
Preretrofire 0.2 0.1
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UNCLASSIFIED 5-53
TABLE 5.1.5-XVII.- COMPARISON OF RADAR AND IGS REENTRY DATA
(a) Trajectories
Time from Radar/BET® 1GS Differenc
Event retrofire, ln min €
sec Longitude Latitude Longitude Latitude : '
Retrofire 0 177.17 -1.91 177.15 -1.90 1.3
LooK 1325.7 -101.60 28.69 101.61 28.70 0.8
Guidance 1hTh.7 -90.36 28.74 -90.37 28.75 0.8
initiate
Guidance 1815.1 -71.98 26.60 -71.99 26.53 b.2
termination
®Redar coverage from 1550 to 1815 seconds from retrofire, BET for other time pericds. BET
uses radar and IGS.
(b) Contributors to IGS-BET difference at guidance termination
X, n.mi. | ¥, n.mi. | Z, n. mi. Total,
n. mi.
Initial alignment error
oy = -0.65 deg 0 0.01 -3.61
oy = -0.56 deg -3.10 -0.98 0.00 N
¢Z = -0.4bh deg -0.01 0 -0.77
Total -3.11 -0.99 -L.38
Update initialization +1.26 +0.16 +0.22
Total, alignment and initialization -1.8k4 ~0.83 -k.16
Other (gyro, accelerometer, and timing) +1.8
TOTAL L.2

UNCLASSIFIED




7o UNCLASSIFIED

TABLE 5.1.5-XVITII.- SHIFT IN PROJECTED FOOTPRINT

DUE TO RETROFIRE

Source Shift, n. mi.
Actual IVI data (real time) 1k.0
. Hawaii tracking, (real time 43.0

after retrofire)

White Sands tracking, real time 43.0
(after retrofire)

Best estimate trajectory : 14.3
(preretro and postretro
tracking and IVI data post-
flight)
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X velocity difference, ft/sec

Y velocity difference, ft/sec

Z velocity difference, ft/sec
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3
Command pilot g |3¢ Pilat
3 |sx
a e
3
S
Nomunai Actual Actuat Nominat
0:00
ift-off Lift-off Lift-nff Lift-off
L
Monitor sysiems status Monitor systems status Monitor systems status Monitor systems status
|00
5
Aopiy IVAR Apply VAR
{Allqn platform < Load module 2L beg insertion .
nitiate automatsc platform ahignment Beqinrnsertion checklist i~ 3 checkiist; manitor systems taitiate automatic module T
insertion checkiist; mon:itor omitor systems status < 0:10 status toad; begin insertion checkhist;
systems status monitor systens status
Sighted Schedar 0:15
Insertion checklist complete Verify n‘pe on!:lion;lordl o
Confirm module T loaded J- confirm module ¥1 loaded
Insertion checklist complete Computer ta Orbit Determination;
0:20 select ascent vector; input
Report insertion checkiist complate Yaw (0 Schedar Pl " Computer to Orbit Determination; Schedalv:wd-mlle;,&w
uise mde select ascent vector; input nominal horizon aitits
Yaw to Schedar Q Schedar coordinates; input
on ailot's voice mark I{Push computer START; record and < nominal horizon altitude Take four sextant sightings on
Push computer START for plot residual 0:25 Sighting made on Schedar Schedar; for each sighting,
each measuremert Commented on water boiler torques  totop of airglow give voice mark to comr:und
Maintain spacecraft attitude on {Suﬂ comuiter, piot first residuai {F:vst Schedar sighting to pifot; input sextant angle
star/horszon; record and oot Schedar to reai hotizon real horizon into computer; read angle
eacn residusl vs. 9.e.1, of Second Second residual from computer;
measurement Thira 0:30 Thied reject measurement
Obtain new horizon from cnart, Founth B Fourth
altitude from no, 2 chart Fifth; piot residual; obtain
Yaw to SEF star Hamal new horizon aitituce from chart Fifth taput Hamat coordinates
Yaw ta SEF star Hamal tnput new horizon altitude
0:35 1{Tn:u Hamal sigiting; could Take sighting on Hamal
Push conguter START; record oot sulit star image input angte, read residual,
residual and g.e.t. z Tried marine sextant accept measurement
3 Hamal sighting taken Input dummy coordinate
Reported pressed START, but rot 7 Rejected measurement
recognized by comouter 0:40 Resumec use of D=9 sextant ‘l‘lnmll dummy star focai=
Yaw to BEF scar Altar Start computer; record angle, ) Hanual sighting made, acceted vertical measurement
1{ residuat, and g.e.t. Input dumemy measurement {inout Altair coordinates;
Yaw BEF sefect star/horzon
Oecided to use Vega 4 Input Vega coordinaes measurement
Stant computer; record angie, L35 M
Start computer; record angle, Decided to try Altar 0:45 ‘{ Vega sighting made, rejected Altawr sighting mage; 1nout
1 residual, and g.e.t. Start computer, record angle, Input Altair coardinates angle, read residual, accept
Computer to pretaunch residual, and g.e.t. <3 Antares (nat Altair) sighting
St { made, accepted
0:50
Covy GATV vector update l Comuuter to orelaunch
Talk to Carnarvon as necessary Copy GATV vector uodate inout GATV vector Inuut GATV vector
Computer to Orbit Predict Prepare for maneuver Preare for maneuver
Talk to Carnarvon as necessary 2 caiculations; monitor calculations
Monttor systems, status; Slo.s5 systems status, jenerat
p— -
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Camonter to Qrbit Predict
Monitor manenvar caiculatrons

{ Read ascent vector solutions

or Ng 1+ Npge and Neg o ground

Copy yround maneuvers
Mouitor systems status;

general surve:llance

Talk to ground as necessary
Monitor systems status;

general surveiilance

Yaw to SEF star Fomalhaut
4 Star: computer; record ancle,

resional, and g.e.t.

Yaw to BEF star Arcturus

Honstor maneuver calculations;
generat survedllance

Read 3scent vector sofutions
for Ny 20d Ng 10 ground

Copy ground maneuvers
Discuss N solution

Monitor Systems status; talk
to ground
Read N, soition to ground

Copy repeat of ground
manetvers

{Covies ascent vector so-zo
fram ground

Yaw to SEF star Fomaihaut
Start computer; record angle,
residual, ana g.e.t.

Yaw to BEF star Arcturus

AMMIIInnmmma

Y

LA e B W o e

Y

\BR o 4

Suyhted a light

Maneuvers calcutations
asing ascent vector

{Nm solution odtained from
chart

‘Nsk solution obtained from
chart

NPC caleulations; discussion

of difficulties with
command pilot

Take acctures, general
surverliance

Computer to orbit cetermination

1< Select ascent vector; select

continuation of measurement

f{ Ingtt dummy star, local~

vertical measurement
{ lamit Fomaiiau coordimates
Select star horizon measurement
{Fomaihaut sighting mace; wout
angle; reaa residual; acceptea

Input Arctirus coordinates

Maneuver calcuiations using
ascent veclor

Moaitor systems status,
general surveillance

Pregare for aictures aver U5,
Take oictures

Computer to Orbit Determmation
Select ascent vector; select
contrnuation of measurement

{Inuul dummy star, locai=

werical measurement
Input Fomaihaut coordinates
Select star horizon measurement
Famathaut sighting made; inoit
‘ angfe; reac residual; accepted

Inout Arcturus coordinates

1:55 Arcturs signting nade; mput
Start computer; record angle, fARCturs sightng made; imput I angle; read resitual; accented
{
residuar, wdg.e.t. Y angle; read resicual; accepted. Orbit cetermination cormtes
Start computer; record angle, Orbit determination comauted fawtomatic); accented
{7 residual, an0 9.e.t, / fautomatic); accented; comoutes
Manitor maneuver calculations . to orbit predict; ; degin
% 00 maneuver calculations with Computer to Orbit oredict
Soniar maneuver calculations % ormt-determunation vector Begin maneuver calculations
% Obwiously incomrect vector 115119 crhit-oetermination
Prenare for N, ) manevver Vi indicated by disnlay of vector
ol % 2:05 predicted altitude and
% radial vetocity. Computations
/ ended
% 210
Seect maueuver solution % Computer to Orbit Navigation
Prenare for Ne nanuever % - Prepare for N, maneuver
% < Corunter to Orbit Navigation
% Prepace for N, mianeuver
% 2:15
7
maneuver A Ny maneuver
éé 2.20 ¢
Seiect ground sofution for N %4 Corputer to grhit Navigation
naneuver % 2:25] | |- Presare for No, . maneuver
Selec’ NPT maneuver solution % b Computer to Oebit Navigatron
% b Pesgare for N maneuver
/ 230| |
~N, (N 2:35 {3
Time Gap
N N 3:15 '\F
~ 3:20
Track target using FOI's Track target vsing FOI's 4 Radar jockon pres10usiy acquired Radar «ocken oreviousiy acQuired
4 Start 9.e.2. clock counting un
Contirue to teack target Continue o track taraet » .25 Read racar range from the Start 7.¢... clock counting up
15inq FDI's 1sing FDI's 4 comouter at 2ve followrng Reac racar rance from the
- times on the g.e %, clock smauler X the followsng
P .05 imes on a,e.t. clock
y :15 1.05
- 3:30 5 115
j -85 2.45
Control $/C attitudes to ] 3:30 2:55
0,0.0. Align platform ] 3:40 3:30
] s-sa0 3.40
10:1 3:50
~ 3:35 (5]
Control 5/C attitudes to p ] 10:20 10:10
0,0,0. Ahian platfosmy P 10:30 10:20
: i
g 16:05
1 17:45 16:15
B 3:40 17:55 17:45
Calculate Ngp maneuver components 17:55
from fligint chart (na. 7 chan) Caleulate N maneuver companerts
Platform to orbit rate Platform to orait rate Pregare comute (o Neg from Flight chart (no, 7 chart)
Select maneuver solution Select maneuver solution - 3.45 maneuver Prepare computer for Ngg maneuver
] Computer to Module [T catcheup
Ngg maneuver Ngp maneuver 1 Ngg maneuver Ngp maneuver
3:50




X
k
)
I
k
)
W,

A3iHISSVIONN

*spieyd jeucyiebiaey Jueoquo -'9-¢ [ 'g a1nbiy

0-19-9

(18] mvwa .0

M1LYVI 13¥4 LX3M 00

=

oy ey

mHDJ- FEAAL NENAEN

\‘,{ y
1an03 41 aav | _19°= 13 1 ’ o s
[oem Jie3

L ”Am.mw.mmmw ﬁ@-u-\mﬂ,ﬂ;n-(..ﬁ 29 ]
o S A a9 Jan
: y ql:“ :“ _Wh._lemlmu_.s /ﬁ%mm__h

are _ e ey
2 Toee ] (wrl (] >(w5] . [evt Tan]
b TR _.x_.
wel %0 OEEI M Tyrgsy 000
920 Adl Wak k0D @

e i Gy o
(607520 WON) 130 ™ol e < SIANMI 52 S ¥SN LY %2010 2uvis
196 @3iISSYIONN

=S5 ’.!_;Z_: TR Tl T TR TR 17 5.: ”
VEVLS 2 M0 S99 XD01D 435

Yeitws-B6y  NOHUVNIWILG ¥SN wvava[ -

100
3SBTI SNILL38 41 “9p°
WOLLYINAWOD ()N W03 Wil 44

(§2.0Q¥) 319YL NYW 10 WK

& 6t

39vd 1XaN M0
FINVL WAV

d:

[
1

©

v

AT

v

A LA T A

St v pmmre—g—




(1% g4 oav

(52 0Qv) 3T8Y1 ¥IANINVN M ¥SNAY GuODIY
() e

29vd 'AINd WOUI

davamid 0L
AY¥YHD ¥34N3

(401234 "13G 'W¥O) NOuVNMIWaILaG ¥5NA 7

any o A¥YHI 01 0D

vy i (1LY .

e s T T Tamen

oy “1I08 ™

E] §oH 0 avaads | T T Tulavae
d¥01 LNYVLS

T g

T o iy

T won!Migs

=7y

anv
* au0)3u

NOLOIN02 E1v Lv3dan

anod _
Luvis WIUNI ony
< SYM 16 3 S8 WON4 210VaLRNS 51 1y
* SYA K S 01 0300V 53 Y4y

HU;(
o
N

J ™
[ S *
el T T [ T T el avae
haddh 3 .Ilt:.o d¥0D LUVLS WLNA 54 HOLINOW
3 W1 430 LY 4WDD LHV1S HSNa:
s e
CZ 2w wwa
Ao HWOL SUN 1NIANOD
T T Dy
o TT T T 430 enund wod-
v
iy " —— —— —— wom M1 30

{NOLD3A 130 ‘FNO) NORYNIW

e _uz.:ﬁ% eaima
AVN/Q3Ud- dWD) @

09 Y¥IWYD GVOIND

5

AWIOW Viva QdWNesY
[Z2 ¥

T e @

.M

A

SZ 10 suv sil
N 22510 201 avi
[} S1:10 SOV nww

39Vd 'AJud wOud

a qmid ox
AUVHD ¥3LNY

(NO13A INDSV) NOVNIwELLIa ¥SNp

139
1251 aav
NaKw (22 a0Y) 31avL
UAANINYN M ATLNT OHY
§1.00Y N0 NOIS JONYVHD
NOLISOND S 9IN B
'SOLISOND § 5040
ST

il X @
[fse€ i Aon o

"(62.aav) VL IANINYR N VSRR Q0D

[ own"] ™

®

A%

(52.00¥) 318¥1 ‘NYW M ONY
FOV4 IXIN NO NN
OV ToE T Ny
B2 200 ki U TR TN
O @I T monMigo

F9¥d 1XIN NO QNY
FTAYL UIMINYH N QNOIIY

Sdd - My
“ n

20,
e H01123u03 11\ 1y343u .
a7 o] 430 17 NI (= -0 m
PRI ] .
s ¥IINI ony

-19-% V

e L¥YHIOL Qm[’

(e 278 Tn]ms (33500 [ !

430 17 avaw i

$ 21 NLNN 1Y3dH

< SYA 26 4 50 WO¥4 Q31oVHIENS 51 10
VA P63 5904 Q30ay 1y

o EX 8- B
[(Zreaeln)r|ze o5 7 [ avan
‘I.! 4RO a%0D 1Y 1S TN S6 MO LINOW
3WIL 439 LY 4W0D LUY LS WS

0wy - ¥

(301534 18235¥) NouvNIwaaiza PNAY @

Sd1nem - 139

WOEC i te of 62 we 42 %2 $2 vz €2 22

33 Nw
SN (56 ateTE v

IR OL SBH 1HIANGD

oo T T .amy

90 Ze T 4393wA10d 0D~
o0 45 1ovulans
9T a7 T won 135

. TITTT
\SL.J\ r1
| L ;
| g
SalME
-
(T
syl e SN -
e ; r
050 H L K
oo T i
ore 7
T " o
= “
- [ " .
T s
. = ﬂ_l
[ o
L e L
139 13
30153 Y30 . .
GHYOuNO
TS v
T R S 10T
[ - B priaid
- 0%
wors| gl | ets” 80w, 142, o
't es BRI TRt
= - YNIAGN)  INvg
TSl DRI NSV S T odhasors
350£+5449¢
IINVRI JNYIT STV 35VRT 35¥hd
S1 ONV 2(18-99-S-vSYN &




QIHISSYIONN . ¢

WU ‘uawate|dstp 1IN

anoqv-;—'wiie

* 00511001003 LOIOW A1) 8N-YI}ed SIOAZEPURY - *2-§7L"G 3B v -C9 -S
“wry Juswade|dsip jjuozisoy
PERUY 4 PUILER
0 oot 002 00¢ ow . 005 009 00 008 006 0001 8:8
NN _ |
—_ 0
e -
JuBHIASOd PAIRINO(eD SIGANBURW ONEUIWIBIIP A0 UM 1389 — — — — — — L J_I/F, )\ o
$J3AN3URW PIINAWOI J0)I2A JUIISE PIROG-UO JO YNSDL UM [IQ P = — — — - - N I N—000F 0
s P JO}D3A JUIISR PILOG-UO JO JNS2S LM AS0)09(eS) JUROG-UQ D — —  —
N
spieqd Jybity wosg Jubypsed pajeindjed SIaANBURW J0}IIA JUISe 1M 138 § ——— — ——— s N z ®
SJaANIUeW [en)oR Uim 1§ @ —
\
-~ r~L \\ auijeuly aseyd jeuwid)  4dl
AY
? L1 1 \ ) N ajefius aseyd jeuia) 14t
N7 & Ty s > / A V L A ndnwoy ¥y
/) T N N \ / 1 sbuey) aueld 2,
5 \ \ snipe ase D,
\ul‘j ‘“ N \ \ // ! - .———-m_:- —n_ﬂ.—”nv T“L)S@ES”
A 7 |7 _
= P P \ 4/\
PR ol L /uu W /
..u\ g 2 worz N g
T
P X wies - 1a fux.. pie « 85y warz - a7 .
) SfeAlsjut auny anuIL-gf ¥
[
<
1 L] N
11
606 Jdy L~ A\ \/ —
- YTV
> A s \\x]\/f \ ; sieasaul s_ Inuit-gf ¥
- = 7 p 13 -
- ™~ - s
oo Py rw'\.‘.p.m llllllllll <421 _— ; ¢
% | - \ & = N B N — <
_ ~ J. = : =y E o g ~t
AN KT - . 11, o N ol
i . b =z - —
i -t - = 1| ~. | JHJP!\\
L B I —
i A
€2 90V 5818-99-S-VSWN

d3HISSVIONN 2976

UHIONotfeipn0S

1wy uawade|dsip e




o T

et A 2o

s

Total velocity to rendezvous, ftisec

500

300

200

100

Roll angle. deg

Yaw angle. deg
Radar elevation angie. deg

Pitch angle, deg
Radar elevation angle. deg

Radar range, ft

UNCLASSIFIED

NASA-5-66-8129 AUG 13

4

\\,v—RoIl angle

1=z

-2

-4

— T

-6

S ST TS T ey g
—

| |

ZV\

T T
L.Yaw angle

s et s ] o ad e s e oo

L Radar azimuth angle

-
|
—

i e - W N

1§
=

T

A
\--Pitc'n arllgle

20

adar elevation angle

LT T

=TP{

\ AV,-RTCC g

\ <

= Radar range

N

AV-TRW
T
Posttightl = \|

300

200

AVy= onboard computer =

RN

100

Totat velocity to rendezvous, &Vy | ™).

v o el o = e e e e o e e

>’

(C-W equations) g -
i [ >

{
A

[

0
03:30

03:40 03:50 0400 0410 0420 04:30 0440 0450

Ground efapsed time, hr:min
Figure 5.1,5-8. - Computer data for the closed-loop rendezvous.

UNCLASSIFIED

05:00 05:10  05:20

05:30

5-63




UNCLASSIFIED

5-6h

00°s

*sajbue ' pajejnuiis-jubipsod upm sajbue yynwize painseaw-lepes jeidadeds jo uosuedwo) - “6-¢°1°g a1nbiy

uway ‘awy pasdeja punotg

(1147 ov'y €'y 0z 0T’ Sw
= e St s M 0
S lepeY ———
b 139 palRInuIS - - —— |
\\ —— .—
\\ \\ //
\\ e ~T T | D
< ¢ LL
/ —
7 L
/, —
3 w
A S _
/ N. !
A v 3 <
/Y s
| = O
7 ¢ F Z
!
\ T 8 >
{
\ T 9
\ l W
{ ! ﬁ
. !
!
T 8
{
T
6
[i
T
o1

02 9NV 0818-99-S-YSYN




UNCLASSIFIED 5-65

NASA-S-66-8189 AUG 20

25

24

22 /

19

Elevation angle, deg

7 VAl

g |~ == Simulated BET iy
Radar /‘( /

AN

7
Z1

B
4:10 4:12 4:14 4:16 418 4:20 4:22 4:24 4:26 4.28 4:30
Ground elapsed time, hr:min

Figure 5.1,5-10. - Comparison of spacecraft radar-measured elevation angles
with postflight-simulated{angles,

UNCLASSIFIED




UNCLASSIFIED

5-66

01'g

*£10)51y uonyisod aueyd-Jo-Jno SNOAZapUAL ISl - T1-6°T°S ainbiy

ulw:ay ‘auny pasdefa punol9

02 9NV 6218-99-S-VSYN

00°g 05y ov'y (1134 0z 1187 SNW -
T od HORA3IGD PRl 1 1 1
spotsad uondajiod ejed 11 >

—+ porsad ejep |4} 1 e

= 02

A7 | O .

7o 8°1

W o-m

sjutod ejep payndwoy O o vl

© 21

/0 .

5 0°1

/ w.

4z ‘ou meSEsL _._._ *0u o&:ouu_sv_ \ o

\ .
.—zwm ya v-m
p 00— | / \.Io:m_n 11940 yedadeds jo Kiopdafesy pajew}sa jsag , =
F—— ‘
_///_ / \ ct”-
7 o

¥/ ,ﬂ e

/ aueyd yqe0 |\ 9

potsad ejep 1d1 Burinp i \ a1213A 19b.e) o Kaoyafes) pajewisa 1sag — g

pauwasjap 10jafe.} jabie} Juaseddy— , \\ o1

AV }

rA

7
A /. P
Z d \\ o.m
Ve
\ A 81
N <
/// - _ _l- < 02
// Nt £10)8(E1) Yeus92eds papuewuod Jaynduio) 22
- A .

HERERRRER V2

Wy ‘uonedo| 3abue) yusieddy

UNCLASSIFIED




UNCLASSIFIED 5-61

THIS PAGE INTENTIONALLY LEFT BLANK

UNCLASSIFIED




Q3l4ISSVIONN

*SNOAZapUEI 15314 - JaAnauew buiyelq - 21-6°1 ¢ a1nbiy

“1°3°6 06605 0) 00°10°S )

yueyq a3ed Buipadaid

o
N - &w\.m.—
b
Lo
i .
* .\m KL 0E20°S ve o1 M!x..:m_.m oo 40
— _ \‘\\A Y] m
1 i
YT ] Tobueisepey | % 2] O t
e
E
— e e 8 =0
Xyl L =
- HBWHW PSS o &
oL Jot 9
I N g o T =g Joe {e
U P PO g D
37 p &
s S + e ={o
A ) L] £
N O U O o] -] #9 Ju
- e et I 48 1n
abue) sepey !
I T I RN .le T Hm oo
L ld || paemsoy sjessuesy @ W\ ||
o weaesven @U (@[ | tu
b sjejsuesy @\
3l awisued) ) ®
B B dn 3jejsues) @\
umop aiejsuel] QL) .
- - 1A mwooive X
4 — — 2 oz G
. — 30 €1 =
I jor 2
I 0o st =
P LW IR m

,, d3ldISSVIONN

- B81%

S
§F28

Bap ‘sibue requitg

W 'abuy Jepey
g

I
8 B §R°

- 081F

21 9NV 1918-99- S-YSWN

89-¢

————p— % "




N “r -89 -S

g Jasiuuiiay ‘awny pasdea punos9

* 9 o 1104 00:20° 08906 00:90% 0£50' 00°50°G 0£40% 00%0% 160%
ido.men. ot 00'80% 0¢ ov 06L0% 0z ov 0% oy 't (28 (1% oy ue ov 0§} v’ _.e et 0y oy? OEe0’s

e e D e g e [ERRENENEN

abues jepey | ejes sbuel sepey— _ U111+ l.ﬂ.l —1 1 T - [ NS S R I
~~

00°¢(

t—ajes abues Jepey | | i [

5 o= = s iy - ]
7 O I B . 4 |- _ : ie) jepey N

M e foe ] ~ ~. —~ AV Xpv=
N T T T T RN L T ) s b

= == —T—=F [ 34—+ - s
ajbue fequib 10y NN o o s . 1 -~ i |2

\
il

N
\

FuE (equib ey o | ‘,b. .- R T . N
( 1 S EE i LT T T

_4-1

Nsibue jeguis wnnd SN S PN S .- —

)

il
m

’
i




A3lISSVIONN

“pap(IU0] - 1§ g 31mbly
*1°3°5 0091 01 0€°80%5 (9)

"D-b9-5

096 pe, g OESUS gp g WU o g OERIS 0 o 00wl ov
FFTTT T st FT T T T T T TPy = F
C - abue se| l..\ aje4 ab
N ajbue jequib udiidf ] et e
‘no_m:n jequib )0y N S S -
= = N 1|
1 =y
— > 2
= ¥ne iy i S S S ><_,w
S S il LA L . =
C <] X
m . S = — -1 =
—sibue ilz_ymu.wﬁ_ﬂlh” i s suge S S O =11 3 S
e —t= ASEEEEE TN
— 3 H ===
P e S
_ B
] L=
N e i S
a{bue [equitb Y314 —
1 T T T
— — - N [ mpemlaxi] s |
B, - EREmY - . i B ) (N A S D OO
. - : FTO-F 3=z -ir.+JlM ! i

6976 d3iHISSVIONN




W)Y AV

4]

¥l

x9L

L ‘abue.s Jepey
SRERSSR gFS s

("t
091-
[
[
001~

091

(LIRS

41 9NV 8918-99-S-VSYN

v -b9-S
¥ L9 S
Rsiu|uey ‘awy pasdejs punoag
i & PYELL L S Ty op: 0K vz or: OUY . op: €T 0z oF [LR189 os ov 0€01°s 0z on 000§ 06 oy 0EB0G oz ot 0000% 0 op  UEBOS
A k[ s i i T IT T T T Ll e T L 8%
a0t Jepe 1= = S — e e B B e R & e J_I;ﬂjllsc abues sepey @ &
e V1T JnnlnITA _ 2
) 15 ]~ ajbue jequith yog " X v 21 ® Zo-
P = — A 2
% e O R R N s O B e e DL -4 N-T 1% §
V\... | Lu _ 1| REREE - % =10
pe ajbue |equisd yjjd—y Sl bl - ]
h. —+- 111 e L | aibue jequib oy —" ot ®
A ajbue (equitb #eA] A T t Jor
,‘1‘Vﬂﬂ.,iu11\»¥.r.\. T - _
o e - = iy o I '
_. B . - N ajbue jequib jjoy A EEEEN T Jo
oy ] . 4. .
O e O O O e o L - R I ;
1= —3= B i o |ttt o€
o O S S I . d-q-d4-4-4 4-1
E_ w __ ajbue equiib mes—7
T -1 v
- -1 R SO S A SR DR S . 4- — “
! T =05
wlvr L S S R NS N A I G 1
T
3 H-HHH- LD | e
w./ A N T T ] _ —1 | paemso) ajesuest @) (& : >><l\.
L s == = o = e aeisuesy D @ . IR EEEEE S = o
w e e sl NAaw Wb aejsuesy €1) ajbue jequib oy g1
ﬁ - 13| djeysuel) @ «~
m | ~ dn ajejsuksy @ 8
| :flfi_“ln ] umop ajejsuesy @)
-+ S |- ! are 3
I A B - < N L a0 R 2
= D] - =y =
s B LS = =
110 91 m
i
K
{

Bap ‘sibue jequitg




UNCLASSIFIED

5-70

quawubijesiw waoped ou ‘suoijejnwis SNOAZapUaL 1S4 - “€1-¢"1°G ainbi4

‘i ‘u yuawadejdsip jeluoziioH

PeaYY ~—f-putyag
0t 0 0t 0 119 ov 0s
$SS I ]
$59 K=
-0~ u«/n\ /(/&??
umm.v .\U\“\“ﬂ)r/. 444 594 ajeniul aseyd jeuwiay- -
144991y AT 4/ $SJ U01)28.4402 15414 ]
v’lm\\v\\i\. TTTYSS S “_V“I U01}32.110) PU023S
S ZHANIWY leoldhL (349 X-X-X ]
mmT/xw\xWV/ ETNENT
SSO] .\\\A rSJ4 J8Anauew payndwod uonelnwis - § |
VA /lm# 19AnauRW papuBWWOd Jandwio) - 9 —
A
mmw.ln\\ mmm% _ Jaanauew Jyby4 - 4
. NATS JBANBUBW PIPUBWIWIOI-PUNOIY - § |
HEDINIY N po punoig - 9
; 4
2402 Tyoo 1dl
{ {
JmQ.,T/
IINES AN 5SS -
— N s e T B e et \Jm
C N R - — L\\\.\.\l.\\““\lJ
N _ b s = _ L1
N ] i - 344-0014
/A ;\\\,/
F —SSD
I L[\\ _

€2 9NV [818-99-S-VSYN

81
91
71
ol

< O

N
ANOQY ~—t->MO |2 g

WU uswade|dsip [eanIaA

UNCLASSIFIED

~—

.

UHON~—F+ LiN0S
‘lw U Yuswade(dsip jesie]

2



5-T

quawubijesiu wiopejd paxiy YiM ‘SUOYRINWIS SNOAZAPUA JSJ14 - *p1-¢°1°G 84nbi4

A ‘WU uawade|dsip {eIu0Z1I0H
pealy —e—f—s-puiyag
0

N T O N O
D I B e Y]

=1

UNCLASSIFIED

] 0 0t oy 0s
SH—r—T=—t—
444 )/ _ - \\&ﬂﬂ“‘\
aube = = ;
P E,// U&JV\\/\ $S9 554 ajenuy aseyd jeuwial
2N U01323.109 5414
A u/ 594 101129403 PU023S 7 N
» SSS 1eotdAL (444) X-X-X
mo“_‘, i 1IaAnauey
! Jaanauew payndwod uoyeNWIS - §
SHN Y M55 JaAnauew papuewwod Jayndwo) - 9
\oﬂ\ /it JaAnauew Jybi4 - 4
SSS” A Yssd
NEE|
| )\ 1
2409 Ty0o 1dl
{ « [
EE 1344 - —
4 = - i 1 \\\\
,x//m& $4 1]
/Imm 4 5SS B \A .
~ - um._\

€2 9NV 9818-99-S-VSYN

[a¥] <r =T -]
‘lw *u yuswade|dsip [eandeA

ANOQy--——-M01a g

N O

UNCLASSIFIED

[~

U}ION ~e——>- 4jnos
W U ‘quawade|dsip jessye]

4




5-T2

UNCLASSIFIED

NASA-S-66-8184 AUG 23

Vertical displacement, ft

Lateral displacement, ft

South-e—f—s-North

Below-e—f—=Above
o

3x 103

~N

10

0 Data poi'nts at ljminlute intervals

T

=5:07:00

500+

\n/d\

—

5:13:00— 7

L L]

O Data points at 1-minute intervals / \:\

51: 13:00— - R

—5:07:00

o _Ji5:02:00

6 5 4 3 2 1 0 1
Behind4—{—»Aheaﬁ
Horizontal displacement, ft

Figure 5.1.5-15. - First rendezvous final approach.
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Figure 5.1.5-24, - Reentry quidance parameters.
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5.1.6 Time Reference System

Analysis of data indicates that all components of the Time Reference
System (TRS) performed according to specification. The electronic timer
began counting elapsed time approximately 33 milliseconds after lift-off.
Maximum error during the first 242 767 seconds (67:26:07 g.e.t.) of
flight was 206 milliseconds, or 0.8k parts per million, which is well
within the specification requirement of 10 parts per million at
25° *10° C. 1In addition, the electronic timer successfully initiated
the automatic retrofire sequence at 70:10:2L g.e.t.

The event timer was reported to be 1.5 seconds late at the Carnarvon
station during the first revolution. The flight crew reported that the
elapsed-time digital clock was inadvertently turned off twice during the
mission and that it was difficult to get a time check in order to restart
the clock. During the recovery sequence, the two G.m.t. clocks in the
spacecraft were compared with the G.m.t. clock on the prime recovery
ship; the battery-operated clock showed no error, but the mechanical
clock was running approximately one minute fast. Satisfactory timing on
the tapes from the biomedical and voice tape recorders indicated normal
operation of the time correlation buffer.

5.1.7 Electrical System

The Electrical System performed in a satisfactory manner throughout
the mission. The performance of the fuel-cell power system was excel-
lent, and the fuel cells supplied peak spacecraft electrical loads that
were higher than those supplied on any previous mission.

5.1.7.1 8ilver-zinc batteries.- The main-bus and squib-bus bat-
teries performed satisfactorily during the mission. Performance data
obtained during the inflight battery tests correlated very well with the
performance of the batteries during the mission. A modified test pro-
cedure allowed sufficient test time under load to permit battery stabi-
lization, and a more accurate measure of the condition of the batteries
was achieved,

5.1.7.2 Fuel-cell power system.- The fuel-cell power system per-
formed as required in delivering electrical power to the spacecraft
systems. The fuel cells supplied approximately 2260 ampere-hours during
the mission. The electrical load ranged between 13 amperes (spacecraft
powered down) and 62 amperes (all equipment on), as shown in fig-
ure 5.1.7-1. The ampere-hours delivered and the total operating time
under sustained high loads were approximately equal to the ampere-hours
and operating time experienced during the Gemini IX-A mission; however,
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the use of a manually operated cryogenic oxygen heater resulted in higher
peak loads than had been experienced during any previous mission.

The first and second fuel-cell activations were performed on June 1k
and July 17, 1966, respectively. Figure 5.1.7-2 shows the performance
achieved by both sections at second activation. These performances were
within the range achieved previously by sections that had experienced
similar storage periods after initial activation. Similarly, the decrease
in performance of both sections while in standby operation (between second
activation and operation during the final countdown) was consistent with
previous flight sections. Unlike previous missions, however, no decrease
of inflight performance of either section was readily discernible. Out-
of-tolerance differential pressure indications were not observed except
during the launch period (as expected) and during the docked GATV primary
propulsion system maneuvers. Load sharing, between sections
(fig. 5.1.7-3) and between stacks within each section (fig. 5.1.7-L4),
was within the narrow ranges previously experienced.

5.1.7.3 Reactant supply system.-~ The reactant supply system opera-
ted normally throughout the mission. The oxygen container was serviced
with 115.7 pounds of oxygen and contained 106.6 pounds at lift-off. The
oxygen quantity remaining at retrofire was 21.4 pounds. The hydrogen
container was serviced with 8.3 pounds of hydrogen and contained
7.5 pounds at lift-off. The hydrogen quantity remaining at retrofire
was 1.2 pounds. The hydrogen-container pinch-off-tube cutter was actu-
ated at 67 hours 28 minutes g.e.t. with no adverse effect (see ref. 10,
section 5.1.7).

5.1.7.4 Power distribution system.- At approximately 1 hour 30 min-
utes g.e.t., hydrogen pressure dropped to an abnormal level. A check by
the crew revealed that the cryogenics heater circuit breaker was open.
When it was closed, the hydrogen pressure returned to normal. There
were no other instances in which this circuit breaker was found open.
Examination of the main bus currents has revealed no excessive currents
which could have caused the breaker to open. It is concluded that the
breaker was inadvertently opened by one of the crew during a period of
high activity.

Prior to landing, the main bus was powered down to approximately
8.2 amperes. Approximately 40 seconds after landing, a rapid rise in
the current occurred. The current drain continued to oscillate between
the values of 12.3 amperes and 26.0 amperes until the end of the data
when the recorder was turned off. A similar sequence occurred during
the Gemini V mission when the main bus current at landing was also
8.2 amperes and a rapid current rise occurred approximately 25 seconds
later. In that case, the current drain after landing oscillated between
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12.8 and 37.9 amperes. These two missions are the only missions for
which data were recorded longer than 25 seconds after landing, the
earliest this phenomenon has been noted.

5.1.7.5 Sequential system.- The performance of the sequential
system was nominal, as indicated in tables L-I and L4-IT.
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5.1.8 Spacecraft Propulsion System

Flight performances of the Orbital Attitude and Maneuver System
(OAMS), the Reentry Control System, and the Retrograde Rocket System
were, in general, satisfactory. There were several periods of time
during which the performance of individual components did not fall within
specification boundaries, but these slight deviations were not noticed
by the crew and did not detract from overall system performance.

The excessive consumption 6f OAMS propellant relative to planned
estimates was a normal response to the demands placed upon the system.
The actual propellant consumption rate during the mission is compared
with the preflight estimate in figure 5.1.8-1. The importance of the
increased propellant quantity onboard Spacecraft 10 toward the attain-
ment of mission objectives is readily apparent in the figure. The second
rendezvous and the umbilical EVA could not have been accomplished without

the additional propellant that was made available as a result of the
change in tank configuration (see section 3.1).

‘-
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5.1.9 Pyrotechnics

All pyrotechnic functions were satisfactorily performed.

5.1.10 Crew Station Furnishings and Equipment

5.1.10.1 Crew station design and layout.- The overall design of the
crew station was satisfactory for the Gemini X mission. Minor discrep-
ancies are discussed in the following paragraphs.

5.1.10.1.1 Displays and controls: The displays and controls func-
tioned normally for this mission. The command pilot reported objection-
able parallax in the propellant quantity indicator. He stated that
reading the gage was particularly difficult in a pressurized suit because
he was unable to move his head down in front of the gage to eliminate the
parallax. Because of the convex face on the instrument, the parallax was
much larger at the low end of the scale, where the readings were more
critical. :

The crew reported that several switches were turned off uninten-
tionally during EVA preparation and also during ingress after EVA. This
condition was primarily the result of difficulties encountered in handling
the 50-foot umbilical. No significant problems resulted from the inad-
vertent switch operation.

5.1.10.1.2 Equipment stowage: Equipment stowage provisions were
satisfactory for the mission except that the stowage of the 50-foot EVA
umbilical in the left-hand footwell restricted the mobility of the command
pilot during the first day. This condition became less objectionable as
the flight progressed. The crew experienced difficulty during ingress
at the conclusion of the umbilical EVA because of the length and bulk of
the umbilical, but they were able to restow the umbilical in the stowage
bag and jettison the equipment as planned. Paragraph 5.1.10.5.2 pre-
sents a detailed discussion of this problem.

5.1.10.1.3 Lighting: The interior cabin lighting was satisfactory
with two minor exceptions. The crew reported that the water management
panel lighting was poor. This condition has been reported previously;
however, because of the infrequent use of this panel, no change to the
lighting is planned. Either the utility light or a penlight had to be
used to illuminate the encoder, and no difficulty was encountered with
this arrangement. The fingertip lights were used for reading cabin gages,
particularly when one crewman was sleeping.
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When the pilot was unstowing the Extravehicular Life Support System
(ELSS) during EVA preparation, the ELSS slid forward and struck the center
bright light. The crew reported that a flash occurred and some broken
parts came loose after the ELSS struck the light. Subsequent investi-
gation showed that no parts were missing from the light but that its
filament was broken. It is believed that the loose pieces were broken
off the edge-1lit display panel of the ELSS chestpack.

The external docking light was satisfactory for illuminating the
target vehicle while station keeping on the dark side. The crew reported
that this light illuminated the nose section of the spacecraft and the
docking cone while docked.

5.1.10.1.4 Crew furnishings: The ejection seats were not used
except for restraint and support of the crew. The ejection-control-
mechanism safety pins were difficult to install after insertion of the
spacecraft into orbit. The D-rings would not remain in the stowed posi-
tion while the crew attempted to insert the safety pins. This condition
increased the time required for this task.

5.1.10.2 Pilots' operational equipment.-

5.1.10.2.1 Optical sight: The optical sight reticle was compared
with the radar boresight during the first rendezvous. The crew reported
that when the radar pitch and yaw indicators were centered, the GATV
appeared one-half degree off to the right of the reticle center. There
was no readable error in pitch.

5.1.10.2.2 Sextants: The miniature hand-held sextant proved to be
unsatisfactory for star-to-horizon measurements because of the limited
field of view (8.33 degrees), and because of difficulty in seeing the
horizon. The optics of the sextant split the light path so that 50 per-
cent of the light from the star and 50 percent of the light from the
horizon reached the pilot's eye. Under darkside lighting conditions
with virtually no moon, the horizon could not be located in the brief
period that the sextant was used during the orbit-determination phase.
There were no further attempts to use this sextant for star-sighting or
range-finding on the GATV.

The Air Force hand-held space sextant was used successfully for
star-sighting during the orbit-determination phase and for range-finding
on the Gemini VIII GATV during the passive rendezvous. This sextant split
the light path so that 80 percent of the light from the horizon and
20 percent from the star reached the pilot's eye. With this light dis-
tribution and a 12-degree field of view, the Air Force sextant enabled
the pilot to see the horizon adequately and take star-to-horizon
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measurements quickly in most cases. On one or two stars the pilot was
unable to get the star image to split. The cause of this problem is
believed to have been the obstruction of the upper optical path of the
sextant by the spacecraft window frame. For those star sightings accom-
plished, the accuracy of the measurements appeared to be better than

0.2 of a degree, based on the residual velocity components computed by
the IGS. A more detailed description of the results of the star sight-
ings is given in section 5.1.5. For range finding during the passive
rendezvous, the crew reported that they believed the Air Force sextant
was accurate at a range of less than one mile when sighting on the 5-foot
diameter of the Gemini VIII GATV.

5.1.10.2.3 Still cameras: The lanyard attachment was not adequate
for the 70-mm still camera with the superwide angle lens used during
EVA. The lanyard attachment screw backed out of the camera during EVA,
and, as a result, the camera was lost. The problem was aggravated because
the camera mounting bracket would not remain engaged in the ELSS keyhole
slot during EVA. This condition allowed the camera to float free, which
ultimately led to backing out of the lanyard attachment screw.

5.1.10.2.4 Sequence cameras: Two l6-mm sequence cameras were used
for onboard photography. Ten magazines of color film and two magazines
of black-and-white film were exposed. Photographic coverage was obtained
of the Gemini X GATV during the final approach and docking. General
coverage during orbital flight and reentry was also obtained.

During the second day, the crew reported intermittent operation of
the right-hand 16-mm sequence camera, which was scheduled for external
use during EVA. This camera would not function properly during the
umbilical EVA preparations, and the crew elected not to use it. Post-
flight investigation revealed the cause of the malfunction to be inade-
quate clearance between the start button operating lever and the two
start-stop microswitches. When the start button was released, the lower
microswitch did not open the ground circuit. As a result, the camera
timing circuit remained grounded, and no timing pulse could be generated
to operate the clutch for the film advance and shutter mechanisms. A
similar problem was encountered on Gemini IX-A when for a brief period
the camera would not operate. Intentional jolting of the camera by the
pilot resulted in the malfunction disappearing. Subsequent postflight
testing at MSC and a failure analysis by the vendor did not reveal the
source of the problem. The failure did occur again during final accep-
tance testing of the same camera on July 20, 1966, prior to Cape delivery
after the Gemini X launch. The problem was identified as related to the
switch. Therefore, the existence of the same deficiency in the Gemini X
cameras was not detected in time. Corrective measures being implemented
on all 16-mm sequence cameras prior to further flight use include (1) a
stronger return spring for the start button, (2) increased clearance
between the start button operating lever and the microswitches,
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(3) improved mounting of the return spring and microswitches, and (k4)
performance of additional acceptance tests which check microswitch and
lever operation.

5.1.10.2.5 Water-metering device: The water metering device, which
was used for drinking and rehydrating food, performed satisfactorily.

5.1.10.3 Pilots' personal equipment.-

5.1.10.3.1 Food: Overall food consumption by the crew amounted to
approximately 16 1/2 man-meals of the 18 complete man-meals provided.
Because the used food bags were jettisoned in orbit, no precise food
intake could be determined. The meals consisted of rehydratable and
bite-size foods similar to those provided for previous Gemini missions.
The crew reported that the time required to rehydrate and eat the rehy-
dratable foods was excessive. Minor leakage occurred in several food
bags around the food-bag valves; however, this leakage was not extensive
enough to cause any problems.

Dehydrated orange-juice particles were released in the cabin when a
crewman inadvertently cut through the overwrap into one of the inner
food packages. A significant quantity of the orange-juice particles
accumulated in suit compressor no. 2 and prevented this compressor from
operating when it was first tested after the mission (see sec-
tion 5.1.4.2).

5.1.10.3.2 Waste equipment: Removal of the launch day urine collec~
tion devices occurred after approximately 8 hours g.e.t. No problem
was encountered in their use, and they were eventually discarded over-
board.

One defecation device per crewman was used during the mission. No
problem was encountered with these devices. -

Each crewman used a separate urine receiver system for this mission.
Minor problems were reported concerning the urine receiver systems, and
some urine spillage occurred.

5.1.10.4 Space suits and accessories.- The space suits used during
the Gemini X mission operated satisfactorily in all modes.

5.1.10.4.1 Command pilot's space suit: The command pilot's suit
(GhC-19) operated satisfactorily throughout the mission, and a detailed
D
postflight analysis has shown no anomalies.
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5.1.10.4.2 Pilot's space suit: The pilot's space suit (GLC-36),
with an extravehicular coverlayer, performed satisfactorily during the
mission. The pilot reported that approximately 30 to LO percent of the
gold coating on the removable sunvisor had flaked off prior to the extra-
vehicular activity. This was caused by contact with the inside of the
spacecraft at various times during the mission and during EVA prepara-
tion. :

Postflight analysis of the pilot's suit revealed that the suit relief
valve exhibited excessive leakage. An inspection showed that this relief
valve was being held in a partially open position by a small piece of
elastomer. Removal of this piece of elastomer returned the relief valve
to a satisfactory condition. Analysis of the elastomer showed that it
was the same material as was used in fabricating the valve. It appears
that a piece of flashing broke loose and became lodged in the valve. The
last time this.valve was known to have been actuated was during the suit
relief-valve check just after the pilot donned his suit for flight. There
is no evidence of subsequent actuation until the discrepancy was dis-
covered. These facts indicate that the foreign material was in the relief
valve prior to launch and remained there throughout the flight. The
resulting leakage through the valve would have been approximately
3000 ce/min, and this low value was apparently not detectable in the suit
integrity checks conducted in flight. During EVA this leakage would have
been small in comparison to the flow supplied to the suit, and no notice-
able change in suit pressure would have resulted.

To preclude this discrepancy in future missions, a final suit integ-
rity check is being added to the pre-launch suiting procedures, to be
performed after the completion of the relief valve check. In addition,
the preinstallation inspection for the space suits is being modified to
include an additional visual inspection of the relief valve just prior
to final installation of the suit cover layer.

The neck ring of the pilot's helmet also exhibited excessive leakage
during postflight tests. Inspection showed numerous deep scratches on
the back side of the neck ring. The scratches were on the suit half of
the neck ring but not on the helmet half, indicating that the damage
occurred while the helmet was removed. Examination revealed that the
seal located on the upper surface of the lower half of the neck ring was
torn loose approximately two inches circumferentially on the ring. This
unbonding of the seal produced the excessive leakage. An investigation
is being conducted to determine the source of the damage to the helmet
neck ring.
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5.1.10.4.3 Visor anti-fog wiping pads: Wet wiping pads soaked in
a visor anti-fog solution were used during this mission. Both crewmen
applied the solution to the insides of their helmet visors prior to the
standup EVA, and they reported that no visor fogging occurred. Only the
pilot used the solution on his visor prior to the umbilical EVA. The
pilot reported that he left a small section of visor uncoated for com-
parison purposes. No fogging occurred on either the treated or the un-
treated portion of the visor at any time during the mission. This
indicates that the extravehicular workload during the mission was prob-
ably within the system capabilities.

5.1.10.5 Extravehicular equipment.- All extravehicular equipment
operated satisfactorily during the Gemini X mission. Three extravehicular
or open-hatch periods were planned and conducted: standup EVA from
23 hours 24 minutes to 24 hours 13 minutes g.e.t., umbilical EVA from
48 hours 42 minutes to 49 hours 20 minutes g.e.t. and a hatch-open period
to jettison used equipment from 50 hours 30 minutes to 50 hours 34 min-
utes g.e.t. The detailed activities are outlined in figure 5.1.10-1.

5.1.10.5.1 Extravehicular Life Support System: The Gemini X ELSS
chestpack performed satisfactorily without incident during the 38-minute
umbilical EVA (48 hours 42 minutes to 49 hours 20 minutes g.e.t.).

The pilot had difficulty removing the ELSS from the center stowage
frame. Initially, some resistance was experienced in attempting to slide
the ELSS forward. The forces exerted by the pilot caused the ELSS to
slide forward rapidly in the stowage frame and strike the center cabin
light, causing damage as described in 5.1.10.1.3. The remainder of ELSS
donning was accomplished without incident.

No free water was observed at any time, indicating that the initial
ELSS heat exchanger charge of 0.626 of a pound of water was held in the
storage wicks. The two ELSS restraint straps were like those worn by
the Gemini IX-A pilot except for the direction of attachment. They were
attached tightly enough to fix the ELSS in position so that it would not
ride either up or down.

The ELSS emergency oxygen supply indicator showed 6300 psi at egress.
This value resulted from some oxygen depletion during and after checkout
of the ELSS. The largest depletion occurred when the pilot opened his
space-sult visor briefly while waiting for the designated time to com-
mence depressurization.
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At the time of hatch opening and egress (48 hours 42 minutes g.e.t.)
the EISS was set on medium flow and the panel lighting intensity was set
on bright. After moderate sustained exertion in conjunction with the
extravehicular transfer to the Gemini VIII GATV, the pilot noticed that
he was warm and selected ELSS high flow, which restored his comfort. The
EISS cooling was adequate during ingress, and although the pilot's work-
load was moderate to high, he reported that he was cooler than in ground
simulations in the vacuum chamber prior to the mission. After ingress
and hatch closure at L9 hours 20 minutes g.e.t. the crew terminated flow
from the spacecraft repressurization valve and went to the high-plus-
bypass mode of the chestpack to expedite repressurization of the cabin.
The spacecraft circuit breaker for the ELSS power remained closed because
there was only a brief period of operation of the ELSS emergency-oxygen
heater while on the high-plus-bypass mode. The pilot reported that,
after advancing to high flow, he felt neither hot nor cold until ingress,
at which time he was warm, though not overheated. No difficulties with
the restraint straps or the ELSS restraint position were experienced.

A qualitative assessment of the heat load to the ELSS indicates that
the pilot's heat output prior to ingress was significantly less than
that experienced during Gemini IX-A, although in excess of ELSS design
values. The pilot's heat load during the ingress operation (including
hatch closure and latching) was about equal to that encountered during
the Gemini IX-A mission. Total time on the ELSS in the vacuum environment
was about 40 minutes. The ELSS chestpack, hoses, and restraint straps
were jettisoned during the revolution after ingress, at 50 hours 32 min-
utes g.e.t.

5,1.10.5.2 Fifty-foot umbilical: The 50-foot umbilical was satis-
factory for the mission. The following anomalies were noted.

The full 50-foot length was not required to make extravehicular con-
tact because the Gemini VIII GATV was stable. The extra length caused
some problems with crew ingress because of the bulk and because of the
tendency of the pilot to become entangled in the slack. The pilot re-
ported that several turns of the umbilical were wrapped around his body
and legs. This condition impeded the pilot in that he could not get low
enough in the seat to close the hatch, The crew, acting Jjointly, were
able to unsnarl the umbilical except for one loop around the pilot's
lower body. At that point, the pilot was able to move far enough into
the spacecraft to allow the hatch to be closed and latched.

The crew station was very cluttered after hatch closing and required
the effort of both crewmen to organize the EVA equipment. The crew first
placed the umbilical into the right-hand footwell and then stuffed it into
the jettison bag along with the other miscellaneous EVA equipment. The
bag was then successfully jettisoned along with the ELSS.
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The pin which locks the structural attachment fitting of the umbil-
ical to the pilot's restraint harness came loose during EVA. The crew
reported that they had checked it in position prior to egress., The
structural fitting attachment plate remained in place even though the
pin had come loose., This condition will be corrected prior to the
Gemini XTI mission.

The pilot reported that the umbilical was completely flexible during
the EVA, even when subjected to the normal nitrogen pressure.

There were no torques imposed on the pilot due to the umbilical, but
it had a random motion which he was unable to control. At ingress, both
crewmembers cooperated in pulling and stuffing the umbilical into the
cockpit, and this was ultimately successful.

5.1.10.5.3 Hand Held Maneuvering Unit: The Hand Held Maneuvering
Unit (HHMU) performed satisfactorily during two relatively brief periods
of use., Although the early termination of the umbilical EVA prevented
the stability and control evaluation planned for the HHMU, the pilot
used the HHMU successfully to transfer a distance of approximately
15 feet from the Gemini VIII GATV back to the spacecraft after the first
attempt at retrieving the Experiment S010 (Agena Micrometeorite Collec-
tion) package. This first use was initiated when the pilot was in a
slight tumble after letting go of the GATV. The HHMU was effective in
regaining attitude control and translating back to the spacecraft. The
pilot found that use of the HHMU in space was similar to its use on the
air bearing table on which he had trained. It was quite feasible to
perform pitch and yaw corrections simultaneously. Roll corrections were
not required. The thrust level and control response of the HHMU were
reported to be satisfactory when using the tractor thrusters. The pusher
thruster was not used; therefore, control tasks during braking maneuvers
were not evaluated., The HHMU trigger force and travel were reported to
be satisfactory, and no difficulty was encountered with the new trigger
design.

The HHMU was used a second time to transfer approximately 12 feet
from the spacecraft back to the Gemini VIII GATV. In this transfer
maneuver a pitch transient was introduced while departing the spacecraft.
In using the HHMU to correct the pitch transient, the pilot introduced
an upward translation. A downward translation correction was necessary
to avoid missing the Gemini VIII GATV. The relative velocity of contact
with the GATV was about one ft/sec. Because the HHMU was used for less
than a total of only 30 seconds, the results, although favorable, cannot
be considered as a complete or adequate stability and control evaluation
of the HHMU, A further HHMU evaluation is scheduled as part of the
Gemini XTI mission.
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5.1.10.5.4 Spacecraft provisions: The HHMU nitrogen gas supply,
stored in tanks in the spacecraft adapter, proved satisfactory. The
pilot reported little difficulty in connecting the umbilical nitrogen
line to the nitrogen quick-disconnect fitting located on the adapter
surface. Approximately two minutes were required to route the line and
make the connection.

The aft handrail on the equipment adapter section did not fully
deploy in that only the front end of the rail deployed properly. A
design change is being incorporated to correct this problem prior to the .
Gemini XI mission (see section 5.1.1).

5.1.10.5.5 GATV provisions: The pilot reported that the lack of
handholds on the Gemini VIII GATV caused some problems during the first
attempt to recover the S010 experiment. He attempted to grasp the
smooth leading edge of the docking cone. During his second attempt to
retrieve the experiment, he grasped wire bundles and struts between the
docking cone and the cylindrical section of the Target Docking Adapter
which provided better restraint. The S010 experiment package retrieval
was satisfactorily accomplished with all disconnects functioning normally.

5.1.10.5.6 Miscellaneous extravehicular equipment: The spacecraft
was fitted with a special hatch closing device which was a small block- .
and-tackle. This cable device was provided as an aid for closing the >
hatch in the event of difficulty; however, it was not required. The
normal hatch closing device had sufficient advantage to overcome the
hatch closing forces.

5.1.10.6 Bioinstrumentation.- The bioinstrumentation equipment
performed satisfactorily during this mission, and satisfactory bio-
medical data were obtained on both pilots.
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NASA-5-66-8118 AUG 13

\ 4 23:20
. |—
N —
s
N — 23.25
— 23:30

— 23:50

/-\‘_'
i i
\ .

Cabin pressure at 2 psia

Sunset

Spacecraft hatch opened

Gear jettisoned

S013 camera mounted
Pilet standing in open hatch

Camera came out of SO13 bracket

S013 experiment being accomplished

Left shoulder strap restraining pilot

Pilot feeling warm

Eight exposures completed for S013
experiment

Pilot starts to cool off

Twelve out of 20 S013 photographs obtained

Body positioning found to be no problem

— 23:50

— 23:55

— S013 experiment completed

—— 24:00
— Sunrise (EV visor down)

— S013 camera handed into spacecraft
— Pilot set up M410 experiment

— M410 color plate floated pr
L 24.05 then retrieved by pilot

— Eye irritation probiem first reported

— Color plate discarded

— 24:10

— Command pilot ordered pilot to ingress,
pilot discarded S013 bracket

— Hatch closed

— Cabin repressurization started

— 24:15

— Cabin pressure at 2 psia

— Cabin pressure at 4 psia

— 24:20

{a} Standup,
Figure 5.1.10-1, - EVA events.
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NASA-S-66-8130 AUG 13

G.e.t.

i 48:35

— 49:05

EVA preparations completed
Sunrise

Cabin depressurization started

Hatch open

Handrail deployed

Tape recorder turned on

Experiment S012 micrometeorite package
removed from adapter

Nitrogen quick disconnect hook up initiated
for HHMU

Nitrogen hook up completed

Pilot returned to hatch and checked out
HHMU

Pilot pushed off from spacecraft and trans -
lated to GATV

Pilot went to high fiow on ELSS-transiated
back to spacecraft with HHMU

{about 15 feet)

Pilot translated to GATV with HHMU
{about 12 feet)

Experiment 5010 micrometeorite package
removed from GATV

— 49:05

—

— 49:10

+— 49:15

— 49:20

— 49:25

— 49:35

{b) Umbilical,
Figure 5.1.10-1. - Concluded.
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Decision made not to install new
S010 package on GATV

Pilot moves back to spacecraft hand-over-
hand using umbitical

Loss of 70mm still camera reported

Tape recorder out of tape

Command pilot ordered pilot to return to

spacecraft

HHMU nitrogen line disconnected and
pilot standing in hatch

Commenced ingress

Hatch closed
Cabin pressure at 0.4 psia

Cabin pressure at 2 psia
Sunset

ELSS on high flow and bypass

— 49:30 Cabin pressure at 5.6 psia
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5.1.11 Ianding System

The parachute landing system operated satisfactorily, and all sys-~
tem events occurred within established tolerances when commanded by the
flight crew. Figure 5.1.11-1 illustrates the sequence of major events
with respect to ground elapsed time and pressure altitude.

The drogue parachute was deployed at approximately 4O 000 feet
instead of the design altitude of 50 000 feet. The delayed deployment
contributed to the subsequent large oscillations of the spacecraft on
the drogue parachute. Wind tunnel data indicate that a body the shape
of the Gemini reentry assembly becomes aerodynamically unstable in pitch
and yaw at subsonic velocities. Without the stabilizing control of the
RCS or a drogue parachute, the spacecraft will go unstable in pitch and
yaw at about L0 000 feet. Figure 5.1.11-2 shows the buildup of oscil-
lations in pitch and yaw.

Even though the drogue parachute was deployed below the design alti-
tude, the disreefed drogue parachute controlled spacecraft oscillations
to within the design limit of 24 degrees except for two data points in
pitch. Because of the bridle geometry, this is the least constrained
plane of oscillation. The Spacecraft 4 drogue parachute was also deployed
at 40 000 feet, and the oscillations that followed were very similar to
those experienced during this mission.

Following a normal 50 000-foot deployment, the oscillations are of
& lesser magnitude and are damped out in less time. On the Gemini VI-A
mission, the drogue parachute was deployed at an altitude of 50 000 feet
and the data indicated maximum spacecraft oscillations of t15 degrees.
Furthermore, these oscillations were damped in about 75 percent of the
time required to damp the oscillations on Spacecraft 10.

The crew reported rotation of the spacecraft in the yaw plane after
the single-point disconnect had been released and the spacecraft had
assumed the landing attitude. During landing system development and
qualification testing, a slow rotation of this type was observed but not
of this magnitude; however, this action has never been reported by the
crew of any previous spacecraft.

It can be seen in figure 5.1.11-3 that the spacecraft began to build
up a roll rate at approximately 28 000 feet. This is probably due to the
transfer of energy from one axis to another. The spacecraft was in the
region of maximum oscillations in pitch and yaw (see figure 5.1.11-2)
during the time period that the drogue disreefed and the RCS was turned
off. The opening shock force of the drogue disreefing was probably
applied to the spacecraft through only one leg of the attachment cables
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and thus induced a rolling moment to the spacecraft. The spacecraft
continued to roll after separation of the Rendezvous and Recovery sec-
tion and while the main parachute was being stripped from the stowage
bag. Figure 5.1.11-3 also shows that the spacecraft reversed its direc-
tion of rotation about 5.5 seconds after full inflation of the main
parachute and continued this direction of rotation until single-point
disconnect. When the spacecraft assumes the landing attitude, it rotates
about the IGS platform such that the platform roll axis becomes the
spacecraft yaw axis. This is approximate, as the spacecraft is pitched
up 35 degrees from the horizontal. Figure 5.1.11-3 indicates the approx-
imate motions of the spacecraft in its yaw axis after single-point
release. The spacecraft continued to revolve after single-point release,
then changed'its direction of rotation before settling down to a back-
and-forth oscillation. The data correlate with the time period on the
voice tape when the crew commented that the rotation had stopped.

An analysis of spacecraft data and a physical inspection of the
main parachute indicate that the following events probably occurred.
During the canopy and suspension line deployment and while the reefed
canopy was filling with air, the rolling spacecraft twisted the suspen-
sion lines. When the canopy inflated to its full diameter, it spread
the 72 suspension lines out and wound them up at their point of conflu-
ence with the six risers. Postflight inspection revealed that the six
risers were twisted underneath the fabric keeper located at the point
where all six risers are sewn together to form one large riser. This
stored rotational energy was then imparted to the spacecraft, as noted
in the preceding paragraph, at 5.5 seconds after full inflation of the
main canopy. There is also evidence that the two bridle legs had wound
together. This probably occurred during the initial stage of reposition-
ing to the landing attitude. Traces of the silver-coated thermal tape
from the aft bridle leg were found imbedded in several places on the
forward bridle leg, and there were also signs of abrasions on the forward
leg by the aft leg. If the two bridle legs were actually wound together,
this condition would also impart rotation to the spacecraft as the two
bridle legs were being stretched apart.

There is also another factor that may be relevant to this problem.
Data indicate that the spacecraft was rolling left at the time of single-
point release. This would cause the bridle to tear out the right-hand
side of the stowage trough. Postflight inspection has revealed that this
was the case and that it was a possible contributing cause for the fail-
ure of the D-5 ablative material to be properly removed (see sec-
tion 5.1.1).

Weather and sea-state conditions were very calm in the landing area,
resulting in a gentle landing. This is in contrast to the preceding
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flight which experienced a hard landing because of a more severe landing
environment. The main canopy settled down over the nose of the space-
craft. As a result, the bridle did not pull free from the two disconnects
as it normally does when there is sufficient wind to push the parachute

to one side.
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NASA-S-66-8075 AUG 9
45 X 103
Drogue parachute
deploy 70:41:33,867
L]
0 v
'.
Drogue parachute x
35 disreef 70:41:53
— Drogue parachute
30 release and pilot
‘ parachute deploy
70:42:51.367
R and R section
25 \ B separation and
& main parachute deploy e
$ 70:42:53.867 SN
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Main parachute
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Figure 5.1.11-1. - Landing system performance,
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5.1.12 Postlanding

The UHF descent antenna extended properly and functioned satisfac-
torily. However, the UHF recovery beacon antenna did not extend because
the D-5 ablative material covering the aft parachute bridle trough did
not tear out properly. The analysis of this problem is discussed in
section 5.1.1. The recovery hoist loop and flashing light were deployed
when the main parachute was Jettisoned by the crew, and the sea dye
marker was automatically dispensed upon touchdown. There was no require-
ment for HF communications, and the crew did not extend the antenna.

The operational effectiveness of the recovery aids is discussed in sec-
tion 6.3.
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5.2 GEMINI LAUNCH VEHICLE PERFORMANCE

The Gemini Launch Vehicle (GLV) was launched on time after a count-
down that involved no unplanned holds. All systems performed satisfac-
torily and the spacecraft was inserted into a near-nominal orbit. The
following discrepancies have been identified during a review of the data:

(a) The Stage II fuel tank vent and topping umbilical failed to
release at lift-off. Approximately 14.5 feet of hose and five feet of
ldnyard were carried aloft.

(b) The Stage I oxidizer outage was 1621 pounds, the highest value
for all GLV flights to date. The probable cause was a shift in the
Stage I engine mixture ratio of minus 1.9 percent which resulted in a
fuel depletion shutdown for the third successive mission. (An oxidizer
depletion shutdown is the desired mode.)

(¢) Tracking films indicate that the Stage I oxidizer tank ruptured
after the staging sequence was completed. The event had no detectable
effect on the satisfactory operation of Stage II; however, further study
is being conducted by the contractor and additional information will be
provided in a supplemental report.

Calculations of payload capability, performed during the countdown,
indicated that the nominal payload capability would be 8717 pounds. The
predicted minimum payload capability was calculated to be 8087 pounds,
and the spacecraft weight was 829L pounds, providing a payload margin
of minus 207 pounds (relative to minus three sigma). The postflight-
reconstructed burning-time margin was +1.61 seconds, indicating that the
achieved vehicle performance was 8862 pounds. The achieved payload
capability was 568 pounds greater than the spacecraft weight.

5.2.1 Airframe

Flight loads on the launch vehicle were well within its structural
capability. The flight loads and vibration environment were comparable
to those of previous flights.

5.2.1.1 Structural loads.- Ground winds of approximately 13 miles
per hour during the prelaunch phase caused a peak GLV bending moment
equal to 20 percent of the design-limit wind-induced bending moment.

Estimated loads on the launch vehicle during the launch phase of
the Gemini X mission are shown in the following table. These loads are
related to design loads of spacecraft in the weight range from 8000 pounds

- o,
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to 8500 pounds. These data indicate that the highest percentage of
design loading occurred at station 320 during the region of flight just
prior to first stage engine cutoff (BECO).

5-116

Maximum qa Pre-BECO
. Percent of . Percent of
suesion| Cmpmeesion | esign | Ceepen | aesie
Limit | Ultimate Limit |Ultimate
276 2L 300 29.0 23.2 50 800 60.k| L48.3
320 135 800 Ly 3 35.5 272 200 88.9 T1.1
935 hzé 900 T0.T 56.6 Lh2 500 73.8} 59.0

5.2.1.2 Longitudinal oscillation (POGO) .- Accelerometer data indi-
cate the same intermittent characteristic of the suppressed longitudinal
oscillation that has been experienced on previous flights. Maximum
response at the spacecraft/launch vehicle interface occurred at lift-off
(LO) plus 123.0 seconds and had an amplitude of #0.10g at a frequency of
10.9 cycles per second (filtered data).

5.2.1.3 Post-SECO disturbance.- Four indications of disturbances
on the low-range accelerometer data after second stage engine cutoff
(SECO) are listed in the following table:

Time from SECO, sec AXia%;:zifi:igZ:i?,a:PlitUde
3.35 2.55
h.21 2.39
9.7k 0.05
7.79 0.06

5.2.1.4 Post-staging event.- Motion picture tracking films indi-
cate that an amber cloud appeared at approximately 1.2 seconds after
BECO, followed by an unusual amount of debris. This evidence indicates
that the Stage I oxidizer tank ruptured after a normal staging sequence.

WNCLASSIFIED~
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Telemetered data did not provide any evidence of the cause, and the event
had no detectable effect on the satisfactory operation of Stage II.

5.2.2 Propulsion

5.2.2.1 Engines.-

5.2.2.1.1 Stage I: Performance of the Stage I engine throughout
flight was, with one exception, close to nominal, as shown in
table 5.2-I. The Stage I engine mixture ratio at the Stage I engine
ignition signal (87FS1l) + 55 seconds, corrected to standard inlet con-
ditions, was minus 1.9 percent from the acceptance test value. This
value exceeds the 3-sigma run-to-run repeatability of t1.38 percent.
The lower-than-expected mixture ratio resulted in a fuel depletion shut-
down.

The start transient appeared normal in that the measured chamber
pressure had characteristics similar to those on previous flights,
although the true magnitude of the chamber pressure spike was obscured
by the heavily damped type of transducers used on GLV-10. Steady-state
thrust and specific impulse were very close to the predicted values, as
noted in figure 5.2-1. The shutdown transient was normal for a fuel
exhaustion shutdown. The thrust level had decayed to approximately
80 000 pounds at BECO.

5.2.2.1.2 Stage II: The Stage II engine performance data showed
good agreement with the predicted values, as noted in table 5.2-II. The
engine mixture ratio, corrected to standard inlet conditions, was
minus 1.33 percent from the acceptance-test value but within the 3-sigma
limits of $2.28 percent. The start transient showed an earlier thrust
chamber pressure rise than has been the case on Gemini launch vehicles;
however, the pressure was within the range experienced on Titan II and
Gemini flights and was considered normal. The steady-state thrust and
specific impulse were close to the predicted values, as shown in fig-
ure 5.2-2. Second stage engine shutdown was initiated by guidance com-
mand. The shutdown impulse was slightly less than the GLV-9 shutdown
impulse, as shown in the following table:

Launch vehicle Predicted, lb-sec Actual, lb-sec
GLV-9 36 100 +7000 35 L22
GLV-10 36 100 *7000 35 081
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Minor post-SECO disturbances were seen at 3.35, 4.21, 9.7h4 and
17.79 seconds following SECO. The first two disturbances were similar
to those observed on the GLV-8 flight, when chamber pressure indicated
activity during both perturbations. The disturbance at SECO + 17.79 sec-
onds was a cyclic oscillation (approximately four cps) and has been
attributed to the Stage II engine oscillating at its natural frequency
during a time period of minimum engine control (that is, low hydraulic
pressure and turbine speed). The disturbance at SECO + 9.TL seconds was
unexplained at the time of preparation of this report.

5.2.2.2 Propellants.-

5.2.2.2.1 Loading: A summary of GLV-10 propellant loading on
July 17, 1966, is presented in the following table. All loadings were
within the required *0.35 percent of the requested amounts. The actual
flight loads were calculated from the GLV-10 engine performance and pro-
pellant level sensor data.

Tank Requested, Actual, Difference,
1b 1b percent
Stage I oxidizer 171 583 171 383 -0.12
Stage I fuel 89 418 89 339 -0.09
Stage II oxidizer 38 952 38 850 -0.26
Stage II fuel 21 920 21 945 +0.11

5.2.2.2.2 Utilization: Stage I oxidizer outage is the amount of
usable oxidizer remaining after a fuel depletion shutdown. Stage II
oxidizer outage is the amount of usable oxidizer which would have remained
if all of the usable fuel had been expended at the time of the commanded
engine shutdown. As shown in table 5.2-III, the apparent Stage I mixture-
ratio shift resulted in the highest Stage I outage experienced on any
Gemini launch vehicle to date. The amount of propellant remaining at
Stage II engine shutdown could have sustained Stage II flight an addi-
tional 1.61 seconds. This is 0.49 of a second greater than the predicted
nominal burning-time margin of 1.12 seconds at Stage I engine ignition.

5.2.2.3 Pressurization.- The predicted and actual GLV-10 tank pres-
sures for various flight times are given in tables 5.2-IV and 5.2-V.
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The close agreement between predicted and actual pressures indicates
nominal performance of the launch vehicle pressurization system.

5.2.3 Flight Control System

Performance of the Flight Control System was satisfactory during
Stage I and Stage II flight. The flight was accomplished using the pri-
mary system; however, switchover to the secondary system could have been
successfully accomplished at any time during the powered phase.

5.2.3.1 Stage I flight.- Normal actuator transients occurred during
ignition. The maximums of travel recorded during the ignition and hold-
down periods are presented in the following table:

Maximum travel during ignition Maximum travel during

Actuator Trgvel Time from lift-off, holddown null check,
in. sec in.
Pitch 1, -0.06 -2.43 +0.01
Yaw-roll, 2l +0.05 ~2.43 +0.01
Yaw-roll, 3l +0.06 -2.43 +0.05
Pitch, hl -0.08 -2.43 +0.01

The combination of thrust and engine misalignments at full thrust
initiated a roll transient at lift-off. The corrective response of the
Flight Control System resulted in a maximum roll rate of +0.60 deg/sec
clockwise at lift-off + 0.08 of a second. A roll attitude error bias of
0.10 of a degree clockwise was introduced at lift-off by an equivalent
engine misalignment of 0.02 of a degree. A roll transient of 0.5 deg/sec
clockwise, starting at lift-off + 2.16 seconds, occurred at the same time
as with the breaking of the fuel tank vent and topping line.

The Three Axis Reference System (TARS) roll and pitch programs were
performed as planned. The planned and actual rates and times are listed
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in the following table. The discretes initiated by the TARS were
executed within the normal times.

Planned Actual Rate Torquer Nominal .
Program time, time, gEyro, monitor, rate,
L0 + sec|LO + sec | deg/sec deg/sec | deg/sec

c3 v e e

Roll v
Start 9.36 9.35 -1.23 1.2k -1.250
Stop 20.L8 20.45

Pitch, step 1
Start - 23.0k 23.00 -0.T1 -0.68 -0.709

Pitch, step 2
Start 88.32 88.08 -0.48 -0.49 -0.516

Pitch, step 3
Start 119.04 118.73 -0.22 -0.25 -0.235 N
Stop 162.56 162.13 '\\/}

Primary (TARS) and secondary (Inertial Guidance System (IGS)) atti-
tude error signals correlated well throughout Stage I flight. These
attitude errors indicate the response of the control system to the first-
stage guidance programs and to the vehicle disturbances caused by the
prevailing winds aloft. The maximum vehicle rates and attitude errors
which occurred during Stage I flight are presented in the following table.

Maximum Time from P afi?;ig: Time from
Axis rate, lift-off, lift-off,
error,
deg/sec sec sec
deg .
Pitch +0.10 0.2 +0.89 61.3
-1.00 25.0, 67.4, 73.0 -0.58 119.1
Yaw +0.58 75.7 +0.84 83.5
-0.72 T1.5 -1.05 Th.2
Roll +0.59 0.8 +0.47 9.7, 17.7, Tk.6
-1.56 10.0 -0.10 0.1

d ;
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The dispersions between the primary and secondary attitude-error signals
were the result of a combination of drift in the TARS and in the IGS
inertial measurement unit, errors in TARS roll and pitch guidance pro-

grams, and cross-coupling of the reference axes within each of the sys-
tems.

5.2.3.2 Staging sequence.- Telemetry data received during the stag-
ing sequence indicated normal staging rates and attitudes. The maximum

attitude errors and rates recorded during staging are given in the fol-
lowing table.

Axis Maximum rate,| Time from | Maximum attitude| Time from
deg/sec BECOa, sec error, deg BECOa, sec

Pitch +1.80 1.82 +1.36 2.7
-1.74 0.69

Yaw +1.57 0.69 +0.4k2 2.1
-1.08 0.68

Roll +3.76 1.33 ~-1.68 1.0
-5.65 0.01

8BECO occurred 152.38 seconds after lift-off.

5.2.3.3 Stage II flight.~- Primary system pitch and yaw responses to
radio guidance commands were satisfactory. The pitch and yaw steering
commands transmitted to the launch vehicle during Stage II flight are
discussed in section 5.2.5. The Stage II attitude biases resulted from
the Stage II thrust-vector misalignment, the center-of-gravity offset
from the longitudinal axis, and the offset of the roll thrust from the
longitudinal axis.

TARS and IGS attitude-error signals were as shown in figure 5.1.5-1.
After the initial 100-percent-pitch guidance command, the TARS pitch
attitude error remained positive while the IGS pitch attitude error
remained negative. This total difference was 1.35 degrees, of which
thrust misalignment contributed 0.92 of a degree.

5.2.3.4 Post-SECO and separation phase.- Vehicle attitude rates
between SECO and spacecraft separation were normal. The maximum rates
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experienced during this time are listed in table 5.2-VI. At approxi-
mately SECO + 17.9 seconds, there were minor disturbances of the Stage II
yaw actuator and the Stage II yaw rate gyro at the natural frequency of
the Stage II engine. These disturbances had no detrimental effect on
spacecraft separation.

5.2.4 Hydraulic System

The vehicle hydraulic systems performed satisfactorily during Stage I
and Stage II flight. No anomalous pressures were noted during ignition
transients or steady-state flight, indicating low flow demands and a
smooth flight. Prior to the simulated flight test, the engine-driven
pumps were replaced with newly cleaned units, and the action of the pres-
sure compensators in these units was verified by a gaussmeter check.
Selected hydraulic system pressures are shown in the following table:

Hydraulic pressure, psia
Event Stage I
"Primary Secondary Sziiieil
system system
Start transient (minimum) 2680 - -—
Start transient (maximum) 3180 3280 3610
Steady state 3000 2990 28L0
BECO 2710 2720 -
SECO - - 2650

5.2.5 Guidance System

Performance of the Stage I and Stage II guidance systems was satis-
factory throughout powered flight and resulted in placing the spacecraft
in an acceptable orbit.

5.2.5.1 Programmed guidance.- As shown by actual and nominal data
presented in paragraph 5.2.3.1, programmed guidance is considered to have
been within acceptable limits. The errors at BECO, compared with the
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no-wind prelaunch nominal trajectory, were 130 ft/sec low in velocity,
4360 feet low in altitude, and 0.4 of a degree low in flight-path angle.

5.2.5.2 Radio guidance.- The Radio Guidance System (RGS) acquired
the pulse beacon of the vehicle, tracked in the monopulse automatic mode,
and was locked on continuously from lift-off to L6 seconds after SECO.
There was a 36-second period of intermittent lock before final loss-of-
signal at 82 seconds after SECO. Track was maintained to an elevation
angle of 1.06 degrees above the horizon. The received signal strength
at the Central Station during Stage II operation was satisfactory.
Rate lock was continuous from LO + 27.9 seconds to LO + 386.6 seconds
(46.0 seconds after SECO). Pitch steering commands were initiated, as
planned, by the airborne decoder, commencing at LO + 168.27 seconds.
At this time, an initial T-percent pitch-down steering command
(0.14 deg/sec) was given for L4.0 seconds, followed by the characteristic
100-percent pitch-down steering command (2.0 deg/sec) for 3.0 seconds.
During the following 14.0 seconds, the steering commands gradually
decreased to 0.2 deg/sec. For approximately the next 100 seconds, there
were continuous pitch-down steering commands of less than 0.2 deg/sec
until LO + 292 seconds. At this time, because of noisy tracking data,
the rates became oscillatory. This phenomenon is characteristic of
tracking data when the ground guidance system is being influenced by

unfavorable seasonal atmospheric effects. Past experience has shown that

the high-frequency noise also increases as the tracking elevation angle
decreases. As a result, the peak amplitude of steering commands ranged
from plus 0.2 deg/sec to minus 0.3 deg/sec until termination of guidance
(SECO minus 2.5 seconds).

Yaw steering was initiated at LO + 168.27 seconds, with the first
command being sent, as expected, at LO + 172.27 seconds. As a result,
yaw-left commands of 75 percent (1.5 deg/sec) were sent for a duration
of 1.0 second. Nine seconds later, the steering gradually returned to
yaw-left commands of less than 0.04 deg/sec until termination of guid-
ance. At SECO + 20 seconds, the yaw velocity was minus 5.0 ft/sec and
the yaw position was minus 6109 feet, as compared with the planned values
of 1.0 ft/sec and minus 2590 feet (prelaunch guidance residuals due to
insertion targeting accuracies).

SECO occurred at an elevation angle of 6.5 degrees above the horizon.
The conditions at SECO + 20 seconds were within 3-sigma limits.
Table 4=V is a comparison of the actual values with the planned values.
The errors at SECO + 20 seconds may be attributed primarily to high-
frequency noise in the guidance data. An evaluation of the near-nominal
shutdown thrust transient has indicated that the transient contributed
3.1 ft/sec to the estimated 7.3 ft/sec total underspeed at SECO + 20 sec-
onds.
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The yaw position and velocity errors at SECO + 20 seconds reguired
the spacecraft to make a 9.6 ft/sec out-of-plane maneuver in the second
orbit. Vehicle rates were minus 0.57 deg/sec down, 1.06 deg/sec right,
and 0.38 deg/sec roll clockwise.

The ground-based A-l guidance computer, in conjunction with the
GE MOD III tracking and missileborne guidance system, performed satis-
factorily during prelaunch and flight. No anomalies were encountered
with the airborne pulse, rate, and decoder hardware. All guidance dis-
cretes were properly generated and executed as required.

The target ephemeris data were satisfactorily transmitted and veri-
fied between the Real Time Computer Complex at the Mission Control Center
in Houston and the Guided Missile Computer Facility at Cape Kennedy.

The inertial guidance system updates, as sent by the ground-based
computer, were correct and were as follows:

Time from lift-off, sec Value
Update Update >
.. ft/sec
reference transmission
100 105 +40.19
1k0 1k45 -120.05

5.2.6 Electrical

The Instrumentation Power Supply (IPS) provided power at a nominal
29.5 volts throughout the countdown and launch. IPS amperage indicated
that a short existed during the staging sequence and that it cleared
after separation was accomplished. This phenomenon is anticipated
because of the possibility that the wires to the squibs of the staging
nuts and/or the Stage II engine start-cartridge short to structure when
the squibs are initiated. The Auxiliary Power Supply (APS) performed
nominally at 29.8 volts throughout the countdown and launch. Spacecraft
separation was easily detectable from transients on the respective cur-
rent traces of both the APS and the IPS.

The 5-volt instrumentation power supply; the 115-volt, L40O-cycle

supply; the 40-volt supply; and the 25-volt supply also reflected normal
operation throughout the flight.
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5.2.7 Instrumentation

5.2.7T.1 Ground.- There were 155 recorder channels programmed for
use on the Launch Complex 19 landline system for the Gemini X mission.
These recorder channels were utilized for propellant loading as well as
for the launch sequence, and data acquisition was 100 percent. The sep-
aration sequence of the electrical umbilicals was as planned and was
completed in 0.784 of a second.

5.2.7.2 Airborne.- The airborne instrumentation system for GLV-10
was of the same configuration as that used for GLV-9. GLV-10 had
188 measurements scheduled for use, and valid data were obtained from
all measurements. The expected telemetry data loss (RF blackout) at
staging was similar to previous flights and lasted 320 milliseconds.
Final loss of the telemetry signal, as monitored at Telemetry Station II,
occurred at approximately LO + 420 seconds (49 seconds after spacecraft
separation).

5.2.8 Malfunction Detection System

Performance of the Malfunction Detection System (MDS) during pre-
flight checkout and flight was satisfactory. Flight data indicated all
MDS hardware functioned properly. MDS parameters are shown in
table 5.2-VII. '

5.2.8.1 Engine MDS.- Actuations of the malfunction-detection thrust-
chamber pressure switches (MDTCPS) and the malfunction-detection fuel-
injector pressure switch (MDFJPS) were as follows:

R . Thrust
Actuation time chamber
Switch Condition from lift-off, pressure,
sec .
psia
Subassembly 1 MDTCPS Make -2.331 595
Break +152.334 535
Subassembly 2 MDTCPS Make -2.316 585
Break +152.345 535
Subassembly 3 MDFJPS Make +153.024 (a)
Break +340.713 (a)

SMDFJPS is not actuated by thrust chamber pressure but is actuated
by fuel injector pressure which is a function of thrust chamber pressure.
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5,2.8.2 Airframe MDS.- The MDS rate-switch package performed prop-
erly throughout the flight. No vehicle overrates occurred from lift-off
through spacecraft separation.

5.2.8.3 Tank pressure indicators.- All tank pressure indicators
performed acceptably throughout flight.

5.2.9 Range Safety and Ordnance Systems

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

5.2.9.1 Flight Termination System.- Both GLV command receivers
received adequate signal for proper operation throughout powered flight
and beyond spacecraft separation. The following command facilities were
used:

Time from
lift-off, Facility
sec
0 to 67 Cape Kennedy - 600-watt transmitter and single helix
antenna
67 to 120 Cape Kennedy - 10-kilowatt transmitter and quad-helix
antenna
120 to 259 Bermuda - 10-kilowatt transmitter and steerable
antenna
259 to L3k Crand Turk - 10-kilowatt transmitter and steerable
antenna
L3k to T22 Antigua - 10-kilowatt transmitter and steerable
antenna

The auxiliary second stage engine cutoff (ASCO) signal was transmitted
from Grand Turk Island at LO + 341 seconds for 5 seconds.

5.2.9.2 Range safety tracking system.- The Missile Trajectory Measure-
ment (MISTRAM) System I was used as the primary source for impact pre-
diction and provided accurate information through insertion.

5.2.9.3 Ordnance.- The performance of all ordnance items was satis-
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5.2.10 Prelaunch Operations

The propellant loading operation was started with the loading of
oxidizer at 10:26 G.m.t. on July 18, 1966. Loading of the fuel was
delayed 30 minutes when the temperature of the propellant at the condi-
tioning unit (approximately 18.5° F) was found to be within the range at
which the propellant freezes. To eliminate the uncertainty which would
have resulted from using the cold propellant, the secondary ready storage
vessel (RSV) system was utilized and the vehicle was successfully loaded
by 14:13 G.m.t. Actual loading time was 3 hours 17 minutes.

The range countdown for the launch vehicle was started, as planned,
at 18:14 G.m.t. The planned hold at T minus three minutes was reached
without incident. The countdown was resumed after five minutes and
26 seconds in order to launch at the required time of 22:20:26 G.m.t.

Postlaunch inspection of the launch area and a review of engineering
films revealed that the vehicle had lifted off and carried along the
Stage II fuel tank vent and topping umbilical, a section of the vent
line, and several feet of the umbilical-release lanyard. The failure of
the umbilical to release caused the Teflon vent line to separate at its
tie point to the umbilical tower. Approximately 14.5 feet of vent line
and five feet of release lanyard remained attached to the vehicle. The
rigging of all umbilicals is being intensively reviewed by the contractor,
and tests are being conducted on the rigging scheme in use on this par-
ticular umbilical in an effort to ascertain the cause of the failure.

During the launch stand damage inspection, it was discovered that
a fire in the erector actuator room had scorched several cables. There
is at present no explanation for a fire in this area. The launch complex
overall damage was considered minimal. Erection of the launch vehicle
for the Gemini XI mission was accomplished on July 23, 1966, just five
days after the successful lsunch of Gemini X. )
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AP

TABLE 5.2-III.- GEMINI LAUNCH VEHICLE

STAGE I PROPELLANT OUTAGES

Mission Outage, 1b
Gemini I 912 fuel
Gemini IT 12 fuel
Gemini ITII None
Gemini IV 61L4 oxidizer
Gemini V 866 fuel
Gemini VI-A 834 fuel
Gemini VII 45 fuel

Gemini VIII

Gemini IX-A

Gemini X

252 oxidizer
785 oxidizer

1621 oxidizer
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TABLE 5.2-VI.- VEHICLE RATES BETWEEN SECO AND SPACECRAFT SEPARATION

Axis di:j:;c

Pitch:

Maximum pos&tive rate at SECO + 1.16 sec +0.98

Maximum negative rate at SECO + 17.81 sec -0.75

Rate at SECO + 20 sec -0.57

Rate at spacecraft separation (SECC + 30.88 sec) -0.38
Yaw:

Maximum positive rate at SECO + 17.96 sec +1.25

Maximum negative rate at SECO + 2.06 sec -1.06

Rate at SECO + 20 sec +1.06

Rate at spacecraft separation (SECO + 30.88 sec) +0.58
Roll:

Meximum positive rate at SECO + 0.41 sec +0.58

Maximum negative rate at SECO + T7.51 sec -0.28

Rate at SECO + 20 sec +0.38

Rate at spacecraft separation (SECO + 30.88 sec) +0.00
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5.3 SPACECRAFT/GEMINI LAUNCH VEHICLE INTERFACE PERFORMANCE

The requirements of the spacecraft/Gemini launch vehicle interface,
as defined in reference 16, were met within the established limits.

The electrical circuitry performed as anticipated. As usual, short-
ing was present during the spacecraft/launch vehicle separation event;
however, no problems were experienced on either the spacecraft or launch
vehicle. The separation event, as described by the flight crew, was
normal in all respects.
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5.4 GEMINI AGENA TARGET VEHICLE PERFORMANCE

K11 Gemini Agena Target Vehicle (GATV) systems performed properly
during launch and orbital operations.

Structural damping characteristics of the docked GATV and spacecraft
were verified during the bending mode tests. Data indicated that the
natural frequency and damping characteristics of the docked combination
were within safe limits for the GATV control system during primary pro-
pulsion system (PPS) maneuvers. Docked operations were significant
because the spacecraft remained docked with the GATV for 38 hours and
LT minutes. During this period, six firings were performed—three with
the primary propulsion system and three with the secondary propulsion
system (SPS). In addition, SPS Unit I firings for propellant orientation
preceded each PPS firing. An analysis has shown that a negative bias
can cause an accumulation of negative counts between velocity-meter acti-
vation and initiation of positive accelerations. This accumulation may
have caused the velocity meter to appear to be late in sensing initial
changes in velocity.

The GATV flight control system functioned as predicted during the
PPS maneuvers. The docked vehicles yawed to approximately 2.5 degrees
within approximately three seconds after PPS ignition, but this yaw
error was rapidly corrected by the flight control system.

The GATV attitude control system was used for stabilization of the
docked vehicles including the period during the standup extravehicular
activity (EVA). After the EVA, the Experiment D005 (Star Occultation
Navigation) was conducted using the attitude control system to orient
the spacecraft for the star sightings. However, the experiment was
terminated early because of excessive use of GATV attitude control gas
(see section 6.1.5).

After undocking the spacecraft from the Gemini X GATV, the crew
completed the rendezvous with the Gemini VIII GATV. The crew reported
that the Gemini VIII GATV appeared to be very stable in an engine-down
attitude. The crew did not notice whether or not the running lights were
illuminated.

During EVA with the Gemini VIII GATV, the Experiment S010 (Agens
Micrometeorite Collection) package was retrieved from the vehicle. Dur-
ing this activity, the electrostatic discharge fingers and attaching
ring came loose from the docking cone, indicating a failure of the bond-
ing material after four months in orbit.

Preceding page blank UNCLASSIFIED
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After reentry of the spacecraft, the Gemini X GATV PPS was used to
place the vehicle in a 750.5 by 208.6 nautical-mile orbit in order to
determine the temperature effects of this orbit on the vehicle. The
temperature data showed no appreciable difference from that obtained at
the lower orbits.

The PPS was fired again to circularize the orbit. This maneuver
was followed by an SPS Unit II maneuver to place the Gemini X GATV in a
proper orbit for possible use as a Gemini XTI rendezvous target. The
final orbit was 190.2 nautical miles circular. The vehicle was left in
a main-engine down attitude and the attitude control system was turned
off. The vehicle was monitored from Hawalil until electrical power deple-
tion which occurred approximately 160 hours after lift-off.

Approximately 1700 commands were sent to the GATV—1350 by the ground
controllers and 350 by the pilot of Spacecraft 10.

5.4.1 Airframe

Structural integrity of the GATV was satisfactorily maintained
throughout the launch and orbital phases of flight.

5.4.1.1 Launch phase.- Temperature measurements on the shroud indi-
cated the maximum temperature of 263° F was reached at lift-off
(LO) + 176 seconds. The maximum temperature measured on the Target Dock-
ing Adapter (TDA) was 156° F at LO + 110 seconds. The horizon-sensor
fairing temperature reached a maximum of 518° F at LO + 136 seconds.

The acceleration observed at booster engine cutoff (BECO) was
6.28g, and the acceleration at sustainer engine cutoff (SECO) was 2.87g,
as obtained from the Target Launch Vehicle (TLV) telemetry system.

5.4.1.2 Separation.- The GATV separated from the TLV with an average
relative velocity of 3.3 ft/sec, calculated using data from the separation
monitor. This value compares very closely with data obtained from
earlier flights.

5.4.1.3 Ascent maneuver.- During the ascent maneuver, there were
no abnormal vibrations or accelerations indicated. This period included
main engine ignition, horizon-sensor cover jettison, and shroud separa-
tion. All measured temperatures were close to predicted values. The
aft section temperatures started increasing at separation (LO + 300 sec-
onds) with peaks ranging to 255° F for the aft bulkhead temperatures.
These peaks occurred at about main engine cutoff (LO + 558.07 seconds)
and then decreased to orbital temperatures.
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5.4.1.4 Docking phase.- Docking of the spacecraft with the GATV
took place at 5 hours 53 minutes ground elapsed time (g.e.t.). The dock-
ing was very smooth as indicated by the accelerometer data. The lateral
accelerometers indicated a disturbance of less than one-g peak-to-peak.
Motion pictures taken from the right-hand window of the spacecraft indi-
cated only a slight misalignment off the centerline at first contact.

5.4.1.5 Orbital phase.- During the mission, the spacecraft remained
docked to the GATV for 38 hours and 47 minutes. A bending mode test was
conducted using the spacecraft propulsion system to pulse the docked
vehicles. This test was made to determine the natural frequency and
structural damping characteristics of the docked configuration. The
test verified predictions that the combined vehicles had adequate damping
characteristics to allow PPS maneuvers while docked. These data are
discussed in detail in paragraph 5.1.1.2.

During docked maneuvers, vibration and noise transmitted to the crew
compartment were not considered a problem by the crew.

Temperatures varied within predicted limits and are comparable to
those obtained on the GATV during the Gemini VIII mission. Temperature
sensors on the TDA indicated a temperature range of 20° to 120° F.

The highest variation (about 60° F) was shown by the temperature sensor
on the top of the TDA. Shear-panel temperatures showed similar varia-
tions. Temperatures sustained on the vehicle while in a 750.5 by

208.6 nautical-mile orbit showed no appreciable difference from the tem-
peratures measured in the lower orbits.

Photographs of the GATV taken from the spacecraft show bubbles in
the paint and aluminum tape used for temperature control. These were
also noted on the Gemini VIII GATV. It is surmised that these bubbles
were caused by entrapped air and out-gassing from the materials rather
than blistering due to heat. The Gemini X crew also noted that the
Gemini VIIT GATV showed evidence of slight aging in the space environ-
ment.

5.4.2 Propulsion

The primary and secondary propulsion systems, including the asso-
ciated pressurization and feed systems, performed in a normal manner dur-
ing the ascent phase and all subsequent firings. Five PPS and four
SPS Unit II firings were made in addition to the ascent maneuver. Three
of each were made in the docked configuration. Cumulative thrust times
and velocity changes in orbit were 40.73 seconds and 2595 ft/sec for the
PPS and 43.2 seconds and 62.32 ft/sec for the SPS. The PPS operations
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also included three TO-second firings and two 22-second firings of the
SPS Unit I thrusters for ullage orientation.

5.4.2.1 Primary propulsion system.- The start and shutdown tran-
sients for all PPS firings were nominal, repeatable, and consistent with
performance data from the Gemini VIII flight. The ascent maneuver, which
is typical of PPS firings, is shown in figure 5.4-1; table 5.L4-I contains
start-transient data for each PPS operation.

At main engine ignition, the oxidizer-pump lip-seal pressure dropped
to 1.53 psi, which is below the specification of 5 *3 psi. The oxidizer-
pump inlet pressure decreased six psi approximately 32 seconds after main
engine ignition. A similar phenomenon was observed 20 seconds after igni-
tion on the Gemini VIII GATV. In neither case was the occurrence detri-
mental to performance; however, this anomaly is under investigation.

PPS thermal limits were not exceeded during the flight, and the
start sequences were characteristically smooth. The description by the
crew of visual and dynamic start-transient effects was in accordance with
expected events as shown in table 5.4-II. However, some accumulation of
film and particles was reported on the spacecraft windows after main
engine operations. This could result in reduced visibility, and the
problem is being investigated.

The final PPS firing was initiated at T79:11:58.492 g.e.t. Approxi-
mately 900 pounds of PPS propellant remained after that firing. This
propellant could not be used due to excessive usage of attitude control
gas during the DO05 experiment. Attitude control system operation is
required during PPS firings to correct for roll torques imparted by the
turbine and turbine exhaust.

A review of data taken on postfiring propellant isolation valve
(PIV) venting effects indicated satisfactory system operation without
undesirable side effects. Significant decreases in injector backface
temperature were noted after each firing due to cooling by the normal
oxidizer postflow. The minimum value reached was +12° F after the final
PPS maneuver, but heat soakback from the thrust chamber quickly warmed
the injector.

The fuel-pump inlet-pressure instrumentation indicated a zero shift
of at least 6.1 psi after the first orbital firing. Transducer damage
may have occurred due to the normal pressure transient spiking which
occurs in the pump inlet after PIV opening or at the time of the main
fuel-valve closure during engine shutdown.
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5.4.2.2 Secondary propulsion system.- The SPS Unit I thrust cham-
bers were fired six times during this mission, once with each PPS usage.
The engines accumulated 274 seconds of successful operation. The Unit II
chambers were fired four times for a total of 43.2 seconds. The perform-
ance of SPS Unit I and Unit II are summarized in tables 5.4-ITI and
5.4-IV. 1In both systems, performance was highly satisfactory and within
specification. SPS thermal measurements remained within the expected
limits.

The Unit II plus Y chamber pressure measurement indicated 1L4.7 to
11.0 psi less than expected throughout flight operations (see fig. 5.4-2).
However, this appears to be due to a transducer bias problem, as no
other SPS deficiency or vehicle indication of improper SPS performance
could be detected. A comparison of vehicle velocity gains versus Unit II
thrust times also verified that the engine thrust levels were normal.
The data indicate that a partially or totally blocked ambient-pressure
sensing port on the transducer may have been the cause of this bias. This
problem is being investigated.

The minus Y Unit I and Unit II skin temperature transducers both
appear to have failed during the first firing of the thrust chambers.
The instrumentation anomalies are covered in detail in section 5.4.7T.

5.4.3 Communications and Command System

The performance of the Communications and Command System was excel-
lent throughout the docked and undocked portions of the flight. The
command system accepted commands through the UHF, L-band radar, and
hardline links. The telemetry and tracking systems functioned very well.

5.4.3.1 Command system.- The command system functioned as expected,
and all commands from the spacecraft and ground stations were verified by
message acceptance pulses (MAP's). During this flight approximately
1350 commands were sent from the ground stations and 350 from the space-
craft.

5.4.3.2 Tracking system.- The C-band and S-band transponders oper-
ated satisfactorily.

5.4.3.3 Telemetry system.- The telemetry system operated satis-
factorily during the entire flight. The tape recorder operated properly
throughout the period of spacecraft flight and for approximately 52. hours
after spacecraft reentry. At the end of that time, the tape recorder had
been operating for approximately 28 hours in the playback mode when it
failed to reverse the tape direction. Operation was restored by
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commanding the recorder to OFF and then back to ON. There were several
subsequent failures, and it was necessary to use the off-on sequence
each time to restore recorder operation. The failure to reverse tape
direction was probably caused by an excessive buildup of tape oxide on
the capstans and idlers or a worn tape. Although the malfunction did
occur, this 28 hours of continuous operation at four times the record
speed is abnormal and would increase the probability of failing prior
to the design mean-time-to-failure. This was not considered a failure
to meet design requirements.

5.4.4 Hydraulic and Pneumatic Systems

5.4.4.1 Hydraulic System.- The Hydraulic System operated properly
throughout each of the PPS maneuvers. During Hydraulic System operation,
the pump discharge pressure increased normally from zero to 2860 psia
and occasionally to as high as 2960 psia during a maneuver. After each
period of operation, the pump discharge pressure decreased to zero
within two seconds after engine cutoff. Hydraulic reservoir pressure
was normal and varied between 50 and 95 psig.

5.4.4.2 Pneumatics.- The propellant tank pressurization system
functioned normally throughout the mission. Prior to lift-off, the
propellant tanks were pressurized to 30.9 and 39.1 psig for the oxidizer
and fuel tanks, respectively, and the helium pressurization tank was
charged to 2480 psia. The pyrotechnically operated helium control valve
operated properly for the pressurization of the propellant tanks. The
propellant tank pressures varied from 25.0 to 22.9 psia for the oxidizer
tank and 42.1 to 38.4 psia for the fuel tank. These pressures were
within the expected wvalues.

5.4.4.3 Attitude control system.- The attitude control system (ACS)
was activated a few seconds after separation of the GATV from the TLV.
The system functioned normally throughout the mission. After the GATV
was placed in the final orbit, the ACS was deactivated by ground command.
Approximately 10 pounds of ACS gas remained in the tanks at the end of
the mission.

5.4.5 Guidance and Control System
The Guidance and Control System performed satisfactorily throughout
the mission. Evaluation of the flight data indicated that the system
performed its required functions as follows:

(a) Performed all inflight switching requirements and programming

(b) Responded properly to all commands
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(c) Sensed and maintained vehicle attitude properly

(d) Reacted to attitude errors with control forces of the proper
polarity

(e) Provided proper PPS engine cutoff through the velocity meter
(f) Provided proper shutdown of SPS by command
(g) Consumed a nominal amount of attitude control gas.

Guidance and control flight parameters are tabulated in tables 5.4-V
through 5.L4-VII.

5.4.5.1 Ascent guidance sequence.- All guidance and control param-
eters appeared nominal through the ascent portion of the flight. The
ascent sequence timer was started by a booster discrete command at
275.5 seconds after lift-off. Events which occurred throughout the ascent
phase are listed in table 5.4-V. Sequence timer performance was nominal
throughout its period of operation.

TLV/GATV separation was initiated at 300.70 seconds after lift-off
and was completed two seconds later. Rates imparted to the GATV at
separation were zero deg/sec in pitch, +0.05 deg/sec in yaw, and
+0.16 deg/sec in roll.

The programmed pitch-down maneuver following separation occurred
at LO + 336.4 seconds at a rate of minus 1.48 deg/sec compared with a
nominal of minus 1.5 deg/sec *15 percent. The torque rate saturated but
the initial slope of the pitch position gyro was minus 1.48 deg/sec.
The ascent PPS engine firing commenced at 369.4 seconds after lift-—off
and lasted for 188.6 seconds. The initial transients in pitch and yaw
were greatly reduced from the flight of the Gemini VIII GATV. The maxi-
mum gyro deflection in pitch was minus 3.5 degrees and in yaw plus
2.5T7 degrees. These transients were essentially damped out in ten sec-
onds. Roll characteristics were similar to those of the Gemini VIII GATV.
Roll attitude error was 2.9 degrees and was corrected to less than one
degree in 35 seconds. The PPS firing was terminated by a velocity meter
cutoff. This maneuver and subsequent SPS and PPS maneuvers are summarized
in table 5.L-VII.

The Gemini X GATV was essentially the same as the Gemini VIII GATV
except for the addition of functions to the sequence timer, expansion
of the telemetry limits of the attitude gyro preamplifiers outputs, and
a correction of the center-of-gravity offset in pitch and yaw. The
expansion of the gyro instrumentation limits and the center-of-gravity
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offset are discussed in section 5.4.5.2.2. The additional functions in

the sequence timer were to provide a redundant sequence timer shutdown

and to assure a docking capability in the event of a communication link

failure between the GATV and the ground. The added sequences were .
extension of the L-band antenna at 558.07 seconds and unrigidizing the

TDA at 700.5 seconds. The primary timer did shut down as programmed,

and the redundant timer shutdown circuit was not required.

The flight data indicate that the hydraulic return pressures slowly B)
increased from 80 psig to slightly greater than 100 psig during the ’
PPS engine ascent firing. This is considered a normal increase with a
full hydraulic reservoir at the fluid temperature reached during the
maneuver (161.7° F).

5.4.5.2 Orbit guidance sequence.-

5.4.5.2.1 Docking: Docking occurred at 5:52:37.1 g.e.t. The
docking maneuver appears to have been quite normal and similar to that
performed during the Gemini VIII mission. Maximum attitude excursions
were 0.6 of a degree in pitch, 1.27 degrees in yaw, and minus 3.3 degrees
in roll.

5.4.5.2.2 PPS engine firings: There were six PPS engine firings S
during the flight including the insertion maneuver, and three of the ; >
remaining five were for docked maneuvers. Performance of the Guidance
and Control System during these firings is contained in table 5.4L-VII.
Pitch, yaw, and roll control parameters are plotted in figures 5.4-3 and
5.4-4 for PPS maneuvers 1 and 3, which are typical of the undocked and
docked firings.

Pitch and yaw heading errors were reduced during PPS maneuvers for
this mission by locating the center of gravity closer to the vehicle
X axis than it was for the Gemini VIII mission. Known heading errors
were different from predicted values but were within the uncertainty
error limits established prior to the flight. The telemetered gyro
limits were increased for this flight from %5 to *10 degrees to permit
detection of possible larger heading errors; however, pitch and yaw gyro
deflections did not exceed four degrees.

It is impossible to derive actual hydraulic vehicle-to-engine gains
due to actuator null uncertainty biases in pitch and yaw. However,
vehicle dynamic response and control were as predicted, verifying proper
autopilot gains. Control gas usage through all the PPS firings appeared
nominal (see figure 5.4.5). All PPS firings were terminated by a veloc- ‘
ity meter cutoff.
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5.4.5.2.3 SPS Unit II firings: Four SPS Unit II firings were per-
formed during the flight—three docked and one undocked. The attitude
control system provided adequate control during all SPS firings. The
control gas usage was as follows:

. Duration, Control gas usage, 1b Actual usage
SPS firing seo % 1b/
Predicted Actual rate, sec
1 (docked) 10.25 0.40 1.7 0.166
2 (docked) 16.88 0.65 2.5 0.1L48
3 (docked) 4.13 0.16 8.0 0.2k42
4 (undocked) 11.68 0.25 1.5 0.129

&The one-pound usage is based on a best estimate. The resolution
on control gas pressure and temperature changes is too large to accu-
rately determine gas consumption.

The actual control gas usage was larger than predicted. Probable
causes for this are:

(a) Center-of-gravity and thrust misalignment uncertainties
(b) Removal of vehicle rates at thrust shutdown
(¢) Narrow-deadband limit-cycle rates

(d) Propellant slosh movement causing minor center-of-gravity
shifts in low-g acceleration field.

5.4.5.2.4 Heading changes: Heading changes, docked and undocked,
were made by two methods—programmed rates and gyrocompassing. The
heading changes made with the programmed rates were nominal. Control
gas consumption (1.5 deg/sec maneuver) averaged 0.9 of a pound per
90-degree maneuver against a predicted 1.0 pound. Control gas consump-
tion using the gyrocompassing method was approximately 0.5 of a pound
per 90-degree maneuver against a predicted 0.3 of a pound.

5.4.5.2.5 Velocity meter operation: SPS Unit II thrusting times
were longer than expected. Nominal and actual firing times, along with
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desired and actual velocity gains, are listed below:

Duration, Velocity gained,
SPS Vehicle sec ft/sec
firing no. configuration
Nominal Actual Desired Actual
1 Docked 7.90 10.25 7.69 9.85
2 Docked 15.12 16.88 1L4.73 16.16
3 Docked 3.47 4.13 3.39 3.98
i Undocked 11.58 11.68 32.20 32.12

The preceding data indicate degraded velocity meter performance during
the SPS firings. During docked operations, spacecraft data did not

agree with data from the GATV velocity meter. It is believed that a
negative bias in the velocity meter electronics resulted in the observed
difference. The bias caused a velocity meter negative count during the
period between velocity meter activation and engine operation. The
negative count must be neutralized prior to normal operations; therefore,
the velocity meter appeared to be late in sensing positive velocity
changes.

5.4.6 Electrical System

The GATV Electrical System performed satisfactorily, and no malfunc-
tions or anomalies of the Electrical System were evident within the
readability of the monitored data. The system functioned properly to
power depletion at approximately 160 hours after GATV lift-off.

5.4.6.1 Main bus voltage.- The main bus unregulated dc voltage
closely followed the predicted discharge characteristic of the type 1-C
primary batteries. The initial potential was 28.48 volts and the sus-
tained potential was 2L.63 volts.

5.4.6.2 Main bus current.~ The main bus load was normal and the
average current for the life of the batteries was 14.6 amperes. The
lowest value was 9.34 amperes and the highest value was 51.47 amperes.
The reflected load responses were as expected and well within the
capability of the system.
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5.4.6.3 Pyro bus voltage.- The pyro bus voltage, with diode isola-
tion from the main bus, displayed normal operating characteristiecs. The
initial potential was 28.76 volts and the prolonged level was
25.2T7 volts; the 0.6k-volt differential above the main bus was as anti-
cipated. Near main battery depletion, the pyro bus battery contributed
an unequal share of the main bus load, as expected.

5.4.7 Instrumentation System

The Instrumentation System provided for the monitoring of 156 analog
and 27 step-function (tell-tale) parameters. All instrumentation param-~
eters were operative at lift-off, and only two parameters—temperature
sensors B-247 (SPS Unit I minus Y skin temperature) and B-249 (SPS
Unit IT minus Y skin temperature)——failed to provide good data during
the mission. Two additional parameters—B-1 (fuel-pump inlet pressure)
and B-21L (SPS Unit II plus Y chamber pressure)—provided degraded but
adequate data.

The SPS Unit I minus Y skin temperature did not indicate the peak
temperature of the SPS firing during ascent. The lower temperature of
this measurement and the slow response compared with a similar tempera-
ture monitor on the plus Y monitor indicated an improper attachment of
the sensor to the Unit I minus Y thruster.

A similar problem was detected on the SPS Unit II minus Y skin tem-
perature. This failure was attributed to an improper bond of the sensor
to the thruster skin.

The PPS fuel-pump inlet pressure indicated a linear shift at the
conclusion of the first orbital PPS maneuver. Upon closure of the main
fuel valve, a transient pressure developed which caused .a shift in
indicated pressure of approximately 4.7 pounds. Data prior to the
second PPS orbital maneuver indicated an increase in residual pressure
from O.4 psi to 5.3 psi, which remained as a bias throughout the
remainder of the mission. Apparently the large pressure transient
resulted in damage to this transducer. An orifice in the pressure
transducer line of future vehicles is being considered as a remedy to
the problem. The use of an orifice will not adversely affect the
response of fuel-pump inlet pressure data.

The SPS Unit II plus Y chamber pressure initially indicated a pres-
sure of 14.7 psi less than nominal compared with Unit II minus Y chamber
pressure. Throughout the mission this pressure increased, and during
the last SPS Unit IT firing it was 11.3 psi below nominal. The perform-
ance of the SPS Unit II thrusters was observed to be nominal. The
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initial pressure of 1L.7 psi led to the conclusion that Unit II plus

Y chamber pressure was indicating a pressure referenced to one atmosphere
rather than a gage pressure as required. The decreasing pressure (as
referenced to the Unit II minus Y chamber pressure) indicated that the
transducer's reference port was restricted and was bleeding off. Recom-
mendations are being made to assure that pressure transducer reference
ports are checked and free of constricting materials.

5.4.8 Range Safety
Performance of the Range Safety System was satisfactory.
5.4.8.1 Flight termination system.- The range safety command
receivers received adequate signal to execute commands throughout the

ascent phase. No commands were sent and no spurious commands were
received.

5.4.8.2 Tracking system.- The C-band transponder was used by various
radars to provide input position data for the Instantaneous Impact Pre-
dictor (IIP) computer. System performance was satisfactory.
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TABLE 5.4-II.- PPS NORMAL TRANSIENT EVENTS

Item

Approximate
time, sec

Astronaut
indication

Fire signal
SPS Unit I start

PPS gas generator
ignition

Oxidizer preflow
starts

Main engine ignition

Engine shutdown

Engine postflow

0.0

16.0

68.3

69.0

69.1

As commanded

Shutdown to + 10

None.
May be visible. Not audible.

Visible glow. Possibly some
sparks and noise at start.

Flashes at rear as oxidizer
mixes with fuel-rich turbine
exhaust.

1 to 1.5g within 0.030 sec-
onds. Visible.

Loss of thrust and lighting.

Tailoff, spectacular, char-
acterized by sparks in s
continuous tenuous bright
yellow glowing gas stream.
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