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i. 0 MISSION SUMMARY

_he 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 9:03:59 a.m.e.s.t, on
January 19, 1965. _he 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°46.8' West longitude
at 10:_2 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 s the satis-

factory performance of vital flight control systems, life support

systems, retrograde rocket system s 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 llft-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 adequaey of the reentry assembly heat pro-

tection equipment during a maxln_/m heating-rate reentry.

(b) Demonstrate the structural integrity and capability of the

spacecraft from lift-off through landing.

(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)

/'-'_ (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 measuringunlt (during launch and reentry)

(ll) Attitude control maneuver electronics (from spacecraft

separation through reentry)

(12) Inertial guidance system (during tuz-naround and retro-

grade maneuvers)

(13) Spacecraft recovery aids

(14) Communications (partial)

(15) Tracklng
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(16) Data transmission

(d) Demonstrate systems checkout and launch procedures.

(e) Evaluate backup guidance steerin_ signals throughout launch.

Be secona-order_mission objectives of the GT-2 mission were the
following:

s

(a) Obtain test results on the following systems:

(i) Cryogenics
@

(2) Fuel cell and reactant supply system

(3) Communications

(b) Further flight qualify the launc_ vehicle and demonstrate

its ability to insert the spacecraft into a prescribed trajectory.

(c) Demonstrate the compatibility of ithe launch vehicle and

spacecraft through the countdown and launch sequence.

(d) Provide training for flight cont_ollers.

(e) Further qualify grour_l com_unicatlons 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 excepti_ of obtaining test results
on the fuel cell. _he fuel cell was deactivated prior to lift-off

due to a system malfunction, and a discussibn of this malfunction is

contained in this report.

All spacecraft and Gemini launch vehicle transmitted telemetry
data, spacecraft onboard data, ground-based Iradar data, and engineering

photographic aata _obtained during the mission were used by the Mission

Evaluation Team in determining the results ,f the mission. _he eval-

uation consisted of analyzing the flight data and comparing these data

with the ground_test results obtained from She various test programs

conducted on the spacecraft, its systems, a_ the launch vehicle. Also,

analyses were made of the flight data with Respect to the design speci-

fication requirements and the predicted ope_ting conditions for this
mission. Be results of these analyses are ipresented in this report.

i
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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 s 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 12.4.

Section 13.0 of this report contains an analysis of the Gemini

launch vehicle and spacecraft performance during the attempted launch

on December 9, 1964.
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3-0 VEHICLE DESCRIP_ION

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 lift-off is shown in figure 3-1. The configurations of the
spacecraft and launch vehicle which existed at lift-off are described in
sections 3.i and 3.2 of this report. Section 3.3 provides GT-2 weight
and balance data.

3.i GEMINI SPACECRAFT DESCRIPTION

This section provides a general description of the structure and
major systems of spacecraft 2. Since spacecraft 2 contained production
units of virtually all equil_aentwhich will be used on later manned 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 major 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 Gemini spacecraft lift-off configuration was a conical structure
consisting 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 overall 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.O 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 Reentr_ 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 a heat shield attached to the aft
en@ of the cabin section, a nose fairing 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.

3.i.i.i.i Cabin section: The basic cabin structure was an internal
pressure vessel having a titanium frame assembly to which side panels

UNCLASSIFIED



3-2 UNCLASSIFIED
i

and two bulkheads of double-skln titanium were seam welded. Space was _
provided between the vessel and the outer c_nical shell for an equipment
bay on each side and an equil_nentcompartment underneath the floor.

Two access doors were provided on eachiside of the cabin to enclose

co_oonents installed in the side equipment _ys. Although landing gear
was not installed in spacecraft 2, two mainllauding-gear doors covered
the landing-gear wells located below the si_ equipment bays. TWO addi-
tional access doors were installed on the b_ttom of the cabin between
the maln landing-gear doors. The forward d¢or provided access to the

lower equipment bay_ and the aft door provided access to the environ-
mental control system (ECS) compartment. $

Two hatches sealed the openings and provided for ingress and egress.
_.achhatch is normally operated manually; hlwever, if the seat-ejectlon
sequence is initiated, the hatches are auto_tically opened by pyro-

technic operated actuators. See paragraph _.1.2.8.5. Each hatch had
an observation window which consisted of a _ealed double-glass-pane inner
assembly and a vented slngle-pane outer ass@mbly. The conimal surface

of the reentry assembly was covered with be_ded shingles of Rene _ 41 for
thermal protection.

One horizon sensor was mounted on the left side of the cabin near
the junction of the cabin and the RCS section. The sensor was protected
during the initial phase of powered flight _y a plastic laminate fairing.
The fairing was Jettisoned approximately 45Jlsecondsafter ignition of the
launch-vehicle second stage engine. The sensor head and mount were Jet-
tisoned after the retrograde sequence in order to provide an aerodynami-
cally clean mold llne for reentry.

3.1.1.i.2 RCS section: The RCS sectiCn was located between the
R and R section and the cabin section, as s_own in figure _-2. The RCS
section was cylindrical and consisted of a _itanium supporting structure

with taper-machined and formed beryllium sh_gles used for the outer
skin. The structure housed the reentry conlrol system, which provided
thrust for stabilization and control during iretrorocket firing an_ re-
entry. The forward face of the RCS sectionlcontalned a structural assem-

bly to which the main parachute bridle was _ttached.

3.1.i.1.3 R and R section: The trunclted 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. T_e external surface consisted

of beryllium shingles, except for the nose _airing which was made from
fiber-glass reinforced plastic laminate. T_e nose fairing provided
thermal protection for equipment in the R a_d R section during the ini-
tial portion of powered flight and was Jettlsoned approximately 45 sec-
onds after ignition of the launch-vehicle s@cond 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
assembly, a pilot 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 (ca1_insection, 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 ablative 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 inside the afterbody shingles to impede the transfer of
heat to the pressure vessel and equipment.

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

3-1.1.2 Ad_pter assembly.- The adapter assembly was a truncated
cone, and its structure consisted of circumferential aluminum rings,
extruded magnesium-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 equil_nentand 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 (OAMH) 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.i.2.l Retrograde section: The retrograde section was mated to
the aft end of the reentry assembly and was held in place by three tita-
nium interconnects which contained the necessary pyrotechnics to separate
the section frum the reentry assembly. T_ primary function of the
retrograde section was to support four retrograde rockets and six of the
0AMS TCA's. Figure 3-2 shows the location of the two crossed aluminum
"I" beams used to support the retrograde rockets.
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3.i.i.2.2 Equipment section: On spacec_ft 2, the equipment sec-
tion contained a fuel cell module; OAMS press_rant, fuel, and oxidizer

tanks, lines, and components; water storage t_nks; the primary oxygen
supply tank; cooling system components; and a_ electrical and electronic
module. A honeycomb blast shield was attached to the forward end of the

equipment section to prevent the OAMS propel_nt tanks and the launch-
vehicle second stage from receiving excessive lheat during retrorocket
firing. The large-diameter end of the equipment section provided for
mounting of i0 additional 0AMS TCA's.

3.1.1.2.3 Spacecraft - launch-vehicle m_ing section : Spacecraft 2
was mated to the launch-vehicle in the same m_ner as that which was
successfully demonstrated on the GT-I mlssion.! The access doors,
thrusters, and scupper cutouts in both the Sl_Cecraft equipment section
and the launch vehicle upper skirt were the s_me as the GT-1 configura-
tion. The relationship of the spacecraft and _aunch-vehicle axes is
illustrated in figure 3-3. Reference 1 contains a more complete de-
scription of the structural interface of the _emini space vehicle.

5.I.2 Major Systems

3.i.2.i .Communications.- The following _aphs are a general _h
description of the subsystems which comprised _he communications equip-

ment installed in spacecraft 2. Table 3-II l_ts the spacecraft 2
communications equipment and gives a comlm_iso_ between the spacecraft 2
equipment and that to be installed in subsequent manned spacecraft.

Communications equipment locations are shown i_ figures 3-4 to 3-7.

3.1.2.1.1 Voice communications: HF and UHF modes of voice communi-
cations were provided on spacecraft 2.

(a) HF transmitter-receiver: A single h_gh-frequency amplitude-
modulated transmitter-receiver unit was provided, and was installed in
the reentry assembly equil_nentbay. The trems_itter operated on a fre-

quency of lO.016 megacycles and had a _.0 watt|RF output. The trans-
mitter was amplitude modulated by a CW tone generated in the voice
control center unit. Provisions were incorporated for automatically
energizing the equipment in the DF mode for rehovery purposes after
landing.

(b) UHF transmltter-receiver: A single ultra-high-frequency
amplitude-modulated transmitter-receiver unit _as installed in the "re-
entry assembly equipment bay. The transmitter operated on a frequency
of 296.8 megacycles and had a 3.0 watt RF outp it. The output was modu-
lated with a lO00-cycle tone. The UHF transmi__ter-receiver was set to
operate from launch until R and R section sep_tion and was turned on
again after two-point suspension on the main p_rachute.
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(c) Voice control center (VCC): 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 lO00 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 _s set to operate throughout the mis-

sion. The delayed time transmitter was sequenced to operate in parallel

with the real-time transmitter until O.05g +200 seconds, and then to
switch to the delayed 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

aid 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 assembly equipment bay. The trans-

ponder operated 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 was 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 assembly. The unit

was compatible with existing ARA-2_ 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._ Command subsystem: The digitsl contouredsystem (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-

launch 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 guidanc_ commands via the DCS link
to spacecraft 2 immediately prior to launch an_ twice during powered

flight. No real-time commands were transmitteR during the mission; how-
ever, spacecraft 2 was equipped to receive rea_-time commands for the
following functions:

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

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

Relay 3 - Real-tlme telemetry (not plannea for use).

Relay 4 - Acquisition aid3 on-off (not planned for use). @

Relay 5 - Tape playback (not planned for use).

Relay 6 - Calibration, on-off (not planne_ for use).

Relay 7 - Abort com_nd.

Relay 8 - C-band transponder, on-off (not planned for use).

Relay 9 - S-band transponder, on-off (not planned for use).

Relay lO - Manual guidance switchover.

Relay Ii - Spacecraft separation backup.

Relay 12 - Abort backup.

P21ay 13 - Retro-Jettison abort (for use below 70 000 feet and
simultaneously with abort command and/or abort_ibackup).

These real-tlme commands with the exception of relays 6, 8, and 9 @
were unique to spacecraft 2 as a result of its lbeing unmanned.

3.i.2.1.6 Antenna subsystem: The antenn@ subsystem consisted of
antennas, multiplexing and switching networks, iand associated installa-
tion circuitry and components. (See fig. 3-7-]

(a) Recovery antenna: A UEF whip antenna of gold-plated spring
steel was installed in the spacecraft to rad/aSe signals generated by
the UHF recovery beacon. The antenna was stowed in the main parachute
cable trough and was extended after the lm_rach_tebridle suspension
cables pulled through the cable trough cover, i

(b) Stub antenna: The UHF stub antenna installed on the forward
end of the R and R section of the spacecraft p_ovided the capability
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for receiving commands and transmitting telemetry data. This antenna
operated in conjunction with the UHF wkip antenna on the retrograde

section. However_ on the GT-2 mission, switchover to the UI{F 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 main parachute system deployment sequence and
radiated 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 mission; 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 equipment
section separation.

(g) HF whip antenna: An extendible-retractable, motor-operated

HF whip antenna was installed in the reentry assembly for HF communica-

tions in conjunction with the HF transmitter-receiver and voice control

center. For this missions 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-actuated spring after

SEC0. On manned flights, the astronaut may select this antenna or the

UHF stub antenna for use with the PCM standby and real-tlme telemetry

transmitters, UHF transmltter-receiver, 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 until R and R section separation.

(i) UHF aft whip antenna: This antenna was located on the equip-

ment section and was extended after SEC0 by a solenold-act_ated spring.

The antenna was used by the acquisition aid beacon and DCS receiver 1.

(See fig. 3-7-)
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(j) Quadriplexer, diplexer, and coaxial switches: The quadriplexer
and diplexer were used to reduce the number oF radiating devices neces-
sary for the UHF spacecraft comm_uications sy3te_ The coaxial switches
provided the means for connecting the various co_aunlcatlons subsystems
to the appropriate antennas.

3.1.2.2 Instrumentation and recording.- The basic function of the

instrumentation and recording system was to m_asure or sense conditions
and events onboard the spacecraft and to transmit these data to ground
stations. The data received by selected ground stations were visually

displayed for mission monitoring purposes and_or recorded on magnetic
tape for analysis and evaluation. In add_tlo$ to the production instru-
mentation required for PCM telemetry, special!instrumentation was in-
stalled in spacecraft 2 to record data and to iphotograph instrument panel

displays sad the view through the left-hand w_ndow. References 2 and 4
contain detailed descriptions of the productign instrumentation system
installed in all Gemini spacecraft. References 3 and 5 provide additional
information on the production and special instrumentation installed in
spacecraft 2. _

3.1.2.2.1 Production instrumentation artsrecording: The components
described in the following paragraphs comprise the major elements of the
production instrumentation and recording system installed in spacecraft 2.

Component locations are shown in figures 3-4 _d 3-6.

(a) Sensors: Several different types of sensors were used to in-
dicate whether spacecraft conditions and events were within prescribed
parameters. Typical sensors included pressur_ transducers, thermo-
couples, and accelerometers. The spacecraft _rameters measured on the
GT-2 mission are listed in table 3-111.

(b) Signal conditioners: A number of s_gnals derived from sensors
or other sources were not compatible with the !PCM telemetry system inputs
of 0 to 20 millivolts or 0 to _ volts. Befor_ these signals were applied
to the telemetry system, they were changed in iamplitude and/or character-
istic by routing them through signal conditioning l_ckages. These pack-
ages are identified as "instrumentation packages 1 and 2" in figures 3-4
and 3-6.

(c) PCM-FM telemetry system: The major types of components which
make up the telemetry system were the following:

(1) Telemetry transmitters1

1Descriptions of the telemetry transmitters have been included in
the discussion of the communications system (_aragraph 3.1.2.1.2); how-
ever, the telemetry transmitters are also considered to be part of the

PCM-FM telemetry system. _
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(2) Programer

(3) Low-level multiplexers (0 to 20 millivolts)

(4) High-level multiplexers (0 to 13volts)

(5) Dc-to-dc converters

The programer and multiplexers comprised a "multiplexer-encoder"

which converted signals from various sensors s signal conditioners s the

computer s and other monitoring points into two serial s binary-coded,

digital signals for _utput to the real-time telemetry transmitter and

to the tape recorder-reproducer. The output to the telemetry trans-
mitter was a 51.2/< bit-per-second s 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-dc converter. One low-level multiplexer

and one high-level multiplexer were also located in the equipment section.

Two dc-to-dc 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 +5s +24s and -24 V dc.

(d) PCM tape recorder: The tape recorder-reproducer was located

in the instrument panel pedestal in the spacecraft cabin s as shown in

figure 3-8. For the GT-2 mission s data were recorded at a tape speed

of 41.25 in./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

spacecraft 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 Special instrumentation: In addition to the production

instrumentation installed in spacecraft 2s special instrumentatian 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

_ major special instrumentation components were as follows:

(a) One additional dc-to-dc 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.

(c) A low-level commutator (multicoder) was installed in the left-
hand landing-gear well.
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(d) A high-level comDAtator (multicoder)was mounted on the left-

hand pallet.

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

(f) A special tape recorder (PAM-FM) was mounted on the rlght-hand
l_llet assembly. This device recorded seven channels of data on magnetic 3
tape. See reference 5 for the purpose of thesb seven channels.

(g) Two 16--,,cameras were mounted on the left-hand pallet, one
16--..camera was mounted on the right-hand pal_et, and one 16--,,camera
was mounted between the l_ts. Three of thaicameras were used to

monitor the instrument panel displays at a frame speed of approximately
4 frames per second in order to obtain picture_ from lift-off through
several minutes after touchdown.

(h) One of the 16-ramcameras mounted on the left-hand pallet photo-
graphed the view through the left-hand window, i The camera was actuated

at the spacecraft separation, and the frame sp_ed was set at approxl-
-_tely 6 frames per second to obtain approximately 12 minutes of pictures.

3.1.2.3 Envlrc_s_=nt_l_ control.- The spacecraft 2 environmental con-
trol system (EC_3)was essentially operational,!a_d differed from the

configuration for manned missions In only a fe_ minor respects.

3.i.2.3.i Oxygen suppl_ Pr_, secondary, and egress oxygen
supplies were installed in Sl_Lcecraft2. The _rimary supply furnished
oxygen during the launch and coast phases of t_e flight. The secondary
supply furnished oxygen during the retrograde _ud reentry phases. An
egress c_ygen container was installed in each _f the two egress kit
packets.

i

The primary supply was liquid oxy_ stored supercritically in a
container located in the equipment section. T_e secondary supply was
in gaseous form stored in one of two bottles l$cated inside the cabin

(fig. 3-9). (The secondary oxygen supply normally provides suit circuit
oxygen and -_intains cabin pressure at 5.1 psi_ after the equipment
section is Jettisoned.)

3.1.2.3.2 Coollng: The coolant system c¢_sisted of two identical
loops that functioned indel_mdently of each ot_er. Each loop contained
a pump package_ cold Ixlateloops, heat exchang@r loops, a radiator,
filter_ and necessary l_lumbingand controls. _iquid coolant flowing
through the cold plates and heat exchangers pr_vidad the means to absorb
heat from the spa_ecraA_ cabin and various hea$-generatiug components.
On orbital flights, the heat will be dlssipated 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 heat exchanger to cool the space-

craft equipment and cabin. During powered flight, the water evaporatorI

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 s radiator, and various

heat exchangers were jettisoned 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-

l_tor, cabin 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 4 psia.

_ The cabin pressure relief valve 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. On spacecraft 2, the water
shutoff valve remained closed throughout the mission.

The cabin outflow valve provided a means 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 cabin inflow valve, and a cabin air circulation

valve. The ECS package, located in the environmental system equipment

bay, consisted of C02 and odor absorber canister upon which was mounted

various other suit circuit 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 du_ing the launch or orbital
phases of a missica, the suit circuit automat_cally switches to an oxy-
gen high-rate (open-loop) mode of operation i_ which the suit recircu-
latinE system and compressor are turned off _ oxygen flows directly
from the oxygen supply at a high-rate flow of lO.1 lb/min to each suit.
The oxygem high-rate mode is the normal mode _mployed during the reentry
phase of flight. On manned flights, switchin_ to the oxygen high-rate
mode supply prior to reentry will be performe_ manuslly; however, the

sequencer provided this signal on the GT-2 mission. @
i

3.1.2.3.5 Water management: The water _anagement system to be in-
stalled for manned flights consists of one drinking water tank in the
cabin, two tanks in the equipment section, a w_ter-transfer line, and
a water management panel. (The cabin water tank was not installed in •
spacecraft 2.) The water-transfer line will dsnnect the cabin tank to
the tank in the adapter so that the cabin tank may be replenished when
its water level becomes low. The water manag_ nent 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 management system on spacecraf_ 2 also included a tempo-
rary fuel-cell water pressure system which wa_ designed to prevent fuel-
cell water pressure from exceeding 20&O.5 psisA Because the fuel cell

water is highly corrosive, the system was des_ned to allow regulation
of the water pressure indirectly. A water col_ction tank identical to
the cabin water tank was insta1_ed in the adapter. The gas side of the
water tank was charged with nitrogen and the r_gulator was to have con-
trolled the nitrogen pressure, i

3.1.2.4 Guidance and control.- The relatLonships of the major com-

ponents included in the guidance and control _stem are illustrated by
the block diagram in figure 3-ll. Guidance a_d control system equipment
installed in the left-baud equipment bay is shown in figure 3-12. The

spacecraft 2 guidauce and control system equip__nt was essentially iden- •
tical to that planned for use on manned Gemin_ flights except for dele-
tion of the radar range and range-rate indicatpr, an_ one of two redundant
horizon sensors_ A description of this system, which is more complete
than the following, is given in reference 6. i

3.1.2.4.i Control system: The spacecraft 2 control system con-

sisted of attitude control and maneuver electSnics (ACME), one horizon
sensor, and the associated controls and displays. The functions of
the ACME components are described in the following paragraphs.

!

(a) Attitude control electronics (ACE): iThe ACE accepted signals
from the guidance subsystems and rate gyros. _Waesesignals were, in
turn, converted by the ACE into drive commandsIto the RCS solenoids and
into on-off logic commands to the orbital attitude and maneuver elec-
tronics (GAME) subsyste_
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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 maneuver system (OAY_) solenoids (see paragraph 3.1.2.7. 1).

(c) Power inverter: The power inverter converted spacecraft dc

voltage into ac voltage for use by the ACME, when not powered by the IGS

power supply.

(d) 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 roll attitude variations with respect to the local vertical by
receiving an input from the earth-space infrared radiation gradient.

The sensor provided outputs 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

measuring unit (IMU) automatically. On this mission, the horizon-sensor

signals were not used by the ACME or the IMU_ 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 maneuver 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, to 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

IGS included the IMU, a digital computer system, and an auxiliary com-

puter power unit (ACPU), with associated controls and displays.

The basic function of the IMU was to provide attitude reference

and incremental velocity data. The ]Sglelectronic 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 _ower, accelerometer
logic, accelerometer rebalance, and malfunction detection.

(c) IGS power supply: The IGS power supply unit converted space-
craft dc power into ac power for the IGS. It_lso provided dc power
for the IGS, and in the event of a malfunctionl it provided standby ac
power for selected components normally supplie_ by the ACME power supply.

The digital computer provided parameter s_orage and performed com-
putations necessary to develop guidance and control outputs. On manned
flights, the type of computation to be performed will be determined by
a computer mode selector, and a manual d_ta insertion unit (MDIU) will
provide a means for loading information into t_e computer memory and
reading information out from the computer. HoWever, information can
also be inserted in the computer by the digital command system from
ground stations.

The ACPU protects the computer in the evemt of spacecraft bus volt-
age variation. If the bus voltage drops for s_ort periods (up to
lOO milliseconds), the ACPU supplies temporaryiIcomputer power. If the
bus voltage remains low for longer periods, the ACPU automatically shuts
the computer down.

3.1.2.4.3 Controls and displays: The functions of the major con-
trols and displays associated with the guidauc$ and control system were
as follows (see fig. 3-5):

(a) Attitude display group (ADG):

(i) Flight director indicators (FDIis) - Two FDI's were

mounted on the right-hand and left-hand instr_nt panels to display
spacecraft quantities such as attitude measures by the IMU; spacecraft
attitude rates determined by the ACME rate gyrCs; steering commands, Q
range errors, and attitude errors determined by the computer.

(2) Flight director controllers (FDa's) - FDC's were mounted
on the instrument panels adjacent to the FDI'sito allow selection of
the source and type of information to be displayed by the FDI's.

(b) Incremental velocity indicator (M); The M, which was
mounted on the left-hand instrument panel, pro_dded visual indications
of computed velocity increments along each spa_.ecrafttranslational axis
required for or resulting from a specific mane1_ver. On manned missions,
displays will be used_during orbit insertion, .rbit correction, rendez-
vous, and retrograde maneuvers.
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(c) 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 s it was not installed for this
mission.

(d) Manual data insertion unit (MDIU): As stated previously, the

MDIU allows insertion_ and read-out of co_uter 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 s"

"pulses" or "direct" command signals when the handle is manually dis-

placed. In the direct command mode s firing commands are applied di-
rectly to the RCS or 0AFE attitude solenoid valve drivers. In the

pulse command mode, handle movements trigger a pulse generator in the

ACE which supplies attitud_ commands to the RCS or 0AME 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 turnaround s attitude stabi-

lization, retrograde attitude hold s and reentry requirements.

(f) Maneuver hand controller: When msaually displaced, this con-

troller provides translational 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

l_ior to the GT-2 flight.

3.1.2._ Time reference.- The time reference system consisted of
an electronic timer, an event timer s and a Greenwich mean time (G.m.t.)

clock. The electronic timer, which was mounted behind the instrument

panel s provided time correlation for the PCM telemetry system and a
record of elapsed time relative to lift-off for the computer. The event

n timers mounted on the left-hsnd instrument panel (see fig. 3-3), provided
a visual display 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 panel (see fig. 3-5), displayed

Greenwich mean time gad the calendar d_te. The clock also has a stop

watch capability which will provide an emergency method of performing
the functions of the event timer on manned flights. On GT-2, the time

reference system operated from lift-off until after landing with the
event timer and G.m.t. clock providing time correlation for the cameras.

3.1.2.6 Electrical.- The fanctlon of the electrical system was

to 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 primarily a dc system, any system which re-
quired ac power was supplied by a system inverter designed to meet the
requirements of the particular system.

3.1.2.6.1 Power sources: Electrical power for spacecraft 2 was
supplied by four silver-zlnc main batteriess t_ree silver-zinc squib
batteries, and four silver-zinc special palle_ batteries. A fuel cell
was also installed in spacecraft 2; however, i_ was not used to supply
spacecraft power.

The fuel cell, illustrated in figure 3-1_, consisted of two sections,
and each section contained three stacks, with _2 cells per stack. The
fuel-cell reactants were stored in containers _ounted adjacent to the
fuel-cell sections.

The spacecraft 2 main batteries and squib batteries were installed
in the rlght-hand equipment bay of the reent_ assembly, as shown in
figure 3-4. The four main batteries were 45 _-hr, 16-cell, silver-zinc
batteries having a nominal terminal voltage o_ 25 V dc with no load
applied. Th_ three squib silver-zinc batterieiswere 16-cell, high-
discharge-rate batteries which were designed to maintain a 15-V terminal
voltage under a lO0-A load for 1 second. The _quib batteries also had
a nominal 25 V dc terminal voltage with no loa_lapplied.

Four special pallet batteries were identi2al to the main batteries
and were installed on the seat pallets in the _rew station, as shown
in figure 3-8.

3.1.2.6.2 Power distribution: Power was distributed thrc_ghout
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 o_ two squib buses and a
common control bus, supplied power to noise geherating devices such as
solenoids or relays in the 0A_, 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 pallet bus 2
(right-hand) also supplied power for the UHF t_ne generator.

3-1.2.7 Propulsion.- Spacecraft attitude and maneuver control was
provided by three rocket engine systems. The 0AMS provided the capa-
bility for translational maneuvering and contr01 of spacecraft attitude
during the period from spacecraft --launch-vehicle separation until ini-
tiation of the retrograde sequence. The RCS p_ovided the means for
controlling the reentry assembly attitude durlng the retrograde rocket
firing and reentry pbases 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 spacecraft away from the
launch vehicle. Reference 7 provides descriptive information concerning
the spacecraft propulsion systems in addition to that which follows.

3.1.2.7-1 Orbital attitude and maneuver system: The _ employed
hypergolic propellants (nitrogen tetroxide and monomethylhydrazine),
and a cold-gas helium pressure fed system. This system contained
16 fixed-mount thrust chamber assemblies (TCA's) mounted at various
points around the ad_pter assembly, providing the capability for rotating
the spacecraft about its three attitude control axes, and controlling
translation in any direction. The system was used for normal separation
of the spacecraft from the launch vehicle and would have been used to
separate the spacecraft from the launch vehicle in the event that abort
had become necessary late in the launch phase. The OAMS was also used
for spacecraft turnaround and for attitude control between spacecraft
separation and initiation 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 command from the automatic or manual con-
trols. When commanded to fire, signals were transmitted through the
ACME to selected TCA fuel and oxidizer solenoid valves.

Eight of the OAMS TCA's were used for attitude control and each
thruster produced a nominal 23 pounds of thrust. The other eight
TCA's will normally he used for translational maneuvers as follows:
two 95-pound rated thrusters fire aft, two 79-pound rated thrusters fire
forward, two 95-pound rated thrusters fire horizontally (one right and
one left), and two 95-pound rated thrusters fire vertically (one up and
one down). The two aft-flring TCA's were the only translational TCA's
used on the GT-2 mission.

3.1.2.7-2 Reentry ccatrol system: The RCS employed the same pro-
pellauts as the OA_ and was also a pressure fed system, but it employed
nitrogen as a pressurant rather than helium. The RCS consisted of two

identical, completely redundant systems designed to operate individually
or simultaneously. These systems were designated A and B. Each system
contained eight 23-pound TCA's arranged about the RCS section of the
reentry assembly. Attitude control was maintained by firing the TCA's
in pairs 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
sy_maetricallymounted in the retrogrs_lesecti_ of the adapter assembly,
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as shown in figure 3-2. The solid propellant was a polysulphide a_nonium
perchlorate composition which was cast into th_ motor cases. Two pyrogen
igniter assemblies were mounted 180° apart on _he 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 spacecraft reentry, and the
rocket motors were fired at nominal 5.5-secondiintervals. Each motor
burned for approximately 5.4 seconds and produced approximately
2500 pounds of thrust. Iu the abort mode of o_ration, the retrograde
rockets would be fired in salvo and wo_id prodhce approximately
i0 000 pounds of thrust.

On GT-2, the actual performance of the retrograde rockets was not

monitored; however, the electrical signals restultingfrom the operation
of relays which actuated the ignition devices were monitored, as well as
the spacecraft accelerations. The acceleration data were used to deter-
mine the ignition time of each engine.

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

(a) Separate major structural assemblies_
\

(b) Open electrical circuits.

(c) Release the horizon sensor fairing, the 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 iu spacecraft 2
were of the same configuration as those to be installed for manned mis-
sions; however, some of the devices, primarily Iin the ejection seat
escape system, were not operational. The prln_ipal types of pyrotechnic
devices installed in spacecraft 2 and their us@s 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 Vhich contained a high-
explosive core. Detonation of the core resulted in a cutting jet com-

posed of explosive products and minute metal p@rticles. The FI_C was
used in the following separation assemblies of the spacecraft. (See
fig. 3-16 for assembly locations. )

(a) Spacecraft --launch vehicle separation assembly.

UNCLASSIFIED



UNCLASSIFIED 3-19

(b) Equipment section --retrograde section separation assembly
(z-7o).

(c) Retrograde section --reentry assembly separation assembly
(Z-lO0).

3.i.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 interconnect to actuate operations
in the parachute landing system, the ejectlon-seat escape system, and in
the Z-70 and Z-100 separation assemblies.

When _DF was used as a separation device, it consisted of a strand
of high explosive encased 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 guillotine contained a piston-cutter, a cartridge in-
stallation, and an anvil attachment.

When initiated 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 0AMS propellants and
oxidizer when the equipment section was jettisoned. 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 electrical circuits. The switches were located in %_rious
places throughout the reentry assembly.

(b) Horizon-sensor fairing release assembly: This device secured
the fairing to the spacecraft and released it when initiated by an
electrical signal.
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(c) Horizon-sensor release assembly: This device was used to
secure the horizon-sensor assembly to the spacecraft and to Jettison it
when initiated by the appropriate electrical signal.

(d) Pyrotechnic valves: These devices were one-time actuating

valves installed in OAMS and RCS packages to l_rovidepositive control
of fluids. Two types of valves were employed,inormally open and normally
closed.

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

(f) Ejection seat escape system pyrotechnic devices: The pyro-
technic portion of the ejection seat escape system consisted of the
following:

(1) Hatch actuator initiation system.

(2) Hatch actuator assemblies.

(3) Seat ejectors.

(4) Harness release actuator assemblies.

(_) Thruster assembly - seat/man separators.

(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 iinstalledbut not com-
pletely connected. MDF interconnects which propagate detonation waves
to the hatch actuator assemblies were not connected, as well as the gas
interconnects which conduct gas pressure to initiate the firing mecha-
nisms of the seat ejectors.

3.i.2.9 Crew station furnishings and equipment.- The equipment
installed in the crew station of spacecraft 2 _s essentially the same
as that to be used for later manned flights, iItconsisted basically of
two ejection seats, controls, instrument panel displays, and switch
panels. All controls, displays, and switch p_els (except those re-
quired for rendezvous with an Agena target vehLicle)were incorporated
as shown in figure 3-_.
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On manned 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 normslly include personalized contours, re-
straint systems, egress kits (containing oxygen), survival kits, ballutes,
and associated pyrotechnics.

Atop the ejection seats installed in spacecraft 2 were mounted
pallets upon which were installed special instrumentation and crewman
simulator 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 vibration damage to the pallet instrumentation and equipment.

In addition to the provisions for mounting the seat pallets, 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 Lau_.- The spacecraft 2 landing system consisted of a
pilot parachute and a main parachute.

3.1.2.lO.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 r_entry 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.lO.2 _in parachute: The main parachute was an 84.2-foot-
diameter ringsail parachute designed to provide stable descent of the
reentry assembly at a nominal vertical velocity of 29.8 ft/sec at touch-
down.

3.1.2.10.3 Landing system sequence: The planned GT-2 landing sys-
tem sequence is described as follows. The sequence began with the arming
of the lsndlng squib bus at 5.5 seconds after separation of the retro-
grade section from the reentry assembly. Operation of a barostat at an
altitude of l0 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.O-second delay after barostat operation, the R and R section separated

from the reentry assembly. As the pilot parachute pulled the R and R
section away from the reentry assembly, the _ain parachute deployed from
the ope_ end of the R and R section in a ree_ed condition and supported
the reentry assembly from a slngle-polnt attachment. The main parachute
was disreefed lO seconds after line stretch.

Beginning with the pilot parachute mort_r, 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 p_rlod, the slngle-polnt
attachment was released, repositioning the r_entry assembly to the proper
attitude for water landing (nose, 35° above the horizon) by means of a ,
two-point bridle support. A lO-minute dela_ beginning at pilot para-
chute deployment, was allowed for the spacecraft to land. At the end
of this period, a timer switch initiated thelbridle disconnect squibs
which released the main parachute from the r_entry assembly.

i

3.1.2.11 Postlandln_ and recovery.- Provisions incorporated in the

spacecraft to aid in its recovery included the UHF recovery beaconI,

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 a_d SARAH receivers. The
beacon, which was mounted in the rlght-hand Squlpment bay of the reentry
assembly, was sequenced to activate 30 seconds after pilot parachute
mortar. :

The recovery flashing light and fluorescent dye marker were provided
to aid in the visual location of the spacecraft during postlandlng oper-
ations. The recovery flashing light was mou_ted on a retractable assem-

bly located near the aft end of the reentry assembly between the hatches,
as shown in figure 3-7. The light was deslg_ed to extend automatically

by means of a torsion spring mechanism at th_ same time the main para-
chute was released; 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 film dissolved upon immersion, allowing the
dye to disperse and provide a marker for vls_al location of the reentry
assembly.

_he UHF and HF voice transceivers were also planned for use as
recovery aids by providing direction finding islgnals. Descriptions of
these devices are given in paragraph 3.1.2.1.!l.
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A spring,loaded •hoist loop was provided to facilitate the engage-
ment of a hoisting hook. Itwas located near the heat shield.between
the hatches. The hoist loop was designed to extend automatically at
the time of main parachute release.

On manned missions, one UHF survival radio beacon will be included
' 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 l_unch vehicle (GLV) for the @T-2
mission. The description is intended to serve as the basic description
o_ 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 launch 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 Progrsm_ The propulsion system in each stage used hypergolic
propellants. ModiZicatlons made to the basic Titan II vehicle to achieve
the "man rated,i_V are as follows:

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

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

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

(d) Addition of a secondary fllght control system (FCS).

(e) Addition of a secondary stage I hydraulic system.

(f) Addition of the capability of switchover to the secondary
guidance, flight control, and hydraulic system.
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(g) Provision of redundancy in electrical sequencing by accessory
power supply (APS) and instrumentation pc_e_ supply (IPS).

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

(i) Provision of a 120-1nch-diameter c_llndrical skirt forward of I

the stage II oxidizer tank for mating the spacecraft to the launch
vehicle.

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

(k) Addition of fuel llne spring-plston accumulators and oxidizer
llne tuned standpipes to suppress longitudinal oscillations, a

3.2.i Structure

The launch vehicle was primarily of sem_-monocoque shell construc-
tion (stage II tank barrels are monocoque) w_th fuel and oxidizer tanks
integral with the structure. The basic dia_ter of the structural ve-
hicle was lO feet, and the length was 89.27 _eet. Stage I, which in-
eluded the interstage transportation section_ the fuel tank, and the
oxidizer tank, was 70.67 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 assembly and the oxidizer
tank assembly, was 28.27 feet long. The two istages were joined together
at vehicle station 500 by four studs employlag eight explosive nuts, the
latter being used for staging. On both stags I and stage II, external
conduits were provided along the fuel and oxidizer tanks to house and
support the propulsion and electrical lines @hich led into the various
vehicle compartments. (See fig. 3-3.)

3.2.1.1 Stage I.- The stage I structure consisted of a fuel tank,
an oxidizer tank, skirts at each end of the Sanks, an interstage struc-

ture, and external conduits. Channel-shapedi high-strength longerons,
mounted externally on the fuel-tank aft sklr$, provided separate inter- ?
faces for engine-truss attachment and launch_stand 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 ellipsoidal-shaped forward dSme, a cylindrical barrel
section, and the aft-cone assembly. An inteSnal conduit, welded to the

forward and aft domes, provided for passage _f a single oxidizer line
from the oxidizer tank through the fuel tank ito the engine assembly.
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The oxidizer tank consisted of two end domes welded to a cylindrical

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 section consisted of the structure between the stage
separation plane and the oxidizer-tank forward skirt. Approximately
7100 sq in. of blast port area were provided at the aft end of the inter-
stage section for venting of the stage 77 exhaust during staging.

3.2.1.2 Stage If.- 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 alumiuum-alloy ring frame which formed the Juncture of
the dome, tank wall, and skirt. The cap in the forward dome had a hole
to accommodate the passage of the oxidizer line through this tank. The
aft dome bad provisions for passage of the oxidizer line and for a
single fuel outlet. The aft skirt extended to 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 ellipsoidal-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 iuterface between the spacecraft and the launch vehl-
cle. Tension bolts were used in 20 external lugs, which were machined
as part of the interface frame to attach the spacecraft to the launch
vehicle. An external O.05-inch-thick insulating coating was applied
to the forward skirt to protect it in event of protuberance heating.

3.2.2 Major Systems

3.2.2.1 Propulsion system.- The two-stage propulsion system for
the Gemiul launch vehicle was adapted from the system used on the
Titan II missile. Minor changes were made to eliminate the elements of
the Titan II system not _required for the Gemini mission and to "man rate"
it for use in a spacecraft launch vehicle.
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3.2.2.i.i Stage I: The stage I engine iconsisted of two independ-
ently operated subassemblies mounted on a single engine frame and de-
signed to operate si_mtltaneously. Each suba$sembly contained a thrust
chamber, a turbopump and a gas generator. T_e thrust chambers were
gimbaled to permit control and stabilization lof the vehicle in flight.
Gimbal action was provided by tandem hydraulic actuators which operated
in response to signals from the flight contr_l system i

Propellants were fed to the thrust chamler by turbopumps. Gas
generators, used to drive the turbopumps, used the same propellants
discharged by the pumps thus allowing the eniIne to "bootstrap" during
steszly-stateoperations. Propellants consis ed of fuel, which was 50-
percent hydrazine combined with 50-percent _ sy_netrical-dimethyl hydra-
zine, and oxidizer (nitrogen tetroxide). ThJs hypergolic mixture
eliminated the need for combustion chamber i_niters. Engine start was
initiated by solid propellant cartridges which provided hot gas to start
and drive the turbopumps during the engine s_art period. The thrust
chambers were regeneratively cooled by clrcu_ating fuel through coolant
tubes within the chamber walls. A dry-Jacke_ start was employed.

In-flight propellant tank pressurizatior was provided by an auto-
genous (self-generating) pressurization syste_ The fuel tank was
pressurized by small portions of the gas-generator exhaust-gas output.
A heat exchanger was provided to cool the ga_ generator exhaust before
supplying it to the fuel tank for pressuriza"ion. The oxidizer tank
was pressurized by oxidizer which had been h,ated to a gaseous state.
Liquid oxidizer, supplied under pressure fro_ the turbopump, was di-
rected through a superheater where it was valorized by the heat from the
turbine exhaust.

3.2.2.1.2 Stage II: The stage II engine was a single-chamber unit
similar in operation to the stage I engine. _However, this engine was
designed for operation at high altitude. An !ablative skirt was attached

to the regeneratively cooled thrust chamber _o increase the nozzle ex-
pansion ratio for high-altitude perfor_Bnce _mprovement.

Like stage I, the thrust chamber was gimbaled. Since only pitch
and yaw control was provided with the one engine, a roll nozzle was in-
corporated to permit roll control. This noz: le directed gas generator
exhaust gas overboard, and roll control was (Otained through swivel
action of the nozzle. An autogenous pressur."zation system was provided
to pressurize the fuel tank in a manner similar to that of stage I. The
oxidizer tank was pressurized before launch, mad no additional pressur-
ization was required.

3-2.2.2 Flight control system.- The redundant flight control sys-
tem (FCS) consisted of three systems designa_d as the primary guidaace
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and control system, the secondary guidance and control system, and the
swltchover syste,_

The primary system consisted of a three-axis-reference system (TARS),
an adapter package, a stage I rate gyro package, an autopilot, the pri-

b mary servo valves in the stage I tandem actuators, and the stage II
hydraulic actuators. The 'TARSwas 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 dnring stage II closed-loop guidance operation; and to
provide discrete timing functions. The main function of the adapter
package was to condition attitude outputs from the TARS for inputs to
the autopilot. The package also housed the FCS switchover relays. The
Mod III-G radio guidance 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
packages a duplicate autopilots the secondary servo valve in the stage I
tandem actuators, and the stage II hydraulic actuators. The spacecraft
inertial guidance system provided stabilization and steering commands to
the secondary control syst_

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

Two sets of rate gyros were used for launch vehicle stabilization -
• the ste_e I rate gyro 1_ckage (one each for the primary and secondary
systems} and the stage II rate gyros located within the redundant auto-
pilot assemblies. During stage I flights signals from both the stage I
and stage II pitch and yaw rate gyros were summed in a given proportion.

The autopilot contained an 800-cps static inverters stage II rate
gyros, gain switching module, channel amplifiers, and valve drive ampli-
fiers. The rate and displacement gyro signals were suitably amplified,
demedulateds mixed, and d_icsS_ly compensated, with filterings in the
autopilot to provide vehicle stability. The autopilot output signals
were used to drive the servo valves.

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 control signals. At

switchover, control of the tandem actuator is switched from the primary
to the secondary servo valve.
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3.2.2.3 Radio _idance system.- The Mo_ III-G RGS was used to guide
the GLV stage II and spacecraft combination [n the proper trajectory.

The RGS accomplished this by using steering _o_nands to torque the pitch

and y_w attitude gyros in the TARS. The RGS also supplied the stage II

shutdown signal (SECO) in the primary mode. The airborne components of

the RGS were the pulse beacon unit, the rate beacon unit, decoder unit, I
and antenna system.

i

Vehicle rates were derived by means of the Doppler principle, and
position tracking radar was used to derive t_e vehicle position as a

function of range, elevation, and azimuth. _e vehicle position and
rate information were used by the ground-bat _ guidance computer to gen-

erate the steering commands. The messages t_t contained the steering _
com_nds and SEC0 discrete were monitored by the decoder for validity.

If the message is found to be valid, the steering commands are sup-

plied to the control system as pitch and yaM corrections; and the SECO

command, when present, is supplied to the e_ine shutdown circuitry.

3.2.2.4 Hydraulic system- The stage _ hydraulic system was re-
dundant. Separate primary and secondary hydraulic circuits powered the

four tandem actuators for positioning the _ thrust chambers in response
to signals from the FCS. The system contained two engine-drive_ pumps,

two accumulator-reservoirs, four tandem actuators, one electrical motor
pump (used during prelaunch checkout), one t_st selector valve, one

in-line filter, two coaxial disconnects, an_ instrumentation transducers.

Each tandem act_tor contained two hydraulically and electrically sep-

arated servo loops which could be switched _rom primary to secondary by

external commmad or by a pressure loss in th_ primary system Each cir-
cuit was powered during engine operation by a variable-displacement
pressure-compensated pump driven through th_ accessory gearbox of each

subassembly. For tests and during the launch countdown, the electric

motor pump powered the system.

The stage II hydraulic system contained an engine-driven pump, two i

engine actuators s a roll-nozzle actuator, a_ accumulator-reservoir, an

electric motor pump, an in-line filter, a c_xial disconnect, and instru-
mentation transducers. The system was not r_dundsmt, and operation was

the same as that for a single system on sta_e I. ,

3.2.2.5 Electrical s_ste_ - The GLV e_ectrical system was divided

into a power distribution system and a sequencing system. The power
distribution system consisted of the accessqry power supply (APS) and

the instrumentation power supply (IPS). Th_ APS and IPS buses were pro-

vlded with airborae power from separate 28 Mdc silver-zinc rechargeable
batteries.

The APS provided power to the static inverter, the MDS, the APS-

command receiver, the APS-shutdown circultr_ 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 englne-start circuitry. Static inverter output
was Ii_/200 volts, 400 cps, at 7_0 V A.

The IPS provided power to the MDSj MISTRAM, the IPS-command receiver,

the IPS-shutdown circuitry for shutdown of stage I and stage II and de-
struct of stage IIs the FCSs the sequencing systems stage II engine-start

t 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 engines fire staging nutss start stage II engine, and
arm stage II shutdown relays.

Redundancy in the form of dual power supplies, relays, motorized
switchess diodess and wiring was used throughout the GLV electrical sys-
te_ 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 M_ifunction detection system (MDS).- The malfunction de-
tection system was provided to monitor launch-vehicle performance and
to supply indications of potentially catastrophic m_lfunctions and cer-
tain significant flight events to the spacecraft. An automatic function
was provided for switching from the prinBry stage I flight control-
guidance-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 commsmd 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
(_P), the rate switch packsge (RSP), and the various bilevel and analog
sensors located throughout the launch vehicle. All 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 pressures stage II fuel injector pressure, propellant
tank pressures, excessive angular rates, stagings loss of stage I pri-
mary hydraulic pressua-e,engine hardover, and switchover.

3.2.2.7 Instrumentation system.- The airborne instrumentation sys-
tem was composed of various transducers or measuring points (see
table 3-VI), signal conditioners, program boards PCM multiplexer, PCM-FM
telemetry unit s tape recorder-reproducers and an antenna system.
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The PCM telemetry was a tlme-multiplexed 6ata system with an input
caPacity of 196 analog and $8 bilevel channels_ The output was a serial
pulse train. Samples of input d_ta were as follows:

Number of channels Rate, SamPles_sec !

_nalog

80 2O

35 40

36 i00

20 200

20 400

Bilevel

5,O 2O

8 lO0

The m_Jor components of the FM telemetry were am FM multiplexer
subcarrier oscillator assembly, an RF transmitter, and a seParate
power amplifier. The system had a seven-c_l data caPacity.

i
Prior to staging, the seven FM channels wpre switched to monitor

staging functions, and these signals were transmitted in real time and
Paralleled on the tape recorder. The recorderlwas programed to play
back its recording after completion of the staging event.

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

The primary tracking and imPact predictio_ system employed in the
GLV was the MISTRAM syst_ The system consisted of an airborne trans-
ponder, antenna, and ground stations located at Valkaria, Florida, and
Eleuthera. In operation, the airborne transponder received two CW sig-

nals from the ground station and displaced and!retransmitted them back
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to the ground station for computation of accurate position, velocity,
and impact prediction information. Since line-of-sight transmission
between the GLV sad Valkaria was impossible before lift-off and during
the first few seconds after lift-off, MISTRAM could not lock on until
the launch vehicle had attained an altitude of approximately 8000 feet.
A beacon system in the sl_cecraft 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 capable
of receiving a coded frequency-modulated signal from the ground station

, and converting this signal (tones) into commands for (i) 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 com_uter.

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 sad oxidizer tanks in each stage.
Upon receipt of command 2, the IPS and APS electrical signals would have
caused the initiators to ignite the primacord, thus setting off the de-
struct charges which would have ruptured the tanks.

The stage I inadvertent separation destruct system was designed to
function up to the time of staging enable (approximately LO + 145 sec).
This system consisted of a separate destruct battery; lanyard switches
between stages I and II; sad the same stage I initiators, primacord,
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-second delay timer to the initiators, causing the destruct charges
to explode.

3-2.2.9 Ordnance se_ration system.- The launch separation system
used ordnance devices _t the four vehicle-to-pad 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 circuits for
these bridgewlres were activated by a master operations control system
(MOCS) signal to the l_unch 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 a_ vehicle station 500.
Each attachmemt point had one interconnecting stud with an explosive
nut on either end. Each nut assembly was simil_ to that of the launch
separation system_ The cartridges were ignited ,lectrlcally by the
staging command (initiated by TCPS).
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3.3 GT-2 WEIGHT AND BALANCE DATA

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

t Weight

Condition (including spacecraft), Ib

(a)

Ignition 343 626
I

Lift-off 340 072

BEC0 83 813

Stage II, 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.
lb (a)

X Y Z

Launch, gross weight 6882.88 -1.52 -1.99 114.01

Retrograde 5439.03 0.12 -1.92 130.46

Reentry 4776.58 0.07 -1.96 136.16

Main parachute deployment 4450.77 0.07 -2.08 130.48

Touchdown (no parachute) 4340.89 0.07 -2.15 128.44

az-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 3-I.- SPACECRAFT MODIFICATIONS

: Significant differences from mannedlconfiguration

System Spacecraft i a Spacecraft 2

Reentryassembly (a) Heat shield counter-bored to insure complete Heat shield ablative material reduced to
1

structure destruction during reentry approximately _ thickness of prcduction design

(b) Ballasted to simulate weight and center of

gravity of production configuration

Adapter assembly Dummy equl_ment mounted on alumin_ alloy truss None
structure beam bolted to primary structure

Conm_nications Not installed, with the exception of one C-band (a) One of two U_ voice transceivers deleted

radar transponder, three telemetry transmitters, (b) Oneof two }_ voice transceivers deleted
and associated equipment

(c) Midgfrequeney telemetry transmitter deleted

(d) Two of two UHF survival beacons deleted

(e) Microphones and headsets deleted

Instrumentatlon Not installed. Special instru/_entation system installed.

Special instrumentation system used. Special hi-speed production _ tape recorder
installed.

Environmental I Not installed, with the exception of a cabin Secondary 0 2 high-rate flow set at
control pressure relief valve and a special prelaunch

cooling system 0.i pour_/miD/Ite

_/idance and Not installed (a) One of two horizon sensors deleted (du_

control installed in place of secondary sensor)

(b) Ran_ and range rate indicator deleted

(c) Ren_zvous radar deleted

Time reference Hot Inst-]led None

Electrical (a) Peter source consisted of one 24 volt de (a) Power source consisted of four silver-zlnc

h5 ampere-hour, silver-zinc battery mai_ batteries and three silver-zinc squib

installed on left-hand pallet batteries installed in rlght-hand equipment
bay _f reentry module, and four silver-zinc

(b) Electrical umbilical to adapter was connected batteries installed on seat pallets.

only to test umbilical ejection system (b) Ene_ cell module was installed in the

adapter equipment section, but was n_t
connected to a load.

Propulsion Not installed None

Pyrotechnic Not installed None

Crew station (a) Pallets installed On ejection seat rails (a) Pallets containing crewman simulators and

furnishings for mountin E special instrumentation and special instn_nentatlon installed on

and equipment communications equipment ejection seats

(b) Pressure, temperature and vlbrat_on sensors (b) Food, water, and waste management system

installed in cabin components deleted

(c) Ballast weights installed on ejection seat (c) Some ejection seat parts removed
rails

landing Not installed High altitude drogue parachute not installed

Postlaedlng Not installed Survival kits containing UNF survival beacons
and recovery and otherirecoveryaids deleted

asee reference i for description of spacecraft 1
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TABLE 5-1I°- COMMUNICATIONS EQ_

Spacecraft 3 and

Equipment Spacecraft 2 subsequent spacecraft

Voice conunications :

p HF voice transmitter receiver (HF/TR) i 2

,_ UKF voice transmitter receiver (UHF/TR) i 2

Voice control center (VCC) 1 1

t Telemetry transmitters :

I Low frequency - real time i i

Mid frequency - delayed time 0 i

High frequency - standby I i
(used as delayed

time XM_R)

iTracking subsyste_:

C-band transponder 1 1

S-band transponder 1 1

Acquisition aid beacon 1 1

Recovery subsystem:

UHF recovery beacon 1 1

USF survival beacon 0 2

Flashing light I i

Digital command system (DCS) i i

Antenna subsystem:

Recovery antenna (UHF) I i

UHF stub antenna i i

Descent antenna (UHF) i i

C-band helices 3 3

Phase shifter 1 1

Power divider 1 1

HF whip antenna i i
C-band slot i i

S-band slot i i

UHF whip antenna 2 2

Quadriplexer i i

Diplexer i I

Coaxial switches 6 6

I
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TABI_ 3-III.- SPACECRAI_ INSTRUMENTATION MEASURER_TS FOR GT-2

Instrumentation Type of
Measurement Description r_n[_e data

AA01 Time since lift-off LSB = 1/8 sec Delayed time

AA02 Time since lift-off I_B = 1/8 sec Delayed time

AA03 Time to TR LSB = 1/8 see Delayed time

ABOI Stage II cut-off 1 = cut-off Delayed time
(IGS c cramand )

AB02 Spacecraft shaped charge 1 = fire Delayed time
fire

AB03 launch vehicle --space- 1 = separation Delayed time
craft separation

AB04 Launch vehicle cut-off i = cut-off Delayed time
cormnaad

AB06 Autopilot switch 1 = command Delayed time
co--rid

AB07 Nose fairing jettison 1 = jettison Delayed time

AB08 Scanner "fairing jettison 1 = jettison Delayed time

AD01 Adapter shaped charge fire 1 = fire Delayed time

ADO2 Equipment section 1 = separation Delayed time
separation

ADO 5 Automatic retrofire 1 = fire Delayed time
initiation

ADO4 Retrograde section 1 = separation Delayed time
separation

ADO 5 Retrograde shaped charge 1 = fire Delayed time
fire

ADO6 Manual retrofire initiate 1 = fire Delayed time

ADO8 Retrorocket 3 fire 1 = fire Delayed time

ADO 9 Retrorocket 2 fire i = fire Delayed time

ADI0 Retrorocket 4 fire 1 = fire Delayed time

AE01 R and R section separation 1 = separation Delayed time

AE02 Pilot parachute deployed i = deploy Delayed time

AEI3 Parachute jettisoned i = jettison Delayed time

AFO1 Astronaut actuated abort 1 = abort Delayed time

AF(Y2 Right ejection seat gone 1 = gone Delayed time

AFO 3 Left ejection seat gone 1 = gone Delayed time

AF04 Emergency retrofire salvo 1 = fire Delayed time
relay

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

on/off

AGO 3 Roll rate gyro, primary, 1 = on Delayed time
on/off
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T_/SLE 5-11I.- SPACECPAI_ INSTRUMENTATION MEASUREMEh_S FOR GT-2 - Continued

Instrumentation T>_e of
Measurement Description range data

AGO4 Yaw rate gyro, primary, 1 = on Delayed time

on/off

AGO5 Platform, on/off 1 = on Delayed time

AGO 9 ACME rate command mode, 1 --on Delayed time
on/off

AGI0 Pitch rate scale factor 1 = _:2.5 deg/see Delayed time

AGII Roll rate scale factor 1 = 2:2.5 deg/sec De/ayed time

AGI2 Yaw rate scale factor 1 = _2.5 deg/sec Delayed time

AGI5 Pitch rate gyro 1 = on Delayed time
(secondary), on/off

AG14 Roll rate gyro 1 = on Delayed time
(secondary), on/off

AGI5 Yaw rate gyro 1 = on Delayed time
(secondary),on/off

AGI6 Horizon sensor (primary)s 1 = on Delayed time
on�off

_- BAOI Oxygen mass quantity 0 to i00 percent Delayed time

BA02 Oxygen tank pressure 0 to i000 psia Delayed time

BA03 Hydrogen mass quantity 0 to i00 percent Delayed time

BA04 Hydrogen tank pressure 0 to 350 psia Delayed time

BBO3 02 to H20 differential 1.23 to 5-1 psid Delayed time

pressure, section 1

BB04 02 to H20 differential 1.25 to 5.1 psid Delayed time

pressure, section 2

BB05 Temperature at heat 50 to 150 ° F Delayed time
exchanger outlet

BC01 H2 to 02 differential O.03 to 1-37 psi_ Delayed time

pressure, section i

BC02 H2 to 02 differential 0.05 to 1-57 psid Delayed time

pressUres section 2

BC05 Temperature at heat 50 to 150o F Delayed time
exchanger outlet

BD10 Current_ dtmmkV load 0 to 20 A Delayed time

BEIO Current, dammy load 0 to 20 A Delayed time

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

RFO5 Squib battery 1 tempera- 0 to 200 ° F Delayed time
ture

BF07 Main battery I, on/off 1 = on Delayed time
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TABLE 5-III.- SPACECRAft2 INSTRU_I_2ATION _ISUREME_TS FOR GT-2 - Continued

Instrumentation Type of
Measurement Description range data

BF08 Main battery 2, on/off i = on Delayed time

BF09 Main battery 3, on/off 1 = on Delayed time

BF10 Main battery 4, on/off 1 = on Delayed time

BG01 Main bus voltage 15 to 55 V Delayed time

BG02 Squib bus 1 voltage 15 to 35 V Delayed time

(armed)
BG03 Squib bus 2 voltage 15 to 35 V Delayed time

(armed)

BG04 Control bus voltage 15 to 35 V Delayed time

BHO1 Battery and FC, section 1 0 to 50 A Delayed time

BH02 Battery and FC, section 2 0 to 50 A Delayed time

CA01 02 mass quantity, primary 0 to lO0 percent Delayed time

system

CA02 02 tank pressure, primary 0 to 1000 psia Delayed time

system

CA03 02 supply pressure i, 0 to 60QO psia Delayed time

secondary system

CAG4 02 supply pressure 2, 0 to 6000 psia Delayed time

secondary system

CB01 Cabin pressure (to forward 0 to 6 _id Delayed time
compartment)

CBG2 Cabin air temperature _0 ,to 200° F Delayed time

CB03 Inner skin temperature 0 to 200 ° F Delayed time

CB07 Forward compartment 0 to 15 psia Delayed time
absolute pressure
(re ferenee )

CC01 Suit pressure, left 0 to 6 psid Delayed time
(tocabin)

CC02 Suit pressure, right 0 to 6 psld Delayed time
(to cabin)

CC03 Suit inlet air temperature, 50 to 100 ° F Delayed time
left

CC04 Suit inlet air temperature, 50 to 100° F Delayed time
right

CC0_ Oxygen high rate i = high rate Delayed time

CDOI Inlet to FC section i, 90 to 140° F Delayed time
primary

CD02 Inlet to FC section 2, 90 to 140e F Delayed time
secondary
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TABLE 5-III.- SPACECRAI_ IMSTRU_E_TATION MEASUREMENTS FOR GT-2 - Continued

, Tnstrumentation Type of

Measurement Description range data

J

| CDO 3 Outlet of radiator control, 20 to 80° F Delayed time
primary

CD04 Outlet of r_diator control, 20 to 80 ° F Delayed time
secondary

b CD0 T Inlet to FC/battery control, ! 90 to 140° F Delayed time
primary

CD08 Inlet to FC/battery control, ! 90 to 140 ° F Delayed time
secondary

CD09 Inlet - radiator bypass -20 to 160° F Tape recorded
valve, primary

CDIO Inlet - radiator bypass -20 to 160° F Delayed time

valve, secondary

CDI1 Inlet - radiator control -80 to 80° F Delayed time

valve, primary

Clll2 Inlet . radiator control -80 to 80° F Delayed time

valve, secondary

CE01 Pump A, primary loop i = p_p failure Delayed time

,_ CEO_ Pump B, primary loop i = pump failure Delayed time

CE0 3 Pump A, secondary loop 1 = pump failure Delayed time

CE0_ Pump B, secondary loop i = primp failure Dela_d time

CFO 5 Section 2 outlet tempera- 80 to 180° F Delayed time
ture

CFO_ Section 1 outlet tempera- 80 to 180 ° F Delayed time
ture

CJ01 Inlet pressure, primary 0 to 100 psia Delayed time

loop

CJ(>2 Inlet pressure, secondary 0 to lOO psia Delayed time

loop

CJO5 Differential pressure, 0 to 230 psid Delayed time
pump, primary loop

CJ04 Differential pressure_ 0 to 230 psid Delayed time

pump, secondary loop

UJ05 Reservoir, low-level i = low Delayed time
indicator, prSm_ry

CJ06 Reservoir, low-level i = low Delayed time
indicator, secondary

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

DBO 5 IN_ TCA output, X-axis 0 to 40 volts Delayed time
accelerometer

DB06 l_J TCA output, X-axis 0 to 40 volts Delayed time

gyro ?

])CO1 Aeeelerometer malfunction 1 = malfunction i Delayed time
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TABLE 3-III'- SPACECRAFt INSTRUMENTATION MEASUREMENTS FOR GT-2 - Continued

Instrt_nentation Type of

Measurement Description ramge data i

DC02 Attitude malfunction 1 = malfanction Delayed time !

DC03 Computer malfunction 1 = malfumction Delayed time

DD01 Pitch error (launch) or 16° or _0 n. mi. Delayed time
down range error $
(reentry)

DDO2 Roll error (launch) or _6 ° Gr 20 ° Delayed time
bank angle (reentry)

DDO 3 Yaw error (launch) or 16 a or _20 n. ml. Delayed time I
CrOSs range error

(reentry)

DE01 35 V dc 32 to 38 V dc Delayed time

DE02 28.9 V dc 15 to 35 V dc Delayed time

DE05 10.2 V dc 5-5 to 12.5 V dc Delayed time

DFOI Computer case temperature 0 to 300 ° F Delayed time

DFO2 Platform case temperature 0 to 200 ° F Delayed time

DFO 3 Electronics case tempera- 0 to 300 ° F Delayed time
ture

DF04 Power supply case tempera- 0 to 500 ° F Delayed time
ture

DG01 Prelaunch (binary 001) Delayed time

DGG2 Ascent (binary Of0) Delayed time

DGO 9 Reentry (binary lO1) Delayed time

DHOI Pitch gimbal position rev (scaling 15)a Delayed time

DH02 Yaw glmbal position rev (scaling 15)a Delayed time

DH03 Roll gimbal position rev (scaling 15)a Delayed time

DH04 Stm of X-axis acceleration ft/sec (scaling 15)a Delayed time
(_-x)

DH05 Stunof Y-axis acceleration ft/sec (scaling 15)a Delayed time
(F-Y)

DH06 Stunof Z-axis acceleration ft/sec (scaling 15)a Delayed time
(F-Z)

DH07 Accumulation of X-axis Quanta (_caling 20)a Delayed time

acceleration (SFXP)
DH08 Accumulation of Y-axis Quanta (scaling 20)a Delayed time

acceleration (SFYP)

aEach computer word is a 24 bit binary word, consistlng 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 da_a 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 number would be 2 17 or _131 072.
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TABLE 3-III,- SPACECRAFT INS_NTATION MEASUREMENTS FOR GT-2 - Continued

Instrumentation Type of
Measurement Description

range data
l

) DHO 9 Acc_ulation of Z-axis Quanta (scaling 20) a Delayed time
acceleration (SFZP)

J DHIO Pitch error Quanta (scaling 13) a Delayed time

DHII Yaw error Quanta (scaling 13)a Delayed time

DHI2 Roll error Quanta (scaling 13)a Delayed time

I Dill3 Time in mode 23 sec (scaling 17) a Delayed time

DHI4 Flow tag Quanta (scaling 23) a Delayed timeI
DHI5 Multiplex frame Delayed time

(13 frames)

DHI6 MDIU,IX:Smultiplex Delayedtime
word i

DH17 MDIU, DCS multiplex Delayed time
word 2

(Not applicable Delayed time
DHI8 MDIU, DCS multiplex ccmputer word in

word 3
different units

DHI 9 MDIU, DCS multiplex for different Delayed time
word 4 times)

DH20 MDIU, DCS multiplex Delayed time
_ word 5

DH21 MDIU, DCS multiplex Delayed time
word 6

DJOI Pitch gimbal position 0.0001 rev Delayed time
(scaling 14)a

DJ02 Yaw glmbal position .0001 rev Delayed time
(scaling14)a

DJO 5 Roll gimbal position .0001 rev Delayed time
(scaling14)a

11104 Acctm_ulation of X-axis Quanta (scaling 20)a Delayed time
acceleration (SFXP)

_" DJ05 Acct_mulation of Y-axis Quanta (scaling 20)a Delayed time
acceleration (SI_/P)

DJ06 Acct_aulatlon of Z-axis Quanta (scaling 20)a Delayed time
acceleration (SFZP)

DJO7 Velocity, X-axls ft/sec (scaling 19)a Delayed time

DJO8 Velocity, Y-axis ft/sec (scaling 19)a Delayed time

DJO9 Velocity, Z-axis ft/sec (scaling 19)a Delayed time

aEach computer word is a 24 bit binary word, consisting of a sign bit and 25 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 data word, hits 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 number would he _17 or el31 072.
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TABLE 3-III.- SPACECRAFT INSTRUMENTATION MEA_S FOR GT-2 - Continued

Instrumentation Type of

Measurement Description range data I

DJ10 Pitch error rad (scaling 3)a Delayed time i

DJll Yaw error rad (scal_lqg 3)a Delayed time I

DJ12 Roll error tad (scaling 3)a Delayed time
#

DJ13 Time is mode sec (scal{ng 17)a Delayed time

DJ14 Flow tag Quanta (sqali_ 23) a Delayed time

DJ]-5 Z-axis velocity update ft/sec (s_aling 15) a Delayed time

DJI6 Pitch rate - rad/sec Delayed time I

(scalin_ 5)a

DJI7 Yaw rate - rad/sec Delayed time
(scaling 5)a

DJ18 Position, X-axis ft (scaling 25) a Delayed time

DJ19 Position, Y-axis ft (scaling 25) a Delayed time

DJ20 Position, Z-axis ft (scaling 25) a Delayed time

DJ21 Time to go to SECO sec (scal_g 10)a Delayed time

l_M01 Pitch gimbal position 0.O001 rev _ Delayed time
(scaling 14)a

EM02 Yaw gimbal position .O001 rev Delayed time

(scaling 14)a -_

DM03 Roll gimbal position .0001 rev " Delayed time

(sealin_14)a
DMO4 Acct_mulation of X-axis Q_nta (s_aling 20)a Delayed t_e

acceleration (SFXP)

DM05 Accumulation of Y-axis Quanta (sCaling 20) a Delayed time
acceleration (SFYP)

DM06 Accumulation of Z-axis Qusmta (s_aling 20)a Delayed time
acceleration (SFZP)

DM07 Distance to center of earth ft (scaling 25) a Delayed time

I_08 Spacecraft velocity ft/sec (s_aling 15)a Delayed ti_

I_09 Flight-path angle tad (scal_ng 3)a Delayed time

_i0 Down-range error n. mi. (s_aling 14)a Delayed time

D_II Cross-range error n. mi. (s_aling I_)a Delayed time

DM]2 Co_anded bank rad (scalf_ 3)a Delayed time

I_13 Time in mode sec (scaling 17) a Delayed time

DMl_ Flow tag Quanta (scali_ 23)a Delayed time

I_15 Longitude tad (seal_ng 3)a Delayed time

aEach cQmputer word is a 24 bit binary _rord, 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 _hole number portion of the dat$ word, bits to the right

represent the fractional portion. For example, a sealing _f 17 indicates that the
binary point is located 17 places to the right of the sign ibit or between the 17th and

18th data bits. The possible range of this number would b_ _217 or _131 072.
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TABLE 3-III.- SPACECRAF_ _ATIC_ MEA_ FOR G_-2 - Continued

I Measurement Description Instrumentation Type of
range data

I

E_I6 Latitude red (scaling 3)a Delayed time

IR17 Predicted zero-lift range n. mi. (scaling 14)a Delayed time

P SMI8 Spacecraft beading ra_ (sealing 3)a Delayed time

I_19 Density altitude QuAnta (scaling _)a Delayed time

E_20 Heading to target rad (scaling 3)a DeLayed time

DM21 Range to target n. mi. (scaling 13)a DeLayed time

EAOI Pitch rate 2.5 or _0 deg/see DeLayed timeI
(see AGI0) a

EA02 Roll rate 2.5 or _50 deg/sec Delayed time

(see AGII)a

EA03 Yaw rate _.5 or e20 deg/see Delayed time

(see AGI2) a

E_01 Horizon sensor pitch output _20 ° Delayed time

EB02 HorizCm sensor roll output _20 ° Delayed time

EBO 5 Sensor search mode i = search Delayed time

ECOI ac voltag_ 23 to 29 V ae Delayed time

/--_ EC02 ac frequency 380 to 420 cps Delayed time

EC05 20 V de B + 0 to 25 V dc Delayed time

EC04 I0 V dc bias 7.5 to 12.5 V dc Delayed time

EC05 -I0 V dc bias -7.5 to -12.5 V de I Delayed time

GBOI Fuel feed temperature -20 to 15O° F Delayed time

GB02 Oxidizer feed temperature -20 to 150° F Delayed time

GCOI Pressure, source helium 0 to _000 psia Delayed time

GC02 Temperature, source helit_ -i00 to 200° F Delayed time

GC03 Temperature, regulated -i00 to 200° F Delayed time
helium at fuel tank

GCO4 Temperature_ regu/_ted -i00 to 20_ F Delayed time
helium at oxidizer tank

GC05 Pressure, regulated helium 0 to 500 psia Delayed time

GDOI Injector head temperature, 0 to 400° F Delayed time
TCA No. 9

GE01 TCA l, left-hand, fires 1 = fire Delayed time
down

aEach computer word is a 24 bit binary word, consisting of a sign bit and 23 data
bits. Sealing indicates the position of the binary point. Bits to the left of the
binary point represent the whole n_r portion of the data 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 amd

18th data bits. The possible range of this n_mher would be _17 or _151 072.
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TABLE 3-III.- SPACECRAFT INSTRUMENTATION _L_S_S FOR GT-2 - Continued

I

Instrumentatlon Type of f

Measurement Description range data

GE02 TCA 2, rlght-hand, fires 1 = fire Delayed time
down I

GE05 TCA 3, bottom, fires right 1 = fir_ Delayed time

GEO4 TCA 4, top, fires right 1 = fire: De3_yed time

GE05 TCA 5, right-hand, fires i = fire Delayed time ,
up

I
GE06 TCA 6, left-hand, fires 1 = fire Delayed time

up

GE07 TCA 7, top, fires left 1 = fire Delayed time

GE08 TCA 8, bottom, fires left 1 = fire Delayed time

GE09 TCA 9 and 1O, TYBY, fires 1 = fire Delayed time
aft

GEll TCA ll and 12, L_qX, i = fire Delayed time
fires forward

GEl3 TCA 13, left.hand, 1 = fire Delayed time
fires left

GElk TCA 14, right-hand, 1 = fire Delayed time

fires right -_

_15 TCA 15, bottom, fires down i = fire Delayed time

GEl6 TCA 16, top, fires up i = fir_ Del_yed time

HA02 Oxidizer feed temperature -20 to l_0 ° F Delayed time

HB02 Oxidizer feed temperature -20 to 150 ° F Delayed time

}{C01 Pressure, source nitrogen 0 to 500_ psia Delayed time
(system A)

HC02 Pressure, source nitrogen 0 to 5000 psla Delayed time
(system B)

HCO 3 Pressure, regulated nitro- 0 to 50G psia Delayed time
gen (system A)

HC0_ Pressure, regulated nitro- 0 to 50a psia Delayed time
gen (system B)

HC05 Temperature, source nitro- -100 to 200° F Delayed time
gen (system A)

HC06 Temperature, source nitro- -i00 to _00 ° F Delayed time
gen (system B)

HD01 Injector head tempera- 0 to 40Q ° F Delayed time
ture, TCA 8

HD02 Nozzle temperature, bReferenced to MA28 Tape recorded

TCA 7 reference +1300 ° F

HEOI TCA i, right-hand, I = fire Delayed time
fires up

HE02 TCA 2, left-hands " i = fire: Delayed time
fires up

bReference temperature determined by reference Junctioh temperature MA24, MA28, or MA29.
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TABLE 3-III.- SPACECRAgT INSTRUMENTATION MEASUREMENTS FOR GT-2 - Continued

I Measurement Description Instrumentation Type ofrange data
I

! HE03 TCA 3, top, fires left I = fire Delayed time

HE04 TCA 4, bottom, fires left i = fire Delayed time
P

HEO 5 TCA 5, left-land, fires i = fire Delayed time
_- down

HE06 TCA 6, right-hand, fires 1 = fire Delayed time

I down

HEO 7 TCA 7, bottom, fires 1 = fire Delayed time
I right

HE08 TCA 8, top, fires right i = fire Delayed time

HFOI TCA i, right-hand, fires i = fire Delayed time
up

HF(r2 TCA 2, left-hand_ fires 1 = fire Delayed time
up

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

HF04 TCA 4, bottom, fires 1 = fire Delayed time
left

HF05 TCA 5, left-hand, fires 1 = fire Delayed time
" down

HF06 TCA 6, right-hand, fires i = fire Delayed time
down

HF07 TCA 7, bottom, fires 1 = fire Delayed time
right

HF08 TCA 8, top, fires right 1 = fire Delayed time

EGOI Fuel inlet at _ 2 -50 to 300° F Tape recorded

EGG2 Fuel inlet at TCA 9 -50 to 300° F Tape recorded

EGO3 Fuel inlet at TC_.6 -50 to 300° F Tape recorded

]_C_ Fuel inlet at TO._.8 -50 to 300° F Tape recorded

HG05 Oxidizer inlet at TCA 2 -90 to 300 ° F Tape recorded

HG06 Oxidizer inlet at TCA 5 -50 to 300 ° F Tape recorded

HGO 7 Oxidizer inlet at TCA 6 -50 to 300 ° F Tape record, d

HG08 Oxidizer inlet at TCA 8 -50 to 300 ° F Tape recordel

HH07 Retrorocket package -150 to 500° F Delayed time
temperature 2

KAO1 Longitudinal acceleration -3 to 19g Delayed time
(z)

KAG2 Lateral acceleration (X) ±3g Delayed time

KA03 Vertical accelerati_ (Y) _3g Delayed time

KS02 Static pressure 0 to 15 psia Delayed time

KCO1 Local static pressure, 0 to I0 mm Hg Delayed time
top Z123

KC02 Local static pressure, 0 to 10 mm Hg Delayed time
top Z163
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TABLE 5-III.- SPACECRAI_ INSTR_ATION _SLEtE&_STS FOE GT-2 - Continued

l

Instrumentation Type of I
Measurement DescrIDtion range data

KC03 Local static pressure, 0 to IQ mm Hg Delayed time
top ZI_9

KC04 Local static pressure, 0 to i0 _n Hg Delayed time

top Z189

KC05 Local static l_essure, 0 to 40 _ Eg Delayed time
bottom Z123

KC06 Local static pressure, 0 to 40 _m Hg Delayed time
bottom Z163

KCO 7 Local static pressure_ 0 to 40 mm Hg Delayed time
bottom Z179

KC08 Local static pressure, 0 to 40 :ramHg Delayed time
bottom Z189

LAO1 DCS system verification 8 zeros = verify Real time

LAG2 6 V dc regulated power 0 to 6 V Delayed time

LAO3 Receiver signal strength 3 -_0 to -i00 dbm Delayed time
qUADX(eorB_

LA04 Receiver signal strength, -_0 to -i00 dbm Delayed time

DIPX (I or A)

LA05 Paek_Ee temperature 0 to 200° F Delayed time

LA06 28 V dc regulated power +27 to +_9 _its Delayed time

LA07 -18 V dc regulated power -17 to -19 volts Delayed time

LA08 23 V dc regulated power +22 to +24 volts Delayed time

LA09 -6 V dc regulated power -5 to -7 volts Delayed time

LBOI Output-po_er (RF) I to 2 k_" Delayed time

LBO3 Receiver PRF 0 to 2000 pps Delayed time

LB04 Package temperature O to _DO° F Delaye_ time

LC05 Receiver PRF 0 to 600 pps Delayed time

LC04 Package temperature 0 to 300 ° F Tape recorded

LDO1 Package temperature 0 to 200 ° F Delayed time

LEO 5 Package temperature (R-V) O to 500° F Delayed time

MA1 T High-level zero reference O.0 V : Delayed time
(PAM + PCM)

MA18 Eigh-level Ibll_-scale 5.0 V Tape re_orded

MA20 Low-level zero reference 0.0 mV Tape recorded

(pAM)
MA21 Low-level full scale i}. 0 mV Delayed time

(PCM)

MA22 Calibrate 0 or 28 :V Delayed time

MA24 Reference Junction temper- -55 to _00° F Delayed time
ature
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TABLE 3-III.- SPACECRAFT INS_TION MEA_ FOR GT-2 - Continued

Measurement Description Instrumentation Type of
range data

MA26 Low-level full-scale 20. 0 mV Tape recorded
P (PAM)

-u MA28 Reference Junction -55 to 200 @ F Tape recorded
temperature no. 1

I MA29 Reference Junction -55 to 200 ° F Delayed time
temperature no. 2

J _ MA34 25 kc reference oscillator 25 kc Tape recorded

MA37 High-level full-scsle 4.50 V Delayed time

(_)

MA38 Low-level zero reference 3-0 mV Delayed time
(Fc_)

MA95 PCM tape motion monitor I = run Delayed time

MA96 Tape motion monitor TR 1 Delayed time

MB01 High-level full-scale 4.50 V Delayed time
(_)

MB02 Low-level zero PC_ reference 5-0 mV Delayed time

MB05 Low-level full-scale 15 mV Delayed time
(P_)

MD04 Time synchronization 2._ sec Tape recorded
(TRcameras-_)

PBOI Inner skin 0 to 600 ° F Delayed time

PB02 Outer skin (top) bReferenced to MA29 Delayed time
reference +1300 ° F

PB03 Outer skin bReferenced to MA28 Tape recorded
reference +1900 ° F

PB04 Outer skin bRefereneed to MA2_ Delayed time
reference +1900 ° F

PB05 Outer skin bRefereneed to MA24 Delayed time
reference +1900 ° F

PB06 Outer skin bReferenced to MA28 Tape recorded
reference +1900 ° F

PB07 Separation Joint 0 to 500 ° F Delayed time
mgne sitTmstrip

PB08 Parachute compartment 0 to 700 ° F Tape recorded
inner skin

PBIO Inner skin 0 to 600 ° F Tape recorded

PBII Outer skin hReferenced to MA29 Delayed time
reference +1900 ° F

PBI2 Outer skin bReferenced to MA28 Tape recorded
reference +1900 ° F

hReference temperat%tv_ determined by reference Junction temperature MA24, MA28, or MA29.
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TABLE 5-111.- SPACECBAPT INSTRUMENTATION MEAS_ F(_ GT-2 - Continued

Instrt_mentation Type of
Measurement Descriptica rsmge data

PBI3 Outer skin bRefere_ced to MA29 Delayed time

reference +1900" F

PBI7 Outer skin bRefere_eed to MA29 Delayed time

reference +1900 ° F

PC01 l_er skin 0 to 400 ° F Tape recorded

PC03 Outer skin bReferenced to MA24 Delayed time

reference +1900" F I

PC04 Outer skin °Referenced to MA24 Delayed time
reference +1900 ° F

PC05 Outer skin bRefere_ed to MA29 Delayed time
refer_nee *1900 ° F

PC06 Outer skin bEeferer_ced to MA28 Tape recorded
reference +1900 ° F

PC07 Outer skin bEef°fenced to MA28 Tape recorded
refer_nee +1900 ° F

PC09 Stringer (point l) bRefereSed to MA29 Delsyed time
reference +1500 @ F

PCIO Stringer (point 2) 0 to 400 ° F Delayed time

POll Stringer 0 to bOO ° F Tape recorded

PCI2 TCA 8 - Support bReferen_ed to MA28 Tspe recorded
reference 1300 ° F

PCI3 TCA 8 - Support hReferen_e to MA28 Tape recorded
refer@nee 1500" F

PC14 Stringer 0 to 700 ° F Tape recorded

PDOI Inner skin 0 to 700 ° F Tape recorded

PDO 5 Outer skin hEeler°need to MA24 Delsyed time
reference +19OO ° F

PD04 Outer skin hEeler°need to MA2_ Delsyed time

refer@nee *1900 ° F

PD09 Outer skin bReferen_ed to MA_4 Del_yed time

=

refer°nee +1500 ° F

PD06 Outer skin bReferenced to MA24 Delayed time

reference +1900 ° F

PD07 Outer skin bBeferen@ed to MA24 Delayed time !_
reference +1900 ° F

PD08 Outer skin bReferen4ed to MA24 Delayed time

reference +1300 ° F

PDO 9 Outer skin bReferen_ed to MA28 Tape recorded
reference +1900 ° F

PDI0 Outer skin bReferenqed to MA29 Delayed time
reference +1900 ° F

bBeference temperature determined by reference j_metion temperature MA2k, _28, or _&_9.
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TABLE 3-III.- SPA_T _ATION MEASUREMENTS FOR GT-2 - Continued

Measurement Description Instrumentation Type of
, range data

b PDII Outer skin hReferenced to MA28 Tape recorded
reference +1900 ° F

PDI2 Cabin _all 0 to 500 @ F Tape recorded

PDI3 Cabin wall 0 to 300 ° F Tape recorded

PDI6 Cabin vall 0 to 500 ° F Tape recorded

PDI7 Stringer (point I) bReferenced to MA29 Delayed time
reference +1300 ° F

_" PDI8 Stringer (point 2) 0 to 700 ° F Delayed time

PIF22 Adapter clamp influence bReferenced to MA28 Tape recorded
reference +1900 ° F

PI_25 Adapter clamp influence bReferenced to MA28 Tape recorded
reference +1900 ° F

PI_25 Adapter olsmp influence bReferenced to MA28 Tape recorded
reference +1900 ° F

PD26 Adapter clamp influence bBeferenced to MA28 Tape recorded
reference +1900 ° F

PD27 Adapter clamp influence bReferenced to MA28 Tape recorded
reference +1900 ° F

_" PD28 Window (right-band) inside bReferencedto MA29 Delayed time
outer pane reference +950 ° F

P_9 Window (right-hand) inside 0 to 300" F Delayed time
inner pane

PD30 Window (left-hand) inside bReferenced to MA28 Tape recorded
outer pane reference +950" F

PD35 Trough cumpartment (roll) 0 to 600 ° F Tape recorded

PD34 lending gear door bReferenced to MA28 Tape recorded
reference +1300 @ FI

PD55 ECS RIB hReferenced to MA28 Tape recorded

reference +950 ° F

PD36 Equilment access door bReferenced to MA28 Tape recorded
reference +1300 ° F

PDs7 Ring center line hReferenced to MA29 Delayed time
reference +950 ° F

PD59 Stringer bReferenced to MA28 Tape recorded
reference +1300 ° F

PD_O Landing gear door pyro bReferenced to MA29 Delayed time
reference +950 ° F

PD41 Landing gear door pyro _eferenced to MA28 Tape recorded
reference +950 ° F

PD53 Cone to cylinder tiedown hReferenced to MA29 Delayed time
reference +950 ° F

bReference temperature determined by reference Junction temperature MA24, MA28, or MA29.

UNCLASSIFIED
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TABLE 3-III.- SPACECRAFT IN UMEhTrATION MEA_N_S FOR GT-2 - Continued

Measurement Description Instrt_entat ion Type of
range data

PD54 Outer skin bReferenced to MA29 Delayed time '
refez_nce +1900 ° F

PD55 Umbilical disconnect bRefere_ced to MA28 Tape recorded
reference +1500 ° F

PD58 Window (right-hand) inside- bReferenced to MA28 Tape recorded
outer pane reference +950 ° F

PD59 Window (right-hand) inside- 0 to 300 ° F Tape recorded
inner pane I

PEO1 Ablation material hackface bReferenced to MA29 Delayed time
reference +950 ° F

PEO3 Ablation material backface breferenced to MA28 Tape recorded
reference +950 ° F

PE06 Ablation material backface breferenced to MA28 Tape recorded
reference +950 ° F

PE07 Ablation material backface bReferenced to MA29 Delayed time
reference +950 ° F

PElf Ablation material hackface -55 to i000 ° F Delayed time

PEI2 Ablation material backface -55 to i000 ° F Tape recorded

PEI3 Ablation material hackface bRefere_ced to MA29 Delayed time --_
re ference +2300 ° F

PEI4 Ablation material backface bRefere_ced to MA28 Tape recorded
reference +950 ° F

PE15 Ablation material backface bRefere_ced to MA28 Tape recorded

refel_ence +950 ° F

PE16 Ablation material backfaee bRefere_ced to MA29 Delayed time
reference +950 ° F

PE17 Ablation material backfaee bRefere_ced to MA29 Delayed time
reference +2300 ° F

PEI8 Ablation material backface bReferer_ed to MA29 Delayed time

reference +2300 ° F _,

PEI9 Honeyc_nb backface bReferenced to MA29 Delayed time
reference +950 ° F

PE20 Honeycomb backface bRefereneed to MA29 Tape recorded
reference +950 ° F

QA09 X-axis vibration ZI06 1 to 30 cps Tape recorded

QAIO Y-axis vibration Zl06 1 to 3° cps Tape recorded

QAll Z-axis vibration Z106 1 to 3° cps Tape recorded

QA12 X-axis vibration Z132.5 20 to 600 c_s Tape recorded

QAI3 Y-axis vibration Z132.5 20 cps to 2 kcps Tape recorded

QA14 Z-axis vibration Z132.5 20 cps to 2 kcps Tape recorded

bReference temperature determined by reference junction temperature MA24, MA28, or MA29.

UNCLASSIFIED
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TABLE 3-III.- SPACECRAFt INSTRUMENTATION MEASUREMERTS FOR GT-2 - Continued

I

Measurement Description Instrmmentation Type of
range data

) QB04 Equipment compartment 0 to 15 ps_u_ Delayed time
absolute pressure

| (right hand)

QB09 Y-endlng gear compartment 0 to i_ psla Delayed time
absolute pressure

QBI0 Equipment compartment 0 to i_ Imia Delayed time
absolute pressure
(le_hana)

QBI3 Y-axis _rlbration Zi13.8 20 cps to 2 kcps Tape recorded

QBI4 Z-axis vibration Zll7.8 20 cps to 2 kcps Tape recorded

QCl_ Retro compartment absolute 0 to i_ psia Delayed time
pressure

QCl_ Equipment compartment 0 to 15 psia Delayed time
absolute pressure

QD06 Cover cavity absolute 0 to 15 psia Delayed time
pressure

QD07 X-axis vibration 20 cps to 2 kcps Tape recorded

QD08 Y-axis vibration 20 cps to 2 kcps Tape recorded

,_ _ Z-axls vibration 20 to 600 eps Tape recorded

QD10 X-axis vibration 1 to 30 cps Tape recorded

QDll Y-axis vibration 1 to 30 cps Tape recorded

SA01 Fairing jettison i = jettison Tape recorded

SAG2 Antenna extend 1 = extend Tape recorded

SA03 Separate spacecraft i = separate Tape recorded
(sequence)

SAG4 Separate spacecraft i = separate Tape recorded
DCS command

SAO5 HF-DF key on i = key on Tape recorded

SA06 Attitude control parachute 1 = command Tape recorded
and }IS off

SA07 Select adapter antenna and I = eo_mmnd Tape recorded
event TR-5

SA08 Event timer TR-3O i = co_and Tape recorded

SA09 Retro squib bus arm i = arm Tape recorded

SAIO Indicate retroattitude i = command Tape recorded
(IGS abort)

SAIl Indicate retroattitude on i = on Tape recorded

SAI2 SAIl off and roll command i = command Tape recorded
on

SA13 Oxygen high rate 1 = co_ma_nd Tape recorded

SAI_ BIA squib bus safe D = safe Tape recorded

UNCLASSIFIED
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TABLE 3-IIl.- SPACECRAFT INSTRU_NTATION MEASLES FOR GT-2 - Continued

I

Instrumentation Type of
Measurement Description range data

I

SA16 Separate OAMS lines i = command Tape recorded

-qAl_ Separate electrical i = command Tape re.corded I

SA18 Separate adapter and auto- 1 = command Tape recorded
matic retrofire

SA19 M_nual retrofire 1 = command Tape recorded q

SA20 Jettison retro section 1 = jet%ison Tape recorded I
SA21 Landing squib bus arm i = arm Tape recorded

SA22 Pilot parachute deploy 1 = deploy Tape recorded

SA23 Cabin air valves 1 = command Tape recorded

SA24 UHF rescue beacon on 1 = On Tape recorded

SA25 Water seal closed 1 = close Tape recorded

SA26 Parachute jettison 1 = jettison Tape recorded

SA27 IGS power off 1 = on Tape recorded

SA28 Platform malfunction reset 1 = reset Tape recorded

SA29 Computer malfunction reset 1 = reset Tape recorded

SAS0 Secondary guidance on 1 = on Tape recorded _-

SA31 Abort (launch vehicle 1 = co,rotund Tape recorded
shutdown conmmmd )

SA32 Abort (abort sequence 1 = command Tape recorded
start )

SA33 OA_S on/manual and attitude I = CO_8/Id '11_])ez:__'ordedmode

SA34 Reentry mode at spacecraft 1 = command Tap,_ recorded
separation +2.0 sec

SA35 Horizontal mode (SEF)/OAg_ 1 = command Tape recorded
off

SA36 Simulated right yaw 1 = command Tape recorded
/rate cormmand/ RCS
actuate

SA38 Automatic retrograde mode 1 = command Tape recorded
+ RCS B select

SA39 RCS A to ACME + ground RCS 1 = co_mmnd Tape recorded
A&B

SA40 Horizontal mode (BEF) 1 = conmmnd Tape recorded

SA41 Reentry mode (0.05g relay) 1 = co_mmad Tape recorded

SA42 RCS A & B off 1 = off Tape recorded

SA43 HS HTR off & RCS pulse mode i = conmmmd Tape recorded

SA44 Retro.jettison abort conm_md 1 = command Tape recorded

SA45 C-band beacon off 2rid1 = off Tape recorded

UNCLASSIFIED
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TABLE 5-III.- SPACECRA!_ INSTR_NTATION _ASUEE_NTS FOR GT-2 - Concluded

Instrumentation Type of
_asurement Descrlption range data

SA46 Kinetic switch actuate I = command Tape recorded

SA47 Abort commsad (DCS) i = co_nd Tape recorded

,, SA_8 PCM tape playback command i = eomm_ud Tape recorded

SA49 PCM mode select (real time 1 = coDm_nd Tape recorded
or belayed time)

b
SASO UHF key i = on Tape recorded

SASI RCS off (abort) i = off (abort) Tape recorded

SA_2 Tone generator off i = off Tape recorded

SA53 Maximum lift co_m_and i --cow,sand Tape recorded

SCOI Simulator i battery voltage i_ to _ V Delayed time

SC02 Simulator 2 battery voltage i_ to 3_ V Delayed time

SC03 Si_a_lator 1 battery current O to 20 A Resl time

SCG4 Si_aLl_tor 2 battery current 0 to 20 A Real time

UNCLASSIFIED
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TABLE 3-IV.- GUIDANCE AND CONTROL SWITCHES

Switch identificationa Position prior to launch
_f spacecraft 2

Center instrument panel i
i

Platform (mode selector) Free

Computer (mode selector ) Ascent

d
Start comp. Off

Malfunction reset (momentary) Not operated

Radar Off

Attitude control (mode selector) Rate co,rotund

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-band instr_ent panel

MDIU On

FDC - mode Attitude

FDC - ref. Computer

aSwitches associated with the guidance and control system on the
right-hand switch-circuit breaker panel, the overhead panel, and the

right-Band sequencer control panellare not llste_.

UNCLASSIFIED
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TABLE 3-V.- GLV-2 MSD_ICATIORS

System Significant changes incorporated in GLV-2 from GT-I configuration

Stage I structure None

Stage II structure (a) External insulation on c_idizer tank forward skirt (for protection against pro-
tuberen_e heating) reduced in thickness from 0.i0 inch to 0.05 inch.

(b) Scupper llfe increased from 2 seconds to minimum of 6 seconds.

Propulsion (a) Actuating mechanism and electrical connections of position potsntiometer on
stage I fuel accumulators revised from friction drive to direct drive and from
soldered connections to pigtail leads and crimped Splices.

(b) Shield assembly incorporate_ on one-half of f_el-tank level sensors to inhibit

deposits on sensing prism frc_ fuel tank auto6enous pressurization gases.

(c) Stage I and stage II engine start cartridges temperature conditioned to a range
of _5 ° F to 7O° F.

Flight control (a) Relay circuit which directed primary @_idance (RGS) to secondary system removed
so that IGS inputs can be used for secondary guidance.

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

Radio guidance None

_draulic (a) Stage I eogine-driven p_np compensator cbaoged to lessen pmnp pressure start
.... transients.

_, (b) Sta_e II pitch actuator ri_ed null length shortened by 0.038 i,ch to correct
for attitude error offset on GT-I flight.

(c) Tandem actuator piston velocity limits increased.

(d) Stage I tandem actuators redesigned.

Electrical APS power to TC_S Jumpered through umbilical DIE to prevent feedback causing pre-
mature staging due to APS bus failure.

Malfunction detection (a) Rate switch settings revised to _._ deg/sec in yaw and _2.9 to -3.0 deg/sec
in pitch.

(b) Stage II engine sensor ehs_ged from thrust chamber pressure (MDTCPS) to fuel
injector pressure (P_FJPS),

Instrumentation (a) Telemetry 8_te_ system changed from 4 antennas plus 5 port Junctions to two
antennas plus 3 port Junctions.

(b) Program board removed.

#_ Range safety (a) Command control receivers changed from AVC0 _( III to ACI R_A type.

(b) Stage I destruct initiator relocated frc_ inside the stage I fuel tank conduit
to inside cc_part_ent IV.

(c) Ti¥_n II type destruct initiator repl_ced with new GLV type initiator.

Ordnance separation None

UNCLASSIFIED
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TABLE 3-VI.i- IAUNCH-V_{ICLE INSTRUMENTATION MEASUREMENTS FOR GT-2

Measurement Des criptlon Instrumentation

range

0001 Thrust chamber valve 0 to i00 percent

position, subassembly 1 open

0002 Thrust chamber valve 0 to lO0 percent

position, subassembly 2 open

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

0004 Thrust chamber pressure, O to 1 000 psia

subassembly 2

0009 Gas-generator chamber 0 to 790 psia

pressure, subassembly 1

0006 Gas-generator chamber 0 to 1 000 psia

pressure, subassembly 2

0007 Turbine speed, subassembly I 0 to 40 000 rpm

0008 Turbine speed, subassembly 2 0 to 40 000 rpm _'

0009 Turbine inlet temperature, 0 to 2 900 ° F

subassembly 1

OOlO Fuel-pump discharge pressure, 0 to 1 900 psia

subassembly 1

OOll Fuel-pump discharge pressure, 0 to 1 900 psia

subassembly 2

0012 Turbine inlet temperature, 0 to 2 900 ° F

subassembly 2 _.

0015 Fuel=pump inlet temperature,

subassembly 1 0 to 200 ° F

0014 Fuel=pump inlet pressure, 0 to lO0 psia

subassembly 1 ?

0019 Oxldizer-pump discharge 0 to 1 900 psia

pressure, subassembly 1

0016 Oxidizer-pump discharge 0 to 1 900 psia

pressure, subassembly 2

0017 Oxidizer=pump inlet pressure, 0 to 200 psia
subassembly 2

UNCLASSIFIED
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TABLE 3-VI.- LAUNCH-V_IICLE INSTRUMENTATION

FOR GT-2 - Continued

Measurement Description Instrumentation

range

0021 Fuel-pressurant-orifiee 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, 0 to 200 ° F
subassembly 2

0024 Oxidizer-pap inlet temperature, 0 to 300 ° F
subassembly 2

0026 Oxidizer-pressurant-orifice 0 to i 000 psia

inlet, subassembly 2

0027 Oxidizer-pressurant-orif_ce 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

0031 Bootstrap oxidizer venturi 0 to 1 500 psia

inlet pressure, subassembly 2

0032 Power-on TCVPSVORS Bilevel

(87FS2) stage I

0033 Pressure, oxidizer standpipe, 0 to 200 psia

subassembly 1

0034 Pressure, oxidizer standpipe, 0 to 200 psia

subassembly 2

0035 Piston 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 i00 psia
subassembly I

UNCLASSIFIED
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TABLE 3-VI.- LAUNCH-VEHICLE INSTRUMENTATION MEASTrREMENTS

FOR GT-2 - Continued i

I

Measurement Description Instrumentation
range I

0038 Pressure, fuel surge chamber, 0 to i00 psia
subassembly 2

0050 Fuel sensor shutdown, stage I Bilevel I

0052 Fuel sensor outage, stage I Bilevel I

0053 Fuel sensor outage, stage I Bilevel

0054 Fuel sensor high, stage I Bilevel

0055 Fuel sensor 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 I Bilevel _

0060 Fuel sensor shutdown, stage I Bilevel

0150 Travel actuator l, pitch, + 1.25 in.
stage I

O151 Travel actuator 2, yaw-roll, _+1.25 in.
stage I

0152 Travel actuator 3, yaw-roll, + 1.25 in.
stage I

0153 Travel actuator 4, pitch, -+1.25 in.
stage I

0154 Pressure. hydraulic system 0 to 4 500 psia
(primary), stage 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, hydraulic system 0 to 4 500 psia
(secondary system), stage I

0158 Fluid-level, hydraulic reser- 0 to lO0 percent
voir (secondary system), stage I

UNCLASSIFIED
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TABLE 3-VI.- LAUNCH-VEHICLE INSTRUMENTATION MEA_S

FOR GT-2 - Continued

Measurement Description Instrumentation
range

0159 Hydraulic fluid temperature 0 to 300@ F
(secondary system), stage I

0169 Accelerations axial, vehicle ± 10g
compartment 5

0171 Acceleration, lateral, vehicle ± 2g
compartment 5

0172 Acceleration, vertical, ± 2g
vehicle compartment 5

0173 Strain gage on stringer 13 0 to O.005 in./in.

0174 Strain gage on stringer 1 0 to 0.005 in./in.

0175 Skin temperature, stringers 0 to 600 ° F
i and 2

0176 Calorimeter 0 to 600 ° F

0177 Skin temperature, stringers 0 to 600° F
i and 36

0178 Strain gage on stringer 19 0 to 0.006 in./in.

0179 Strain gage on stringer ll 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 O.006 in./in.

0230 Rate gyro output, pitch, • 12.5 deg/sec
stage I (primary)

0231 Rate gyro output, yaws ± 12.5 deg/sec
stage I (primary)

0232 Rate gyro outputs rolls • 12.5 deg/sec
stage I (primary)

0233 Rate gyro outputs pitch, ± 12.5 deg/sec
stage I (secondary system) pitch

0234 Rate gyro output, yaw, • 12.5 deg/sec
stage I (secondary system) yaw

0235 Rate gyro output, roll, • 12.5 deg/sec
stage I (secondary system) roll

UNCLASSIFIED
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TABLE 3-VI.- LAUNCH-VEHICLE INS_ATI6N MEA_EWI_S

FOR GT-2 - Continued

Measurement Description Instr_nentation
range

0395 _S/ZPS (C_. 4) i_ 0 to 39 V dc

0396 Subassembly I, MDTCPS A and B Step voltage

(B.C.)

0397 Subassembly 2, MDTCPS A and B Step voltage
(B.C.)

0398 Subassembly i, _ A and B Bilevel

0399 Subassembly 2, MDTCPS A and B Bilevel

0364 Fuel tank pressure (A), 0 to 90 psia
stage I

0365 Fuel tank pressure (B), 0 to 90 psia
stage I

0366 Oxidizer tank pressure (A), 0 to 90 psia
stage I

0367 Oxidizer tank pressure (B), 0 to 90 psia
stage I

0501 Thrust_chamber valve position, 0 to 100 percent
subassembly 3 (open)

0902 _rust-chamber pressure, 0 to 1 000 psia
subassembly 3

0_03 Turbine-inlet pressure, 0 to 1 000 psia
subassembly 3

0904 Turbine speed, subassembly 3 0 to 30 000 rpm

0909 Turbine-inlet temperature, 32@ to 2 500_ F
subassembly 3

0906 Fuel-pump discharge pressure, 0 to 1 500 psia
subassembly 3

0507 Fuel-pump inlet pressure, 0 to 100 psia
subassembly 3

0508 Fuel-pump inlet temperature, 0 to 300 @ F
subassembly 3

0509 0xidizer.pump discharge 0 to 1 000 psia

,, pressure, subassembly 3 ! i

UNCLASSIFIED
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TABLE 3-VI.- LAUNCH-VEHICLE INSTRUMENTATION MEA_NTS

FOR GT-2 - Continued

as ureme nt De script ion Instrumentat ion

range

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

0532 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, 0 to 300 ° F
subassembly 3

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

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

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

0520 Pressure oxidizer injector 0 to 1 500 psia

gas generator, subassembly 3
0521 Shutdown squib actuation, Bilevel

stage II

0522 Shutdown valve relay actuation, Bilevel
stage II

0540 Fuel sensor, high, stage II Bilevel

0541 Fuel sensor, high, stage II Bilevel

0542 Oxidizer sensor, high, stage II Bilevel

0543 Oxidizer sensor, high, stage II Bilevel

0544 Fuel sensor shutdown, stage II Bilevel

0545 Oxidizer sensor shutdown, Bilevel
stage II

0546 Fuel sensor outage, stage II Bilevel

0547 Fuel sensor outage, stage II Bilevel

0548 Oxidizer sensor outage, Bilevel
stage II

UNCLASSIFIED
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I

TABLE 3-VI.- LAUNCH-VEHICLE IN_NTATION MEA_ I

FOR GT-2 - Continued d

Measurement Description Instrmaentation
range

0549 Oxidizer sensor outage, Bilevel
stage II

0550 Oxidizer sensor shutdown, Bilevel
stage II

0551 Fuel sensor shutdown, Bilevel J
stage II

0650 Travel actuator 5, yaw, _ O.522 in.
stage II

0651 Travel actuator 6, pitch, _ O.522 in.
stage II

0652 Travel actuator 7, roll, • I.50 in.
stage II

0653 Pressure, hydraulic system, 0 to 4 500 psia
stage II

0654 Fluid-level, hydraulic reser- 0 to i00 percent
voir, stage II

0655 Hydraulic fluid temperature, 0 to 300° F
stage II

0660 Skin temperature, stringers 0 to 600° F
15 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 O.005 in./in.

0667 Strain gage on stringer 6 0 to O.005 in./in.

0668 Strain gage on stringer 18 0 to 0.005 in./in.

0670 Acceleration, axial, _ lOg
vehicle compartment i

0671 Acceleration, lateral, vehicle i _ 2g
ccmpartment i

UNCLASSIFIED
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TABLE 3-VI.- LAUNCH-VEHICLE INSTRb_?_W2ATION_NTS

FOR GT-2 - Continued

Measurement Description Instrumentation
range

0672 Acceleration, vertical, 4-2g
vehicle compartment i

0675 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 0 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 temperature 0 to 600 ° F

0699 Acceleration, axial, + 0.5g
low range

0720 TARS attitude error, pitch, ± 6°
stage II

0721 TARS attitude error, yaw, 4-6°
stage II

0722 TARS attitude error, roll, 4-6°
stage II

0723 Rate gyro output, pitch, • 12.5 deg/sec
stage II (primary)

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

UNCLASSIFIED
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TABLE 3-VI.- MUNCH-VEHICLE INS_2ATION MEA_S

FOR GT-2 - Continued

Measurement Description Instrumentation
range

0725 Rate gyro output, roll, _ 12.5 deg/sec
stage II (primary)

0726 25 V dc power supply voltage 0 to 39.4 V dc

0727 800 cps power supply voltage 20 to 30 V ac
(primary or secondary)

0728 TARS discrete (stage I gain Bilevel
change)

0729 Autopilot output pitch sub- _ O.7 V dc
assembly 3 (primary or secondary)

0730 Autopilot output, yaw, sub- ± 0.7 V dc
assembly 3 (primary or secondary)

0731 Autopilot output, roll, secondary ± 1.2 V dc
assembly I (primary or secondary)

0732 Displacement gyro torquer _ 0.80 V dc
monitor, pitch

0733 Displacement gyro torquer _ O.80 V dc
monitor, yaw

0734 Displacement gyro torquer _ O.80 V dc
monitor, roll

0735 TARS discrete (arm stage I Bilevel

shutdown sensor)

0736 Rate gyro output, pitch, ± 12.5 deg/sec
stage II (secondary system)

0737 Rate gyro output, yaw, • 12.5 deg/sec
stage II (secondary system) -_

0738 Rate gyro outputs rolls • 12.5 deg/sec
stage II (secondary system)

0739 TARS discrete (arm stage II Bilevel
shutdown sensors)

0740 TARS discrete (guidance Bilevel
initiate)

0741 IPS staging arm timer actuation Bilevel

UNCLASSIFIED'
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TABLE 3-VI.- LAUNCH-VEHICLE INS_TION MEASUR_X_ENTS

FOR GT-2 - Continued

Measurement Description Instrumentation

range

0743 IGS pitch attitude error output ± 6 °

0744 IGS yaw attitude error output ± 6 °

0745 IGS roll attitude error output ± 6 °

0746 Rate beacon guidance, 0 to 5 V dc
30 volt supply

0747 Pulse beacon guidance, 0 to 5 V dc
15 volt supply

0748 Decoder guidance, 0 to 5 V dc
lO volt supply

0749 Rate beacon guidance, 0 to 5 V dc
received signal 2

0750 Rate beacon guidance, received 50 to 85 dBm
_ signal i

0751 Rate beacon guidance, Step voltage
PH detect

0752 Rate beacon guidance, power Step voltage
output

0753 Pulse beacon guidance, MAG Step voltage
current

0754 Pulse beacon guidance, AGC -lO to -65 dbm

0759 Pitch output, guidance _ iO0 percent

0796 Yaw output, guidance ± 100 percent

0757 Decoder, discrete, binary 8 Bilevel

.s_ 0758 Decoder, discrete, binary 4 Bilevel

0759 Decoder, discrete, binary 2 Bilevel

0760 Decoder, discrete, binary I Bilevel

0762 Autopilot output, pitch, + 1.2 V dc

subassembly i (primary)

0763 Autopilot output, yaw, ± 1.2 V dc

subassembly i (primary)

UNCLASSIFIED
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TABLE 3-VI.- LAUNCH-VEHICLE INSTRUMENTATION MEA_S

FOR GT-2 - Continued

Measurement Description Instr_nentation
range

0764 Autopilot output, pitch, ± 1.2 V dc
subassembly 2 (primary)

0765 Autopilot output, yaw, _ ± 1.2 V dc
subassembly 2 (primary)

0766 Adapter package output, ± 6.0 V dc J
pitch

0767 Adapter package output, ± 6.0 V dc
yaw

0768 Adapter package output, ± 6.0 V dc
roll

0769 Autopilot output, yaw, ± 1.2 V dc
subassembly 1 (secondary)

0770 Autopilot output, pitch, ± 1.2 V dc
subassembly 1 (secondary)

0771 Autopilot output, pitch, ± 1.2 V dc
subassembly 2 (secondary)

0772 Autopilot output, yaw, ± 1.2 V dc
subassembly 2 (secondary)

0773 IGS stage I gain change, Bilevel
discrete

0777 RCS SEC0 signal Bilevel "_

0780 AGC command receiver l, lO to 40 _V
RSS and burst

0781 AGC cc_nand receiver 2, i0 to 20 _V -_
RSS and burst

0782 Engine cut-off, receiver 1 Bilevel

0783 Engine cut-off, receiver 2 Bilevel

0784 AGC range channel, MISTRAM -40 to -ii0 dbm
transponder

0785 AGC calibration channel, -40 to -llO dbm
MISTRAM transponder
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TABLE 3-VI.- LAUNCH-VEHICLE INSTRUMENTATION MEASUREMENTS

FOR GT-2 - Continued

Measurement Description Instrumentation
range

0786 RF-output range channel, Calibration
MISTRAM transponder voltage

0787 RF-output calibration chanuel, Calibration
MISTRAM transponder voltage

0788 Phase detector calibration Calibration
channel, MISTRAM transponder voltage

0789 Phase detector range channel, Step voltage
MISTRAM transponder

0799 Auxiliary sustainer cut-off Bilevel
signal

0800 IPS bus voltage 15 to 35 V dc

0801 APS bus voltage 0 to 37.5 V dc

0802 ac bus voltage, phase A 105 to 125 V ac
(4oo cps)

0803 ac bus frequency, phase A 380 to 420 cps

0804 IPS battery current 0 to 150 A

0805 APS battery current 0 to 150 A

0810 Instrument voltage, 0 to 6 V dc
compartment 2

0811 Temperature bridge power 35.5 to 45 V dc
supply, c_npartment 2

0812 Signal conditioner package 0 to 200° F
temperature

0813 PCM mercury cell voltage i.35 V dc

0814 PCM mercury cell voltage 1.35 V dc

0815 PCM _:ercurycell voltage 1.35 V dc

0816 Signal conditioner power 29.9 to 30.1 V dc
supply, positive regulated

0817 Signal conditioner power 29.9 to 30.1 V dc
supply, negative regulated

UNCLASSIFIED
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TABLE 3-VI. _ LAUNCH-VEHICLE INS_NTATION MEA_S

FOR GT-2 - Continued

Measurement Description Instrumentation
range

0842 Pitch S4RD (BH bypass) Bilevel

0843 Pitch SMRD (BL bYl_SS) Bilevel

0844 Yaw S4RD (BH bYl_SS) Bilevel

0849 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

0895 Subassembly 3, MDFJPS A and B Bilevel ....
(B.C.)

0896 Shutdown lockout, timers Bilevel
land2

0858 Shutdown switches, Bilevel
reset monitor

0859 APS-IPS ccmpartment 2 (RSP) 19 to 30 V dc

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 79 psia

stage II

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

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

0871 Oxidizer tank pressure (B) 0 to 75 psia

stage II

0872 Transfer to secondary control _ Bilevel

system (A)
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TABLE 3-VI. - LAUNCH-VEHICLE INSTRUME_rATION MEASUREME_2S

FOR GT-2 - Continued

Measurement Description Instrumentation

range

0873 Transfer command to secondary Bilevel

control system (A)

0874 Transfer to secondary control Bilevel

system (B)

0875 Transfer conmBnd to secondary Bilevel
control system (B)

0876 APS to spacecraft 0 to 35 V dc

0877 Pitch SMED-B (B.C. ) Step voltage

0878 Yaw SMRD-B (B.C.) Step voltage

0879 Roll S_RD-B (B.C. ) Step voltage

0880 Subassembly 2 hydraulic Bilevel
switchover command

0881 Subassembly 1 hydraulic Bilevel
switchover command

0882 Spacecraft switchover Bilevel

csmand (A)

0883 Spacecraft switchover Bilevel

cca_and (B)

0884 APS-IPS compartment 2 15 to 35 V dc

(Eng. subassembly 3)

0885 Spacecraft switchback Bilevel
command (A)

0886 Spacecraft switchback Bilevel

ccmmland (B)

lO03 Thrust chamber pressure, 0 to 1 000 psia
subassembly 1

1004 Thrust chamber pressure, 0 to I 000 psia
subassembly 2

lO17 Oxidizer-p_np 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. - LAUNCH-VEHICLE INS_ATION MEASUREMENTS

FOR GT-2 - Continued

Measurement De scrlption Instrtm_ntation
ramge

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

1169 Acceleration, axial, ± 10g
compartment 5

1170 Acceleration, axial, ± 10g
compartment 5

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

llgO Vibration, tandem actuator ± lOOg
(lateral)

ll91 Vibration, tandem actuator ± 100g
(vertical), stage I

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

1651 Travel, actuator 6, pitch, ± O.505 in.
stage II

1670 Acceleration, axial, ± 10g
compartment 1

1671 Acceleration, lateral, vehicle _ 2g

compartment i
1672 Acceleration, vertical, vehicle ± 2g

compartment 1

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

1695 Sound pressure level, external, 40 to 160 dB
compartment 2

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

1697 Vibration, RGS equilm_nt mount, ± 30g
lateral

1698 Vibration, RGS equil_nentmoun$, ± 30g
vertical
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TABLE 3-VI.- LAUNCH-VEHICLE INSTRUMENTATION MEASUREMENTS

, FOR GT-2 - Continued

Me asurement De scripti on Ins trine ntat ion

range

1723 Rate gyro output, pitch, ± 12.5 deg/sec
stage II, primary

1855 Subassembly 3, MD_3PS A end B Bilevel

1861 Subassembly 3, MDTCPS A and B Step voltage

1862 IPS staging Bilevel
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NASA-S-65-1515
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Figure 3-1 GT-2 space vehicle lift-off configuration
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NASA-S-65-1231
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i 4.o DE  ZON

The GT-2 mission was planned to demonstrate the adequacy of space-
craft reentry heat protection equil_nentand 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 azi_Ath 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-stage progrAmed portion of launch-vehicle ascent guidance
was programed in roll to provide the required azimnth reference plane
after lifting off from a launch-stand azi_Ath 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 commands were to be provided to guide the launch
vehicle along a trajectory which was to result in injection of the space-
craft into the planned trajectory at an altitude of 87 nautical miles,
with a space-fixed velocity of 25 731 ft/sec and a space-fixed flight-
path angle of -2.28°•

Spacecraft separation from the launch vehicle was to be effected,
after second stage engine tail-off, by imparting a velocity increment
of 15 ft/sec with the two aft-firlng orbital attitude and maneuver

system (OAMS) engines. Separation was to be followed by a 900 left-roll,
(spacecraft separation +2 sec) and a 180° turmaround (spacecraft sepa-
ration +30 sec), and a pltch-up maneuver (spacecraft separation +45 sec),
to a retroattitude of -16° (small end down), referenced to the horizontal
at the launch complex, which represents an attitude of approximately

_ -29.2°, referenced to the local horizontal at the initiation 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 maneuver electronics (AC_) was programed to initiate a 15 deg/sec

_ spacecraft roll rate when a load factor of O.05g was sensed and to main-
rain that rate for 150 seconds. At the end of this time, the spacecraft
was to assume the maximum lift attitude. The parachute and recovery se-
quence was to be initiated by a barostat at an altitude of l0 600 feet.
The nominal landing point was located 1862 nautical miles downrange at
16026' north latitude and 49°34 ' west longitude.
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4.1 ACTUAL MISSION

Lift-off (LO), 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 L0 + 4.34 seconds and continued until

the vehicle rolled to a flight azimmth of approximately 105 °. For a

comparison of actual times against planned times, see table 4-I. At

LO + 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 gain change occurred at
LO + 104.67 seconds, and the second occurred during staging (BECO) at

L0 + 151.71 seconds. Spacecraft inertial 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 re_,lired to control
the vehicle.

Reconstructed trajectory results indicate that the vehicle was

slightly high and fast during the stage I powered flight. 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 1.81 seconds earlier than predicted.

The range safety plotboards indicate the vehicle dewiated to the

left of the nominal ground track. At L0 + 70 seconds, th_ vehicle's

path was observed to cross the lateral left 3o locus of _stantaneous

impact points and to remain in this region until LO + 87 seconds. The

major contribution to this deviation was a wind shear recorded at that

time. The 3_ boundary was based on a September wind profile for the

original launch date and was not updated for the December wind profile

which is considerably higher in velocity. Had this updating been made,

the ground track would not have exceeded the plotboard limits. (See

section 5.2.9.)

Staging was complete and separation had started by 1_32.40 seconds.

The stage II thrust was higher than nominal, and as in stooge I, an

earlier than predicted engine shutdo_a occurred when the _GS detected
the programed velocity.

The spacecraft radar and sensor fairings were jettisoned 45 seconds

after BEC0 as planned.
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The RGS commands corrected the trajectory and steered the vehicle

I to the desired spacecraft separation conditions. At SECO + 20.32 sec-

I onds, spacecraft 0AMB aft-firing thrusters were ignited to achieve
spacecraft - launch-vehicle separation. A 90 ° roll, a 180 ° turnaround,

I and a pitch maneuver to -29.2 ° small end down attitude (referenced to
local horizontal) followed separation. At LO + 414.22 seconds, the

equipment section was separated by pyrotechnics, and the automatic retro-

grade rocket firing sequence was initiated. The retrorocket firin_ order

was l, 3, 2, 4; and the retrograde section was jettisoned at 459.12 sec-
onds. The spacecraft entered telemetry blackout at LO + 545.0 seconds,
and blackout ended at LO + 698.9 seconds. At O.05g deceleration

(LO + 560.23 sec), the ACME reentry mode initiated an average roll rate
of 13.6°/sec to provide zero lift. A constant roll was maintained until

LO + 710.O1 seconds when the spacecraft assumed the maximum lift attitude.

The peak stagnation point (_ = 0°) heating rate of 71.8 Btu/ft2/sec was
reached at LO + 645 seconds. Pilot and main parachutes were deployed at

LO + 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 planned 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 _nned 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 aT_os-_f

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 4-2. These figures show that the
actual GT-2 mission profile was very close to the planned profile.
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4.3.1 __aunch I

The launch phase of the trajectory data shown in figure 4-2 is based

on the real-time output of the range safety impact predictor computer

(IP-3600) and the Guided Missile Comlm_ter Facility (GMCF). The IP-3600

had data available from the missile trajectory measurement (MIS_%_M)

system and FPS-16 and FPQ-6 radars, while the GMCF used dx.ta from the

GE Mod III radar. The data from these tracking facilitie_ 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 4-2 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

fllght-path angle were higher than planned by 161 ft/sec, ]2 863 feet,
and 1.3 @, respectively. At SECO there was essentially no difference

from the planned velocity, and attitude and flight-l_th angle were low

by only 40 feet and 0.(94@, respectively. The velocity change during

tail-off was 8.0 ft/sec greater than predicted. As a result, the veloc-
ity was 7 ft/sec higher than planned at spacecraft separation.

4.3.2 Reentry

The planned reentry phase of the trajectory shown in figure 4-2

was obtained by beginning with the nc_inal insertion conditions supplied

by reference II and integrating forward through the orbital attitude

and maneuver system (0AM_) for separation and retrofire to landing. The

actual reentry phase of the trajectory was obtained by taking the space- 3,
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

0AMS for spacecraft separation conditions, and forward for reentry
conditions.

A ccm_oarison 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 tlheGMCF and



MISTRAM insertion vectors as obtained by the Goddard Space Flight
Computing _acilities, thus confirming the validity of the backward
integration method. The velocities and flight-path angles obtained
from the GMCF and the MISTRAM data 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 conmmm_icatlonsblackout,
0.09g, and pilot parachute deployment taken from the integrated tra-

@ jectory were in good agreement with the data Obtained 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 agreement of these events
validate the reentry phase of the integrated trajectory.
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TABLE_I.- _Q_N_ 0FEVENrS

Planned time, Actual time, Difference,
Event sec sec sec

Stage I engine ignition

signal (87FS1) -3.34 -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 4.34 -0.06

Roll program end 20.48 20.40 -0.08

No. 1 pitch rate start 23.04 22.99 -0.05

No. 2 pitch rate start 88.32 88.07 -0.25

No. 1 IGS update received 103.00 103.I"3 +0.75

No. 1 flight control gain

change 104.96 104.67 -0.29

No. 3 pitch rate start ll�. 04 ll8.71 -0.33

No. 2 IGS update received 143.00 144.55 +l.55

Arm stage I engine shutdown 144.64 144.28 -0.36

BEC0 (stage I engine shut-_ ¢

down signal (87FS2))
Stage II engine ignition

signal (91FSI) _ 153.5e 151.71 -1.81
No. 2 flight control gain

change _

Sel_r_tion start 154.22 15e.40 -i.8e

Stage II MD FJPS make 154.4e 15e.37 -e.05

No. 3 pitch rate end 16e.56 162.09 -0.47

BC_9enable 162.96 162.12 -0.44



TABLE 4-I.- SEQUENCE OF EVENTS - Concluded

Planned time, Actual time, Difference,
Event sec sec sec

First radio guidance conm_nd
received 169.00 168.29 -0.71

Horizon sensor fairing
-_ jettison 198.52 196.64 -i.88

Nose fairing jettison 198.52 196.74 -1.78

Arm stage II engine shutdown 317.44 316.98 -0.86

SEC0 (stage II engine shut-
down (91FS2)) 336.48 332.15 -4.33

Stage II MD FJPS break 336.78 332.47 -4.31

Fire spacecraft separation
device 356.48 352.49 -4.03

Separate equipment adapter 418.48 414.22 -4.26
section.

Initiate automatic retrograde
firing sequence 418.48 414.22 -4.26

Jettison retrograde section 463.50 459.12 -4.58

Begin co_tmicatlon blackout 546.5 545.0 -1.5

0.05g, initiate roll 567.i0 560.23 -6.87

End co_munlcation blackout 704.8 698.9 -5.9

Initiate full llft 717.i0 710.01 -7.09

Pilot parachute deployment 879.20 871.76 -7-44

_In parachute deployment 882.40 875.38 -7-02

Touchdown ll41 1096 -53
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I
TABLE _-iq.- CC_PAI_SON OF PIARRED A_ ACTUAL TRAJECTORY P_S I

Condition Planned Actual Difference I

Time from lift-off, see ......... ; ...... 356.48 332.15 "_.33 I

Time frc_ lift-off, mln:sec 5:36.48 5:32.15 -4.33

Geodetic latitude, deg North ............. 26.24 26.28 0.04

Longitude, deg West .................. 72.51 72.61 0.i0

Altitude, ft ...................... 946 850 546 810 -40

Altltude_ n. ml .................... 90.0 90.0 0

Range, n. ml ...................... 450. i 446 -4.I

Slm_ee-fixed velocity, ft/sec ............. 25 60_ 25 604 -i _"

Spsce-fimed flight-lm_th angle, deg .......... -2.24 -2.28 -O. Oh

Sp_ce-fixed heacling angle, deg _st of North ...... 108.34 108.30 -0.04

Spacecraft separation

Time from lift-off, sec 356.48 352.45 ._.03

Time from lift-off, rain:see .............. 5:56.48 5:52.45 -_.05

Geodetic latitude, deg North ............. 25.80 29.85 0.0_

Longitude, deg West .................. 71.15 71.21 0.06

Altitude, ft ..................... 525 971 524 867 -iIO4 -_

Altitude, n. mi .................... 86.6 86.4 -0.2

Range, n. mi ...................... 529.2 525.3 -3.9 d

Space-fixed velocity, ft/sec ............. 25 731 25 738 7

Spsee-flxed flight-path angle, deE .......... -2.28 -2.29 -0.01

Spsce-fixed heading an4_le, deg East of North ..... 108.98 108.95 -0.05

Msxlmm_ conditions

Altitude, statute miles ................ 105.6 106.3 0.7

Altit_e, n. mi .................... 91.7 99.4 0.7

Spsee-fixed velocity, ft/see ............. 25 822 29 829 7

Earth-fixed velocity, ft/sec ............. 24 499 24 506 7

Exit acceleration, g ................. 7-6 7.3 -0. 5

Exit dynamic pressure, ib/sq ft ............ 745 683 -60

Reentry deceleration, g ................ 9.6 9.9 0.3 _?-

Reentry dynamic pressure, lh/sq ft .......... 697 657 0

Lsn_ing point

North latitude, deg:min ................ 16:26 a16:34 00:08

West longitude, deg:mln ................ 49:34 a49:h6 00:12

Range_ n. mi ...................... 1862 18_8 -14

alanding point reported by recovery ship:
North latitude, deg:min:_e2 . . 16:31;5_
West longitude, deg:min: sec . • 49:h6:48
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