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1.0 MISSION SUMMARY

The second mission of the Gemini Program, the United States'
second program of manned space exploration, was successfully launched
from Complex 19 at Cape Kennedy, Florida, at 9:0%:59 a.m. e.s.t. on
January 19, 1965. The flight was suborbital and unmanned and used
the second production Gemini spacecraft and launch vehicle. The com-
bined vehicle was designated GT-2. Recovery of the spacecraft was
accomplished by the primary recovery ship, the aircraft carrier
Lake Champlain, at 16°31.9' North latitude, 49°L4E.8' West longitude
at 10:52 a.m. e.s.t.

The major objectives of this mission for the spacecraft were to
demonstrate the basic structural integrity of the unit throughout the
flight environment and to verify the adequacy of the reentry heat
protection under the most severe conditions. In addition, the satis-
factory performance of vital flight control systems, life support
systems, retrograde rocket system, recovery and landing systems, and
other systems critical to flight safety and mission success was required,
With minor exceptions these objectives were accomplished, and the per-
formance of the spacecraft was satisfactory. Corrective action is re-
quired to improve the performance of the inertial guidance system and
to alleviate excessive heating in a localized area on the spacecraft
skin. The launch vehicle successfully demonstrated its primary objec-
tive of the mission which was to reaffirm its capability to insert the
spacecraft into a prescribed trajectory. The countdown of the space
vehicle was completed with no delays caused by the launch vehicle
and one minor delay caused by the spacecraft. The flight was well
within the allowable dispersions. The insertion of the spacecraft
into the required high heating rate trajectory was accomplished with
precision. All launch vehicle systems performed satisfactorily in
flight, but there was an indication of abnormal operation in the pri-
mary hydraulic system prior to lift-off which will be the subject of
corrective action. All mission support and flight control operations
were adequate, and the GT-2 mission served to enhance the readiness
of these functions for the support of manned operations. The GT-2
mission served as the final flight qualification of the total Gemini-
Space system prior to manned flight.
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2.0 INTRODUCTION

The first-order mission objectives of the GT-2 mission were as
follows:

(a) Demonstrate the adequacy of the reentry assembly heat pro-
tection equipment during a maximum heating-rate reentry.

(b) Demonstrate the structural integrity and capability of the
spacecraft from lift-off through landing.

N (c) Demonstrate satisfactory performance of the following space-
craft systems:

(1) Environmental control system -

(2) Reentry control system

(3) Retrograde rocket system

(4) Parachute recovery system (partial)
o (5) Pyrotechnics (partial)

(6) Electrical system (partial)
(7) Sequential (partial)

(8) Spacecraft displays (partial)

(9) Orbital attitude and maneuver system (during separation
from the launch vehicle) (partial)

(10) Inertial measuring unit (Auring launch and reentry)

7 (11) Attitude control maneuver electronics (from spacecraft
n separation through reentry)

(12) TInertial guidance system (during turnaround and retro-
grade maneuvers)

(13) Spacecraft recovery alds
(14) Communications (partial)

(15) Tracking
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(16) Data transmission
() Demonstrate systems checkout and%launch prOCedures.
(e) Evaluate backup guidance steering signals throughout launch.

The second-order .mission objectives of the GT-2 mission were the
following: : !

»
(a) Obtain test results on the following systems:
(1) Cryogenics
: . o N
(2) Fuel cell and reactant supply system
(3) Communications
(b) Further flight qualify the launch vehicle and demonstrate
its abllity to insert the spacecraft into a prescribed trajectory.
(¢) Demonstrate the compatibility of the launch vehicle and
spacecraft through the countdown and launch sequence.
_ § N
(4) Provide training for flight contriollers.
(e) Further qualify ground communications and tracking systems
in support of future manned missions. '
All of the first-order objectives were; met, and all of the second-
order objectives were met with the exceptioh of obtaining test results
on the fuel cell. The fuel cell was deactiwvated prior to lift-off
due to a system malfunetion, and a.discussibn of this malfunetion is
contained in this report. ! .

All spacecraft and Geminl launch vehicle transmitted telemetry
date, spacecraft onboard data, ground-based; radar data, and engineering
photographic:data- cbtained during the missipn were used by the Mission
Evaluation Team in determining the results of the mission. The eval- 1
uation consisted of anslyzing the flight data and compering these data
with the ground-test results obtained from the various test programs
conducted on the spacecraft, its systems, a#d the launch vehicle. Also,
analyses were made of the flight data with Yespect to the design speci-
fication requirements and the predicted operating conditions for this
mission. The results of these analyses areipresented in this report.
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More detailed analyses of the data are continuing as this report
is being published. These analyses for the launch vehicle are overall
performance, radio guidance system performance, and the launch vehicle
primary hydraulic system anomaly prior to lift-off. Analyses of space=-
craft performance are being continued in the areas of aerodynamic per=-
formance and heating, reactant supply system pressure anomaly, and
guidance and control system performance and anomalies. The results of
these analyses will be published in supplemental reports to this docu-
ment. A complete list of these supplemental reports including the
responsible organizations is shown in section 12.Lk.

Section 13.0 of this report contains an analysis of the Gemini

launch vehicle and spacecraft performance during the attempted launch
on December 9, 196k,
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3.0 VEHICLE DESCRIPTION

Gemini launch vehicle 2 (GLV-2) and Gemini spacecraft 2 constituted
the space vehicle for the second Gemini mission (GT-2). The GT-2 space
vehicle at 1ift-off is shown In figure 3-1. The configurations of the
spacecraft and launch vehicle which existed at 1ift-off are described in
sections 3.1 and 3.2 of this report. Section 3.3 provides GT-2 weight
and balance data. :

5.1 GEMINI SPACECRAFT DESCRIPTION

This sectlion provides a general description of the structure and
ma jor systems of spacecraft 2. Since spacecraft 2 contained production
units of virtually all equipment which will be used on later menned mis-
sions, with the exception of the rendezvous radar and the drogue para-
chute, the following description is also intended to serve as a reference
for subsequent mission reports. The msjor differences between space-
craft 1 and spacecraft 2 are indicated in table 3-I, and a description
of spacecraft 1 is given in reference 1.

3.1.1 Spacecraft Structure

The Geminl spacecraft lift-off configuration was a conical structure
consist of two major assemblies: the reentry assembly and the adapter
assembly (fig. 3-2). The primary materials used in the spacecraft struc-
ture were titanium, magnesium, and aluminum. The over=ll dimensions of
the spacecraft were as follows: length, 226.09 inches (18.8 feet); di-
ameter at the heat shield, 90.0 inches (7.5 feet), and diameter at the
adapter — launch-vehicle interface, 120.0 inches (10.0 feet). The fol-
lowing paragraphs provide descriptions of the major structural assemblies
of spacecraft 2. Additional Information may be obtained from refer-
ences 2 and 3.

3,1.1.1 Reentry assembly.~ The reentry assembly consisted of the
cabin section, the reentry control system (RCS) section, and the rendez-
vous and recovery (R and R) section, as shown in figure 3-2. Also in-
cluded in the reentry assembly were & heat shield attached to the aft
end of the cabin section, a nose falring attached to the forward end of
the R and R section, and a horizon-sensor fairing attached to the left
side at the mating point of the cabin and RCS sections.

2,1.1.1.1 Cabin section: The basic cabin structure was an internal
pressure vessel having a titenium freme assembly to vhich side penels
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and two bulkheads of double-skin titanium were seam welded. Space was &~
provided between the vessel and the outer cbnical shell for an equipment
bay on each side and an equipment compartmeht underneath the floor.

Two access doors were provided on eachgside of the cabin to enclose
components installed in the side equipment bays. - Although landing gear
was not installed in spacecraft 2, two main!landing-gear doors covered
the landing-gear wells located below the sifle equipment bays. Two addi-
tional access doors were installed on the bdéttom of the cabin between
the main landing-gear doors. The forward d¢or provided access to the
lower eguipment bay, and the aft dcor provi&ed access to the environ-
mental control system (ECS) compartment. !

Two hatches sealed the openings and provided for ingress and egress.
Each hatch is normelly operated manually; hdwever, if the seat-ejection
sequence 1s Iinitiated, the hatches are automatically opened by pyro-
technic operated actuators. See paragraph j.l.2.8.5. Each hatch had
an observatlion window which consisted of a sealed double-glass-pane inner
assenbly and a vented single-pane outer assémbly. The conical surface

of the reentry assembly was covered with beéded shingles of Rene’ 41 for
thermal protection.

One horizon sensor was mounted on the left side of the cabin near
the junction of the ecsbin and the RCS sectién. The sensor was protected
during the initial phase of powered flight by a plastic laminate fairing.
The falring was Jjettisoned approximately 45.seconds after ignition of the
launch-vehicle second stage engine. The seﬁsor head and mount were jet-
tisoned after the retrograde sequence in order to provide an serodynami-
cally clean mold line for reentry.

3.1.1.1.2 RCS section: The RCS sectién was located between the
R and R section and the cabin section, as shown in figure 3-2. The RCS
section was cylindrical and consisted of a titanium supporting structure
with taper-machined and formed beryllium shingles used for the outer
skin. The structure housed the reentry control system, which provided
thrust for stabilizatlion and control during%retrorocket firing and re-
entry. The forward face of the RCS section i contained a structural assem-
bly to which the mein parachute bridle was attached.

3.1.1.1.3 R and R section: The truncdted cone-shaped R and R sec-
tion was mated to the RCS section, as shown;in figure 3-2. Titanium was
used as the primary structural material. The external surface consisted
of beryllium shingles, except for the nose fairing which was made from
fiber-glass reinforced plasstic laminate. The nose fairing provided
thermal protection for equipment in the R and R section during the ini-
tial portion of powered flight and was Jettisoned approximately 45 sec-
onds after ignition of the launch-vehicle sécond stage engine.
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On future rendezvous missions, the R and R section will contain
rendezvous radar and docking equipment, a high-altitude drogue parachute
assenbly, a pllot parachute, and a main parachute. The rendezvous radar
and docking equipment and the drogue parachute were not installed in
spacecraft 2.

3.1.1.1.4 Heat protection structure: The heat protection structure
of spacecraft 2 consisted primarily of the following types of materials.
The afterbody (cabin section, RCS section, and R and R section) was pro-
tected by Rene’ 41 or beryllium shingles. The forebody (heat shield)
protection consisted of a silicone elastomer asblative compound that was
filled into a fiber-glass honeycomb. In addition to these structures,
insulating material was installed outside the large bulkhead of the pres-
sure vessel and inslde the afterbody shingles to impede the transfer of

heat to the pressure vessel and equipment.

The spacecraft 2 heat-shield ablative material was approximately
cne~-half the thickness of the production design. The modified heat
ghield was nsed to demonstrate the adequacy of the heat protection mate-
rials used in the Gemini spacecraft design.

3.1.1.2 Adapter assembly.- The adapter assenmbly was a truncated
cone, and its structure consisted of circumferential aluminum rings,
extruded megnesium-alloy stringers, and magnesium skin. The stringers
were designed to provide a flow path for the liquid coolant which trans-
ferred heat to the adapter skin for radiation into space.

The adapter assembly consisted of three sections: the retrograde
section, the equipment section, and the launch-vehicle mating section.
The forward end of the adapter assembly was attached to the aft end of
the reentry assembly, as shown in figure 3-2. Pyrotechnic separation
rings were provided between the retrograde and the equipment sections,
and between the equipment and the launch-vehicle mating sections.

The adapter assembly contained equipment which was not necessary to
the reentry and landing phases of the mission. The thrust chamber assem-
blies (TCA's) of the orbital attitude and maneuver system (OAMS) were
mounted in positions around the adapter assembly which permitted the
spacecraft to be rotated about its three axes (roll, pitch, and yaw),
and provided the capability for translation in any direction.

3.1.1.2.1 Retrograde section: The retrograde section was mated to
the aft end of the reentry assembly and was held in place by three.tita-
niun interconnects which contained the necessary pyrotechnics to separate
the section from the reentry assembly. The primary function of the
retrograde section was to support four retrograde rockets and six of the
QAMS TCA's. Figure 3-2 shows the location of the two croseed alumimm
"I" beams used to support the retrograde rockets.
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3.1.1.2.2 Equipment section: On spacec:
tion contained a fuel cell module; OAMS pressy
tanks, lines, and components; water storage td
supply tank; cooling system components; and an
module. A honeycomb blast shield was abtached
equipment section to prevent the OAMS propelld
vehicle second stage from receiving excessive
firing. The large-diameter end of the equipme
mounting of 10 edditiocnal OAMS TCA's.

3.1.1.2.3 Spacecraft — launch-vehicle ma;

was mated to the launch-vehicle in the same md
successfully demonstrated on the GT-1 mission.

aft 2, the equipment sec-
irent, fuel, and oxidizer
inks; the primary oxygen
electrical and electronic
. to the forwsrd enhd of the
int tanks and the launch-
heat during retrorocket

nt section provided for

ting section: Spacecraft 2
nner as that which was
The access doors,

thrusters, and scupper cutouts in both the spgcecraft equipment section
and the launch vehicle upper skirt were the sgme as the GT-1 configura-

tion.,
illustrated in figure 3-3.

The relationship of the spacecraft and daunch-vehicle axes is
Reference 1 contains a more complete de-

scription of the structural interface of the Qemini space vehicle.

3.1.2 Major Systems

3.1.2.1 Communications.- The following
description of the subsystems which comprised
nment installed in spacecraft 2, Table 3-II 1
communications equipment and gives a comparis
equipment and that to be installed in subsequ

aphe are a general
fthe communications equip-
ts the spacecraft 2
between the spacecraft 2
t manned spacecraft.

Communications equipment locations are shown ip figures 3-U4 to 3-7.

3.1.2.1.1 Voice coommications: HF and

cations were provided on spacecraft 2.

?HF modes of voice commni-

(a) HF transmitter-receiver: A single hﬁgh-freguency amplitude-
modulated transmitter-receiver unit was provided, and was installed in

the reentry assernbly equipment bay.

quency of 15,016 megacycles and had a 5.0 watt| RF output.

The transmitter operated on a fre-

The trans-

mitter was amplitude modulated by a CW tone gepherated in the woice

control center unit. Provisions were incorpo

ted for automatically

energizing the equipment in the DF mode for rebovery purposes after

landing.

(b) UHF trensmitter-receiver: A single

iltra-high-frequency

amplitude-modulated transmitter-receiver unit was installed in the re-

entry assembly equipment bay.

lated with a 1000~cycle tone.
operate from launch until R and R section sep
agaln after two-point suspension on the main
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of 296.8 megacycles and had a 3.0 watt RF output.

The output was modu-

The UHF transmitter-receiver was set to

tion and was turned on
rachute.
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{c) Voice control center (VOC): A voice control center was pro-
vided in the cabin section. - The unit was set to provide a CW tone for
modulating the HF transmitter during recovery operations. The unit was
switched to the direction finding (DF) mode during the prelaunch check
of the spacecraft systems. In this mode, when the transmitter was keyed,
the voice control center generated a CW pulse of 1000 cps through an in-
tegral tone generator.

3.1.2.1.2 Telemetry transmitter: Two 2.0-watt solid-state UHF
telemetry transmitters were located in the reentry assembly equipment
bay. The real-time transmitter was set to operate throughout the mis-
gion. The delayed time transmitter was sequenced to operate in parallel
with the real-time transmitter until 0.05g +200 seconds, and then to
switch to the delzyed time mode for playback of tape recorder data.

3.1.2.1.3 Tracking subsystem: The tracking subsystem consisted of
a C-band radar transponder, an S-band radar transponder, a CW acquisition
ald beacon, and the associated circuitry which was installed for this
mission. —

(a) C-band transponder: A 1 kW C-band double-pulse-coded trans-
ponder was installed in the reentry assenbly equipment bay. The trans-
ponder opersated throughout this mission.

(b) S-band transponder: A 1.5 kW S-band double-pulse-coded trans-
ponder was installed in the equipment section. The transponder operated
continuously from lift-off until equipment section separation.

{c} Acquisition aid beacon: An acquisition aid beacon wes instal-
led in the equipment section. The transmitter was designed to transmit
a CW-modulated RF signal on a frequency of 246.3 megacycles with a
0.25-watt output. The beacon was sequenced to operate from spacecraft
separation until equipment section jettison.

3.1.2.1.4 Recovery subsystem: The recovery subsystem consisted
of a UHF recovery beacon installed in the reentry assenbly. The unit
was compatible with existing ARA-25 and SARAH receivers. The recovery
beacon was sequenced to turn on after R and R section separation and
operate until spacecraft recovery.

3,1.2.1.5 Command subsystem: The digital command system (DCS) was
a digital, phase~shift keyed system installed in the equipment section
of the adapter, which consisted of two  receivers, single decoding cir-
cuits, and externally packaged relays. The . DCS was operated from pre-
lawnch until equipment section separation. The purpose of the DCS was
to update the guidance and control system during launch and provide
backup to the sequential system.
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Provisions were made to transmit guidance commands via the DCS link
to spacecraft 2 immediately prior to launch anfl twice during powered
flight. No real-time commands were transmittel during the nission; how-~
ever, spacecraft 2 was equipped to receive real-time commands for the
following functions: 3

Relay 1 - Real-time telemetry mode, on-off (not planned for use).

Relay 2 - Tape dump, on-off (not planned for use).

Relay 3 - Real-time telemetry (not planned for use).

Relay 4 - Acquisition aid, on-off (not plenned for use).
Relay 5 - Tape playback (not planned for ﬁse).

Relay 6 - Calibration, on-off {not planned for use).

Relay 7 - Abort commend.

Relay 8 - C-band transponder, on-off (not; planned for use).
Relay 9 - S-band transponder, on-off (not planned for use).
Relsy 10 - Manual guidance switchover. |

Relay 11 - Spaéecraft sepéra.tion backup.

Relay 12 - Aﬁoi’b backup.

Relay 13 - Retro-jettison abort (for use below 70 000 feet and
similtaneously with abort command end/or abort backup).

These real-time commands with the exceptid)n of relays 6, 8, and 9
were unique to spacecraft 2 as & result of its being unmenned.

3.1.2.1.6 Antenna subsystem: The antennq, subsystem consisted of
antennas, multiplexing and switching networks, and assoclated installa-
tion circuitry and components. (See fig. 3-T.)

(a) Recovery antenna: A UHF whip sntenna of gold-plated spring
steel was installed in the spacecraft to radiate signals generated by
the UHF recovery beacon. The antenna was stowed in the main parachute
cable trough and was extended after the parachute bridle suspension
cables pulled through the ceble trough cover. !

(b) Stub antenna: The UHF stub antenna installed on the forward
end of the R and R section of the spacecraft ng'ov:l.ded the capability
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for receiving commands and transmitting telemetry data. This antenna
operated in conjunction with the UHF whip antenna on the retrograde
section. However, on the GT-2 mission, switchowver to the UHF whip an-
tenna did not occur.

{c) Descent antenna: This antenna, similar to the recovery an-
tenna, was installed in the spacecraft for UHF voice communications in
conjunction with the telemetry transmitters. The antenna was switched
into operation during the mein parachute system deployment sequence and
radisted telemetry and UHF transceiver signals until after landing.

(d) C-band helices: A C-band antenna array installed on the re-
entry assembly consisted of three circularly polarized helices spaced
equally around the cabin section. The antennas were used for C-band
radar tracking of the spacecraft throughout the mission. The lower
right helix was connected to a phase shifter to reduce the effect of
deep nulls in the antenna pattern.

(e) C-band slot: This annular slot antenna, located in the adapter
assembly , was linearly polarized and was designed to optimize the antenna
pattern for ground tracking during the orbital phase of a m1831on, how-
ever, it was not used on spacecraft 2.

(f) S-band slot: This annular slot antenna, located in the adapter

assembly, was linearly polarized and was used from launch until egquipment
section separation.

(g) HF whip antenna: An extendible-retractable, motor-operated
HF whip antenna was installed In the reentry assembly for HF commmunica-
tions in conjunction with the HF transmitter-receiver and voice control
center. For this mission, the antenna was extended only after landing
and remained in the extended position until recovery.

(h) UHF forward whip antenna: This antenna was located on the
retrograde section and was extended by a solenoid-actusted spring after
SECO. On manned flights, the astronaut may select this antenna or the
UHF stub antenna for use with the PCM standby and real-time telemetry
transmitters, UHF transmitter-recelver, and DCS receiver 2. ( See
fig. 3-7.) However, during GT-2, this antenna was not used, and all
reception and transmission by the above systems was accomplished by the
UHF stub antenna wntil R and R section separation.

(1) UHF aft whip antenna: This antenna was located on the equip-
ment section and was extended after SECO by & solencid-actuated spring.
The antenna was used by the acquisition aid beacon and DCS receiver 1.
(See fig. 3-T.)
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(J) Quadriplexer, diplexer, and coaxial switches: The quadriplexer
and diplexer were used to reduce the number o@ radiating devices neces-
sary for the UHF spacecraft communicetions syetem. The coaxial switches
provided the means for connecting the various commmications subsystems
to the eppropriste antennas.

3.1.2.2 Instrumentation and recording.- The basic function of the
Instrumentetion end recording system was to mgasure or sense conditions
and events onboard the spacecraft and to tran&mit these data to ground
stations. The data received by selected ground stations were visually
displayed for mission monitoring purposes andyor recorded on magnetic
tape for analysis and evaluation. In addition to the production instru-
mentation required for PCM telemetry, special%instrumentation was In-
stalled in spacecraft 2 to record data and to! photograph instrument panel
displays and the view through the left-hand window. References 2 and 4
contain detailled descriptions of the productién instrumentation system
installed in all Gemini spacecraft. Referencés 3 and 5 provide additional
information on the production and special insﬁrumentation installed in
spacecraft 2. :

3.1.2.2.1 Production instrumentation and recording: The components
described in the following paragraphs comprise the major elements of the
production instrumentation and recording systzg installed in spacecraft 2.
Component locations are shown in figures 3-4 and 3-6.

(a) Sensors: - Several different types of sensors were used to in-
dicate whether spacecraft conditions and events were within prescribed
rerameters. Typical sensors included pressure transducers, thermo-
couples, and accelerometers. The spacecraft parameters measured on the
GT-2 mission are listed in table 3-ITII. :

(b) Signal conditioners: A number of sdgnals derived from sensors
or other sources were not compatible with the PCM telemetry system inputs
of 0 to 20 millivolts or O to 5 volts. DBeford these signals were applied
to the telemetry system, they were changed in lamplitude and/or character-
istic by routing them through signal conditioning packages. These pack-
ages age identified as "instrumentation packages 1 and 2" in figures 3-k
and 3-6. o -

(c) PCM-FM telemetry system: The me jor types of components which
meke up the telemetry system were the following:

(1) Telemetry transmitters®

lDescrip'bions of the telemetry transmitters have been included in
the discussion of the commmmications system (paragraph 3.1.2.1.2); how-
ever, the telemetry transmitters are also condidered to be part of the
PCM-FM telemetry system. :
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(2) Programer

(3) Low-level multiplexers (O to 20 millivolts)
(4) High-level multiplexers (0 to 5 volts)

(5) De-to-de converters

The programer and multiplexers comprised a "muiltiplexer-encoder"
which converted signals from various sensors, signal conditioners, the
computer, and other monitoring points into two serial, binary-coded,
digital signals for output to the real-time telemetry transmitter and
to the tape recorder-reproducer. The oubtput €o the telemetry trans-
mitter was a 51.2K bit-per-second, NRZ signal, and the output to the
tape recorder was a 5.12K bit-per-second NRZ signal. The programer was
located in the reentry assembly along with one high-level and two low-
level multiplexers and the dc-to-de converter. - One low-level multiplexer
and one high-level multiplexer were also located in the eguipment section.

Two de-to-de converters (fig. 3-4%) were furnished as production
spacecraft instrumentation to provide regulated dc power to the instru-
mentation system. These converters provided highly regulated output
voltages of +5, +24, and -2L V de.

(d) PCM tape recorder: The tape recorder-reproducer was located
in the instrumen®t panel pedestal in the spacecraft cabin, as shown in
figure 3-8. For the GT-2 mission, data were recorded at a tape speed
of 41.25 1n./sec from lift-off until the playback signal was given
(0.05g +200 sec). The PCM data were played back at the same speed during
gpacecraft descent and were transmitted to prevent the loss of signifi-
cant reentry data in the event that recovery of the spacecraft was not
effected.

3.1.2.2.2 B8Special instrumentation: In addition to the preduction
instrumentation installed in spacecraft 2, special instrumentation was
mounted on the two pallet assemblies which were fitted to the ejection
seats (fig. 3~8) or in the left-hand landing-gear well (fig. 3-6). The
ma jor special iInstrumentation components were as follows:

(a) One additional dc-to-de converter was mounted on the left-hand
pallet to provide regulated dc power for the special instrumentation.

(b) One additional signal conditioning package was mounted on the
left-hand pallet. This package is identified as "instrumentation pack-
age 1A" in figure 3-8.

(¢) A low-level commutator (multicoder) was installed in the left-
hand landing-gear well.
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(d) A high-level commtator (multicoder) was mounted on the left-
hand pellet. B '

(e) Three instrumentation assemblies, consisting of amplifiers
and/or voltage controlled oscillators (VCO's) s were mounted on the left-
hand pallet assembly. '

(£) A special tape recorder (PAM-FM) was mounted on the right-hand
pallet assembly. This device recorded seven cj:mnnels of date on magnetic
tape. See reference 5 for the purpose of thesge seven channels. '

(g) Two 16-mm cameras were mounted on the left-hand pallet , one
16-mm camera was mounted on the right-hend pal_tl.et » and one 1l6-mm camera
was mounted between the pallets. Three of the! cameras were used to
monitor the instrument panel displays at a frame speed of approximately
4 frames per second in order to obtain plctures from lift-off through
seversl minutes after touchdown.

(h) One of the 16-mm camerss mounted on the left-hand pallet photo-
grephed the view through the left-hend window.; The camera was actuated
at the spacecraft separation, and the frame spped was set at approxi-
mately 6 frames per second to obtain approximately 12 minutes of pictures.

3.1.2.3 Environmental control.- The spacé_craft 2 environmental con-
trol system (ECS) was essentially operational, and differed from the
configuration for manned missions in only a fetr ninor respects.

5.1.2.3.1 Oxygen supply: Primary, secondary, and egress oxygen
supplies were installed in spacecraft 2. The primary supply furnished
oxygen during the launch and ccast phases of the flight. The secondary
supply furnished oxygen during the retrograde and reentry pheses. A&n
egress oxygen container was installed in each 6f the two egress kit
packets.

The primary supply was liquld oxygen stored supercritically in a
contailner located in the ‘equipment section. The secondary supply wes
in gaseous form stored in one of two bottles lécated inside the cabin
(fig. 3-9). (The secondary oxygen supply normally provides suit circuit
oxygen and maintains cabin pressure at 5.1 psia after the equipment
section is jettisoned.) :

3.1.2.3.2 Cooling: The cooclant system consisted of two identical
loops thet functioned independently of each other. Each loop contained
& pump packege, cold plate loops, heat exchanger loops, a radiator,
filter, and necessary plumbing and contrals. ZXiquid coolant flowing
through the cold plates and heat exchangers prdvided the means to absorb
heat from the spacecraft cabin and verious heat-generating components.
On orbitel flights, the heat will be dissipaeted into space by the space
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radiator (see fig. 3-10). However, due to the short duration of this
flight, the space radiator was operable but could not be evaluated.

During launch countdown, an external supply of coolant fluid was
circulated through the ground cooling hest exchanger to cool the space-
craft equipment and cabin. During powered flight, the water evaporator
heat exchanger was used for heat dissipation.

The spacecraft cooling system was disabled prior to the firing of
the retrograde rockets since the pump packages, radiator, and various
heat exchangers were Jjettisoned with the equipment section.

3.1.2.3.3 Cabin circuit: The cabin circuit was provided to main-
tain the cabin pressure and temperature at the required levels. The
cabin circuit included the following components: cabin pressure regu-
ilstor, cebin repressurization valve, cabin pressure relief valve, cabin
outflow valve, cabin heat exchanger, and cabin fan.

The purpose of the cabin pressure regulator was to control cabin
pressure to a nominal 5.1 psia. To conserve oxygen in the event of
spacecraft depressurization, the cabin pressure regulator was designed
to close if cabin pressure decreased to U4 psia.

The cabin pressure relief wvalve prevented excessive positive or
negative buildup between cabin and ambient pressures. This valve also
incorporated a manually operated water shutoff valve to prevent inflow
of water during postlanding operations. Or spacecraft 2, the water
shutoff valve remained closed throughout the mission.

The cabin outflow valve provided a mesns of depressurizing the
cabin. Cabin temperature was controlled by circulation of the atmos-
phere through the cabin heat exchanger.

3,1.2.3.4 Pressure suit circuit: The pressure suit circuit of the
ECS was designed to provide temperature control, pressure control, venti-
lation, and atmospheric purification independently of the cabin circuit.
On manned flights, a single suit circuit will serve both crew members
with the two pressure suits connected to the circuit in parallel. The
spacecraft 2 circuit included an ECS package, shown in figure 3-9, a
snorkel inlet valve, a cgbin inflow valve, and a cabin air circulation
valve. The ECS package, located in the environmental system equipment

bay, consisted of CO2 and odor absorber canister upon which was mounted

various other suit cireuit components including suit compressors, demand
regulators, and a suit heat exchanger.

Demand regulators will be used on manned flights to supply oxygen
to maintain a minimum suit pressure of 3.5 psia. In the event suit
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pressure drops to between 3.0 and 3.3 psia dw:}ing the launch or orbital
Phases of a mission, the sult circuit automatfcally switches to an oxy-
gen high-rate (open-loop) mode of operation in which the suit recircu-

lating system and compressor are turned off oxygen flows directly
from the oxygen supply at a high-rate flow of §0.1 1‘b/min to each suit.
The oxygen high-rate mode is the normal mode oyed during the reentry

phase of flight. On mammed flights, switch to the oxygen high-rate
mode supply prior to reentry will be performed menuslly; however, the
sequencer provided this signal on the GT-2 migsion.

3.1.2.3.5 Water management: The water mpnagement system to be in-
stalled for manned flights consists of one drinking water tank in the
cabin, two tanks in the equipment section, a water-transfer line, and
a water management panel. (The cabin water tank was not installed in
spacecraft 2.) The water-transfer line will connect the cabin tank to
the tank in the adapter so that the cabin t+ may be replenished when
its water level becomes low. The water meneagement panel, which was
mounted in the cabin between the two ejection iseats, normally provides
manual controls for operating the system. (See fig. 3-5.)

The water menagement system on spacecraft 2 also included a tempo-
rary fuel-cell weter pressure system which wasg designed to prevent fuel-
cell water pressure from exceeding 20%0.5 psia. Because the fuel cell
weter 1s highly corrosive, the system was desligned to allow regulation
of the water pressure indirectly. A water collection tank identical to
the cabin water tank was installed in the adapter. The gas side of the
wvater tank was charged with nitrogen and the regulator was to have con-
trolled the nitrogen pressure.

3.1.2.4% Guidance and control.- The relationships of the ma jor com-
ronents included In the guldance and control system are illustrated by
the block diagram in figure 3-11. Guidance anil control system equipment
instelled in the left-hand equipment bay is shown in figure 3-12, The
spececraft 2 guidence and control system equipment was essentially iden-
tical to that planned for use on manned Geminl flights except for dele-
tion of the radar range and range-rate indicatpbr, and, one of two redundant
horizon sensors. A description of this system, which is more complete
than the following, is given in reference 6. |

3.1.2.4.1 Control system: The spacecraft 2 control system con-
slsted of attitude control and maneuver electxbnics (ACME), one horizon
sensor, and the associlated controls and displays. The functions of
the ACME components are described in the folloWing peragraphs.

(a) Attitude control electronics (ACE): | The ACE accepted signals
from the guidance subsystems and rate gyros. {hese signals vwere, in
turn, converted by the ACE into drive commends! to the RCS solenoids and
into "on-off logic commands to the orbital attitude and meneuver elec-
tronics (OAME) subsystem.
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(b) Orbital attitude and maneuver electronics: The OAME converted
signals accepted from the ACE into drive commands to the orbital attitude
and meneuver system (OAMS) solenoids (see paragraph 3.1.2.7.1).

(¢) Power inverter: The power inverter converted spacecraft dec
voltage into ac voltage for use by the ACME, when not powered by the IGS
power supply.

(@) Rate gyro packages: The rate gyro packages sensed angular
rates about the pitch, roll, and yaw axes of the spacecraft.

The function of the horizon sensor was to sense spacecraft pitch
and roil attitude variations with respect to the local vertical by
receiving an input from the earth-space infrared radiation gradient.

The sensor provided oubtputs proportional to the spacecraft attitude
variations. The horizon sensor outputs will normally be applied to the
ACME for orbit stabilization, or they will be used to aline the inertial
nmeasuring unit (1MU) gutomatically. On this mission, the horizon-sensor
signals were not used by the ACME or the IMUj; however, the horizon sensor
installed in spacecraft 2 was operated continuously to obtain performance
data.

Command inputs to control the spacecraft will also be provided on
manned flights by manual displacement of attitude and masneuver hand con-
trollers located in the crew station (see paragraph 3.1.2.4.3). The
controllers were installed for this mission, but they were not operated.

3.1.2.4.2 Inertial guidance system (IGS): The functions of the
IGS were to provide known reference coordinates, tc measure acceleration
in this reference system, and to perform the necessary computations to
convert these measurements into position information and into the re-
quired corrective maneuvers during all phases of the mission. The IGS
also provided information to and received information from the digital
command system (DCS) and the guidance and control display system. The
IG5 included the IMIJ, a digital computer system, and an asuxiliary com-
puter power unit (ACPU), with associated controls and displays.

The basic function of the IMU was to provide attitude reference
and incremental wvelocity data. The IMJ electronic circuits also pro-
vided the capability for detecting malfunctions in attitude reference
and accelerometer output signals. The major components of the IMU were
the following:

(a) Inertial platform: This unit consisted of a stable element
(pitch block) suspended in a 4-axis gimbal structure. The assembly
contained three gyros and three pendulous accelerometers.
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(b) Platform electronics package: Circuits were provided for
gyro torque control, timing logic, spin motor power, accelerometer
logie, accelerometer rebalance, and malfunctlon detection.

(¢) 168 power supply: The IGS power su ’1y unit converted space-
craft dec power intc ac power for the IGS. It &lso provided dc power
for the IGS, and in the event of a malfunction, it provided standby ac
power for selected components normally supplied by the ACME power supply.

The digital computer provided parameter st.ora.ge and performed com-
putations necessary to develop guidance and control outputs. On manned
flights, the type of computation to be performed willl be determined by
a computer mode selector, and a manual data ingertion unit (MDIU) will
provide a means for loading information into the computer memory and
reading information out from the computer. However, information can
alsc be inserted in the computer by the digit conmand system from
ground ststions. :

The ACPU protects the computer in the evemt of spacecraft bus volt-
age variation. If the bus voltage drops for short periods {up to
100 milliseconds), the ACPU supplies temporary, computer power. If the
bus voltage remains low for longer periods, thge ACPU automatically shuts
the computer down. '

3.1.2.4.3 Controls and displays: The fufxctions of the major con-
trols and displays assoclated with the guida.nce and control system were
as follows (see fig. 3-5):

(a) Attitude displa.y group (ADG):

(1) Flight director indicators (FDI!s) - Two FDI's were
mounted on the right-hand and left-hand instm.g’:ent panels to display
spacecraft quantities such as attltude measured by the IMU; spacecraft
attitude rates determined by the ACME rate gyr¢s; steering commands,
range errors, and attitude errors determined by the computer.

(2) Flight director controllers (FD(%J'S) - FDC's were mounted
on the instrument panels adjacent to the ¥DI's:to allow selection of
the source and type of information to be displayed by the FDI's.

(b) Incremental velocity indicator (IVI){ The IVI, which was
mounted on the left-hand instrument panel, provided visual indications
of computed wvelocity increments along each spa¢ecraft translational axis
required for or resulting from & specific mane'aver. On manned missions,
displays will be used-during orbit insertion, tbr’bit correction, rendez-
vous, and retrograde meneuvers.
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(¢) Radar range and range-rate indicator: This instrument will
normally be mounted on the left-hand instrument panel to display rendez-
vous radar range information; however, it was not installed for this
mission.

(d) Menual data insertion unit (MDIU): As stated previously, the
MDIU allows insertion, and read-out of computer data. It was mounted
on the right-hand instrument panel and consisted of a keyboard and a
read-out display.

(e} Attitude hand controller: This controller provides "rate,"
"pulse,”" or "direct" command signals when the handle 1s manually dis-
placed. In the direct command mode, firing commands are applied di-
rectly to the RCS or OAME attitude sclenoid valve drivers. In the
pulse command mode, handle movements trigger a pulse generator in the
ACE which supplies sttitude commands to the RCS or OAME solenoid valve
drivers. In the rate command mode, angular rates about each of the
three spacecraft axes are controlled by the attitude hand controller.
On this mission, the pulse and direct modes were not operated. Auto-
matic attitude control modes were used for turnarcund, attitude stabi-
lization, retrograde attitude hold, and reentry requirements.

(f) Maneuver hand controller: When manually displaced, this con-
troller provides transiational command signals to the OAMS.

Table 3-IV identifies the switches associated with the guidance
and control system and gives the positions in which they were placed
prior to the GT-2 flight.

3.1.2.5 Time reference.,- The time reference system consisted of
an electronic timer, an event timer, and a Greenwich mean time (G. m. t. )
clock., The electronic timer, which was mounted behind the instrument
panel, provided time correlation for the PCM telemetry system and a
record of elapsed time relative to lift-off for the computer. The event
timer, mounted on the left-hand instrument panel (see fig., 3=5), provided
8 visual displey for timing various short-term functions such as elapsed
time during the ascent phase of the mission. The mechanical clock
mounted on the right-hand instrument pemel (see fig. 3-5), displayed
Greenwich mean time and the calendar date. The clock also has a stop
watch capebility which will provide an emergency method of performing
the functions of the event timer on menned flights. On GT-2, the time
reference system operated from 1lift-off until after landing with the
event timer and G.m.t. clock providing time correlstion for the cameras.

3.1.2.6 Electrical.- The function of the electricel system was
tc supply and distribute electrical power at a nominal voltage of
24 V dc to all spacecraft devices which required electrical power for
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operation. Since this was primerily a dc system, any system which re-
quired ac power was supplied by a system inverter designed to meet the
requirements of the partieular system.

3.1.2.6.1 Power sources: Hlectrical power for spacecraft 2 was
supplied by four silver-zinc main batteries, three silver-zinc squib
batteries, and four silver-zinc special palleﬂ batteries. A fuel cell
was also installed in spacecraft 2; however, it was not used to supply
spacecraft power.

The fuel cell, illustrated in figure 3-13, consisted of two sections,
and each section contained three stacks, with 32 cells per stack. The
fuel-cell reactants were stored in containers mounted adjacent to the
fuel-cell sections.

The spacecraft 2 main batteries and squib batteries were installed
in the right-hsnd equipment bay of the reentry assembly, as shown in
figure 3-4. The four main batteries were 45 A-hr, 1l6-cell, silver-zinc
batteries having a nominal terminal voltage of 25 V de with no load
applied. The three squib silver-zinc batteries were 16-cell, high-
discharge-rate batteries which were designed to meintain a 15—V terminal
voltage under a 100-A load for 1 second. The squib batteries also had
& nominal 25 V dc terminal voltage with no load applied.

Four special pallet batteries were identical to the mein batteries
and were iInstalled on the seat pallets in the crew station, as shown
in figure 3-8.

3.1.2.6.2 Power distribution: Power was distributed throughout
spacecraft 2 by a main bus, an isolated bus system, and two special
pallet buses. The main bus serviced such major systems as the guidance
and control system, the instrumentation system, and the communications
system. The isolated bus system, consisting of two squib buses and a
common control bus, supplied power to nolse geherating devices such as
solenoids or relays in the OAMS, the RCS, the ECS, and the pyrotechnic
system.

The two special pallet buses supplied all electrical power required
by the equipment mounted on the seat pallets, and special paliet bus 2
(right-hand) also supplied power for the UHF tpne generator.

3.1.2.7 " Propulsion. - Spacecraft attitude: and maneuver control was
provided by three rocket engine systems. The OAMS provided the capa-
bility for translational meneuvering and contrpl of spacecraft attitude
during the period from spacecraft — launch-vehiicle separation until ini-
tiation of the retrograde sequence. The RCS provided the means for
controlling the reentry assenbly attitude during the retrograde rocket
firing and reentry phases of the flight. The retrograde rocket system
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has two functions, It is normally used to retard spacecraft velocity for
reentry; however, in the event of an abort early in the launch phase, the
retrorockets would have been used to propel the spacecrafi away from the

launch vehicle., Reference 7 provides descriptive information concerning

the spacecraft propulsion systems in addition to that which follows.

3.1.2.T.1 Orbital attitude and maneuver system: The OAMS employed
hypergolic propellants {nitrogen tetroxide and monomethylhydrazine) s
and a cold-gas helium pressure fed system. This system contalned
16 fixed-mount thrust chamber assemblies (TCA's) mounted at various
points around the adapter assembly, providing the capsbility for rotating
the spacecraft about its three attitude control axes, and controlling
translation in any direction. The system was used for normel separation
of the spacecraft from the launch vehlele and would have been used to
separate the spacecraft from the launch vehicle in the event that abort
had become necessary late in the lsunch phase. The O0AMS was also used.
for spacecraft turnaround and for attitude control between spacecraft
separstion and initistion of the retrograde sequence.

The pressurant, fuel, and oxidizer tanks were mounted in the equip-
ment section as shown in figure 3-14. The TCA's were constructed to
fire singly or in groups upon commend from the automatic or manual con-
trols. When commanded to fire, signals were transmitted through the
ACME to selected TCA fuel and oxidizer solenoild wvalves.

. Eight of the CAMS TCA's were used for attitude control and each
thruster produced a nominal 23 pounds of thrust. The other eight OAMS
TCA's will normally be used for translational maneuvers as follows:
two 95-pound rated thrusters fire aft, two T9-pound rated thrusters fire
forward, two 95-pound rated thrusters fire horizontally (one right and
one left), and two 95-pound reted thrusters fire vertically (one up and
one down). The two aft-firing TCA's were the only translational TCA's
used on the GT-2 mission.

3.1.2.7.2 Reentry control system: The RCS employed the same pro-
pellants as the CAMS and was also a pressure fed system, but it employed
nitrogen as a pressurant rather than heiium. - The RCS consisted of two
identical, completely redumndant systems deaigned to operate individually
or similtaneously. These systems were designeted A end B. Each system
contained elght 23-pound TCA's arranged about the RCS section of the
reentry assembly. Attitude control was maintained by firing the TCA's
in palrs or in larger groups. Figure 3-15 shows the location of the
TCA's, the propellant tanks, and the pressurant tank in the RCS
section. :

3.1.2.7.3 Retrograde rocket system: The retrograde rocket system
consisted primarily of four solid-propellant rocket-motor assemblies
symmetrically mounted in the)retrograde section of the adapter assembly,
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a8 shown in figure 3-2. The solid propellant was a polysulphide ammonium
perchlorate composition which was cast into the motor cases. Two pyrogen
igniter sssemblies were mounted 180° apart on the nozzle bulkhead of each
motor case to ignite the propellant grain.

The normal mode of operation was used for GT-2. In this mode, the
retrograde rockets were used to initiate spacepraft reentry, and the
rocket motors were fired at nominal 5.5-second; intervals. Each motor
burned for approximetely 5.4 seconds and produred approximately
2500 pounds of thrust. In the abort mode of operation, the retrograde
rockets would be fired in salvo and would prodiice approximately
10 000 pounds of thrust.

On GT-2, the actual performence of the retrogrede rockets was not
monitored; however, the electrical signals resulting from the operation
of relays which actuated the ignition devices were monitored, as well as
the spacecraft accelerations. The acceleratioh dats were used to deter-
mine the ignition time of each engine.

3.1.2.8 Eyrotechnic. - Various types of pyrotechnic devices were
installed throughout the spacecraft to perform the following functions:

(a) Separate major structural assemblies:
(b) Open electrical circuits.

(¢) Release the horizon sensor fairing, fhe horizon sensors, and
the nose fairing.

(d) Actuate valves.
(e) Actuate sequential functions in the parachute landing system.

Almost all of the pyrotechnic devices installed iIn spacecraft 2
were of the same configuration as those to be Installed for menned mis-
slons; however, some of the devices, primarily in the ejection seat
escape system, were not operational. The prin¢1pal types of pyrotechnic
devices installed in spacecraft 2 and their uses are described in the
following paragraphs.

3.1.2.8.1 Flexible linear-shaped charge (FISC) This material
consisted of V-shaped flexible lead sheathing which contained a high-
explosive core. Detonation of the core resultgd In a cutting jet com-
posed of explosive products and minute metal pﬁrticles. The FLSC was
used in the following separation asssemblies of the spacecraft. (See
fig. 3-16 for assembly locations. )

(a) Spacecraft — lsunch vehicle separati@n assembly.
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( (b) Equipment section — retrograde section separation assembly
Z~TO0) . '

( (;) Retrograde section — reentry assembly separation assembly
7Z=-100).

3.1.2.8.2 Mild detonating fuse (MDF): This material was used to
separate the R and R section from the RCS section of the reentry assem-
bly. It was also used as an explosive intercommect to actuate operations
in the parachute landing system, the ejection-seat escape system, and in
the Z-T0 and Z-100 separation assenblies.

When MDF was used as a separation device, it consisted of a strand
of high explosive encaged in lead sheathing and placed in grooves milled
in a magnesium ring. The R and R section was attached to the RCS section
by bolts with the MDF ring fastened to the R and R section at the mating
surface. Detonation of the MDF broke the bolts, thus separating the
sections.

When used as explosive interconnects, the MDF was enclosed in either
flexible woven steel mesh hose or in rigid stainless-steel tubing.

3.1.2.8.3 Guillotines: These devices were used throughout the
spacecraft to sever bundles of electrical wire and twisted steel cables.
The body of the gulllotine contained a piston-cutter, a cartridge in-
stallation, and an anvil attachment. '

When initisted by an electrical signal, the cartridges produced
gas pressure which exerted force on the piston-cutter. When sufficient
force was applied, a shear pin broke and the piston-cutter struck against
the anvil and severed the wire bundle or cable.

3,1.2.8.4 Tubing cutter-sealers: Devices of this type were em-
ployed to cut and seal steel tubes which contained OAMS propellants and
oxldizer when the equipment section was Jjettlsoned. The operation of
the tubing cutter-sealers was similar to that of wire-bundle guillotines
except for the addition of a crimper which sealed the tube ends.

3.1.2.8.5 Other pyrotechnic devices: The following additional
types of pyrotechnic devices were installed:

(a) Pyrotechnic switches: These devices provided a positive means
of opening electricel circuits. The switches were located In wvarious
pleces throughout the reentry assembly.

(b) Horizon=-sensor Pairing release assembly: This device secured
the falring to the spacecraft and released it when initiated by an

electrical signal.
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(¢) Horizon-sensor relesase assembly: This device was used to
secure the horizon-sensor assembly to the spacecraft and to jettison it
when Initiated by the appropriate electrical aignal.

(d) Pyrotechnic valves: These devices Were one-time actuating
valves installed in QAMS and RCS packages to provide positive control

of fluids. Two types of valves were employed,g normally open and normally

closed.

(e) Parachute landing system pyrotechnic devices: The pyrotechnic
portion of this system, as installed in spacecraft 2, consisted of a
pilot parachute mortar, pilot parachute cuttews, main parachute reefing
cutters, and main parachute disconnects. Descriptions of these devices
are given in reference 2.

(£) Ejection seat escape system pyrotechmic devices: The pyro-
technic portion of the ejection seat escape system consisted of the
following: _

(1) Hatch actuator initilation system.

(2) Hatch actuator assemblies.

(3) Seat ejectors.

(4) Harness release actuator assemblies.

(5) Thruster assembly - sest/man seperators.
(6) Ballute deployment and release systems.
(7) Drogue mortar - personnel parachutes.

These devices are also described in reference 2. The spacecraft 2
ejection seat escape system pyrotechnics were [installed but not com-
pletely connected. MDF interconnects which priopagate detonation waves
to the hatch actuator assemblies were not connected, as well as the gas

interconnects which conduct gas pressure to initiste the firing mecha-
nisms of the seat ejectors.

3.1.2.9 Crew station furnishings and equipment.- The equipment
installed in the crew station of spacecraft 2 was essentially the same
ag that to be used for later menned flights. It consisted basically of
two election seats, controls, instrument pa.nel dlsplays, and swltch
panels. All controls, displays, and switch pwels (except those re-
quired for rendezvous with an Agena target vehicle) were incorporated
ag shown in figure 3-5.
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On menned flights, the ejection seats will provide the crew with
escape capability in the event of a launch-vehicle malfunction during
the initial phase of launch, or a landing system malfunction during
the final phase of reentry. In addition to the basic seat structure,
the ejection seats will normally include personalized contours, re-

straint systems, egress kits (conteining oxygen), survival kits, ballutes,
and assoclated pyrotechnies.

Atop the ejection seats installed in spacecraft 2 were mounted
pallets upon which were installed special instrumentation and crewmsn
similator sequencers as shown in figure 3-8. Mounting of the pallets
necessitated the removal of certain ejection seat components including
personalized contours, arm restraints, leg straps, foot stirrups, and
backboard and egress-kit jettisoning equipment.

Since seat ejection capability was not required for this mission,
both seats were clamped to the seat rails to minimize the possibility
of vibretion damege to the pallet instrumentation and equipment.

In addition to the provisions for mounting the seat mallets, other
items omitted from the crew station equipment of spacecraft 2 were
survival kits, drinking water dispenser, waste disposal system, personal
hygiene system, and biomedical tape recorder.

3.1.2.10 Landing.- The spacecraft 2 landing system consisted of a
pilot parachute and a main parachute.

3.1.2.10.1 Pilot parachute: The pilot parachute was an 18.3 foot-
diameter ringsail parachute. It was installed in a mortar located in
the forward end of the R and R section of the reentry assembly. A func-
“tion of the pilot parachute was to separate the R and R section from the
reentry assembly, thus deploying the main parachute. Another function
of the pilot parachute was to prevent recontact of the R and R section
with the main-parachute canopy.

3.1.2.10.2 Main parachute: The main parachute was an 84, 2-foot-
diameter ringsail parachute designed to provide stable descent of the
reentry assembly at a nominal wvertical velocity of 29.8 ft/sec at touch-
dovrn.

5.1.2.10.3 ILending system sequence: The planned GT-2 landing sys-
tem sequence is described as follows. The sequence began with the arming
of the landing squib bus at 5.5 seconds after separation of the retro-
grade section from the reentry assenbly. Operation of a barostat at an
altitude of 10 600 feet energized the pilot parachute mortar squibs,
which in turn initiated several time delay sequences. After barostat
operation, the pilot parachute was mortared and remained in a reefed
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condition for 6 seconds after deployment. At the conclusion of a
2.0-second delay after barostat operation, the R and R section separated
from the reentry assembly. As the pilot parpchute pulled the R and R
section away from the reentry assembly, the imain parachute deployed from
the oper end of the R and R section in & regfed condition and supported
the reentry assembly from a single-point atthchment. The mein parachute
was disreefed 10 seconds after line stretch.

Beginning with the pilot parachute morter, a period of 22 seconds
was allowed for the reentry assembly to become stabilized on the fully
opened main parachute. At the end of this period, the single-point
attachment was released, repositioning the reentry assembly to the proper
attitude for water landing (nose, 350 above the horizon) by means of a
two-point bridle support. A 10-minute delay, beginning at pilot para-
chute deployment, was allowed for the spacecraft to land. At the end
of this period, a timer switch initiated the; bridle disconnect squibs
which released the main parachute from the reentry assembly.

3.1.2.11 Postlanding and recovery.- Pr@visions incorporated in the

spacecraft to aid in its recovery included tﬁe UHF recovery beaconl,
recovery flashing light, fluorescent dye marker, and hoist loop.

The UHF recovery beacon was provided to transmit homing signals on
the international distress frequency of 243 @egacycles. The UHF recovery
beacon was compatible with existing ARA-25 apd SARAH receivers. The
beacon, which was mounted in the right-hand équipment bay of the reentry
assembly, was sequenced to activate 30 seconds after pilot parachute
nortar. :

The recovery flashing light and fluores¢ent dye marker were provided
to aid in the visual location of the spacecraft during postlanding oper-
ations. The recovery flashing light was mounted on a retractable sssem-
bly located near the aft end of the reentry assembly between the hatches,
as shown in figure 3-7. The light was desigded to extend automatically
by means of a torsion spring mechanism at the same time the main paera-
chute was releesed; after extension, the ligHt was to receive power from
its own power supply. The dye marker container, located in the RCS sec-
tion of the reentry module, was constructed with openings covered with
water soluble film. The f£ilm dissolved upcn immersion, allowing the
dye to disperse and provide a marker for visyal location of the reentry
assembly. ~

1Th.e UHF and HF voice transceivers were;also planned for use as
recovery alds by providing direction finding signals. Descriptions of
these devices are given in paragraph 3.1.2.1.1.
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A spring-loaded -hoist loop was provided to facilitate the engage-
ment of a holsting hook. It was located near the heat shield:between
the hatches. The holst loop was designed to extend automtically at
the time of mrin parachute release.. S

On menned missions, one UHF survival radio beacon will be inciuded
in each crew member's survival kit in case the reentry assembly must be
abandoned. These beacons were not included in the spacecraft 2 equip-
ment.,

3.2 GEMINI LAUNCH VEHICLE DESCRIPTION

This section describes the Gemini launch vehicle (GLV) for the GT-2
mission. The description is intended to serve as the basic description
of all launch vehicles to be used for future Gemini missions and will
not be repeated in the mission reports subsequent to GT-2. Only modi-
fications to the GLV incorporated in vehicles used for future missions
will be described in the reports of those missions, and the modifications
will be referenced to the GLV description contained .in this report. The
major differences between the lawunch vehicles used for the GT-1 and GT-2
missions are noted in table 3-V,

The launch vehicle was a two-stage intercontinental ballistic
missile (Titan II) which had been modified and "man rated" for use in
the Gemini Program. The propulsion system in each stage used hypergolic
- propellants. Modifications mede to the basic Titan II wvehicle to achieve

the "man rated" GLV are as follows: :

(a) Addition of & completely redundant malfunction detection sys-
tem (MDS).

(b) Replacement of the Titan II inertial guidance system with the
Mod ITII-G radio guldesnce system (RGS).

(c) Addition of a three-axis reference system (TARS) to provide
attitude reference and also to prov:lde open-loop programing to the
autopilot.

(a) 'Aadition of a secondary flight control system (Fcs).

(e) Addition of & secondary stage T hydraulic system.

(£) Addition ‘of the capahllity of switchover to the second-.ary
guldance, flight control, and hydraulic system.
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(g) Provision of redundancy in electrical sequencing by accessory
pover supply (APS) and instrumentation powerusupply (IPS).

(h) Provision of an engine shutdown capability from the spacecraft.

(1) Provisim of & 120-inch-dismeter cylindrical skirt forward of
the stage IT oxidizer tank for mating the sphcecraft to the launch
vehicle.

(3) Removal of the retrorockets, vernier rockets, and allied
equipment.

(k) Addition of fuel line spring-piston accumilators and oxidizer
line tuned standpipes to suppress longitudinal oscillatioms.

3.2.1 Structure

The launch vehicle was primerily of semj-monocoque shell construc-
tion (stage II tank barrels are monocogue) with fuel and oxidizer tanks
integral with the structure. The basic diaméter of the structural ve-
hicle was 10 feet, and the length was 89.27 feet. Stage I, which in-
cluded the interstage transportation section, the fuel tenk, and the
oxidizer tenk, was T0.67 feet long. The transportation section was
attached to the tank assembly by a manufacturing splice located at ve-
hicle station 621. - (See fig. 3-3.)

Stage II, consisting of the fuel tank agsembly and the oxidizer
tank assembly, was 28.27 feet long. The two stages were joined together
at vehicle station 500 by four studs employimg eight explosive nuts, the
latter being used for staging. On both stage I and stage II, external
conduits were provided along the fuel and oxidizer tanks to house and
support the propulsion and electricsal lines whlch led into the various
vehicle compartments. (See fig. 3-3.)

3.2.1.1 BStage I.~- The stage I structure consisted of a fuel tank,
an oxidizer tank, skirts at each end of the tanks, an interstage struc-
ture, and external conduits. Channel-shaped, high-strength longerons,
mounted externally on the fuel-tank aft skirt, provided seperate inter-
faces for engine-truss attachment and 1aunchvstand tiedown. The pro-
pellant tanks were capable of withstanding g?ound and prelaunch loads
with no internal pressure applied.

The fuel tank was completely welded aluminum alloy structure. It
consisted of an ellipsoldal-shaped forward déme, & cylindrical barrel
section, and the aft-cone assembly. An inte#nal conduilt, welded to the
forward and aft domes, provided for passage qf a single oxidizer line
from the oxidizer tank through the fuel tank ‘to the engine assembly.
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The oxidizer tank consisted of two end domes welded to a cylindricsl
section. During staging, the forward dome and the surrounding skirt
structure were protected from the heat and blast of the stage II engine
exhaust by an ablative coating material. Aluminum alloy welded trusses
were installed within this structure to support subassembly components.

The interstage sectlon consisted of the structure between the stage
separation plane and the oxidizer-tank forward skirt. Approximately
T100 sq in. of blast port area were provided at the aft end of the inter-
stage section for venting of the stage II exhaust during staging.

3.2.1.2 BStage II.~- The stage II structure included an oxidizer
tank, a fuel tank, skirts at the forward and aft ends of each tank, and
external conduits. The tanks were capable of withstanding ground and
prelaunch loads with no internal pressure applied.

The fuel tank consisted of two ellipsoidal-shaped domes, each welded
to an extruded aluminum-alloy ring frame which formed the juncture of
the dome, tank wall, and skirt. The cap in the forward dome had a hole
1o accommodate the passage of the oxidizer line through this tank. The
aft dome had provislions for passage of the oxidizer line snd for a
single fuel outlet. The aft skirt extended tc the stage separation
plane.

"The between-tanks compartment consisted of the forward section
which was welded to the oxidizer-tank aft-dome ring frame and the aft
section which was welded to the fuel-tank forward-dome ring frame. Alu-
minum-alloy welded trusses were installed within this structure to sup-
port subassembly components.

The oxidizer tank was similar to the fuel tank. It consisted of
two ellipesoidel-shaped domes, each welded to an extruded aluminum-alloy
ring frame which formed the juncture of the dome, tank wall, and skirt.
The aft dome contained the outlet for the oxidizer line. The forward
skirt formed the interface between the spacecraft and the launch vehi-
cle. Tension bolts were used in 20 extermal lugs, which were machined
as part of the interfece frame to attach the spacecraft to the launch
vehicle., An external 0.05-1inch-thick insulating coeting was applied
to the forward skirt to protect 1t in event of protuberance heating.

5.2.2 Major Systems

3.2.2.1 Propulsion syetem.~- The two-stage propulsion system for
the Geminl lasunch vehicle was adapted from the system used on the
Titen II missile. Minor changes were made to ellminate the elements of
the Titan II system not required for the Gemini mission and to "man rate"
it for use in a spececraft launch vehicle.
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3.2.2.1.1 Stage I: The stage I engine,
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consisted of two Independ-

ently operated subassemblies mounted on a 51§gle engine frame and de-

chamber, a turbopump and a gas generator.
gimbaled to permit control and stabilization
Gimbal action was provided by tandem hydraul

signed to operate simltaneously. Each subgz

sembly contained a thrust
e thrust chambers were

‘of the vehicle in flight.

¢ actuators which operated

In response to signals from the flight contrgl system.

Propellants were fed to the thrust chami
generators, used to drive the turbopumps, us

er by turbopumps. Gas
d the same propellants

discharged by the pumps thus allowing the engine to "bootstrap" during

steady-state operations. Propellants consist
percent hydrazine combined with 50-percent
zine, and oxidizer (nitrogen tetroxide). Thi

eliminated the need for combustion chamber igniters.

ed of fuel, vhich was 50-
symmetrical-dimethyl hydra-
8 hypergolic mixture
Engine start was

initlated by solid propellant cartridges whidh provided hot gas to start

and drive the turbopumps during the engine sfart pericd.

The thrust

chambers were regeneratively cooled by circulating fuel through coolant

tubes within the chamber walls. A dry-jacket

In-flight propellant tank pressurizatior

start was employed.

was provided by an auto-

genous (self-generating) pressurization system. The fuel tank was
pressurized by small portions of the gas-gendrator exhaust-gas output.

A heat exchanger was provided to cool the gag
supplying it to the fuel tank for pressurizai

generator exhaust before
ion. The oxidizer tank

was pressurized by oxidizer which had been hdated to a gaseous state.

Liquid oxidizer, supplied under pressure fron
rected through a superheater where it was vajy
turbine exhaust. :

3.2.2.1.2 Stage II:
similar in operation to the stage I engine.

the turbopump, was di-
orized by the heat from the

The stage II engine was a single~chamber unit
However, this engine was

designed for operation at high altitude. An iablative skirt was attached
to the regeneratively ccoled thrust chamber tio increase the nozzle ex-
rension ratio for high-altitude performence improvement.

Like stage I, the thrust chamber was gimpsled. Since only pitch

and yaw control was provided with the one engd
corporated to permit roll control.

ine, a roll nozzle was in-

This nozzle directed gas generator

exhaust gas overboard, and roll control was dbotained through swivel

action of the nozzle.

An autogenous pressurization system was provided

to pressurize the fuel tank in a menner similar to that of stage I. The
oxidizer tank was pressurized before launch, and no additional pressur-

ization was required.

3.2.2.2 Flight control system.-

The redundant flight control sys-

tem (FCS) consisted of three systems de51gnatbd as the primary guidance
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and control system, the secondary guidance and control system, and the
swilitchover system.

The primary system consisted of a three-axis-reference system (TARS),
an adapter package, a stage I rate gyro package, an autopilot, the pri-
mary servo valves in the stage I tandem actuators, and the stage II
hydraulic actuwators. The TARS was used to establish angular reference
along the pitch, roll, and yaw axes; to provide roll and pitch programed
rates during stage I flight; to accept pitch and yaw radio guidance
steering signals during stage II closed-loop guidanee operation; and to
provide discrete timing functions. The main fumction of the adapter
package was to condition attitude ocutputs from the TARS for inputs to
the autopilot. The package also housed the FCS switchover relays. The
Mod ITI-G radio guldance system provided steering commands to the pri-
mary control system during stage II flight.

The secondary system consisted of a duplicate stage I rate gyro
package, a duplicate autopilot, the secondary servo valve in the stage I
tandem actustors, and the stage II hydraulic actuators. The spacecraft
inertisl guidance system provided stabllization and steering commends to
the secondary control system.

The switchover system consisted of the redundant power amplifiers
located in the melfunction detection packege (MDP), the flight control
system switchover relays located in the adapter package, the stage I
tendem actuator switchover valve, pressure switches and hardover sensors,
and the MDS rate switches.

Two sets of rate gyros were used for launch vehicle stabilization -
. the stage I rate gyro peckage (one each for the primary and secondary

systems) and the stage II rate gyros located within the redundant auto-
pilot agsemblies. During stage I flight, signals from both the stage I
end stage II pltch and yaw rate gyros were summed in a given proportion.

The autopilot contained an 800-cps static inverter, stage II rate
gyros, galn switching module, channel emplifiers, and valve drive ampli-
flers. The rate and displacement gyro signals were suitably amplified,
‘demodulated, mixed, and dynamically compensated, with filtering, in the
autopilot to provide vehicle stability. The autopilot cutput signals
were used to drive the servo wvalves.

Both the primary and secondary flight control systems operated at
all times during flight, and during stage I flight, each servo valve
coil in the stage I tandem actuators received comtrol signals. At
swi’cchaver, control of the tandem actuator is switched from the primary
to the aecond.a.ry servo valve,
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3.2.2.3 Radio guidance system.- The Moé. ITI-G RGS was used to gulde
the GLV stage IT and spacecraft combination in the proper trajectory.
The RGS accomplished this by using steering commands to torque the pitch
and yaw attitude gyros in the TARS. The RGSialso supplied the stage IT
shutdown signal (SECO) in the primery mode. i The airborne components of
the RGS were the pulse beacon unit, the rate'beacon unit, decoder unit,
and antenns system.

Vehicle rates were derived by means of phe Doppler principle, and
position tracking rsdar was used to derive the vehicle position as a
function of range, elevation, and azimuth. e vehicle position and
rate information were used by the ground-based guidance computer to gen-
erate the steering commands. The messages that contalned the steering
commends and SECO discrete were monitored by the decoder for welidity.
If the message is found to be wvalid, the steering commands are sup-
plied to the control system as pitch and yaw corrections; and the SECO
command, when present, is supplied to the engine shutdown circuitry.

i

3.2.2.4 Hydraulic system.- The stage I hydraulic system was re-
dundant. Separate primary and secondary hyﬁraullc circuits powered the
four tandem actuators for positioning the thrust chambers in response
to signals from the FCS. The system contained two engine-driven pumps,
two sccumilator-reservoirs, four tandem actuators, one electrical motor ]

pump (used during prelaunch checkout), one test selector valve, one N

—line filter, two coaxial disconnects, and} instrumentation transducers.

Each tandem actuator contained two hydraulicklly and electrically sep-
arasted servo loops which could be switched firom primary to secondary by
external commsnd or by & pressure loss in the primery system. Each cir-
cuit was powered during engine operation by'a varisble-displacement
pressure-compensated pump driven through thq accessory gearbox of each
subassembly. For tesis and during the launch countdown, the electric
motor pump powered the system.

The stage IT hydraulic system contained an engine-driven pump, two %
engine actuators, a roll-nozzle actuator, an accumilator-reservoir, an
electric motor pump, an in-line filter, a caoaxial disconnect, and instru-
mentation transducers. The system was not redundant, and operation was
the same as that for a single system on stage I.

3.2.2.5 Electrical system.- The GLV electrical system was divided
into a power distribution system and & sequancing system. The power
distribution system consisted of the accessdry power supply (APS) and
the instrumentation power supply (IPS). Th APS and TIPS buses were pro-
vided with airbome power from separate 28 ¥ dc silver-zinc rechargeable
batteries. - :

The APS provided power to the static inverter, the MDS, the APS-
command receiver, the APS-shutdown circuitry for shutdown of stage I and
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stage II and destruct of stage II, the RGS, the FCS, the sequencing sys-
tem, and the stage II engine-start clrcuitry. Static inverter output
was 115/200 volts, 400 cps, at 750 V A.

The IPS provided power to the MDS, MISTRAM, the IPS-commsnd receiver,
the IPS-shutdown circuitry for shutdown of stage I and stage II and de-
struct of stage II, the FCS, the sequencing system, stage II engine-start
circuitry, and the airborne Instrumentation system.

The sequencing system provided the proper sequencing of events from
stage I engine start to stage II engine shutdown. Major functions were:
reset stage I prevalves switch, actuate APS and IPS staging switches,
shut down stage I engine, fire staging nuts, start stage II engine, and
arm stage IT shutdown relays.

Redundancy in the form of dual power supplies, relays, motorized
switches, diodes, and wiring was used throughout the GLV electrical sys-
tem. A separate battery was provided in stage I to supply power to the
engine shutdown and destruct system if inadvertent separation occurred.

3,2.2.6 Malfunction detection system (MDS).- The malfunction de-
tection system was provided to monitor launch-vehicle performence and
4o supply indications of potentially catastrophic malfunctions and cer-
tain significant flight events to the spacecraft. An automatic function
was provided for switching from the primaxy stage I flight control-
guldance-hydraulic combination to the secondary system in the event of
a failure in the primary system. Switchover could be initiated by pitch,
yaw, or roll overrate; stage I engine hardover; loss of primary system
hydraulic pressure; or ground command through the spacecraft digital
command system (DCS). The last function, as well as switch back to the
primary system, will be a pilot function on future manned missions.

Main components of the MDS were the malfunction detection package
(MDP), the rate switch package (RSP), and the various bilewvel and anslog
sensors located throughout the launch vehicle. A1l circuits, components,
and wiring of the MDS were redundant to provide high reliability.

Functions monitored by the MDS include the following: stage I
engine chamber pressure, stage IT fuel injector pressure, propellant
tank pressures, excessive angular rates, staging, loss of stage I pri-
mary hydraulic pressure, engine hardover, and switchover.

3.2.2.7 Instrumentation system.- The sirborne instrumentation sys-
tem was composed of various transducers or measuring points (see
table 3-VI), signal conditioners, program board, PCM multiplexer, PCM-FM
telemetry unit, tape recorder-reproducer, and an antenna system.
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The PCM telemetry was a time-multiplexed data system with an input
capacity of 196 analog and 48 bilevel channels. The output was a serial
pulse train. Samples of input data were as follows:

Number of channels Rate, semples/sec
Ansalog
85 20
35 4o
36 100
20 .l 200
20 4oo
Bilevel
bo 20
8 100

The major components of the FM telemetry were an FM miltiplexer
subcarrier oscillator assembly, an RF transmitter, and a separate
power amplifier. The system had a seven-channel data capacity.

Prior to staging, the seven FM channels were switched to monitor
staging functions, and these signals were trenemitted in real time and
paralleled on the tape recorder. The recorder was programed to play
back 1ts recording after completion of the staging event.

3.2.2.8 Range safety system.- The GLV ra.pge safety system was com-
prised of the MISTRAM system, command control system, and ordnance de-
struct systems.

The primery tracking and impact prediction system employed in the
GLV was the MISTRAM system. The system consisted of en ailrborne trans-
ponder, antenna, and ground stations located at Valkeria, Florida, and
Eleuthera. In operation, the airborne transponder received two CW sig-
nals from the ground station and displaced and retransmitted them back

UNCLASSIFIED




"

UNCLASSIFIED 3-31

to the ground station for computation of accurate position, wvelocity,
and impact prediction Information. Since line-of-sight transmission
between the GLV and Valkaria was impossible before lift-off and during
the first few seconds after 1ift-off, MISTRAM could not lock on until
the launch vehicle had attained an altitude of approximately 8000 feet.
A beacon system in the spacecraft combined with an AN/FPS-16 radar was
used to supply backup tracking information.

The command control system consisted of two ACI receivers, four
flush-mounted antennas, a six-port junction, and interconnecting cable.
The redundant receivers each contained a decoder unit which was cspable
of receiving a coded frequency-modulated signal from the ground station
and converting this signal (tones) into commands for (1) engine shutdown
and warning to the spacecraft, (2) destruct (command 1 must be received
before command 2 can take effect), and (3) auxiliary second-stage cut-
off (ASCO) which was a backup to RGS/IGS stage II engine shutdown. The
ASCO command originated at the Burroughs ground guidance computer.

The ordnance destruct system components consisted of destruct ini-
tiators, primacord, and bidirectional destruct charges. The initiators
were basically out-of-line explosive trains which were armed by aero-
space ground equipment (AGE) prior to lift-off. Each of the initiators
was connected to two bidirectional destruct charges which were located
180° apart, midway between the fuel and oxidizer tanks in each stage.
Upon receipt of commend 2, the IPS and APS electrical signals would have
caused the initiators to lgnite the primacord, thus setting off the de-
struct charges which would have ruptured the tanks.

The stage I inadvertent separation destruct system was deslgned to
function up to the time of staging ensble (zpproximately LO + 145 sec).
This system consisted of a separate destruct battery; lanyard switches
between stages I and II; and the same stage I initistors, primaccord,
and destruct charges used in the command control ordnance destruct sys-
tem. Should stage I have inadvertently separated from stage II prior
to staging enable, the lanyard switches would have routed the output of
the stage I destruct battery to stage I engine shutdown and through a
5.5=gecond delay timer to the initiators, causing the destruct charges
to explode.

3.2.2.9 Ordnance separation system.- The launch separation system
used ordnance devices at the four vehicle-to-ped attachment points.
Each attachment point had one interconnecting stud with an explosive
nut on each end. Each nut assembly contained a gas pressure cartridge
with two independent bridgewires mounted internally. The eircuits for
these bridgewires were activated by a master operatlions control system
(MOCS) signal to the launch release control set 2 seconds after the
thrust chamber pressure switches (TCPS) made contact.
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The airborne separation system used ordnance devices at the four
stage I and stage II attachment points located at wvehicle station 500.
Each attachment point had one interconnecting stud with an explosive
nut on either end. Each nut assembly was snnilaq: to that of the launch
separation system. The cartridges were ignited électrica.'.l.ly by the
staging command (initiated by TCPS).

UNCLASSIFIED
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3.3 GT-2 WEIGHT AND BATANCE DATA

Weight data for the GT-2 space vehicle is shown in the following
table:

Weight
Condition (ineluding spacecraft), 1b
(a)

Ignition 343 626

Lift-off 340 072

BECO 83 813
Stage IL, start of steady-state

combustion 72 617

Stage II burnout 13 504

aPostflight trajectory weights obtained from Aerospace Corporation,
as measured during the flight.

Spacecraft weight and balance data are as follows:

Center of gravity
Condition Weight, location, in.
1b (a)

X Y Z
Launch, gross weight 6882.88 ~1.52 ~1.99 11hk,01
Retrograde 5439, 03 0.12 -1.92 130.46
Reentry 4776.58 0.07 -1.96 136.16
Main parachute deployment 450,77 0.07 -2.08 130.48
Touchdown (no parachute) L340, 89 0,07 ~2.15 128, 4k

87 axis reference was located 13,44 inches aft of the launch vehicle—
spacecraft mating plane (GLV station 290.265). The X- and Y-axes were
referenced to the centerline of the vehicle.
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TABLE 5-I.- SPACECRAFT MODIFICATIONS

Significant differences from manned confignration

System Spaceeraft 12 Spacecraft 2
Reentry assembly| (a) Heat shield counter-bored to insure complete |Heat shidld ablative material reduced to
structure destruction during reentry

(b} Ballasted to simulate weight and center of
gravity of producticn configuration

approximgtely 1 thickness of production design
P 2

Adapter assembly|

Dummy equipment mounted on aluminum alloy truss

None

structure beam bolted to primary structure
Communications | Not installed, with the exception of one C-band (a) One.of two UHF voice transceivers deleted
radar transponder,.three telemetry transmitters, (v) One:of two HF voice transceivers deleted
and associated equipment
(e} Midifrequency telemetry transmitter deleted
(d) Mo of two UEF survival beacons deleted
(e) Microphones and headsets deleted
Instrumentation | Not installed. - Special instrumentation system installed.
Special instrumentation system used. Special hi-speed production PCM tape recorder
installed.
Environmental Not installed, with the exception of a cabin Secondary 02 high-rate flow set at
eontrol pressure relief valve and a special prelaunch o.1 -
cooling system -1 pound/minute
Guidance and Not installed (a) One of two horizon sensors deleted (Qvrmny
control installed in place of secondary sensor)

(b) Range and range rate indicator deleted

{c) Rendezvous radar deleted

Time reference

Not installed

None

(a) Powsr scurce consisted of four silver-zine

Electrical (a) Power source consisted of one 2% volt dc main batteri 4 th i1 ” ;
45 ampere-hour, silver-zine battery 11 batteries and three sllver-zimc squib
installed on left-hand pallet batteries installed in righi-hand equipment

bay of reentry module, and four silver-zinc
() Electrical umbilical to adapter was connected batteries installed on seat pallets.
only to test umbilical ejection system {b) Fuel cell module was installed in the
edapter equipment section, but was not
connected to a loed.
Propulsion Kot installed None
Pyrotechnic Not installed None

Crew station
furnishings
and equipment

(a) Pallets installed on ejection seat rails
for mounting special instrumentation and
communications equipment

(b) Pressure, temperature and vibration sensors
installed in cabin

(c) Ballast weights installed on ejection seat

{a) Pallets containing crewman simulators and
special instrumentation installed on
ejection seats

{b} PFood, water, and waste management system
components deleted

(e¢) Some ejection seat parts removed

rails
Landing Not instalied High altitude drogue parachute not installed
Postlanding Not installed Survival kits containing UHF survival beacons

and recovery

and other:recovery aids deleted

83ee reference 1 for description of spacecraft 1
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Eguipment

Spacecraft 2

Spacecraft 3 and
subsequent spacecraft

Voice communications:

HF voice transmitter receiver (HF/TIR)
URF voice transmitter receiver (UHF/TR)

Voice control center (VCC)
Telemetry transmitters:

Low frequency - real time
Mid freguency - delayed time
High frequency - standby

Tracking subsystem:

C-band transponder
S-band transponder

Acguisition aid beacon
Recovery subsystem:

UHF recovery beacon

UHF survivel beacon
Flashing light

Digital command system (DCS)

Antenns subsystem:

Recovery antenna (UHF)
UHF stub antenna
Descent antenna (UHF)
C-band helices

Phase shifter

Bower divider

HF whip antenna
C-band slot

S-band slot

UBF whip antenna
Quadriplexer
Diplexer

Coaxial switches

{used as delayed
time XMIR)

N -
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TARIE 3-III.- SPACECRAFT INSTRUMENTATION MEASEREMENTS FOR GT-2
Instrumentation Type of
Measurement Description rhnze data

AAOL Time since 1ift-off LSB = 1/8 sec Delayed time

AAO2 Time since 1ift-off LSB = 1/8 sec Delayed time

AAD3 Time to Tp LSB = 1/8 sec Delayed time

ABOL Stage II cut-off 1 = eut-off Delayed time
(1cs comand )

ABO2 Spacecraft shaped charge 1 = fire Delayed time
fire

ABO3 Lounch vehicle — space- 1 = separation Delayed time
craft separation

ABOh Launch vehicle cut-off 1 = cut-off Delayed time
command

ABO6 Autopilot switch 1 = command Delayed time
command

ABOT Nose fairing jettison 1 = jettison Delayed time

ABOS Scanner Tairing Jjettison 1 = jettison Delayed time

ADOL Adapter shaped charge fire 1 = fire Delayed time

ADO2 Fquipment section 1 = separation Delayed time
separation .

ADO3 Automatic retrofire 1 = fire Delayed time
initiation

ADOY Retrograde section 1l = seperation Delayed time
separation

ADOS Retrograde shaped charge 1 = fire Delayed time
fire

ADOH Manual retrofire initiate 1 = fire Delayed time

ADOS Retrorocket 3 fire 1 = fire Delayed time

ADQ9 Retrorocket 2 fire 1 = fire Delayed time

AD10O Retrorocket 4 fire 1 = fire Delayed time

AEQL R and R section separation 1 = separation Delayed time

AEOQ2 Pilot parachute deployed 1 = deploy Delayed time

AE13 Parachute jettisoned 1 = jettison Delayed time

AFO1 Astronaut actuated abort 1 = abort Delayed time

AFO2 Right ejection seat gone 1 = gone Delayed time

AFO3 Left ejection seat gone 1l = gone Delayed time

AFOh Emergency retrofire salvo 1l = fire Delayed time
relay

AGO2 Pitch rate gyro, primary, 1 =on Delayed time
on/off

AGO3 Roll rate gyro, primary, l1=on Delayed time

on/off
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TABIE 3-III.- SPACECBAFT INSTRUMENTATION MEASUREMENTS FOR CGT-2 - Continued
Instrumentation Type of
Measurement Description range data

AGOL Yaw rate gyro, primary, 1l=cn Delayed time
on/off

AGOS Platform, onfoff l1=ocn Delayed time

AGO9 ACME rate command mode, 1l =on Delayed time
on/off

AG1O Piteh rate scale factor 1 =125 deg/sec Delayed time

AGl11 Roll rate scale factor 1 =325 deg/sec Delayed time

AG1S Yaw rate scale factor 1 = 2.5 deg/sec Delayed time

AGL3 Pitch rate gyro 1 =on Delayed time
(secondary), on/off

AGLL Roll rate gyro 1l=on Delayed time
(secondary), on/off

AG1S Yaw rate gyro 1 =on Delayed time
(secondary), onfoff

AGLE Horizon sensor (primary), 1=on Delayed time
on/off

BAOL Oxygen mess gquantity 0 to 100 percent Delayed time

BAO2 Oxygen tank pressure 0 to 1000 psia Delayed time

BAOS Hydrogen mass quantity 0 to 100 percent Delayed time

BAOL Hydrogen tank pressure 0 to 350 psia Delayed time

BBO3 O2 to H20 differential 1.23 to 3.1 psiad Delayed time
pressure, section 1

BBOL 02 to H20 differential 1.23 to 3.1 psid Delzyed time
pressure, section 2

BBOS Temperature at heat 50 to 150° F Delayed time
exchanger outlet

BCO1 H2 to 02 differential 0.0% to 1.37 psid Delayed time
pressure, section 1

BCO2 H2 to 02 differential 0,03 to 1.3T psid Delayed time
pressure, section 2

BCO3 Temperature at heat 50 to 150° F Delayed time
exchanger outlet

BD1O Current, dummy locad Q0 to 20 A Delayed time

BE1Q Current, dummy load 0 to 20 A Delayed time

BFO1 Main battery 1 tempera- 0 to 200° F Delayed time
ture

BFOS Squib battery 1 tempera- 0 to 200° F Delayed time
ture

BFOT Main battery 1, onfoff 1=on Delayed time
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TABIE 3-III.- SPACECRAFT INSTRUMENTATION MEASUREMENTS FOR GT-2 - Continued
Instrumentation Type of
Measurement Description range data
BFOS Main battery 2, onfoff 1=on " Delayed time
BFO9 Main battery 3, on/off 1=on Delayed time
BF10 Main battery 4%, on/foff 1=on Delayed time
BGO1L Main bus wvoltage 15 to 35 V Delayed time
BG:o2 Squib bus 1 voltage 15 to 35 V Delayed time
(armed)
BGO3 3quib bus 2 voltage 15 to 35 V Delayed time
(armed)
BGOL Control bus voltage 15 to 3% V Delayed time
BHO1 Battery and FC, section 1 0 to 50 A Delayed time
BHC2 Battery and FC, section 2 0 to 50 A Delayed time
CAOL 02 mass quantity, primary 0 to 100 percent Delayed time
system
CAOQZ 02 tank pressure, primary 0 to 1000 psia Delayed time
© system
CAO3 02 supply pressure 1, 0 to 60Q0 psia Delayed time
secondary system
cAok 0, supply pressure 2, 0 to 6000 psia Delayed time
secondary system ’
CBOL Cabin pressure (to forward 0 to 6 psid Delayed time
compartment) :
CBG2 Cabin air temperature 40 to 200° F Delayed time
CBO3 Inner skin temperature 0 to 200° F Delayed time
CBOT Forward compartment 0 to 15 psia Delayed time
absolute pressure
(reference)
CccoL Suit pressure, left 0 to 6 psid Delayed time
{to cabin)
cco2 Suit pressure, right 0 to 6 psid Delayed time
{to cabin)
cCo3 Suit inlet air temperature, 50 to 1l00° F Delayed time
left '
cook Suit inlet air temperature, 50 to 100° F Delayed time
right
CCo5 Oxygen high rate 1 = high. rate Delayed time
cDO1 Inlet to FC section 1, 90 to 1° F Delayed time
primary
cDo2 Inlet to FC section 2, 90 to 14o° P Delayed time

secondary
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TARLE 3-ITI.- SPACECRAFT INSTRUMENTATION MEASUREMENTS FOR GT-2 - Continued

3-39

Instrumentation Type of
Measurement Description range data

CDO3 Outlet of radiator control, 20 to 80° F Delayed time
primary

CDo4 Outlet of radistor comtrol, 20 to 80° F Delayed time
secondary

(#1) 0y 4 Inlet to FC/battery control, 90 to 140° F Delayed timwe
primary

cDo8 Inlet to F¢/battery control, 90 to 140° F Delayed time
secondary

CD0og Inlet - rediator bypaess -20 to 160° F Tape recorded
valve, primary

Cp1o Inlet - radiator bypass -20 to 160° F Delayed time
valve, secondary

CcD1l Inlet - rsdiator control -80 to 80° F Delayed time
valve, primary

D12 Inlet - radiator control =80 to 80° F Delayed time
valve, secondary

CEOL Pump A, primary loop 1 = pump failure Delayed time

CEQ2 Pump B, primary loop L = pump failure Delayed time

CEO3 Pump A, secondary loop 1 = pump Pailure Delayed time

CEOk Pump B, secondary loop 1 = pump failure Delayed time

CFO3 Section 2 outlet tempera- 80 to 180° F Delayed time
ture

CFOL4 Section 1 outlet tempera- 80 to 180° ¥ Delayed time
ture

CJol Inlet pressure, primary 0 to 100 psia Delayed time
lcop

cJoz Inlet pressure, secondary 0 to 100 psia Delayed time
loop

CJ03 Differential pressure, 0 to 230 psid Delayed time
pump, primery loop

CcJOh Differentisl pressure, 0 to 230 psid Delayed time
pump, secondary loop

CJ05 Reservoir, low-level 1= low Delayed time
indicator, primary

cJ06 Reservoir, low-level 1=1ow Delayed time
indicator, secondary

CLOL Water pressure (FC mod) 0 to 22 psia Delayed time

DBO% IMU TCA output, X-axis 0 to 40 volts Delayed time
accelerometer

DBO6 IMU TCA output, X-sxis 0 to b0 volts Delayed time
gyro

DCO1 Accelerometer malfunction 1 = malfunction Delayed time
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ABLE 3-ITT.- SPACECRAFT INSTRUMENTATION MPASUREMENTS FOR GT-2 - Continmued
. Instrumentation Type of
Measurement Description range data
DCco2 Attitude malfunction = malfunction Delayed time
DCO3 Computer malfunction = malfunction - Delayed time
DDO1 Pitch error (launch) or 45° or #20 n. mi. Delayed time
down range error
(reentry]
Dho2 Roll error {launch) or 3° or £0° Delayed time
bank angle (reentry)
D03 Yaw error {launch) or 6° or 20 n. mi. Delayed time
Cross range error
(reentry)
DEO1 35 V de %2 to 38 V de Delayed time
DEO2 28.9 V dc 15 to 35 V de Delayed time
DEOS 10,2 V de 5.5 to 12.5 V de Delayed time
DFOL Computer case temperature 0 to 300° F Delayed time
DFO2 Platform case temperature 0 to 200° F Delayed time
DFO3 Flectronics case tempera- 0 to 300° F Delayed time
) ture
DFOL Power supply case tempera- 0 to 300° ¥ Delayed time
ture
DGO1 Prelsunch (binary 001) - Delayed time
DGO2 Ascent {binary 010) Delayed time
DGOS Reentry (binary 101) Delayed time
DHO1 Pitch gimbal position rev (scaling 15)% Delayed time
DHO? Yaw glubal position rev (scaling 15)% Delayed time
DHO3 Roll gimbal position rev {sealing 15)% Delayed time
DHOM Sum of X-axis acceleration ft/sec (scaling 15)% Delayed time
(r-x)
DHOS Sum of Y-axis acceleration | ft/sec (scaling 15)% Delayed time
(r-Y)
DHOG Sum of Z-axis acceleration ft/sec (secaling 15) Delayed time
(P-2)
DHOT Aceumulation of X-axis Quanta (scaling 20)® Delayed time
acceleration (SFXP) _
DHOS Accumulation of Y-axis Quanta (scaling 20)% Delayed time
acceleration (SFYP)

®Pach computer word is a 24 bilt binary word, consistjfng of a sign bit and 23 data

bits. Scaling indicates the position of the binary point.

Bits to the left of the

binary point represent the whole number portion of the datia word, bits to the right

represent the fractional portion.

For example, a scaling ;of 17 indicates that the

binary point is located 17 places to the right of the sign bit or between the 17th and
18th data bits. The possible range of this nmumber would be 5217 or $131 O72.
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TABLE 3-IIT.~ SPACECRAFT INSTRUMENTATION MEASUREMENTS FOR GT-2 - Continued

3-l

. Instrumentation Type of
Measurement Description range data
DHO9 Accumulation of Z-axis Quants, (scaling 2(5)8' Delayed time
acceleration {S¥ZP)
DH10 Pitch error Quanta (scaling 13)* Delayed time
DH11 Yaw error Quanta (scaling 13)% Delayed time
DH12 Roll error Quanta (scaling 13)® Delayed time
DH13 Time in mode 23 gec (scaling 17)* Delayed time
DH1L Flow tag Quanta (scaling 23)% Delayed time
DH15 Multiplex frame Delayed time
(13 frames) N
DH16 MDIU, DCS multiplex Delayed time
word 1
DHIT MDIU, DCS multiplex Delayed time
word 2 (
Not applicable
DH18 m&g;d DgS multiplex computer 3 in Delayed time
> different units
DH19 MDIU, DCS multiplex for d@ifferent Delayed time
word b times)
DH20 MDIU, DCS multiplex Delayed time
word 5
DH21 MDIU, DCS multiplex Delayed time
word 6 )
DJO1 Pitch gimbal position 0.000]1 rev a Delayed time
{scaling 14)
DJo2 Yaw gimbal position .0001 rev a Delayed time
(scaling 14)
DJO3 Roll gimbal position . 0001 rev a Delayed time
(scaling 14)
DIOY Accumulstion of X-axis Quanta (scaling 20)% Delayed time
acceleration (SFXP)
DJOS Accummlstion of Y-axis Quanta {secaling 20)% Delayed time
acceleration (SFYP)
DJOG Accumulation of Z-axis Quants (scaling 201% Delayed time
acceleration (SFZP)
DJOT Velocity, X-exis ft/sec (sealing 15)% Delayed time
DJO8 Velocity, Y-axis rt/sec (scaling 15)% Delayed time
DJCY Velocity, Z-axis ft/sec (scaling 15)% Delayed time

8Each computer word is a 24 bit binary word, consisting of a sign bit and 23 data

bits. Secaling indicates the position of the binary point.

Bits to the left of the

binary point represent the whole number portion of the data word, bits to the right

represent the fractional portion.

For example, & scaling of 1T indicates that the

binary point is located 17 places to the right of the sign bit or between the 17th and
18th date bits., The possible range of this number would be 5217 or ¥31 O72.
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TABRLE 3-TIII.- SPACECRAFT TNSTRUMENTATION DEEASURMNTS FOR GT-2 - Continued
Measurement Description Instr;:zz:ation Tyg:t;f
DI10 Pitch error red (scaling 3)* Delayed time
DI1L Yaw error rad (scaling 3)% " Delayed time
DI12 Roll error rad (scaling 3)* Delayed time
DJL3 Time is mode sec (scaling 17)% Delayed time
DIk Flow tag Quanta (seeling 23)% Delayed time
DI15 Z-axis velocity update ft/sec (sdaling 15)% Delayed time
D16 Pitch rate - radfsec Delayed time
(scaling 5)%
DI17 Yaw rate - ra.d/secf Delayed time
{secaling 5)2
DI18 Position, X-axis £t (scaling 25)% Delayed time
DI19 Position, Y-axis £t (scaling 25)° Delayed time
DJ20 Position, Z-axis £t (scaling 25)° Delayed time
DI21 Time to go to SECO sec {scaling 10)% Delayed time
o1 Pitch gimbal position 0.0001 rev. Delayed time
(scaling )2
mo2 Yaw gimbal position . 0001 rev Delayed time
(scaling )2
IMO3 Roll gimbal position . 0001 :,.'ev5 ’ Delayed time
(scaling 14)%
TMOY Accumulation of X-axis Quanta (sealing 20)% Delayed time
acceleration {SFXP)
DMOS Accumulation of Ye-axis Quanta (séaling 20)2 Delayed time
acceleration [SFYP) :
MOG Accumulation of Z-axis Quanta (séaling 20)% Delayed time
acceleration [SFZP) :
DMOT Distance to center of earth| ft (scali:%tg 25)8 Delayed time
miod Spacecraft velocity ft/sec (sc;.a.ling 15)% Delayed time
M09 Flight-path angle rad {scaling 3)* Delayed time
™10 Down-range error n. mi. (séaling 12 Delayed time
™11 Cross-range error n. mi. (sci:aling 14)2 Delayed time
mM12 Commanded bank rad (scaling 3)2 Delayed time
™13 Time in mode sec (scaling lT)a Delayed time
M1k Flow tag Quenta (sealing 23)% Delayed time
™15 Tongitude rad (scaling 3)* Delayed time

ZEach computer word is a 2k bit binary word, consisting of a sign bit and 23 data
bits. Scaling indicates the position of the binary point.! Bits to the left of the
binary point represent the whole mumber portion of the daté word, bits to the right

represent the fractional portion.

For example, a scaling of 17 indicates that the

binary point is located 17 places to the right of the signibit or between the 17th and

18th data bits. The possible range of this number would b #217
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TABLE 3-III.~ SPACECRAFT INSTRIMENTATION MEASUREMENTS FOR GT-2 - Continued
Measurement Description Instn;:zgation "[Kyg:t:f
™6 Latitude rad (scaling 3)% Delayed time
b Pald Predicted sero-1ift range n. mi. {scaling 14)* | Delayed time
™8 Spacecraft heading rad (scaling 3)® Delayed time
M19 Density altitude Quanta (scaling 4)® Delayed time
M20 Heading to target rad (scaling 3)2 Delayed time
™oL Range to target n. mi. (sealing 13)% Delayed time
FAOL Pitch rate 2.5 or 20 deg/sec Delayed time
(see AG10Y®
EAO? Rcll rate £.5 or 330 deg/sec Delayed time
(see Ag12)?
EAO3 Yaw rate .5 or 0 deg/sec Delayed time
(see Az12Y®
EBO1 Horlzon sensor pitch output | 2p0° Delayed time
EBO2 Horizon sensor roll output t20* Delayed time
EBO3% Sensor search mode 1l = search Delayed time
FCO1 ac voltage 23 to 29 V ac Delayed time
ECO2 ac frequency 380 to 420 cps Delayed time
ECO3% 20V @c B + 0 to 25 V de Delayed time
ECoL 10 ¥ dec bias 7.5 to 12.5 ¥ de Delayed time
BCO5 -10 V dec hias =7.5 to =-12.5 ¥V de Delayed time
GBOL Fuel feed temperature =20 to 150°* F Delayed time
GBO2 Oxidizer feed temperature -20 to 150° F Delayed time
GCO1l Pressure, source helium 0 to 5000 psia Delayed time
GCo2 Temperature, source helium =100 to 20¢° F Delayed time
GCO3 Temperature, regulated -100 to 200° F Delayed time
helium at fuel tank
acok Temperature, regulated -100 to 200° F Delayed time
helivm at oxidizer tank
GCO5 Pressure, regulated helium 0 to 500 psia Delayed time
GDO1 Injector head temperature, 0 to 4boOoP F Delayed time
TCA No. 9
GEC1 Tcg 1, left-hand, fires 1l = fire Delayed time
own

®Each camputer word is a 24 bit binary word, consisting of a sign bit and 23 data

bits.

Scaling indicates the position of the binary point. Bits to the left of the

binary point represent the whole number portion of the dsta word, bits to the right

represent the fractional portion.

For example, a scaling of 17 indicates that the

binary point is located 17 plmeces to the right of the slgn blt or between the 1Tth anmd
18th deta bits. The possible range of this number would be =|217 or #131 072,
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TABLE 3-III.- SPACECRAFT INSTRUMENTATION MEASUREMENTS FOR GT-2 - Continued
Instrumet?ltation Type of
Megsurement Description range data

GEQ2 TCA 2, right-hand, fires 1 = fire - Delayed time
down

GEQ3 TCA 3, bottom, fires right 1 = fire Delayed time

GEOk TCA %, top, fires right 1 = fire: Delayed time

GEO5 TCA 5, right-hand, fires 1l = fire Delayed time
up

GEO6 TCA 6, left-hand, fires 1 = fire Delayed time
up

GEO7 TCA 7, top, fires left 1 = fire Delayed time

GEO8 TCA 8, bottom, Tires left 1 = fire Delayed time

GEO9 TCA 9 and 10, TYBY, fires 1 = fire Delayed time
aft

GE11 TCA 11 and 12, LXEX, 1 = fire Delayed time
fires forward '

GE13 TCA 13, left-hand, 1 = fire Delayed time
fires left ;

GE1LhL TCA 1%, right-hand, 1 = fire Delayed time
fires right

GE15 TCA 15, bottom, fires down 1 = fire Delayed time

CE16 TCA 16, top, fires up 1= fire Delsyed time

HAQ2 Oxidizer feed temperature -20 to 1§O° ¥ Delayed time

HBO2 Oxidizer feed temperature -20 to 3;‘50° F Delayed time

HCO1. Pressure, source nitrogen 0 to 5000 psia Delayed time
(system A) .

HCO2 Pressure, source nitrogen 0 to 5000 psia Delayed time
(system B) g

HCO3 Pressure, regulated nitro- 0 to 500 psia Delayed time
gen (system A) :

HCOY Pressure, regulated nitro- 0 to 500 psia Delayed time
gen (system B) :

HCO5 Temperature, source nitro- -100 to £00° F Delayed time
gen (system A) : )

HCO6 Temperature, source nitro- -100 to 200° ¥ Delayed time:
gen (system B)

HDO1 Injector head tempera- 0 to 400° F Delayed time
ture, TCA 8

HDO2 Nozzle temperature, bReferenced to MA28 Tape recorded
TCA 7 referepce +1300° F

HEO1 TCA 1, right-hand, 1 = fire Delayed time
fires up

HEO2 TCA 2, left-hand, 1 = fire Delayed time
fires up :

PRe ference temperature determined by reference junction temperature MA2Y, MAZB, or MA29.

UNCLASSIFIED
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TABIE 3-IIT.- SPACECRAFT INSTRUMENTATION MEASUREMENTS FOR GT-2 - Continued

- Instrumentation Type of
Measurement Deseription range data

HEO3 TCA 3, top, fires left 1 = fire Delayed time

HEOL TCA 4, bottom, fires left 1 = fire Delayed time

HEO5 TCA 5, left-land, fires 1 = fire Delayed time
down

HEOG TCA 6, right-hand, fires 1 = fire Delayed time
down

HEOT TCA 7, bottom, fires 1l = fire Delayed time
right

HEOS TCA 8, top, fires right 1 = fire Delayed time

HFOL TCA 1, right-hand, fires 1l = fire Delayed time
up

HFO2 TCA 2, left-hand, fires 1= fire Delayed time
up

HFO3 TCA 3, top, fires left 1 = fire Delayed time

HFOL TCA 4, bottom, fires 1 = fire Delayed time
left

HFO5 TCA 5, left-hand, Tires 1 = fire Delayed time
down

HFO6 TCA 6, right-hand, fires 1 = fire Delayed time
down

HFQT TCA T, bottom, fires 1l = fire Delayed time
right

HFO8 TCA 8, top, Tires right 1 = fire Delayed time

HGOL Fuel inlet at TCA 2 -50 to 300° P Tape recorded

302 Fuel inlet at TCA 5 -50 to 300° F Tape recorded

HGO3 Tuel inlet at TCA & -50 to 300° F Tape recorded

HGO4 Fuel inlet at TCA 8 -50 to 300° F Tape recorded

HGOS Oxidizer inlet at TCA 2 -50 to 300° F Tape recorded

06 Oxidizer inlet at TCA 5 -50 to 300° F Tape recorded

HGOT Oxidizer inlet at TCA 6 -50 to 300° F Tape recordsl

HGO8 Oxidizer inlet at TCA 8 -50 to 300° F Tape recordeA

HHOT Retrorocket package -150 to 500° F Deleyed time
temperature 2

KAOL Lo?g:)ltudinal acceleration -3 to 19g Delayed time

Z

KAOZ Lateral acceleration (X) +3g Delsyed time

KAO3 Vertical acceleration (Y) +3g Delayed time

KBO2 Static pressure 0 to 15 psia Delayed time

KCOL Local static pressure, 0 to 10 mm Hg Delayed time
top 7123

KCo2 Local static pressure, 0 to 10 mm Hg Delayed time

top Z163

- UNCLASSIFIED
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TABLE 3-IIT.- SPACECRAFT INSTRUMENTATION MEASUREMENTS FOR GT-2 - Continued
Instrumentation Type of
Measurement Description range data

KC03 Local static pressure, 0 ta 10 mm Hg  Delayed time
top 23179

KCok Local static pressure, 0 to 10 mm Hg Delayed time
tap Z189

KCo5 Local static pressure, 0 to 40 mm Hg Delayed time
bottom Z123

KCo6 Local static pressure, 0 to 40 mm Hg Delsyed time
bottom Z163

KCcoT Local static pressure, 0 to 40 mm Hg Delayed time
bottom Z179

KCo8 Local static pressure, 0 to 4O mm Hg Delayed time
bottom Z189

TAOL DCS system verification 8 zeros = verify Real time

LAO2 6 V de regulated power 0to 6V Delayed time

LAOR Receiver sigmal strength, =50 to -100 dbm Delayed time
QUADX (2 or B)

Aok Receiver signal strength, -50 to =100 dbm Delayed time
DIPX (1 or A)

LAOS Package temperaoture 0 to 200° F Delayed time

LACS 28 V dc regulated power +27 to +29 volts Deleyed time

LAOT -18 V dc regulated power -17 to «19 volts Delayed time

1408 23 V dc regulated power +22 to +2b volts Delayed time

LAOO -6 V de regulated power -5 to -7 volts Delayed time

LBOL Output-power (RF) 1 to2 k¥ Delayed time

LBO3 Receiver PRF 0 %o 2000 pps Delayed time

LBO4 Package temperature 0 to 200° F Delayed time

1co3 Receiver PRF 0 to 609 pps Delayed time

LCok Package temperature 0 to Z;OC)n F Tape recorded

LDO1 Package temperature 0 to 200° F Delayed time

1LECS Package temperature (R-V) 0 to 300° F Delayed time

MALT High-level zero reference .0V Delayed time
(PaM + PCM)

MA18 High-level full-scale 5.0V Tape recorded
PAM}

MA2O Low-level zero reference 0.0 mV Tape recorded
{(pam)

MAD] Low-level full scale 15.0 oV Delayed time
(Pcy)

MApp Calibrate 0 or 28V Delayed time

MAZL Reference junction temper- =55 to 200° F Delayed time

ature

UNCLASSIFIED
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TABLE %-ITTI.- SPACECRAFT INSTRUMENTATION MEASUREMENTS FOR (T-2 - Continued
]
| Instrmmentation Type of
Measurement Description o data
)
MA26 Low-level full-scale 20.0 nV Tape recorded
! (pam)
e MA28 Reference jJunction ~55 to 200° F Tape recorded
temperature no. 1
) MA29 Reference junction -55 to 200° F Delayed time
temperature no. 2
) . MAZL 25 ke reference oscillator 25 ke Tape recorded
MA3T High-level full-scale k.50 v Delayed time
(pcu)
MAZE Low-level zero reference 3.0 nV Delay=d time
(pom)
MAS5 PCM tape motion monitor 1 =run Delayed time
MAG6 Tape motion monitor TR 1 Delayed time
MBO1 High-level full-scale k50 v Delsyed time
(pcM)
MBO2 Low-level zero PCM reference 3.0 mV Delayed time
i MBO3 Low-level full-sgecale 15 mv Delayed time
' (poM)
MDOk Time gynchronization 2.4 gec Tape recorded
(TR cameras - PCM)
’ FBOL Tnner skin 0 to 600° F Delayed time
PBO2 Outer skin (top) PReferenced to MA29 | Delayed time
reference +1300° F
PBO% Outer skin PReferenced to MA28 Tape recorded
reference +1900° F
PBOY Outer skin PReferenced to MA24 | Delayed time
reference +1900° F
~ PBOS Outer skin PReferenced to MAZY | Delayed time
reference +1900° F
PBO6 Outer skin PReferenced to MA2S Tape recorded
reference +1900° 7
PBOT Separation joint 0 to 500° F Delayed time
~ magnesium strip
PBO8 Parachute compartment 0 to T0O° F Tape recorded
inner skin
PB1O Imner skin 0 to 600° F Tape recorded
PB11 Outer skin hReferenced to MA29 Delsyed time
reference +1900° F
PB12 Outer skin PReferenced to MAZ8 Tape recorded
reference +15900° F
PReference temperature determined by reference junction temperature MA2L, MA28 or MA29.
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TABLE 3-III.- SPACECRAFT INSTRUMENTATION MEASUREMENTS FOR GT-2 - Continued
. Instruentation Type of
Measurement Deseription inge data.

FB13 Outer skin PReferenced to MA2G | Delayed time
reference +1900° F

PR1T Outer skin PReferenced to MA29 | Delayed time
reference +1900° F

PCO1 Inner skin 0 to 4do° F Tape recorded

PCO3 Outer skin PReferericed to MAZ: | Delayed time
reference +1000° F

PCOkL Outer skin bReferen_ced to MA2YL Delayed time
reference +1500° F

PCOS Outer skin PReferenced to MAZG | Delayed time
reference +1900° F

PCO6 Outer skin PReferenced to MA28 | Tape recorded
reference +1900° F

PCOT Outer skin bRefereniced to MA28 Tape recorded
refe:r,-:ence +1900° F

PCO9 Stringer (point 1) hRefe::renix:ed to MA29 Delayed time

_ reference +1300° F

PC10 Stringer {point 2) 0 to 4oD° F Delayed time

PC11 Stringer O to *0D° F Tape recorded

PC12 TCA 8 - Support bReferenbed to MAZ28 Tepe recorded
reference 1300° F

PC13 TCA 8 - Support hRef.’erer:u:‘:e to MA28 Tape recorded
reference 1300° F

PC1Y Stringer 0 to 700° F Tape recorded

PDOYL Inner skin 0 to 700° F Tape recorded

PDO3 Outer skin PReferenced to MA24 | Delayed time
refer¢nce +1900° F

PDO4 Outer skin PReterenced to MAZY | Delayed time
referénce +1500° F

PDOS Cuter skin bReferen@ed to MAZL Delayed time
reference +1300° F

FDOG Outer skin PReferended to MA2L | Delayed time
refergnce +1900° F

PDOT Outer skin PReferended to M2 | Delayed time
refergnce +1000° F

PDOS Outer skin PReferended to MAZY | Delayed time
reference +1300° F

PDOY Outer skin PReferenced to MA28 | Tape recordea
refergnee +1900° F

PD10 Outer skin PReterended to MAZ9 | Delayed time
refereince +1900° F

PRe ference temperature determined by reference junction temperature MA2Y, MA28, or MA29.

UNCLASSIFIED
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TABIE 3-III.- SPACECRAFT INSTRUMENTATION MEASUREMENTS FOR GT-2 - Continued

3-49

Tnatrumentation Type of
Measurement Description —— data
PD11 Outer skin PReferenced to MA28 | Tape recorded
reference +1900° F
PD12 Cebin wmll 0 to 300° F Tape recorded
PD13 Cabin wall 0 to 300° F Tape recorded
PD16 Cabin wall 0 to 300° F Tape recorded
PD17 Stringer (point 1) PReferenced to MA29 Delayed time
reference +1300° F
PD18 Stringer (point 2) 0 to 700° F Delayed time
PD22 Adapter clamp influence Ppe ferenced to MA28 Tape recorded
reference +1900° F
FD23 Adapter clamp influence Ppeferenced to Mi28 | Tape recorded
reference +1900° F
PD25 Adapter clamp influence bReferenced to MA28 Tape recorded
reference +1900° F
PD26 Adapter clamp influence PRe ferenced to MA2S Tape recorded
reference +1900° F
PDRT Adapter clamp influence BReferenced to MA28 | Tape recorded
reference +1900° F
D28 Window (right-hand) inside bReferenced to MA29 Delayed time
N outer pane reference +950° F
PD29 Window (right-hend) inside 0 to 300° F Delayed time
inner pane
PD30 Window (left-hand) inside Preferenced to MA2S Tape recorded
outer pane reference +950° F
PD33 Trough compartment (roll) 0 to 600° F Tape recorded
PD34 Landing gear door bReferenced to MA28 Tape recorded
reference +1300° F
PD35 ECS RIB PReferenced to MA28 | Tape recorded
reference +950° F
PD36 Equipment access door hReferenced to MA28 Tape recorded
reference +1300° F
FD37 Ring center line hRei’erem::ed to MA2G Delayed time
reference +GQ50° F
PD39 Stringer b]Etefe:renced to MAZ8 Tape recorded
reference +1300° F
PDLO landing gear door pyro bReferenced to MAZ2G Delayed time
reference +G50° F
FDh1 Landing gear door pyro bRefe:venced to MA28 Tape recorded
reference +G50° F
PDS3 Cone to cylinder tiedown PReferenced to MA29 | Delayed time

reference +950° F

hRe:‘.‘e:t‘enc:e temperature determined by reference junction tempersture MAZL, MA28, or MA2G.
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TABLE 3-TII.- SPACECRAFT INSTRUMENTATION MEASUREMENTS FOR GT-2 - Continued
e ps Instrusentation Type of
Measurement Description range data
PD54 Quter skin bReferenced to MA29 Delayed time
reference +1900° F
PD55 Umbilical disconnect bReferericed to MA28 Tape recorded
refedence +1300° F
PD58 Window {right-hsnd) inside- bRef'erexiced to MAZS Tape recorded
outer pane reference +950° F
PD59 Window (right-hand) inside- 0 to 300° F Tape recorded
inner pane
b,
PEO1 Ablation material backface Referenced to MA29 Delayed time
reference +950° F
PEO3 Ablation material backface brefe):‘enced to MASS Tape recorded
reference +950° F
PEOG Ablation material backface breferenced to MA28 Tape recorded
reference +950° F
PEOT Ablation material backface bReferenced to MA29 Delayed time
reference +950° F
PE11 Ablation meterial backface -55 to 1000° F Delayed time
PE12 Ablation material backface -55 to 1000° F Tape recorded
PE13 Ablation material backface bReferen_ceﬁ to MA29 Delayed time
refelfence'+2500° F
PELL Ablation material backface bReferenced to MA2S Tape recorded
reference +950° F
PE15 Ablation material backface PReferericed to MAZS Tape recorded
reference +G50° F
PE16 Ablation materisl backface | ‘Referenced to MA29 | TDelayed time
reference +950° F
PELT Ablation material backface PReferericed to MADG Delayed time
reference +2300° F
PE18 Ablation material backface bReferenced to MAZ9 Delayed time
reference +2300° F
PE19 Honeycomb backface bReferenced to MA2Q Delayed time
reference +950° F
PE20 Honeycomb backface bRef‘erem:ed to MA29 Tape recorded
reference +950° F
QAO9 X-axis vibration 2106 1 to 30 eps Tape recorded
QA1D Y-axis vibration 7106 1 to 30 cps Tape recorded
QA11 Z-axis vibration 2106 1 to 30 cps Tape recorded
QAP X-axis vibration Z132.5 20 to 600 crs Tape recorded
QA13 Y-axis vibration Z132.5 20 cps to 2 keps Tape recorded
QAL Z-axis vibration 7132.5 20 eps to 2 keps Tape recorded

bRefeIence temperature determined by reference junction temperature

UNCLASSIFIED
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TABIE 3%-ITI.- SPACECRAFT INSTRUMENTATION MEASUREMENTS FOR GT-2 - Continued
Measurement Description Instrumentation Type of
range data
GROY4 Equipment compartment 0 to 15 psia Delayed time
absolute pressure
{right hand)
QBO9 Landing gear compartment 0 to 15 psia Delayed time
absolute pressure
QB1O Equipment compartment 3 to 15 psia Delayed time
absolute pressure
{left hand)
QB13 Y-axis vibration Z113.8 20 cps to 2 kcps Tape recorded
aB1Y Z-axis vibretiom Z117.8 20 cps to 2 keps Tape recorded
Qe1h Retro compartment absolute 0 to 15 psia Delayed time
pressure
QC15 Equipment compartment 0 to 15 psia Delayed time
absolute pressure
QDO6 Cover cavity absolute 0 to 15 psia Delayed time
pressure
QDO7 X-axis vibration 20 cps to 2 keps Tape recorded
QDO8 Y-axis vibration 20 ¢ps to 2 keps Tape recorded
QDOg Z~axis vibration 20 to 600 eps Tape recorded
QDLo X-axis vibration 1 to 30 cps ' Tape recorded
Qpil Y-axis vibration 1 to 30 cps Tape recorded
S5A01 Fairing jettison 1 = jettisomn Tape recorded
SAO2 Antenna extend 1 = extend Tape recorded
SAQ3 Separate spacecraft 1. = separate Tape recorded
(sequence)
SAOH Separate spacecraft 1 = separate Tape recorded
DCS commend
SAQS HF-DF key on 1l = key on Tape recorded
SAOG Attitude control parachute 1l = command Tape recorded
and HS off
SAOT Select adapter antenna and 1 = command Tape recorded
event TR-5
SA08 Event timer TR-30 1 = command Tape recorded
SACQ Retro squib bus arm 1l=am Tape recorded
SALO Indicate retroattitude 1 = command Tape recorded
(IGS abort)
SAl1 Tndicate retroattitude on 1=on Tape recorded
SA1> 8A11 off ard roll commend 1l = commend Tape recorded
on
SA13 Oxygen high rate 1 = commend Tape recorded
SA15 BIA squib bus safe D = safe Tape recorded

UNCLASSIFIED
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UNCLASSIFIED

TABLE 3-III.- SPACECRAFT INSTRUMENTATION MEASURFMENTS FOR GT-2 - Continued

Instrumentation Type of
Measurement Description range daca
SA1A Separate OAMS lines 1 = command “Tape recorded
SA17 Separate electrical 1 = command Tape recorded
SA18 Separate adapter and auto- 1 = commend Tape recorded
matic retrofire
SA1Q Monuzl retrofire 1 = command Tape recorded
3A20 Jettison retro section 1 = jettison Tape recorded
SAZ21 Landing squib bus arm 1l = arm Tape recorded
SA22 Pilot parachute deploy 1 = deploy Tape recorded
SAP3 Cabin air valves 1 = command Tape recorded
SA2h UHF rescue beacon on 1=on Tape recorded
S5A25 Water seal closed 1 = cloge Tape recorded
SA26 Parachute jettison 1 = jettison Tape recorded
SA2T IGS power off 1l = on Tape recorded
SA28 Platform malfunction reset 1 = reset Tape recorded
SA29 Computer malfunction reset 1 = reset Tape recorded
SA30 Secondary guidance on l=on Tape recorded
S5A31 Abort (launch vehicle 1 = command - Tape recorded
shutdown command)
SA32 Abort {abort seguence 1 = command Tape recorded
ste,rt)
SA33 OAMS on/ma.nual and attitude 1 = command Tape r:orded
mode
SA3h Reentry mode at spacecraft 1 = command Tape recorded
separation +2.0 sec
SA35 Horizontal mode (SEF)/0AMS 1 = command Tape recorded
off
SA36 Similated right yaw 1 = command Tape recorded
/rate command/ RCS
actuate
5438 Automatic retrograde mode 1 = command Tape recorded
+ RCS B select
8A39 RCS A to ACME + ground RCS 1 = commend Tape recorded
AL&B
SA4O Horizontal mode (BEF) 1 = command Tape recorded
SAhk1 Reentry mode (0.05g relay) 1 = command Tape recorded
anlo RCS A & B off 1 = off Tape recorded
sAk3 HS HTR off & RCS pulse mode 1 = command Tape recorded
SALl Retrojettison abort commsnd 1 = command Tape recorded
SALS C-band beacon off 2nd 1 = off Tape recorded

UNCLASSIFIED
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Tape recorded

Type of
dats

Tape recorded
Tape recorded
Tape recorded

Tape recorded
Tape recorded
Tape recorded
Tape recorded
Delayed time
Delayed time
Real time
Real time

|
TABLE 3-III.- SPACECRAFT INSTRUMENTATION MEASUREMENTS FOR GT-2 - Concluded

F

‘ Instrumentation

| Measurement Description range

! SAkE Kinetic switch actuate 1 = command

| sakT Abort command (DCS) 1 = commend

- SAl8 PCM tape playback ccmmand 1 = commend
Sako PCM mode select (resl time 1 = command
or delayed time)

' SAS0 UHF key 1=on

| . 8451 RCS off (ebort) 1 = off (abort)
SAS2 Tone generator off 1 = off
SA53 Maximum 11f% commend 1 = command
Scol Similator 1 battery voltage 15 to 33 V
sc02 Simzlator 2 battery voltage 15t 3 7V
SC03 Simlator 1 battery current 0 to 20 A
scok Simlator 2 battery current 0 to 20 A

/‘\,
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TABLE 3~IV.- GUIDANCE AND CONTROL SWITCHES

Switch identification®

Position prior to lawnch
of spacecraft 2

Center instrument panel

Platform (mode selector)
Computer (mode selector)
Start comp.

Melfunction reset (momentary)
Redar

Attitude control (mode selector)

Free

Ascent

ort

Not operated
off

Rate command

Scanner Primary

Rate gyros
Yaw Primary
Pitch Primary
Roll Primary

ACME logic
Yaw Primary (momentarily on)
Pitch Primary (momentarily on)
Roll Primary (momentarily on)

Right-hand instrument panel

MDTU On

FDC - mode Attitude

FDC = ref. Computer

%Switches associated with the guidance and icontrol system on the
right-hand switch-circuit breasker panel, the overhead panel, and the

right-hand sequencer control panel are not listed.

UNCLASSIFIED
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TABLE 3-V.- GLV-2 MODIFICATIONS

Systen

3ignificant changes incorporated in GLV-2 from GT-1 configuration

Stage I structure

None

Stage IT structure

(a)

(v}

External insulstion on oxidizer tank forward skirt (for protection against pro-
tuberante heating) reduced in thickness from 0,10 inch to 0.05 inch.

Scupper life increased from 2 seconds to minimum of 6 seconds.

Propulsion

(a)

(b)

(<)

Actuating mechanism ané electrical comnections of position potentiometer on
stage I fuel accumulators revised from friction drive to direct drive and from
soldered connecticns to pigtail leads and crimped splices.

Shield assembly incorporated on one-half of fuel.tank level sensors to inhibit
depoaits on sensing prism from fuel tank asutogenous pressurization gases.,

Stage I end stage IT engine start cartridges temperature conditioned to a range
of 55° F to 70° 7.

Flight control

(a)

(»)

Relay circuit which directed primery guidance {RGS) to secondary system removed
so that IGS inputs can be used for secondary guidance.

Pitch program in TARS changed to suit unique GT-2 mission requirements.

Radic guidance

None

Hydraulic

(2)
(b}

(e}
{a)

Stage I engine-driven pump compensator changed to lessen pump pressure start
transients,

Stage IT pitch actuator rigged null length shortened by 0.038 inch to correct
for attitude error offset on GT-1 flight.

Tandem actuator pilston velocity limits increased.

Stage I tandem actuators redesigned,

Electrical

APS power to TCPS jumpered through umbilicel DIE to prevent feedback causing pre-
mature staging due to APS bus failure.

Meifunction detection

(=)

Rate switech settings revised to £2.5 deg/szec in yaw and +2.5 to -3.0 deg/sec
in pitch,

(b) Stage II engine sensor changed from thrust chamber pressure (MDTCPS) to fuel
injector pressure (MDFJPS),
Instrumentation (a) Telemetry antenna system changed from 4 antennas plus 5 port junetions to two
antennas plus 3 port junctions.
(b) Program board removed,
Range safety (a) Command control receivers changed from AVCO MK III to ACI RU23A type.
(b) Stage I destruct initiator relocated from inside the stage I fuel tank conduit
to inside compartment IV,
(c¢) Tivan II type destruct initiator replaced with new GLV type initiator.
Ordnance separaticn None
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TABLE 3-VI.- LAUNCH-VEHICLE INSTRUMENTATICN MEASUREMENTS FOR GT-2

Measurement, Description Instrumentation
range

0001 Thrust chamber valve 0 to 100 percent
position, subassembly 1 open

0002 Thrust chamber valve 0 to 100 percent
position, subassembly 2 open

0003 Thrust chamber pressure, 0 to 1 000 psia
subassembly 1

0004 Thrust chamber pressure, 0 to 1 000 psia
subassembly 2

0005 Gas=-generator chamber 0 to 750 psia
pressure, subassembly 1

0006 Gas-generator chamber 0 to 1 000 psia

_ pressure, subassembly 2

0007 Turbine speed, subassembly 1 0 to 40 000 rpm

0008 Turbine speed, subassembly & 0 to 40 000 rpm

0009 Turbine inlet temperature, 0 to 2 500° F
subassembly 1 _

0010 Fuel-pump discharge pressure, 0 to 1 500 psia
subgssembly 1

0011 Fuel-pump discharge pressure, 0 to 1 500 psia
subassembly 2

0012 Turbine inlet temperature, 0 to 2 500° F
subassembly 2

0013 Fuel-pump inlet temperature,
subassembly 1 0 to 200° F

001L Fuel-pump inlet pressure, 0 to 100 psia
subassembly 1

0015 Oxidizer-pump discharge 0 to 1 500 psia
pressure, subassembly 1

0016 Oxidizer-pump discharge 0 to 1 500 psia
pressure, subassembly 2

o017 Oxidizer-pump inlet pressure, 0 to 200 psia
subassembly 2 '

UNCLASSIFIED
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TABLE 3-VI.- LAUNCH-VEHICLE INSTRUMENTATION MEASUREMENTS
FOR (T-2 - Continued
Measurement Description Instrumentation
range
0021 Fuel-pressurant«orifice inlet 0 to 500 psia
pressure, subassembly 2
0022 Fuel-pressurant-orifice inlet 0 to 500° F
temperature, subassembly 2
0023 Oxidizer-pump inlet temperature,{ O to 200° F
subassembly 2
cozL Oxidizer-pump inlet temperature, 0 to 300° F
subassembly 2
0026 Oxldizer-pressurant-orifice O to 1 000 psia
inlet, subassembly 2
0027 Oxidizer-pressurant-orifice 0 to 500° F
inlet temperature, subassembly 2
0028 Bootstrap fuel venturi 0 to 1 500 psia
inlet pressure, subassembly 1
0029 Bootstrap fuel venturi 0 to 1 500 psia
inlet pressure, subassembly 2
0030 Bootstrap oxidizer venturi 0 to 1 500 psia
inlet pressure, subassembly 1
C031 Bootstrap oxidizer venturi 0 to 1 500 psia
inlet pressure, subassembly 2
0032 Power-on TCVPSVORS Bilevel
(87Ps2) stage I
0033 Pressure, oxidizer standpipe, 0 to 200 psia
subassembly 1
0034 Pressure, oxidizer standpipe, 0 to 200 psia
subassembly 2
0035 Pisten motion, fuel surge 0 to 8.6 in.
chamber, subassembly 1
0036 Piston motion, fuel surge 0 to 8.6 in.
chamber, subassembly 2
0037 Pressure, fuel surge chamber, 0 to 100 psia

subassembly 1

UNCLASSIFIED
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TABLE 3=-VI.- LAUNCH-VEHICLE INSTRUMENTATION MEASUREMENTS
FOR GT-2 - Continued
Measurement Description Instrumentation
range
00%8 Pressure, fuel surge chamber, - 0 to 100 psia
subassembly 2
0050 Fuel sensor shutdown, stage I Bilevel
0052 Fuel sensor outage, stage I Bilevel
0053 Tuel sensor outage, stage I Bilevel
005k Fuel sensor high, stage I Bilevel
0055 Fuel senscr high, stage I Bilevel
0056 Oxidizer sensor high, stage I Bilevel
0057 Oxidizer sensor high, stage I Bilevel
0058 Oxidizer sensor outage, stage I Bilevel
0059 Oxidizer sensor outage, stage T Bilevel
0060 Fuel sensor shutdown, stage I Bilevel
0150 Travel actuator 1, pitch, + 1.25 in.
gtage I
0151 Travel actuator 2, yaw-roll, +1.25 in.
stage I
0152 Travel actuator 3, yaw-roll, * 1.25 in.
stage T
0153 Travel actuator 4, pitch, +1.25 in.
stage I
0154 Pressure, hydraulic system 0 to 4 500 psia
(primary}, stege I
0155 Fluid-level, hydraulic reser- 0 to 100 percent
voir (primary), stage I
0156 Hydraulic fluid temperature 0 to 300° F
(primary), stage I
0157 Pressure, hydrsulic system 0 to 4 500 psia
(secondary system), stage I
0158 Fluld-level, hydraulic reser- 0 to 100 percent
voir (secondary system), stage I

UNCLASSIFIED
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TABLE 3-VI.~ LAUNCH-VEHICLE INSTRUMENTATION MEASUREMENTS
FOR CGT-2 - Continued
Measurement Description Instrumentation
range
0159 Hydraulic fluid temperature 0 to 300° F
{secondary system), stage T
0169 Acceleration, axial, vehicle + 10g
campartment 5
0171 Acceleration, lateral, vehicle + 2g
compartment 5
0172 Acceleration, vertical, + 2g
vehicle compartment 5
0173 Strain gage on stringer 13 0 to 0.005 in. /in.
017k Strain gage on stringer 1 0 to 0.005 in.[/in.
0175 Skin temperature, stringers 0 to 600° F
1 and 2
0176 Calorimeter 0 to 600° F
0177 Skin temperature, stringers 0 to 600° F
1 and 36
0178 Strain gage on stringer 19 0 to 0.006 in. /in.
0179 Strain gage on stringer 11 0 to 0.006 in./in.
0180 Strain gage on stringer 1 0 to 0.006 in. /in.
0181 Strain gage on stringer 28 0 to 0.006 in./in.
0230 Rate gyro output, piteh, + 12.5 deg/sec
stage I (primary)
0231 Rate gyro output, yaw, + 12.5 deg/sec
stage I (primary)
0232 Rate gyro output, roll, + 12.5 deg/sec
stage T (primary)
0233% Rate gyro output, pitch, + 12.5 deg/sec
stage T (secondsry system) piteh
0234 Rate gyro output, yaw, + 12.5 deg/sec
stage T (secondary system) yaw
0235 Rate gyro output, roll, + 12.5 deg/sec

stage I (secondary system)

roll

UNCLASSIFIED
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pressure, subassembly 3

3-60 UNCLASSIFIED
TABLE 3-VI.- LAUNCH-VEHICLE INSTRUMEN‘I'ATIQN MEASUREMENTS
FOR GT-2 - Continued
Messurement Description Instrumentaticn
: : range
0355 APS/IPS (Comp. 4) 0 to 35 V dc
0356 Subassembly 1, MDTCPS A and B Step voltage
(B.C.)
0357 Subassembly 2, MDTCPS A and B Step voltage
(B. C. ) ’ i
0358 Subassembly 1, MDTCPS A and B Bilevel
0359 Subassembly 2, MDTCPS A and B Bilevel
0364 Fuel tank pressure (A), ' 0 to 50 psia
stage T
0%65 Fuel tank pressure (B), 0 to 50 psia
stage I
0366 Oxidizer tank pressure (A), 0 to 50 psia
stage I
0367 Oxidizer tank pressure (B), 0 to 50 psia
stage I
0501 Thrusts<chamber valve position., 0 to 100 percent
subassembly 3 (open)
0502 Thrust-chamber pressure, 0 to 1 000 psia
| subassembly 3
0503 Turbine-inlet pressure, 0 to 1 000 psia
subassembly 3 _
0504 Turbine speed, subassembly 3 0 to 30 000 rpm
0505 Turbine-inlet temperature, 32° to0 2 500° F
subassembly 3
0506 Fuel-pump discharge pressure, 0 to 1 500 psia
subassembly 3
o507 Fuel-punp inlet pressure, - 0 to 100 psia
subassembly 3
0508 Fuel-pump inlet temperature, 0 to 300° F
' subassembly 3 :
Oxidizer-pump discharge 0 to 1 500 psia
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TABLE 5-VI,- LAUNCH-VEHICLE INSTRUMENTATION MEASUREMENTS
FOR GT-2 ~ Continued
Measurement Description Instrumentation
range

0510 Oxidizer-pump inlet pressure, 0 to 100 psia
subassembly 3

0512 Fuel-pressurant-orifice inlet 0 to 500 psia
pressure, subassembly 3

0513 Fuel-pressurant-orifice inlet 0 to 500° F
temperature, subassembly 3

0514 Oxidizer-pump inlet temperature, | O to 300° F
subassembly 3

0517 Bootstrap fuel venturi inlet 0 to 1 500 psia
presgure, subassembly 3

0518 Bootstrap oxidizer venturi 0 to 1 500 psia
inlet pressure, subassembly 3

0519 Power on TCVPSVORS (91FS2), Bilevel
stage II1

0520 Pressure oxidizer injector 0 to 1 500 psis
gas generstor, subassembly 3

0521 ‘Shutdown squib actuation, Bilevel
stage IT

0522 Shutdown valve relay actuation, Bilevel
stage 1T

0540 Fuel sensor, high, stage II Bilevel

0o5h1 Fuel sensor, high, stage II Bilevel

0542 Oxidizer sensor, high, stage II Bilevel

0543 Oxidizer sensor, high, stage II Bilevel

054k Fuel sensor shutdown, stage II Bilevel

o5hs5 Oxidizer sensor shutdown, Bilevel
stage 11

0546 Fuel sensor outage, stage II Bilevel

0547 Fuel sensor outage, stage II Bilevel

0548 Oxidizer sensor outage, Bilevel

atage II
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TABLE 3-VI.- TAUNCH-VEHICLE INSTRUMENTATION MEASUREMENTS
FOR GT-2 - Continued
Measurement Description Instrumentation
range
0549 Oxidizer seneor outage, Bilevel
stage II
0550 Oxidizer sensor shutdown, Bilevel
stage I1
0551 Fuel sensor shutdown, Bilevel
stage II
0650 Travel actuator 5, yaw, + 0.522 in.
stage II
0651 Trevel actuator 6, pitch, + 0.522 in.
stage IT
0652 Travel actuator 7, roll, + 1.50 in.
stage II
0653 Pressure, hydraulic system, 0 to % 500 psia
stage II
0654 Fluid-level, hydraulic reser- 0 to 100 percent
voir, stage I1
0655 Hydraulic fluid temperature, 0 to 300° F
stage II
0660 Skin temperature, stringers 0O to 600° F
13 and 14
0661 Skin temperature, stringers 0 to 600° F
18 and 19
0662 Skin temperature, stringers 0 to 600° F
2 and 3
0665 Strain gage on stringer 13 0 to 0.005 in. /in.
0666 Strain gage on stringer 1 0 to 0.005 in. /in.
0667 Strain gage on stringer 6 0 to 0.005 in. /in.
0668 Strain gage on stringer 18 0 to 0,005 in./in.
0670 Acceleration, axial, + 10g
vehicle compartment 1
0671 Acceleration, lateral, vehicle. + 2g
campartment 1 ;
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TABLE 3-VI.- LAUNCH-VEHICLE INSTRUMENTATION MEASUREMENTS
FOR GT-2 - Continued
Measurement Description Instrumentation
range

0672 Acceleration, vertieal, + 2g

vehiele compartment 1
0673 Skin temperature 0 to 600° F
0674 Skin temperature 0 to 600° F
0675 Skin temperature 0 to 600° F
0676 Skin temperature 0 to 600° F
0677 Skin temperature 0O to 600° F
0678 Skin temperature 0 to 600° F
0679 Skin temperature 0 to 600° F
0680 Skin temperature 0 to 600° F
0681 Skin temperature 0 to 600° F
0682 ‘Skin temperature 0 to 600° F
0683 Calorimeter slug temperature 0 to 600° F
0684 Calorimeter slug temperature 0 to 600° F
0685 Calorimeter slug temperature 0 to 600° F
0686 Calorimeter slug temperature 0 to 600° F
0687 Calorimeter slug tempersture 0 to 600° F
0699 Acceleration, axial, t 0.5g
A low range
0720 TARS attitude error, pitch, + 6°

stage 11
o721 TARS attitude error, yaw, + 6°

stage II
0722 TARS altitude error, roll, + 6°

stage IT
0723 Rate gyro output, pitch, + 12.5 deg/sec

stage II (primary)
0724 Rate gyro output, yaw, + 12.5 deg/sec

stage IT (primary)
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TABIE 3-VI.- LAUNCH-VEHICLE INSTRUMENTATION MEASUREMENTS
FOR GT-2 - Continued
Mea,surc_ament Description Instrumentation
range
0725 Rate gyro output, roll, + 12.5 deg/sec
stage II (primary)
0726 25 V de power supply voltage 0 to 39.4 V de
o727 800 cps power supply voltage 20 to 30 V ac
(primary or secondary)
0728 TARS discrete (stage T gain Bilevel
change)
0729 Autopilot output pitch sub- + 0.7V dc
assembly 3 (primary or secondary)
0730 Autopilot output, yaw, sub- + 0.7V de
gssembly 3 (primary or secondary)
0731 Autopilot output, roll, secondary| + 1.2 V de
assembly 1 (primery or secondary)
0732 Displacement gyro torquer + 0.80 V de
monitor, pitch
0733 Displacement gyro torquer + 0,80 V de
monitor, yaw
0734 Displacement gyro torguer + 0.80 V de
monitor, roll
0735 TARS discrete (arm stage T Bilevel
shutdown sensor)
07%6 Rate gyro output, pitch, + 12.5 deg/sec
stage IT (secondary system)
o737 Rate gyro output, yaw, + 12.5 deg/sec
stage II (secondary system)
0738 Rate gyro output, roll, + 12.5 deg/sec
stage II (secondary system)
0739 TARS discrete (arm stage IT Bilevel
shutdown sensors)
o740 TARS discrete (guidance Bilevel
initiste)
o741 IPS staging arm timer actustion Bilevel
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TABLE 3-VI.- LAUNCH-VEHICLE INSTRUMENTATION MEASUREMENTS
FOR GT-2 - Continued
Measurement Description Instrumentation
) range

oT7h3 IGS pitch attitude error output + 6°

O7hh IGS yaw attitude error output + 6°

o745 IGS roll attitude error output + 6°

oTk6 Rate beacon guidance, 0 to 5V de
30 volt supply

o747 Pulse beacon guidance, 0 to 5V de
15 volt supply

o748 Decoder guidance, 0 to 5 V dc
10 volt supply

o749 Rate beacon guidance, 0 to 5V de
recelved signal 2

0750 Rate beacon guidance, received 50 to 85 dtm
sighal 1

0751 Rate beacon guidance, Step voltage

H PH detect

o752 Rate beacon guidance, power Step voltage
output '

0753 Pulse beacon guidance, MAG Step voltage
current _

0754 Pulse beacon guidance, AGC =10 to -65 dm

0755 Piteh output, guidance + 100 percent

0756 Yaw output, guidance + 100 percent

o757 Decoder, discrete, binary 8 Bilevel

0758 Decoder, discrete, binary b Bilevel

0759 Decoder, discrete, binary 2 Bilevel

0760 Decoder, discrete, binary 1 Bilevel

0762 Autopilot output, pitch, + 1.2V de
subassembly 1 (primary)

0763 Autopilot output, yaw, + 1.2 V de

subassembly 1 (primary)
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TABLE 3-VI.- LAUNCH-VEHICLE TNSTRUMENTATION MEASUREMENTS
FOR GT-2 - Continued
Measurement Description Instrumentation
' range
o764 Autopilot output, piteh, + 1.2 V dc
subassembly 2 (primary)
0765 Autopilot output, yaw, + 1.2 V dc
subassembly 2 (primary)
0766 Adspter package output, + 6.0V de
piteh
o767 Adapter package output, + 6.0V de
yaw 7 _
0768 Adapter package output, + 6.0V de
roll
0769 Autopilot output, yaw, + 1.2 Vde
subassembly 1 (secondary)
o770 Autopilot output, piteh, + 1.2 V de
subassembly 1 (secondary)
0771 Autopilot output, pitch, + 1.2V de
subassembly 2 (secondary)
0772 Auvtopilot output, yaw, +£ 1.2V de
subsessembly 2 (secondary)
o773 IGS stage I gain change, Bilevel
diecrete
o777 RCS SECC signal Bilevel
0780 AGC command receiver 1, 10 to 4O ¥V
RSS and burst
o781 AGC command receiver 2, 10 to 20 uV
RSS and burst
0782 Engine cut-off, receiver 1 Bilevel
0783 Engine cut-off, receiver 2 Bilevel
0784 " AGC range channel, MISTRAM -40 to -110 dbm
transponder
0785 AGC calibration channel, -40 to =110 dtm
MISTRAM transponder
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%




UNCLASSIFIED 3-67

TABLE 3-VI, - LAUNCH-VEHICLE INSTRUMENTATION MFASUREMENTS
FOR GT-2 - Continued

Measurement Description Instrumentation
range
0786 RF-output range channel, Calibration
MISTRAM transponder voltage
0787 RF-output calibration channel, Calibration
MISTRAM transponder voltage
0788 Phage detector calibration Calibration
_ channel, MISTRAM transponder voltage
0789 FPhase detector range channel, Step voltage
MISTRAMVtransponder
0799 Auxiliary sustainer cut-off Bilevel
signal
0800 IPS bus voltage 15 to 35 V de
0801 APS bus voltage 0 to 37.5 V de
0802 ac bus voltage, phase A 105 to 125 V ac
(400 cps)
0803 ac bus frequency, phase A 380 to 420 cps
0804 IPS battery current 0 to 150 A
0805 APS hattery current 0 to 150 A
0810 Instrument voltage, - 0 to 6V dc
compartment 2
0811 Temperature bridge power 35.5 to 45 Vv de
supply, compartment 2
0812 Signal conditioner package 0 to 200° F
temperature
0813 PCM mercury cell voltage 1.35 V de
0814 PCM mercury cell voltage 1.35 V dc
0815 | PCM mercury cell voltage 1.35 V de
0816 Signal conditioner power 29.9 to 30.1 V de
supply, positive regulated
0817 Signal conditioner power 29.9 to 30.1 V de
supply, negative regulated
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TABLE 3-VI.+ LAUNCH-VEHICLE INSTRUMENTATION MEASUREMENTS
FOR GT-2 - Continued
Measurement Description Instrumentation
' range

o842 Pitch SMRD (BH bypass) Bilevel

0843 Pitch SMRD (BL bypess) Bilevel

084k Yaw SMRD (BH bypass) Bilevel

0845 Yaw SMRD (BL bypass) Bilevel

0846 Roll SMRD (BH bypass) Bilevel

0847 Roll SMRD (BL bypass) Bilevel

0848 Overrate warning Bilevel

0853 Subassembly 3, MDTCPS A and B Bilevel

0854 Subassembly 3, MDFJPS A and B Bilevel

0855 Subassembly 3, MDFJPS A and B Bilevel
(8.C.)

0856 Shutdown lockout, timers Bilevel
1l and 2

0858 Shutdown switches, Bilevel
reset monitor

0859 APS-IPS compartment 2 (RSP} 15 to 30 V de

0861 Subassembly, MDTCPS A and B Step voltage
(B.C.)

0862 IPS staging Bilevel

0863 APS staging Bilevel

0868 Fuel tank pressure (A) 0 to T5 psia
stage 1T

0869 Fuel tank pressure (B) 0 to 75 psia
stage TI '

0870 Oxidizer tank pressure (A) 0 to 75 psia
stage 1T

0871 Oxidizer tank pressure (B) 0 to 75 psia
stage II

0872 Transfer to secondary control’ Bilevel
system (A)

UNCLASSIFIED
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TABIE 3-VI.- LAUNCH-VEHICLE INSTRUMENTATION MEASUREMENTS
' FOR GT-2 - Continued
Measurement Description Instrumentation
' range
0873 Transfer command to secondary Bilewvel
control system (A)
0874 Transfer to secondary control Bilevel
system (B)
0875 Transfer command to secondary Bilevel
control system.(B)
0876 APS to spacecraft 0 to 35 V de
0877 Pitch SMRD-B (B.C.) Step voltage
0878 Yaw SMRD-B (B.C.) Step voltage
0879 Roll SMRD-B (B.C.) Step voltage
0880 Subsssembly 2 hydraulic Bilevel
switchover command
0881 Subassembly 1 hydraulic Bilevel
switchover command
0882 Spacecraft switchover Bilevel
command (A)
0883 Spacecraft switchover Bilevel
command (B)
0884 APS-TPS compartment 2 15 to 35 V de
(Eng. subassembly 3)
0885 Spacecraft switchback Bilevel
command (A)
0886 Spacecraft switchback Bilevel
command (B)
1003 Thrust chamber pressure, 0 to 1 000 psis
subassembly 1
1004 Thrust chamber pressure, 0 to 1 000 psia
subassembly 2
1017 Oxidizer-pump inlet pressure 0 to 200 psia
(T-0 to 87FS2-5), subassembly 2
1085 Pressure, oxidizer tank dome, 0 to 100 psia

27=-in. radius
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TABLE 3-VI. - TAUNCH-VEHICIE INSTRUMENTATION MEASUREMENTS
FOR GT=2 = Continued
Measurement Degeription Instrumentation
range

1086 Pressure in oxidizer tank dome 0 to 200 psia
centerline, stage I (87FS2-5 to
stage separation

1169 Acceleration, axial, + 10g
compartment 5

1170 Acceleration, axial, + 10g
compartment 5

1189 Vibration, tandem actuator + 100g
(axial), stage I

1190 Vibration, tandem actuator + 100g
(1ateral)

1191 Vibration, tendem actustor + 100g
(vertical), stage I

1502 Thrust chamber pressure, 0 to 1 000 psia
subassembly 3

1651 Travel, actuator 6, pitch, + 0.505 in.
stage I

1670 Acceleration, axiel, + 10g
compartment 1

1671 Acceleration, latersl, vehicle + 2¢g
compartment 1 '

1672 Acceleration, vertical, vehicle + 2g
compartment 1

1692 Vibration, MOD 3 rate beacon, + 30g
axial

1695 Sound pressure level, external, Lo to 160 aB
compartment 2 '

1696 Sound pressure level, external, 40 to 160 dB
campartment 1

1697 Vibration, RGS equipment mount, + 30g
lateral

1698 Vibration, RGS equipment mount, + 30g
vertical 1
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UNCLASSIFIED 3-T
TABLE 3=-VI.~ LAUNCH-VEHICLE INSTRUMENTATION MEASUREMENTS
FOR GT-2 - Continued
Measurement Degcription Instrumentation

range

1723 Rate gyro output, pitch, + 12.5 deg/sec

stage TI, primary

1855 Subasgsembly 3, MDFSPS A and B Bilevel

1861 Subsssembly 3, MDTCPS A and B Step voltage

1862 Bilevel

IPS staging
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Figure 3-1  GT-2 space vehicle lift-off configuration
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NASA-5-65-1233

Equipment section
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Guidance and control system
Electrical power system
Time reference system
Crewman simulators
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RCS section
RCS system

Reentry assembly

Rendezvous and recovery section

Parachute landing system Nose fairing

Figure 3-2  Spacecraft arrangement and nomenc lature
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NASA-S-65-1238
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Figure 3-3 - Launch vehicle - spacecraft relationships

UNICLASSIFIED -

Launch vehicle
|/ -y guadrant system

Launch vehicle yaw axis
/ spacecraft pitch axis
o +Y

GLV X axis perpendicular
to plane of figure at this
point

3=T5



3-76 UNCLASSIFIED

NASA-S-65-1231
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Figure 3-4  Reentry assembly - right hand equipment bay
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NASA-5-65-1230
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Figure 3-7 Spacecraft antenna locations
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NASA-S-65-2263 Instrumentation
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Figure 3-8, - Special instrumentation pallet assemblies

UNCLASSIFIED




o~ UNCLASSIFIED 5-61

'NASA-5-65-1237
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NASA-5-65-1234
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NASA-5-65-1235
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Figure 3-12 Reentry assembly - left hand equipment bay
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Figure 3-13  Fuel cell module
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NASA-5-65-1229
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Tubirig cutter/
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Figure 3-14  Orbital attitude and maneuver system
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NASA-5-65-1608 RCS thrust chamber attitude control
5 6 Pitchup
1 2 Pitch down
3 4 Yaw right
7 8 Yaw left
3 7 Roll right
Thrust chamber 4 8 Roll left
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Figure 3-15 Reentry control system
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NASA-5-65-1239
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4,0 MISSION DESCRIPTION

The GT-2 mission was planned to demonstrate the adequacy of space-
craft reentry heat protection equipment and to qualify further, by
actual flight environment, those spacecraft and launch vehicle systems
necessary to support manned flight. Since heating is of prime concern,
a ballistic trajectory was planned to provide a maximum design heating
rate on the spacecraft reentry assembly. A launch azimath of 105° was
chosen to provide a safe flight corridor with respect to land masses, a
good recovery posture, and sufficient instrumentation and tracking
coverage.

The first-stege programed portion of launch-vehicle ascent guidance
wes programed in roll to provide the required azimith reference plane
after 1ifting off from a lsunch-stand azimuth of 85°. The second-stage
closed-loop portion of the ascent guidance by the GE/Burroughs radio
guidance system was to begin approximately 8 seconds after staging at
162.56 seconds and continue throughout the remainder of stage II powered
flight. Steering commends were to be rprovided to guide the launch
vehicle along a trajectory which was to result in injection of the space-
eraft into the planned trajectory at an altitude of 87 nautical miles,
with a spece-fixed veloecity of 25 731 ft/sec and a space-fixed flight-
path angle of -2.28°. :

Spacecraft separation from the lesunch vehicle was to be effected,
after second stage engine tail-off, by impsarting a velocity increment
of 15 ft/sec with the two aft-firing orbital attitude and maneuver
system (OAMS) engines. Separation was to be followed by a 90° left-roll,
(spacecraft separation +2 sec) and a 180° turnaround (spacecraft sepa-
ration +30 sec), and a pitch-up maneuver (spacecraft separation +45 sec),
to a retroattitude of -16° (small end down), referenced to the horizontal
et the launch complex, which represents an attitude of approximately
-29.2°, referenced to the local horizontal at the initistion of retrofire.
Equipment section jettison and the automatic retrograde rocket firing
was sequenced to begin at SECO + 82 seconds followed by retrograde sec-
tion jettison at SECO + 127 seconds. The reentry mode of the attitude
control meneuver electronics (ACME) was programed to initlate a 15 deg/sec
spacecraft roll rate when a load factor of 0.05g was sensed and to mein-
tain that rate for 150 seconds. At the end of this time, the spacecraft
was to assume the maxinm 1ift gttitude. The parachute and recovery se-
quence was to be initiated by a barostat at an altitude of 10 600 feet.
The nominal lsnding point was located 1862 nautical miles downrange at
16°26' north latitude and 49°34' west longitude.
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4,1 ACTUAL MISSION

Lift-off (10), defined as the launch vehicle umbilical separation,
occurred at 9:03:59.861 a.m. e.s.t. As the vehicle rose vertically,
the roll program was initiated at LO + 4.34 seconds and continued until
the vehicle rolled to a flight azimuth of approximately 105°. For a
comparison of actual times against planned times, see table k1. At
10 + 22.9 seconds, the first of three programed pitch rates was initiated. -
The pitch program continued to guide the vehicle until the radio guidance
system (RGS) was enabled at L0 + 162.12 seconds.

The first flight control system gein change occurred at -
LO + 104.67 seconds, and the second occurred during staging (BECO) at \
LO + 151.71 seconds. Spacecraft inertiesl guidance system (IGS) updates
were received at LO + 103.75 and 144.55 seconds. The IGS served as
back-up guidance during the entire flight but was not required to control
the vehicle.

Reconstructed trajectory results indicete that the vehicle was
slightly high and fast during the stage I powered fiight. The GE/
Burroughs, Mission Control Center, and Range Safety plotboards verified
this deviation. Cause of this minor deviation in the pitch plane may be
attributed to slightly high thrust due to higher than normal propellant
flow rates, gyro drift, and high winds causing the vehicle to pitch up.
Stage I shutdown occurred 1.8l seconds earlier than predicted.

The range safety plotboards indicate the vehicle deviated to the
left of the nominal ground track., At LO + 70 seconds, the vehicle's
path was observed to cross the latersl left 3¢ locus of instantaneous
impact points and to remain in this region until LO + 87 seconds. The
major contribution to this deviation was & wind shear recorded at that
time. The 30 boundary was based on a September wind profile for the
original lsunch date and was not updated for the December wind profile
which is considerably higher in velocity. Had this updsting been made,
the ground track would not have exceeded the plotboard limits. (See
section 5.2.9.)

Steging was complete and separation had started by 152.40 seconds.
The stage II thrust was higher than nominal, and as in stage I, an
earlier than predicted engine shutdown occurred when the 3IGS detected
the programed velocity.

The spacecrsft radsr and sensor fairings were jettisoned 45 seconds
after BECC as planned.
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The RGS commands corrected the trajectory and steered the vehicle
to the desired spacecraft separation conditions. At SECO + 20.32 sec-
onds, spacecraft OAMS aft-firing thrusters were ignited to achieve
spacecraft — launch-vehicle separation. A 90° roll, a 180° turnaround,
and a pitch maneuver to -29.2° small end down attitude (referenced to
local horizontal) followed separation. At 10 + 41k.22 seconds, the
equipment section was separated by pyrotechnics, and the antomatic retro-
grade rocket firing sequence was initiated. The retrorocket firing order
was 1, 3, 2, 4; and the retrograde section was jettiscned at 459,12 sec-
onds. The spacecraft entered telemetry blackout at 1O + 545.0 seconds,
and blackout ended at 10 + 698.9 seconds. At 0.05g deceleration
(10 + 560.23 sec), the ACME reentry mode initiated an average roll rate
of l§.6°/sec to provide zero lift. A constant roll was maintained until
1O + 710.01 seconds when the spacecraft assumed the maximum 1lift attitude.

The peak stagnation point (a = 0°) heating rate of T1.8 Btu/fta/sec was
reached at LO + 643 seconds. Pilot and main parachutes were deployed at
1O + 871.76 and 875.38 seconds, respectively, based on telemetry accel-
eration and vibration data. The landing point, based on Antigua reentry
tracking data, was 1848 nautical miles from Cape Kennedy at 49°46! west
longitude and 16°36' north latitude. The landing time was LO + 1096 sec-
onds. :

4,2 SEQUENCE OF EVENTS

The times at which major events were plamned and executed are
presented in table 4-I, All events were completed as scheduled within
the expected tolerances, indicating a satisfactory flight.

4.3 FLIGHT TRAJECTORIES

The trajectories referred to as planned are preflight calculated
nominal trajectories contained in reference 8, and the trajectories
referred to as actual are based on the Manned Space Flight Network
tracking data. The Patrick Air Force Base model atmosphere was used
below 25 nautical miles for the planned trajectory, and the actual atmos-
phere at the time of launch was used for the actual trajectory. The
1959 ARDC model atmosphere was used above 25 nautical miles in both the
planned and actual trajectories. The earth model used was the Fischer
Ellipsoid. A ground track of the GT-2 mission is presented in fig-
ure 4-1. Since GT-2 was a suborbital trajectory, the launch and reentry
phases are shown together in figure k2, These figures show that the
actual GT-2 mission profile was very close to the planned profile.




4.3,1 Launch

The launch phase of the trajectory data shown in figure 4-2 is based
on the real-time cutput of the range safety impact predictor computer
(IP-3600) and the Guided Missile Computer Facility (GMCF). The IP-3600
had data available from the missile trajectory measurement (MISTRAM)
system and FPS-16 and FPQ-6 radars, while the GMCF used deta from the
GE Mod III radar. The date from these tracking facilities were used
during the time periods listed in the following table:

Facility Time after lift-off, sec
IP-3600 (FPS-16) 0 to 24
GMCF (GE Mod III) 24 to 410

The actual launch trajectory as compared with the planned launch
trajectory in figure U4-2 was high in velocity, altitude, and flight-path
angle during stage I powered flight. After BECO, the radio guidance
system (RGS) corrected the trajectory error and guided the second stage
to a nominal insertion. At BECO, the actual velocity, altitude, and
flight-path angle were higher than planned by 161 ft/sec, 12 863 feet,
and 1.3°, respectively. At SECO there was essentially nc difference
from the planned velocity, and attitude and flight-path angle were low
by only 40 feet and 0.04°, respectively. The velocity change during
tail-off was 8.0 ft/sec greater than predicted. As a result, the veloc-
ity was T ft/sec higher than plamned at spacecraft separation.

4.3.2 Reentry

The plenned reentry phase of the trajectory shown in figure 4-2
was obtained by beginning with the nominal insertion conditions supplied
by reference 11 and integreting forward through the orbital attitude
and maneuver system (OAMS) for seperation and retrofire to landing. The
actual reentry phase of the trajectory was obtained by taking the space-
craft position and velocity vector as determined by the Goddard Space
Flight Center (GSFC) computer which used the Antigua tracking data after
retrofire. This vector was integrated backward through retrofire and
OAMS for spececraft separation conditions, and forward for reentry
conditions.

A comparison of the actual and planned trajectory parameters is

given in table 4-II. The flight parameters at spacecraft separation
were in good agreement with the parameters obtained from the GMCF and
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MISTRAM insertion vectors as obtained by the Goddard Space Flight
Computing Facilities, thus confirming the vealidity of the backward
integration method. The velocities and flight-path angles obtained
from the GMCF and the MISTRAM date were 4 ft/sec and 7 ft/sec less and
0.03° and 0.01° greater (more negative), respectively, than the Antigua
data at spacecraft separation. The times of commnications blackout,
0.05g, and pilot parachute deployment taken from the integrated tra-
Jjectory were in good agreement with the data cobtalned from the Gemini
network station and spacecraft onboard measurements. The landing

point from the integrated trajectory was within 3 miles of the retrieval
point reported by the recovery ship. The agreemeni of these events
validate the reentry phase of the integrated trajectory.
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TABRLE 4-I.- SEQUENCE OF EVENTS

, Plenned time, | Actual time, | Difference,
Event sec sec sec

Stage I engine ignition

signal (87Fs1) -3. 3k -3.36 -0.02
Lift-off |

(9:03:59.861 a.m. e.s.t) 0. 00 0.00 0. 00
Roll program start 4. 40 b, 3k -0.06
Roll program end 20.48 20. %0 ~0.08
No. 1 pitch rate start 23. 0k 22.99 -0.05
No. 2 pitch rate start 88.32 88.07 -0.25
No. 1 IGS update received 103.00 103.75 +0. 75
No. 1 flight control gain

change 104,96 104.67 -0.29
No. 3 pitech rate start 119. 04 118.71 -0.33
No. 2 IGS update recelved 143.00 14#.55 +1.55
Arm stage I engine shutdown 14k, 64 14, 28 -0.36
BECO (stage I engine shut-

down signal (87FS2))
Stage II engine ignition -

signal (9LFSL) 153,52 151.71 1.8
No. 2 flight control gein

change
Separation start 154,22 152. 40 -1.82
Stage II MD FJIPS make 154, k2 152,37 -2.05
No. 3 pitch rate end 162f56 162.09 0. 47
RGS enable 162. 56 162.12 -0. 4k
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TABIE 4-I.- SEQUENCE OF EVENTS - Concluded
Planned time, | Actual time, |Difference,
Bvent sec sec sec

First radio guidance command

received 169. 00 168.29 -0.TL
Horizon sensor fairing

jettison 198. 52 196. 64 -1.88
Nose fairing jettison 198.52 196. T4 -1.78
Arm stage II engine shutdown 317, b 316.58 -0.86
SECO (stage II engine shut-

down (91FS2)) 336. 48 332.15 -4.33
Stage II MD FJPS break 336.T8 332,47 k.31
Fire spacecraft separation

device 356, 48 352. 45 -4, 03
Separate equipment adapter 418.48 Lk, 22 -4, 26

section.
Initiate automatic retrograde

firing sequence 118,48 Wik, 22 -4, 26
Jettison retrograde section 463.50 k59,12 -4.328
Begin commmnication blackout 546.5 545, 0 -1.5
0.05g, initiate roll 567.10 560.23% -6.87
Fnd commumnication blackout T0L4.8 698.9 ~5.9
Initiate full 1ift T17.10 710.01 -T.08
Pilot parachute deployment 879.20 871.76 =T. 44
Main parachute deployment 882. 40 875.38 -7.02
Touchdown 1141 1096 =53
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TABLE 4-IT.- COMPARTSON OF PIANNED AND ACTUAL TRAJECTORY PARAMETERS

Condition I Planned I Actual l Difference
SECO
Time from 1ift-off, 8eC . . . . . . . . . i-e . ... | 336,48 332,15 -4, 33
Time from 1ift-off, minisee . . . . . . . . . ., .., 5:36. 48 5:32.15 -4, 33
Geodetic latitude, deg North . . . .., . . . . ... 26.24 26.28 0. 04
TLongitude, deg West . . . . . . . . ... e e 72.51 72.61 0.10
Altdtude, F£ . o & v v v b v 4 e e e e e e e 546 850 sh& 810 -0
Mtitude, nn.mi. . .. .. ... ... 90.0 90.0 0
Range, n. mi. . .. .. ... ..... e e e e e 450.1 k4o A1
Space-fixed velocity, ftfsec . . . . . . . . .. 25 605 25 6ok -1
Space-fixed flight-path angle, deg . . e e e -2.24 -2.28 -0. 04
Space-fixed heading angle, deg East of North . . . . . 108.34 108,30 -0. 04
Spacecraft separation
Time from lift-off, sec . . . . . . . e e e e 356.48 352,45 - -4.03
Time from 1ift-off, minisec . . . . . « . . v « . . . . 5:56.48 5:52.45 -h. 0%
Geodetlc latitude, deg North ., . ., . . . . . 25.80 25.85 0.05
Longitude, deg West . . . . . Ve s e e e e e e [P T1.15 71.21 0. 06
Altitude, £t . . . . . . L ... e e e e 525 971 524 867 -1104
Altitude, m. mi. . .. . .. . ... ... .. .. . 86.6 86.4 -0.2
Range, n.mi. .. . .. .. “ e . . 529,2 525.3% -3.9
Space-fixed velocity, ftfesec . . . . . .. .. .. - 25 731 25 738 7
Space-fixed flight-path angle, deg . . . . . . . . .. -2.28 -2.29 -0.01
Space-fixed heading angle, deg Fast of North . . . . . 108.98 108.95 -0.03
Maximum conditions
Mtitude, statute miles . . , . . . .. .. ... . 105.6 106.3 0.7
Altitude, n. mi. . . . ... ... ... ... e 91.7 92,4 0.7
Space-fixed velocity, ftfeec . . . . . . .. . ... '25 822 25 829 7
Earth-fixed velocity, ftfsee . . . . .. e e e e e 24 hog 2k 506 T
Exit acceleration, ¢ . . ... . .. W e e e e e e 7.6 1.3 -0.3
Exit dynasmic pressure, lb/eq £& . . . ., . . .. . 43 683 -50
Reentry deceleration, g . . . . . . . . .. c e e e e . 9.6 9.9 0.3
Reentry dynamic pressure, 1bfsq £t . . . . .. . .., . 657 657 0
Landing point
North latitude, deg:min . . . . ., . . . . ... ... 16:26 816: 34 00: 08
West longitude, degimin . . . . . . e e e e e hg: 34 B49: hg 00:12
Range, n. mi. ., ., , 1862 1848 -14

ElI.ta.mi:l.ng point reported by recovery ship:
North latitude, deg:min:cec . . 16:31:54
West longitude, degzmin:sec . . 49:h6:48
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