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1 SUMMARY

by R. P. Geye

Titan/Centaur TC-3 was launched from the Eastern Test Range, Complex kl, at
02%34 PM, EDT, on Tuesday, September 9, 1975. This was tha third operational
flight of the newest NASA unmanned launch vehicle. The spacecraft was the
Viking A, the second of two orbiting and landing missions to Mars planned for
the 1975 Martian launch opportunity.

The objective of the launch phase of the mission, to inject the Viking space-
craft onto the planned transfer orbit to Mars, was successfully accomplished.
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1t INTRODUCTION

by R. P. Geye

The Viking Mission to Mars is one of NASA's principal planetary efforts of
this decade. Two Viking spacecraft were launched from the AFETR Launch
Complex 41, Cape Canaveral, Florida, during the 1975 Mars opportunity and
will arrive at the planet in mid-1976. Each spacecraft will be placed into
orbit arcund the planet and the landers will subsequently be separated for
entry into the Mars atmosphere and a soft landing on the surface of the
planet.

The flight plan tn accomplish the Viking Mission consists of five major
phases of operation: launch, cruise, orbital, entry and landed. The Titan
ItIE and Centaur D-1T, together with the Centaur Standard Shroud (CSS), is
the launch vehicle developed to meet the Viking launch phase requirements,

3
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Launch Phase of the Viking Mission

The 1975 Mars launch opportunity extended from August 11 through O:tober 13.
The launch windows opened as early as about 1400 GMT (10:00 EDT) 1and closed

as late as about 2230 GMT (18:30 EDT). The earliest windows occurred towards
the end of the opportunity and the latest windows occurred near the beginning.
On any one launch day, the window was about one hour long. The launch azimuth
sector used for the mission was 96° from 108° with trajectories yawing from
108° southward to an equivalent azimuth of 115° during the latter part of some
daily windows. Parking orbit coast times varied from about 11 minutes to about
28 minutes. Coast time was longest at daily window opening and shortest at
closing.

The launch phase of the Viking B mission was accomplished on September 9.

The final profile for Titan Stage O phase of flight consisted basically of a
short vertical rise with roll to the required flight azimuth, followed by an
initial pitch/yaw maneuver and subsequent near zero total angle-of-attack.

The required steering, referred to as wind biased steering, was determined on
launch day and implemented by the Centaur DCU in an open loop mode. Propel-
lant depletion of the Stage 0 engines activated the Titan Step 0O staging timer
(1.5g decreasing axial acceleration) which initiated Titan Stage | engine
start, heat shield jettison,Stage | ignition and Titan Step O jettison.

During Titan Stages | and |1 phases of flight, the flight profile was primarily
determined by the steering required to achieve a 90 n.mi. parking orbit at the
end of the first Centaur burn. The required steering was implemented by com-
bining incremental pitch and yaw rates, derived from the Centaur guidance
steerirg vector, with a rate versus time pitch program that was stored in
Titar, Titan Step | jettison/Stage |! ignition was initiated by Stage | pro-
pellant depletion. The Centaur Standard Shroud was jettisoned 10 seconds

4
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after Stage | shutdown, as sensed by the Centaur DCU. Titan Stage Il also
burned to propellant depletion which then initiated Titan Step 2 jettison,
Centaur chilldown and Centanr Main Engine Start.

The Centaur firsi pburn phase was of relatively short duration and terminated
at injection into the 90 n.mi., circular parking orbit. The 29 n.mi. orbit
is standard for parking orbit ascent missions. Steering commands were pro-
vided by the Centaur DCU based on the guidance steering vector. Malin engine
cutoff was commanded by guidance when the desired orbit was achieved. Con-
tinuous Centaur propellant settling was maintained during the parking orbit
coast phase., During wost of the coast phase the vehicle was aligned along
the inertial veliocity vector. Prior to the second burn the vahicle was
aligned to the proper attitude for the burn. The second Centaur burn was
terminated by guidance when injection conditions satisfied the Viking mis-
sfon requirements.

Spacecraft separation occurred by Centaur DCU command 220 seconds after

Centaur Main Engine Cutoff (MECO-2). Centaur then executed a reorientation
and retromaneuver to satisfy planetary quarantine constraints.

Viking Mission Objectives

The goal of the NASA Viking program is to learn more about the planet Mars
by direct measurements in its atmosphere and on its surface. Additional
scientific data will be acquired from the Orbiter which will circle Mars in
a synchronous ortit above the Lander after the latter has descended to the
surface. On both the Orbiter and the Lander the primary emphasis will be on
biological, chemical and environmental aspects of Mars which are relevant to
the existence of life.

The Viking scientific experiments are divided into four groups: Orbiter,
entry, Lander and radio. The Lander carries by far the most instruments.

It is, in fact, a miniature automated laboratory. The entry experiments in-
volve instruments mounted on a protective shell surrounding the Lander during
its high-velocity entry into the Martian atmosphere. The entry experiments
will obviously be brief but will give us a unique opportunity to analyze the
characteristics of the Martian atmosphere from top to bottom. After the
Lander is detached, the Orbiter plays mainiy a supporting role, although it
may, for selected periods of time, break its radic ties with the Lander and
commaence independent scientific experiments. The scientific goals and the
specitic instruments associated with the four groups of experiments are
listed in Table 2-1.
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AND INSTRUMENTS

Experiment Investigations
Category Scientific Goals (Instruments)
Orbiter Perform reconnaissance to verify Visual imaging (2 television

or search for landing sites cameras)

Monitor landing sites Atmospheric water mapping (in-

Obtain data from other areas of frared spectrometer)
the planet Surface temperature mapping (in-

Search for future landing sites frared radiometer)

Entry Determine composition and struc- lons and electrons (retarding
tural profile of the ionos- potential analyzer)
phere and atmosphere Neutral gases !mass spectrometer)
Pressure and temperature (pres-
sure, acceleration, and tempera-
ture sensors)
Ltander Visually examine the landing Visual imaging (2 cameras)
site
f—

Search for evidence of life Direct biology (3 metabolism aég_

growth detectors)

Search for and study organi~ com- Molecuiar analysis (gas chromato-
pounds and determine atmospheric graph mass spectrometer)
composition and its variations

Study inorganic compounds Mineral analysis (x-ray spectrom-

eter)

Determine temporal variations of Meteorology (pressure, tempera-
pressure, temperature and wind ture, and wind sensors)
velocity

Determine seismoiogical charac- Seismology (3 axis seismometer)
teristics

Determine magnetic properties of Magnetic properties (2 magnet
surface arrays and magnifying mirror)

i Determine physical properties of Physical properties T
Radio Conduct scientific investigation Radioscience (Orbiter and Lander
using the radio and radar sys- radio equipment)

tems
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111 SPACE VEHICLE DESCRIPTION

Viking Spacecraft

by R. P. Geye

The Viking spacecraft consists of two main elements, the orbiter and the
lander, shown in the cruise configuration in Figure 3-1. In this configura-
tion the orbiter is structurally attached to the lander through the truss
members of the Viking lander capsule adapter.

Orbiter: The orbiter bus is an unequal-sided octagon structure. The neces-
sary electronics and other subsystems are mounted in 16 bays. Louvers are.
attached to the bays on the sides of the bus to aid in thermal control of
subsystem electronics.

The propulsion subsystem, which consists of two propellant tanks, pressurant
tank, engine support structure, and a fixed thrust two-axis-gimbaled rocket
engine, is attached to the octagonal bus in a modular fashion. Helium pre<-
sure is used to feed the storable propellants, nitrogen tetroxide and hv
Zzine, to the rocket engine.

The entire propulsion module is enclosed in a multi-layer insulation bl <t
for thermal control. Four solar energy controllers are used to regulate rhe
quantity of solar energy reflected into the propulsion module through pinetra-
tions in the thermal blanket.

Four solar panels are mounted to the bus by means of outriggers in a ftan-like
array on the coordinate axes. Each panel i; composed of two identical sub-
panels.

Two batteries are used to augment the solar array when the power demand exceeds
its capability, and to serve as a secondary power source during off-sun opera-
tions. The power system providas 2.4 KHz single-phase, 400 Hz three phase,
regulated dc, and unregulated dc power.

Attitude control jets for pitch, roll and yaw coincident with the coordinator
axes are mounted at the outboard edge of each of the solar panels.

Celestial sensors, comprised of a Canopus sensor, cruise sun sensors, sun gate,
and a stray light sensor are mounted to the appropriate sides of the bus. Ac-
quisition sun sensors are mounted on the solar panel tips.

Orbiter communication requirements are satisfied by low and high gain antennas
and a relay antenna. The low gain antenna is used to provide command coverage
in any roll attitude throughout the mission while in a sun-acgquired attitude,

e v —
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and also to transmit S-Band signals during the cruise phase. The high gain

antenna is used for transmitting and receiving S-Band signals and transmit-

ting X-Band signals during orbital operations and the latter portions of the
cruise phase. The relay antenna is used for receiving UHF signals from the

lander.

Lander: The basic elements of the lander capsuie are the bicshield cap and
base, the base cover and parachute system, the aeroshell and the lander.

The bioshield serves to prevent recontamination of the steri'ized lander with
Earth organisms by completely encapsulating the lander during and after ster-
ilizaticn which is accomplished prior to launch. The cap is jettisoned soon
after the spacecraft leaves Earth orbit and the base is jettisoned in Mars
orbit after descent cansule separation.

The base cove- permits controlled pressure equilization during launch and
entry ohases by means of a vent system. It is integral with the mortar sup-
port s.ructure which contains the parachute sv<iem. The mortar is usel for
parachute depioyment. The parachute is a disk gap band configuration used
to slow the lander capsule during descent to the Martian surface.

The aeroshell/heatshield is an aluminum-ring-stiffened 140-degree conical
shell structure, with a covering of a lightweight ablator material. It pro-
vides a suitable shape for entry and protects the lander from aerodynamic
beating and other elements of the entry environment.

Figure 3-2 shows the lander in the landed configuration. The lander body is

a hexagonally shaped structure which provides a mounting base for the science
and other operational subsystems. It is fabricated primarily from aluminum
and titaniun structural alloys, and is insulated so as to provide environmental
protection to the science and supporting subsystems contained therein.

The lander body is supported by three landing leg assemblies. Each leg con-
sists of a main strut assembly and an A-frame assemnbly to which is attached a
footpad. The landing gear stabilizing struts are attached to the bottom cor-
ners of the lander body by load limiters. Bonded crushable aluminum honeycomb
is used in the main strut for load attenuacion at landing.

Three terminal descent engines are attached to the lander sidebeam 120 degrees
apart. Thes: engines are the main element of the terminal descent propulsion
subsystem 'shich provides roll control, attitude control and a reduction in
velocity to the lander after parachute separation. A unique 18-nozzle config-
urat.on is used on each engine to minimize soil erosion during lander tonch-
down.

A reaction control/denrbit propulsion subsystem, utilizing small mono-propellant
hydrazine thrusters clustered in four modules mounted near the edge of the aero-
shell, provides deorbit thrust and reaction control for lander orientation and
rate damping during the lifting entry phase.

10
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The lander can transmit data both directly to Earth, using an S-Band communica-
tions system, or by way of the orbiter, using a UHF relay system.

The power for the lander is provided by two SNAP 19-style Radioisotope Thermo-
electric Generators (RTG's). Lander power requirements in excess of 57 watts
are supplied by rechargeable batteries.

The lander has a terminal descent landing radar which is located directly be-

neath the lander. It consists of four separate (W radars operating at approxi-
mately 13 GHz.

The lander has a radar altimeter which is a sclid state pulse radar that employs
two special desijn antennas. One antenna is mounted through the aeroshell for
high altitude measurements and the other antenna is mounted on the lander for
measurements after aeroshell separation.

The lander has a telemetry subsystem which serves to collect and control the
flow of scientific and engineering data. It consists of the Data Acquisition
and Processor Unit (DAPU), a tape recorder, and a data storage memory.

The Guidance Control and Sequencing Computer (GCSC) is a general purpose digital
computer which provides for the flight control system computations and the con-
trol and sequencing of the lander components and scizace instruments. The com-

puter software may be changed or updated through the Ea ‘h-to-lander communica-
tion system.

12
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Launch Vehicle Configuration

by R. P. Geye

The launch vehicle for Viking B was the four-stage Titan (1lE/Centaur D-1T

configuration. This was the third operational flight of this combination
of stages.

The overall vehicle configuration is shown in Figure 3-3. The Titan vehicle
consists of a two-stage liquid propulsion core vehicle manufactured by the
Martin Marietta Corporation and two solid rocket motors (Stage 0) manufactured
by United Technology Center. The Titan vehicle integrator is Martin Marietta

Corporation. The upper stage is the Centaur D-1T manufactured by General
Dynamics Convair Division.

The payload fairing for this configuration is the Centaur Standard Shroud
(CSS) manufactured by Lockheed Missiles and Space Company, Inc. Figure 3-4
shows the Centaur/CSS/Viking spacecraft general arrangement.

The following sections of the report give a summary description of the vehicle
stage and C3S configurations. Detailed subsystem descriptions can be found
in the Flight Data Report for Titan/Centaur TC-1 Proof Flight (NASA TM X-71692).

Only configuration differences from TC-i and/or TC-2 will be addressed in this
report.

13
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Titan II1IE

The Titan/Centaur booster, designated Titan II1E, was developed from the
family of Titan 11l vehicles in use by the Air Force since 1964. The
Titan 1ilE is a modified version of the Titan {11D. Modifications were
made to the Titan to accept steering commands and discretes from the Cen-
taur inertial guidance system instead of a radio guidance system. |In ad-
dition, a redundant programmer system was added. The Titan I!IE consists
of two solid rocket motors designated Stage 0 and the Titan |1l core vehi-
cle Stages | and I1I.

The two Solid Rocket Motors (SRM's) provide a thrust of 2.4 million pounds
at liftoff. These motors, built by United Technology Center, use propel-
lants which are basically aluminum and ammonium perchlorate in a synthetic
rubber binder. Flight control during the Stage 0 phase of flight is pro-
vided by a Thrust Vector Control (TVC) system in response to commands from
the Titan flight control computer. Nitrogen tetroxide injected into the
SRM nozzle through TVC valves deflects the thrust vector to provide control.
Pressu: ized tanks attached to each solid rocket motor supply the thrust
vector control fluid. Electrical systems on each SRM provide power for the
TVC system.

Titan core Stages | and |l are built by the Martin Marietta Corpo ation.
The Stages | and 11| propellant tanks are constructed of welded aluminum
panels and domes while interconnecting skirts use conventional aluminum
sheet and stringer construction. The Stage l! forward skirt provides the
attach point for the Centaur stage and also houses a truss structure sup-
porting most of the Titan IIIE electronics. A thermal barrier was added

to isolate the Titan |11E electronics compartment from the Centaur engine
compartment.

Stages | and |l are both powered by liquid rocket engines made by the
Aerojet Liquid Rocket Company. Propellants for both stages are nitrogen
tetroxide and a 50/50 combination of hydrazine and unsymmetrical dimethyl-
hydrazine. The Stage | engine consists of dual thrust chambers and turbo-
pumps producing 520,000 pounds thrust at altitude. Independent gimballing
of the two thrust chambers, using a conventional hydraulic system, provides
control in pitch, yaw and roll during Stage | flight.

The Stage 1l engine is a single thrust chamber and turbopump producing
100,000 pounds thrust at altitude. The thrust chamber gimbals for flight
control in pitch and yaw and the turbopump exhaust duct rotates to pro-
vide roll control during Stage |l flight,

To preclude longitudinal oscillations which were encountered during Stage
| operation on TC-1 and TC-2, accumulators are installed in the oxidizer
feed lines to each of the Stage | thrust chambers on this Titan vehicle.
In conjunction with this installation, four pressure measurements are
added for ground check of the accumulator bellows pressures.

16
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The Stage | oxidizer autogenous pressurization system consists of two
superheaters as flown on TC-1 (only one superheater was flown on TC-2).
This pressurization system provides tank ullage pressure during Stage |
burn time,

The Titan flight control computer provides pitch, yaw and roll commanas

tn the solid rocket motor's thrust vector control system and the Stages

| and Il hydraulic actuators. The flight control computer receives at-

titude signals from the three-axis reference system which contains three
displacement gyros.

Vehicle attitude rates in pitch and yaw are provided by the rate gyro sys-
tem located in Stage |. |In addition, the flight control computer generates
preprogrammed pitch and yaw signals, provides signal concd:itioning, filtering
and gain changes, and controls the dump of excess thrust vector control
fluid. A roll axis control change was added to provide a variable flight
azimuth capability for planetary launches. The Centaur computer provides
steering programs for Stage 0 wind load relief and guidance steering for
Titan Stages ! and 11I.

A flight programmer provides timing for flight control programs, gain
changes and other discrete events. A staging timer provides acceleration-
dependent discretes for Stage | ignition and timed discretes for other
events keyed to staging events. The flight programmer and staging timer,
operating in conjunction with a relay package and enable-disable circuits,
comprise the electrical sequencing system. On Titan |II€ a second program-
mer, relay packages and other circuits were added to provide redundancy.
Also, capability for transmitting backup commands was added to the Titan
systems for staging of the Centaur Standard Shroud and the Centaur.

The standard Titan uses three batteries: one for flight control and se-
quencing, one for telemetry and instrumentation, and one for ordnance. On
Titan IVlE additional separate redundant Range Safety Command system bat-
teries were added to satisfy Range requirements.

The Titan telemetry system is an S-band frequency, pulse code modulation/
frequency modulation (PCM/FM) system consisting of one control converter
and remote multiplexer units. The PCM format is reprogrammable.

For this Titan vehicle, the following measurements were added beyond the
standard Titan IIIE instrumentation: six accelerometers on the Stage |
engines, a Stage | oxidizer pump inlet pressure, two narrow band chamber
pressure measurements on the two Stage | engines and an orifice and venturi
pressure measJrement in the Stage !| autogenous system.

Many of the modifications to the Titan for Titan/Centaur vere made to in-
corporate redundancy and reliability improvements. In addition to those
modifications previously mentioned, a fourth retrorocket was added to
Stage Il in order to ensure proper Titan/Centaur separation if one motor
does not fire. All redundancy modifications to Titan IHIE utilized Titan
flight proven components.

[ S
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Centaur D-1T

The Centaur tank is a pressure-stabilized structure made from stainless
steel (0.014 inches thick in cylindrical section). A double-walled, vac-
uum-insulated intermediate bulkhead separates the ligquid oxygen tank from
the liquid hydrogen tank.

The entire cylindrical section of the Centaur LH, tank is covered by a radi-
ation shield. This shield consists of three separate layers of an aluminized
Mylar-dacron net sandwich. The forward tank bulkhead and tank access door

are insulated with a multilayer aluminized Mylar. The aft bulkhead is cov-
ered with a membrane which is in contact with the tank bulkhead and a rigid
radiation shield supported on brackets. The membrane is a layer of dacron-
reinforced aluminized Mylar. The radiation shield is made of laminated nylon
fabric with aluminized Mylar on its inner surface and white polyvinyl fluoride
on its outer surface. This Centa.r vehicle has no thermal control shielding
on components in the thrust .~ction.

The forward equipment module, an aluminum conical structure, attaches to the
tank by a short cylindrical stub adapter.

Two modes of tank pressurization are used. Before propellant tanking, a
helium system maintains pressure. With propellants in the tank, pressure is
maintained by propellant hoiloff. During flight, the airborne helium system
provides suppliementary oressure when required. This system also provides
pressure for the Hy0, and engine controls system. This Centaur vehicle has
one large helium storage tank.

Primary thrust is provided by two Pratt & Whitney RL10A3-3 engines, which
develop 15,000 pounds total thrust each. The engines are fed by hydrogen
peroxide fuel boost pumps. This Centaur vehicle has a boost pump cold gas
spinup system used for ground checkout of the boost pumps. Engine gimballing
is provided by a separate hydraulic system on each engine.

During coast flight, attitude control is provided by four H,0, engine cluster
manifold assembl ies mounted on the tank aft bulkhead on the peripheral center
of each quadrant. Each assembly consists of two 6-pound lateral thrust en-
gines manifolded together.

A propellant utilization system controls the engine mixture ratio to ensure
that both propellant tanks will be emptied simultaneously. Quantity measure-
ment probes are mounted within the fuel and oxidizer tanks.

The Centaur D-1T astrionics system's Teledyne Digital Computer Unit (DCU) fis
an advanced, high speed computer with a 16,384 word random access memory.
From the DCU discretes are provided to the Sequence Control Unit (SCU). En-
gine commands go to the Servo-~Inverter Unit (SIU) through six digital-to-
analog (D/A) channels.

18
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The Honeywell Inertial Reference Unit (IRU) contains a four-gimbal, ail-
attitude stable platform. Three gyros stabilize this platform, on which
are mounted three pulse-balanced accelerometers. A prism and window allow
for optical azimuth alignment. Resolvers on the platform gimbals transform
vector components from inertial to vehicle coordinates. A crystal oscil-
lator, which is the primary timing reference, is also contained in the IRU.

The System Electronic Unit (SEU) provides conditioned power and sequencing
for the IRU. Communication from the {RU to the DCU is through three analog-
to-digital channels (for attitude and rate signals) and three incremental

velocity channels. The SEU and IRU combination forms the Inertial Measuring
Group (IMG).

The Centaur D-1T systen also provides guidance for Titan, with the stabili-
zation function performed by the Titan.

The central controller for the Centaur pulse code modulation PCM telemetry
system is housed in the DCU. System capacity is 267,000 bits per second.
The central controller services two Teledyne remote-multiplexer units on
the Centaur D-1T.

This Centaur vehicle has one FM/FM telepac to transmit wideband spacecraft
measurements.

The C-band tracking system provides ground tracking of the vehicle during
flight. The airborne transpcnder returns an amplified radio-frequency
signal when it detects a tracking radar's interrogation.

This Centaur vehicle uses a basic d-c power system, with power supplied by

one 150 ampere-hour battery and distributed via harnessing. The servo-
inverter provides a-c power, 26 and 115 volts, single phase, 400 Hz.
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Centaur Standard Shroud

The Centaur Standard Shroud is a jettisonable fairing designed to protect
the Centaur vehicle and its payloads for a variety of space missions. The
Centaur Standard Shroud, as shown in Figure 3-5, consists of three major
segments: a payload section, a tank section and a boattail section. The
14-foot diameter of the shroud was selected to accommodate Viking space-
craft requirements. The separation joints sever the shroud into clamshell
halves.

The shroud basic structure is a ring stiffened aluminum and magnesium shell.
The cylindrical sections are constructed of two light gage aluminum sheets.
The outer sheet is longitudinally corrugated for stiffness. The sheets are
joined by spot welding through an epoxy adhesive bond. Sheet splices, ring
attachments and field joints employ conventional rivet and bolted construc-
tion. The bi-conic nose is a semi-monocogque magnesium-thorium single skin
shell. The nose dome is stainless steel. The boattail section accomplishes
the transition from the 14-foot shroud diameter to the 10-foot Centaur inter-
stage adapter. The boattail is constructed of a ring stiffened aluminum
sheet conica. shell having external riveted hat section stiffeners.

The Centaur Standard Shroud modular concept permits installation of the tank
section around the Centaur independent of the payload section. The payload
section is instailed around the spacecraft in a special clean room, after
which the encapsulated spacecraft is transported to the launch pad fer in-
stallation on the Centaur.

The lower section of the shroud provides insulation for the Centaur liquid
hydrogen tank during propellant tanking and prelaunch ground hold operations.
This section has seals at each end which close off the volume between the
Centaur tanks and the shroud. A helium purge is required to prevent forma-
tion of ice in this volume.

The shroud is separated from the Titan/Centaur during Titan Stage |1 flight.
Jettison is accomplished when an electrical command from the Certaur initi-
ates the Super-Zip separation system detonation. Redundant dual explosive
cords are confined in a flattened steel tube which lies betweer two notched
plates around the circumference of the shroud near the base and up the sides
of the shroud to the nose dome. The pressure produced by the explosive cord
detonation expands the flattened tubes, breaking the two notched plates and
separating the shroud into two halves.

To ensure reliability, two completely redundant electrical and explosive

systems are used. !f the first system should fail to function, the second
is automatically activated as a backup within one-half second.

20
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The Titan pyrotechnic battery supplies the electrical power to initiate
the Centaur Standard Shroud electric pyrotechnic detonators. Primary
and backup jettison discrete signals are sent to the Titan squib firing
circuitry by the Centaur Sequence Control Unit (SCU). A tertiary jet-
tison signal, for additional redundancy, is derived from the Titan
staging timer.

Four base-mounted, coil-spring thrusters force each of the two severed
shroud sections to pivot about hinge points at the base of the shroud.
After rotating approximately 60 degrees, each shroud haif separates from
its hinges and continues to fall back and away from the launch vehicle.

Two additional sets of springs are installed laterally across the Centaur
Standard Shroud split lines; one set of two springs in the upper nose
cone to assist in overcoming nose dome rubbing friction and one set of
two springs at the top of the tank section to provide additional impulse
during Centaur/Shroud jettison disconnect breakaway.
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IV TRAJECTORY AND PERFORMANCE SUMMARY

by R. P. Kuivinen

The Titan 111E/Centaur D-1T launch vehicle (TC-3) was successfully launched
on September 9, 1975, at 18:38:59.956 GMT (2:38:59.956 PM EDT) placing the
Viking . spacecraft onto the correct MARS transfer orbit. Table 4-1 pre-
sents the major flight events.

The Titan Solid Rocket Motors (SRM's) were ignited at 18:38:59.956 GMT
(2:38:58.956 PM EDT) with liftoff occurring when the thrust of the SRM's
exceeded the total vehicle weight. The launch vehicle was rolled from the
pad azimuth of 100.2 degrees from true north to the required flight azimuth
of 96.508 degrees from true north. The ADDJUST steering programs, P1A5200%
TCO3 and Y1A5200%TCO03, provided the pitch and yaw steering attitude histories
for the SRM portion of flight for aerodynamic 'oad relief. These steering
proarams were designed from wind measurements at launch minus 135 minutes.
The trajectory profile through SRM flight was slightly low with Stage | en-
gine ignition occurring at 111.7 seconds into flight and SRM jettison occur-
ring at 122.8 seconds. The velocity at SRM jettison was about 56 ft/sec
lower than precicted.

The Stage ! portion of flight was 3.3 seconds longer than predizted with:
Stage | cutoff sensed at 260.9 seconds into flight, with Stage | being jet-
tisoned 0.7 secouds later. The velocity at Stage | cutoff was about 29 ft/
sec lower than predicted, but well within the expected dispersion.

The Titan Stage |l portion of flight also was 2.2 seconds longer than pre-
dicted with the Stage || cutoff sensed at 470.5 seconds. The vehicle at
Stage |l cutoff was about 67 ft/sec lower in velocity than predicted. Dur-
ing Stage !l portion of flight the Centaur Standard Shroud was jettisoned
at 271.64 seconds into flight which was 10 seconds after Stage | jettison.

Even though Stages | and 1. had longer engine firings than predicted, the
overall performance of the Titan |I1IE vehicle was very good.

The Centaur was separated f om the Titan at 473.24 seconds into the flight,
with the Centaur first burn main engine start occurring at 483.8 seconds.
Centaur Main Engine Cutoff (MECO-1) occurred at 613.4 seconds placing the
vehicle into the prescribed parking orbit. Table 4-2 compares selected
parking orbit parameters.

After coasting for 18.2 minutes the Centaur second burn occurred to place
the Viking 2 spacecraft onto the correct Mars transfer orbit. MES-2 occur-
red at 1705.7 second~ iato flight and MECO-2 occurred at 2007.7 seconds.
Table 4-3 compares the Mars transfer orbit parameters.
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: NO. - FLIGHT EVENTS
% 1 SRM 1GNITION
% 2 SEPARATE FWD BEARING REACTORS
g 3 STAGE | IGNITION
§ SRM JETTISON
! 5 STAGE | CUTOFF
? 6 STAGE | JETTISON
? 7 STAGE 11 IGNITION
% 8 CENTAUR SHROUD JETTISON
% 9 STAGE 11 CUTOFF
: 10 STAGE I} JETTISON
'. 1 CENTAUR MES 1
; 12 CENTAUR MECO |
i 13 CENTAUR MES 2
: 14 CENTAUR MECO 2
% 15 SPACECRAFT SEPARATION
§ 16 SOLAR PANEL DEPLOY. COMPLETE
f 17 BEGIN CENTAUR BLOWDOWN
18 END CENTAUR BLOWDOWN
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TABLE 4-1 - VIKING 2, LAUNCH SEPTEMBER 9, 1975, ARRIVE AUGUST 7, 1976

SEQUENCE OF EVENTS FOR TC-3

TIME (SEC)
PREDICTED (1) ACTUAL

T=0 18:38:59:956 (GMT)
100.0 100.0
110.69 n.7
122.01 123.0
257.6 260.9
258.4 261.6
258.4 261.6
269.0 271.6
k64 .0 469.4
470.0 473.2
480.5 483.7
608.8 613.1
1698 .44 1705.7
2004 .85 2007.7
2224 .85 2227.7
2344 .85 (2)
3079.8 3082.7
3329.8 3332.71

(1) GDC PREFLIGHT ACTUAL LAUNCH TIME TRAJECTORY (PALTT)

(2) EVENT NOT REPORTED

25

e

o~ o -

ra



- — A ol 4

s s e et =

£l

L826°09-

7£5°891

9467291

h012°62

97 1€000°

160°27S9

%s$°219

VA I LNV

86£6°09- L6709~
£L2°991 1€£°991
861°651 62L°641
£512°62 8562262
145000 £05000°
680159 81° 1459
n0" 4.9 860°609
FIE) 03103dX3

SIvNLIY

11890 ONINYVd (€-2L) T ONIMIA - Z-% 378Vl

£
ANUNm\Nzgv J
(W) 33904V

(W¥) 339143d

26

(920) NOILYNITINI

AL1214Y1N3223

(W) SIXV YOrvW IW3S

(33S) HI04d3

PRI Nskv&.mmv



— e e — s a oAy

WA s v o e

9£40°S | Z160°S1 290°S1 SL0°S1
96%° 181 6L LLL 25°8L1 661°081
$480°62 91951°67 §51°67 {z91°62
0SL4Z° | onlgye- 6SLLNT" | 90842 " |
64°96492- 2L Z1492- L6 €949z~ gL* thn9z-
€°£002 €°L00Z 0°5002Z n0°8102
h ssa QUVAINVA 9459 FIE]
SIVILIV

J1708¥3dAH (1)

650°5!1 (2357 €2
- n—vuwcom<
nl°081 (WN) 3391934 .~
6ELnT 6T (93a) NOILYNITON!
welint -\ ALIJ1YLIN3II3
9169492~ (WX) SIXV ¥OrvW IW3S
9€°900T (335) HI0d3
034334X3

(2-093W) NC;iO3FNI 13V¥I3DVdS (€-21) T ONINIA - £-% 378VL

F T R R O

e s e uipit il



P

W mvesmmen e o w L e s

A AT e wen s 4 e

Table 4-4 compares the injection orbit parameters mapped at Mars. The
tracking parameters presented are based on several days of tracking of
the Viking 2 spacecraft by the DSN. A 4.7 meter/sec midcourse correction
would have placed the spacecraft on the original launch vehicle target
aim point which was hiased for planet quarantine purposes. The guid-nce

“solution is based on DCU telame*ry data and is presented for comparison.

The Centaur completed the launch vehicle missicn by serforming : *‘2flection
maneuver after spacecraft separation to further enhance the Centaur's mis~
sing the planet. The orbital parameters for this waneuver are contained

in Table 4-5.
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V  VEHICLE DYNAMICS
by T. F. Gerus and J. £. Dsie:

The Titan/Centaur/Viking icceived dynamic excitation from wind loads, acous-
tic excitation, and transient forces from engines starting and stopping, and
separation events. The follo-ing is an evaluation of those excitation sources.

Wind Loads Evaluation: The ADDJUST system was used to design flight steering
programs P1A5200*TC0O3 and Y1A5200%TCO3 for the wind profile measured by a Wind-
sonde balloon released at 164 Z, September 9, 1975. The pitch and yaw com-
ponents of this wind are shown in Figure 5-1. During prelaunch verification

of the flight steering programs, peak response to the 1614 Z wind was calculated
to be 79 percent of the weakest structural allowable at 24,931 feet. It should
be noted that this response includes a combination of nominal wind response with
allowances for such unmeasured and/or non-nominal quantities as gusts, buffeting,
trajectory dispersions, and two-hour wind changes.

Titan/Centaur flight wind responses are usually studied using balloon Jata taken
within minutes after the launch. For TC-3, two such required balloon soundings
were lost, one due to tracking failure and the other due to ground station error.
Therefore, the best available measurement of TC-3 flight winds was from a Wind-
sonde balloon released at 1714 Z, September 9, 1975, 85 minutes before launch.
The pitch and yaw components of this wind are shown in Figure 5-2, This balloon
reached critical altitude about one hour before launch. Peak calculated response
from this sounding was 84 percent of the weakest structural allowable at 23,869
feet. This percentage includes all of the same allowances for extreme conditions
described above for the prelaunch design verification. As may be seen in the
discussions of measured TVC steering usage (Section VII) and Titan flight controls
(Section VIl), all of the measured flight wind responses were well below tne al-
lowables.

Acoustic Excitation Evaluation: Acoustic levels were measured within the Centaur
Standard Shroud near the Centaur equipment ricdule. TC-1 data measured near the
equipment module and near the Viking dynamic simulator indicated reasonable com-
parison so the TC-3 data represent spacecraft acoustic levels. The data was an-
alyzed using standard acoustic analysis techniques by General Dynamics Convair
Division and Langley Research Center. Data from both TC-3 and TC-4 is shown for
comparison purposes. The data shown on Figures 5-3 and 5-4 indicate reasonable
agreement between analyses performed, reasonable repeatability between TC-3 and
TC-4, and reasonable margin between measured acoustic levels and the Viking
flight acceptance test levels

Transient Loads Evaluation: Transient loads were evaluated early in the Titan/
Centaur program for all transients using Viking dynamic model | and repeated
later in the program for the mcre critical conditions using Viking dynamic model
Vill. The evaluation of the predicted loads was made by comparing forces pre-
dicted on six lander capsule adapter struts with those measured on TC-3 and
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and TC-4 for comparison purposes. The comparisons are listed on Tible 5-1.

Stage 0 ignition is the only condition analyzed using model VIi! where the
measured loads approached predicted loads and has been determined to be
caused by a lack of adequate longitudinal and torsional forcing functions
used in the analysis. The other critical loading conditions analyzed ad-
equately compensated for this event, ho ever. Although significant differ-
ences between predicted and measured loads are apparent compa.ing model |
analyses, none of those conditions were critical. Differences between pre-
dicted and measured loads for these conditions are primarily attributed to
dynamic model differences between the flight spacecraft and the model |
dynamic model.

The time histories of the Viking Larder Capsule Adapter (VLCA) force data
were used in conjunction with the Viking analytical dynamic model in order
to evaluate the criticality of all transierts to all parts of the spacecraft
and launch vehicle. No part of the spacecraft or launch vehicle approached
criticality for any transient condition for either TC-3 or TC-4.
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TABLE 5-1 - COMPARISON OF VIKING A AND VIKING B
MEASURED VICA FORCES TQ PRE-FLIGIT ANALY'IEC_:‘\_L__ TREDICTICHS

Member/Mcas, No, Minimum Meximum

(Compression), 1b. (T sion), yp.
o _____J e

Predicted Viking A Viking B Iredicted Vikiag A Viking B

Stege O Ipnition (ifodel VIII)

750/CY 186s «2900 «2000 ~2300 90 800 100
51/cY 1878 =-2700 «1600 =300 1800 800 1000
752/CY 188s «2300 =-2000 -2200 Ses 100 )
753/CY 1898 =2900 =2500 =2800 700 200- 1100
754/cY 1908 -2800 -2200 =1500 1600 600 100
755/cY 191s -2800 «2200 «2300 £oo 200 200
MaxXg” (Model V1IT)
750/CY 1868 ~3200 -2000 1900 10C0 =500 400
751/cY 1878 =2900 =1500 ~1200 1800 300 200
752/CY 183s -3400 -2100 =2300 120" -400 -300
753/cY 1865 =3600 =1500 =2000 1400 =300 =300
754 /cY 1508 «3000 «1500 «1400 2000 200 ued
755/CY 191S -3%400 =1900 -2200 1200 =300 <400
Steze I Immition (Model T}
750/CY 1858 «1600 «1400 «1800 0 «800 «800
751/CY 187s =1200 «120C ~1200 0 (] o
752/CY 188s «2000 «2000 =).700 o «600 =600
753/CY 1898 «2100 =800 =800 0 «~600 »h00
754 /CY 1908 =1800 «1200 =1200 o 0 =100
755/cY 1918 «2000 =1900 «1900 o =500 =700
8RY Jettison (Model T)
750/CY 1858 «1200 ~1500 =1600 0 «1i05 «300
751/cY 1875 =700 «2000 «10G0 0 200 300
752/cY 138s =1500 =1700 =1700 w500 =200
753/CY 1808 «1200 «1400 «1600 v «100 0
754/cY 190s «800 «900 «1100 o 100 200
755/cY 1915 «1400 «1500 «1500 0 =100 ~300
Stage I Burn (Model VIII)
750/CY 1868 «h90n «=2200 -2270 1000 =1600 «1600
751/CY 1375 «2500 ~1100 «1000 500 =806 . =800
752/CY 188s ~5400 -2200 =2200 1400 «1800 «1600
753/CY 18°s =11500 «2300 «2300 600 =1200 =520
75h/cY 10c3 «2000 ~1200 «1200 900 =600 -600
755/CY 1918 «4500 «2300 «-2400 1300 =120 «1600
37
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TABLE 5-1 - COMPARISON OF VIKDG A AND VIKING B
MEASURED VICA FORCES TO PRE~FLIGHT ANALYTICAL PREDICTIQNS
(continued)

Minimum
(Compression), 1b.

Meaximun

os. Wo.
Member/M2es. No (Tension), b,

Predicted Viking A Viking B Predicted Viking A Viking B
Stepe I Burnout/Stace IT Irnition (Medel VIIT)
750/CY 1865 ~3100 «=2600 -2500 2000 300 300
751/cY 187s =2000 ~-1300 «1300 1800 100 300
752/cY 188s «3100 =2700 =2500 2100 300 600
753/cY 18¢9s =3100 «2500 «2500 1900, 4oo 700
754 /cY 190S «2200 «1400 =1300 2000 300 300
755/CY 191s -30C0 -2700 «2600 2000 600 400
Stsge IT Burnout (Model IV)

750/CY 186s =1500 «1%00 «1k00 %00 0 =100
751/cY 187 500 =700 =700 koo =100 o

752/cY 1883 «2000 -1koo «1400 400 =100 0

753/cY 18¢s ~2400 =1300 =1500 Loo 0 9

T58/CY 1908 «100 «T00 =700 900 100 100
795/CY 191S =-24Go «1400 «15C0 900 200 200

Centaur MES II (Model I)
750/CY 186 ~700 =700 =900 0 0 200
751/cY 187s =k00 =500 «500 100 0 200
752/cY 188s -800 <900 =900 o o 200
753/cY 189s ~700 ~500 «1000 o 100 200
754 /CY 190 =500 =500 =500 0 o 200
755/CY 191S -800 =800 =1000 0 100 200
Centanr MITO JT (M~iel TV)

750/CY 1865 =1400 «1600 1500 1300 hoo 500
751/cY 187s ~800 «800 -800 900 4oo 500
752/CY 188s =1900 =1600 «1600 1koo 600 700
753/cY 18Gs =2100 ~1500 «1600 1600 800 1000
754 /cY. 1908 =700 «800 =900 900 300 600
755/CY 19018 «1500 «1700 =1900 900 700 900

Note: Compression = Negative (-), Tension = Positive (+)

A1) values in the above toble have been rounded off to + 100 1bs,
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VI SOFTWARE PERFORMANCE

Airborne

by J. L. Feagan

ATl available C-U flight telemetry data for the flight of TC-3 was thoroughly
reviewed to verify that the flight software performed as designed. The data
reviewed included analog plots of the DCU inputs (A/D's), and digital listings
of the SCU switch comma“ds and the software internal sequencing. The digital
data was also used to verify the proper operation of each module of the flight
program as well as the transfer of data between the various modules. The de-
tails of the software performance are elaborated upon in the descriptions of

the various flight systems; e.g., PU, flight control, guidance, CCVAPS and
trajectory.
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Computer Controlled Launch Set (CCLS)

by A. L. Gordan

During the TC-3 taunch countdown, the performance of the CCLS was normal.
No hardware or software problems were encountered. All CCLS countdown
procedure tasks were performed within the allowable time marks. This in-
cluded the receiving and loading of the Centaur DCU with ADDJUST P/Y data
coefficients via the ADDJUST transmission links from GDC, San Diego.

b

g e g o i >

Y



e r g YOI N
Y

Vil

TITAN 111E SYSTEMS ANALYSIS

L2




g

-ty

mm"&’fm«mnvm et e

g g SOOI SRR A PPN Y

e s e - - SUP AU .- - - - . p— - e

. Vil TITAN I11E SYSTEMS ANALYSIS

Mechanical Systems

Airframe Structures

by R. W. York

Summary

The Titan lIIE vehicle airframe configuration remained unchanged from the
E1 Proof Flight configuration. The Titan vehicle maintained structural
integrity throughout all phases of booster ascent flight. Data from flight
instrumentation agreed well with predicted flight avlues.

Discussion

Response pf the vehicle airframe to steady state loads and transient events
was nominal with peaks at expected levels.

The ullage pressures within the oxidizer and fuel tc ks of both Stage | and
Stage |l were within prelaunch limits (Table 7-3) and remained sufficient to

maintain structural integrity thrcughout flight. The pressures did not ex-
ceed the design limits of the vehicle.

Compartment |1A internal pressure vented as expected and achieved essentially
zero ps' at approximately 125 seconds after liftoff (Figure 9-9).

SRM separation and Stage |/Stage || separation occurred within predicted three-

sigma event times (Table 4-1). Flight data indicates Titan ordnance for these
events performed as expected.
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Titan Stage 0 Propulsion System

by R. J. Salmi

Summary

The Stage 0 propulsion system for the TC-3 flight was comprised of CSD/UT
solid rocket motors numbers 45 and 46. The propulsion performance param-
eters were within the specification limits or in the expected range from
normal flight experience. No system anomalias were detected.

Discussion

Propulsion Performance: The propulsion performance parameters are summar-
ized in Table 7-1. The measurcd web ac*ion times were 104.8 seconds for
both SRM's. Corrected from the actual grain temperature of 81.9°F to the
nominal temperature of 60°F, the web action time is 107.8 seconds, or 0.9
seconds longer than the specification value of 106.9 seconds, but well
within the three-sigma limits of + 2.3 seconds. The head-end chamber pres-
sure (Pc) data is presented in Figures 7-1 and 7-2 and the ignition tran-
sient phase is shown expanded in Figure 7-3. The chamber pressures were,
in general, midway between the specification limits except at ignition and
tailoff., At ignition, Pc( ) was below the specification limit. The ‘ow
Pc(max.) is normal SRM experience and because it is an ignition transient
pressure peak it is of no significance to the overall delivered impulse.

At tailoff, the pressures we.e nearer the upper limit as a result of the
slightly long burn time. The ignition and tailoff thrust differential were
well below the specification limits.

Thrust Vector Control: As listed in Table 7-1, the TVC system oxidizer
loads and pressures were near nominal at liftoff, and the TVC tank pressure
was well above the minimum value at SRM separation. All electro-mechanical
valves (EMV's) in the TVC system operated normally. The maximum steering
command was zbout 1.8 volts which is small relative to the 10-volt range.
The TVC injectant usage as determined by CSD/UT is summarized in the fol-
lowing tabulation:

SRM 45 SRM 46
Nitrogen tetroxide load, 1b. 8,417.4 8,41¢.9
Total expended, 1b. 6,250 6,125
Total dumped, 1b. 4,084 4,190
Total TVC steering, Ib. 2,176 1,936
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Titan Stage | and Stage !l Propulsion Systems

by R. J. Schroeder

Summary

The Titan Stage | and Stage il propellant loading, prelaunch pressurization,
engine performance and autogenous pressurization were all within acceptable
limits for the TC-3 flight. Stage | engine shutdown resulted from oxidizer
depletion and Stage |l shutdown resulted from fuel depletion. Both shutdown
transients were normal. Thrust levels were slightly lower than expected but
within allowable dispersions. The lower thrust levels resulted in a slightly
longer burn time of 2.2 seconds for Stage | and 1.7 seconds for Stage 1.

Discussion

Stage | and Stage || Prelaunch Operations: The required propellant loads for
Stage | and Stage |l were based on an expected in-flight propellant bulk tem-
perature of 80°F for Stage | oxidizer and fuel, 75°F for Stage 1! oxidizer
and 77.5°F for Stage !l fue!.

Stage | propellant load was biased to provide a 2.33 sigma probability of
having an oxidizer depletion shutdown. This was done to minimize the risk

of encountering high Stage || actuator loads during the Stage || engine start
transient. Stage | and Stage Il propellant tsnks were loaded within the al-
lowable limit of + 0.3% on the fuel load and :_0.#% on the oxidizer load.
Comparison of the actual loads with the expected loads is shown in Table 7-2.

Prelaunch tank pressurization was satisfactory. Comparison of the actual ox-
idizer and fuel tank pressures with the allowable prelaunch limits at T-30
seconds is shown in Table 7-3. All four propellant tank pressures were near
the middle of the launch limits. AT T-17.5 seconds the propellant prevalves
were commanded open and all six valves were fully open within 6.9-7.2 seconds.

Stage | Propulsion System: The Stage | propulsion system was modified from
TC-1 and TC-2 by the addition of oxidizer POGO accumulators on the feed lines
to each of the two oxidizer pumps. This change was incorporated to eliminate
the longitudinal oscillations encountered on TC~1 and TC-2 during Stage |
operation,

Flight performance of the Titan Stage | engine was satisfactory. Engine start
signal (87FS1) occurred at T + 110.9 seconds when the accelerometer in the
Titan flight programmer sensed a reduction in acceleration to 1.5 g's during
the tail-off period of the Stage 0 solid rocket motors.

Engine start transients on both subassemblies were normal indicating satis-
factory jettison of the nozzle exit closures.
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TABLE 7-2 - TITAN LOADED PROPELLANT WEIGHTS

STAGE | AND STAGE 11| - TC-3

P
S

_ | Expected (Lbs.) | Actual (Lbs.
Stage I
Oxidizer 166,611 166,742
Fuel 89,548 89,607
Stage II
Oxidizer 43,010 43,044
Fuel 23,981 23,995
TABLE 7-3 - TITAN PROPELLANT TANK PRELAUNCH
PRESSURIZATION, STAGE 1 AND STAGE || -
TC-3
Prelaunch Limits| Value at T-30 Sec
(psia) (psia)
Lower Upper
Stage !
Oxidizer Tank 33.6 45.0 ab.4
Fuel Tank 24.0 32.0 30.4
Stage I1
Oxidizer Tank 45.0 57.0 49,2
Fuel Tank 50.0 56.0 53.2
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Steady-state performance of the Stage | engine was satisfactory. Average
engire thrust was 1.01% iower than expected; average specific impulse was
.05 seconds higher than expected; and ay :rage mixture rat’o was 1.22 %
lower than expected. These performance parameterc were within the allow-
able three-signa dispersions of < 3.27% on thrust, + 2.3 seconds on sre-
cific impulse and + 2.17% on mtxture ratio. Performance of he autogenous
pressurization system during engine operation was satisfactory. Comparison
of the average expected steady-state perform2iice values f‘or the Stage | en-
gine with the actual steady-state values is shown in Table 7-4.

Stage | engine shutdown occurred at T + 2€0.9 seconds whan the thrust cham-
ber pressure switches sensed a3 reduction in chamber pressure and issued the
engine shutdown signal (87FS2). Engine thutdown was the result of oxidizer
depletion as planned. The shutdown transient was normal for an oxidizer de-
pletion mode. Propellant cutage was 400 pounds of ‘uel which was less than
the expected mean outage of 1,486 pounds of fuel. This was the result of
the shift in mixture ratio. Stage | engine cperating time (¥S1 to FS2) was
2.2 seconds longer than expected due to the lower than expected propellant
flow rates.

Stage || Propulsion System: Flight perforrance of the Titan Stage |1 ergine
was satisfactory. Engine start signal (9iFS1) ozcurred at T + 260.9 seconds
(simul taneous with Stage | engine shutdown signal, 87FS2). Thr Stage || en-
gine start transient was normal. Stage | separation occurred 1.8 scconds
after 91FSI.

Engine steady-state performance was satisfactory. Average engine thrust was
1.14% lower than expected, average specific impulse was 1.90 seconds lower
than expected and average engine mixture ratio was 0.bu) lower than expected.
The allowable three-sigma dispersions about the expected values were + 3. 80%
on thrust, *+ 3.5 seconds on specific impulse and + 2.66% on mixture ratio.
Performance “of the autogenous pressurization system during engine operation

was satisfactory. Comparison of the average expected steady-state performance

values for the Stage || engine with the actual steady-state values is shown
in Table 7-5.

Stage |l engine shutdown (91FS2) occurred at T + 469.4 seconds when ihe sensed

vehicle acceleration dropped to 1.0 g's. Engine shutdown was *he result cf
fuel depletir .. The shutdown transient was normal for a fuel depletion mode.
®ropellant outage was only 28 pounds of oxidizer compared to an expected mean
outage of 11 pounds of propellant. Engine operating time (FS1 tc FS2) was
1.7 secondes longer than expected due to the lower than expected propellant
flow rates.

Stage l/Centaur separation occurred 3.8 seconds after 9iFS2 when the vehicle
acceleration ievel reached 0.1 g. Satisfactory operation of the Stage I
retrorocket movors was achieved.
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TABLE 7-4 - TITAN STAGE | ENGINE STEADY-STATE PERFORMANCE - TC-3

P o B e v

s e e, ot e
.

Average Steady-State Flight Values
Parameter Units Expected (2) Actual
Tkrust, total 1bf. 520,485 515,223
Specific impulse sec. 302.07 302.12
Mixture ratio, O/F units 1.8986 1.8754
Overboard propellant ibm/sec. 1723.06 1705.37
flow rate, total (1)
Oxidizer flow rate, 1bm/sec. 1131.23 1114.87
total
‘Fuel flow rate, total ibm/sec. 595.81 594.48
Propellant outage 1bm 1486 mean 400 (fuel)
3375 max.
Oxiaizer temperature Of 80 84.1
Fuel temperature OF 80 £5.2
Oxidizer tank pressure psi . 3.7 4.1
Fuel tank pressure psi 26.5 26.1
FSy to FSp sec. 147.8 150.0

NOTES: {1) Excludes autogenous pressurant flow.

(2) Expected values are those used in the final preflight targeted

trajectory.
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TABLE 7-5 - TITAN STAGE 11 ENGINE STEADY-STATE PERFORMANCE - TC-3

Parameter Units iwg;;gcgt::e?g_\)r-sute F‘Iighc:u:?ﬁes

Thrust, total 1bf. 102,946 101,770
Specific impulse (1) sec. 317.00 315.10

Mixture ratio, O/F units 1.8016 1.787

Overboard propeliant Tom/sec. 322.05 319.90
flowrate, total (2)

Oxidizer flowrate, total 1bm/sec. 207.92 205.94

Fuel flowrate, total Tbw/sec. 115.41 1ns. 4
Propellant outage Tbm 110 mean 22 (oxidizer)

533 max.

Oxidizer temperature OF 7€ 16.2

Fuel temperature of 77.5 83.9

Oxidizer tank pressure psi 53.0 55.4

Fuel tank pressure psi 56.4 58.4

FS; to FSy sec. 206.7 208.4

NOTES: (1) Excludes roll nozzle thrust.
(2) Excludes autogenous pressurant flow.

(3) Expected values are those used in the final preflight targeted
trajectory.
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Titan Hydraulic System

by T. W. Godwin

Summary

Performance of the hydraulic systems on Stage | and Stzge !l was normal
during preflight checkout and the boost phases of the TC-3 flight. Stage
1l actuator loads were considerably below previous maximums. There were
no anomalies.

Discussion

Performance data for the Titan hydraulic systems are summarized in Table
7-6a. Except for Stage |i pressure, all system parameters were nominal

and within specification limits. The electric motor pump in each stage
supplied normal hydraulic pressure for the flight control system tests per-
formed during countdown. Hydraulic reservoir levels were within limits
throughout the countdown and flight. Stage | hydraulic pressure was normal.
Stage !! pressure was 65 psi below spec:fication. Since this is within the
three-sigma error limit for th instrumentation and telemetry (+ 100 psi),
it may be 2 measurement error rather than a below specification hydraulic
pressure.

Stage | actuator peak loads at engine start were nominal and well within
the family of Titan data experience. Stage || peak actuator loads at en-
gine start were comparable to those of TC-L, in that they were only about
one-third of tne maximum loads experienced on previous TIIIE vehicles (TC-1
and TC-2). Table 7-6b shows the maximum actuator loads encountered during
the engine start transients. Also shown for comparison are the TC-1/-2/-4
maximums and the maximums for all 7itan vehicles.
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TABLE 7-6 - TITAN HYDRAULICS SYSTEM - TC-3

a) System Pressure and Reservoir Levels

Expected Flight Results
Parameters Units Values Stage | Stage I1I

Hydraulic | Maximum at pump start | psig 4500 (1) 3370 3600
Supply Average steady state psig 2900 - 3000 2970 2835(2)
Pressure

Prior to pump start b4 47 - 62 50 51
Reservoir| At maximum start % 22 - 47 37 37
Levels pressure

Average steady state % 22 - 47 38.5 41

Shutdown minus 5 b4 22 - 47 40 43

seconds

(1) Proof Pressure Limit
(2) Out of Tolerance - See Text

b) Actuator Loads During Engine Start Transients

~Stage I Actuato

r Loads, Pounds

tage Il Actuator Loads

S/A Subassembly #2 Subassembly #1 Subassembly #3 R
Actuator Pitch Yaw-Rol1 Yaw-Roll Pitch Pitch Yaw-Roll
Position 1-1 2-1 3-1 4-1 1-2 2-2 —
TC-3 (E-3) +10,600 | + 8,700 + 7,200 +12,800 + 2,750 | + 4,460

- 6,640 | - 4,150 - 5,120 -18,780 - 6901 - 1,020
TC-1/-2/-4 + 8,300 | +12,070 +12,450 9,540 +9,700 | + 9,750

Max. - 9,270 | - 5,530 - 4,980 -16,000 - 89| - 7,900
Titan Family*| +14,100 | +12,500 +15,400 +13,030 +14,400 { + 9,750
(Maximums) -15,400 | - 8,151 - 6,920 -18,782 - 8,750 | -11,184

& TIII C/D/E - only for Stage I
+ Indicates Compression Load
- Indicates Tension Load
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Flight Jontrels and Sequencing System

by E. 5. Jeris

Summary

The flight control system maintained vehicle stability throughout powered
flight. All open loop pitch rates and preprogrammed events were issued as
planned. No system or component anomalies occurred. Dump programming of
TVC injectant fluid was satisfactory.

During Stage | flight, a low ltevel roll limit cycle oscillation was observed.
The oscillation occurred for approximately 20 seconds after SRM jettison with
a peak rate of .U8°/sec. and a peak displacement of .36°. The oscillations
reoccurred for approximately 7 seconds prior to Stage | shutdown with approx-
imately one-half the peak displacement and rate. Previous T!IIIE vehicles

did not exhibit this oscillation, but it has occurred on other TI!IE vehicles.
Cause is probably higher than usuzl (but not out of spec) actuator deadband
and/or non-linearity. There was no adverse affect on vehicle performance.

Discussion

Command voltage to each SRM quadrant and the dynamic and static stability
limits are shown in Figures 7-4 and 7-5. The stability limits represent the
TII1E-3 side force constraint in terms of TVC system quadrant voltage. This
constraint is used in conjunction with launch day wind synthetic vehicle
simulations as a go/no-go criterion with respect co vehicle stability and
coritrol authority. Simulation responses satisfying the constraint assures a
three-sigma probability of acceptable control authority and vehicle stability.
Maximum command during Stage O flight was 2.08 volts which is 20.8% of the
control system capability and 29.7% of the dynamic stability limit. The peak
command occurred at T + 7 seconds and was used for the roll! to azimuth maneu-
ver commanded by Centaur.

For Stage | and |1, the control system limit is the maximum gimbal angle as-
sociated with the actuator stop. During Stage | flight, the peak gimbal
angle required for control was .83° which is 19% of the maximum gimbal angle.
The peak angle was used at guidance enable (T + 149 saconds) when Centaur
sent a 2° pitch up command. During Stage I, 8.5° or 25% of peak gimbal
angle was the maximum gimbal angle required at CSS jettison.

The control system response to vehicle dynamics was evaluated for each signif-

icant flight event. The amplitude, frequency and duration of vehicle transients,

and the control system command capability required is shown in Table 7-7.
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Both flight programmers and the staging timer issued all preprogrammed
discretes at the proper times. The Centaur sent four discretes to the
Titan at the proper times. The complete sequence of events with actual
and nominal times from SRM ignition is shown in Table 7-8.
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Titan Electrical/Electronic Systems

Solid Rocket Motor Electrical System

by 8. L. Beaton

Summary

For TC-3 the Solid Rocket Motor (SRM) system was identical to that flown on
TC-1, TC-2 and TC-4. The SRM electrical system performance was satisfactory

with no anomalies. All power requirements of the SRM electrical system were
satisfied.

Discussion

The SRM electrical system supplied the requirements of the dependent systems

at normal voltage levels. The SRM electrical systam performance is summarized
in Table 7-9.

The Titan core transfer shunt indicated 6.25 amps for approximately 400 ms at
SRM ignition. This condition was experienced on TC-1, TC-2 and TC-4. It is
caused by a short from an SRM igniter bridgewire positive to structure and
simultaneous shorting from the transient return to readiness return within
the igniter safe and arm device. The tran fer current dropped to zero simul-
taneous with the removal of the current path wh n the SRM umbilicals were
ejected. This condition had no adverse effect on any airborne system.
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TABLE 7-9 - SRM EI.ECTRICAL SYSTEM PERFORMAWCE SUMMARY

POWER ON SRM
INTERNAL LIFTOFF JETTISON
SRM-1 31.0 31.8 31.8
TvC VOLTAGE
SRM-2 31.6 32.0 32.0
SRM-1 29.8 29.8 29.0
AIPS VOLTAGE
SRM-2 29.8 29.8 29.8
SRM-1] 10.1 10.1 10.1
INSTRUMENTAT! ON
REGULATED BUS
VOLTAGE SRM-2 10.0 10.0 10.0
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Titan Core Electrical Sys:em

by B. L. Beaton

Summary

The Titan electrical system was identical to that flown on TC-1, TC-2 and
TC~4. The core electrical system pei  “rmance was satisfactory with no
anomalies. All power requirements of the core electrical system were sat-
isfied. All voltage and current measurements inaica.ed expected values.
Some bridgewire shorting (after initiation) was observed at every ordnance
event.

Discussion

The Titan core electrical svstem supplied the requirerents of _he dependent
systems at normal voltage and current levels. The Titan core clectrical
system performance is summarized in Table 7-10.

The 800 Hz squarewave output of the static inverzer was 38.1 voits during
the entire Ylight.

The TPS bus voltage was 35.9 vo'ts d-c at TPS bus enable and 35.4 volts d-c
at Titan/Centaur staging. The bus voltage was 3 to 4 volts higher than seen
on TC-1 and TC-2 due to the topping of f charge applied to the TPS battery
after activation.

The TPS bus voltage and pyrotechnic firing currents during ordnance events
are summarized in Table 7-11,

The transfer current indicated 6.25 amps at T-0 as previous'y discussed
under SRM electrical system performance. The transfer current indicated
that during short periods of high current demand on the APS bus, the IPS
battery provided load sharing. This occurred at TPS e¢nable, Stage | engine
start and Stage I/l| separatior.
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Titan Instrumentaticn and Telemetry System

by R. E. Orzechowski

During the TC-3 flight a tctal of 197 measurements were telemetered by

the Titan Remote Multiplexed Instrumentation System (RMIS). A summary

of the type of measurerments against the systems in which they were mon-
itored is given in Table 7-12. 0f :hese
performed without any anoralies.

197 measurements, all but 5§

The follewing accelerometer rmeasurements exhibited almost continuous
high amplitude, low frequency spikes during Stage | engine operation.

1549  Oxidizer
1550 Oxidizer
1552 Oxidizer
1553 Oxidizer

Pump Accel. SA-!

Discharge Line Accel. SA-I

Pump Accel. SA-2

Discharge Line Accel. SA-2

All the above znomalies were attributed to the accelerometers being sen-
sitive to high frequenzy inputs which produce low frequency outputs. The
data from these accel .rometers is only partially usable.

Measurement 2306, Stage | Longitudinal Accelerometer, exhibited erratic

output taroughout the flight.
shift at T + 232 seconds.

celerometer on Stage .

The output was attenuated and had a level
The required data was provided by a similar ac-

Adequate telemetry coverage of the Titan vehicle was providea from 1ift-
off to beycnd Titan/Centaur separation.
coverage against actual data coverage of the Titan telemetry link is

given

in Table 7-13.
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Flight Termination System

by R. £. Orzechowski

The Titan flight termination system performance was nominal throughout
the flight. Monitoring of the receiver AGC voltages by telemetry i~di-
cated that sufficient signal was present throughout the powered flight
to assure that any destruct or engine shutdown commands would have been
properly executed. A safe command was sent by the Range from Antigua

at 1849:24Z, A list of station switching times is given in Table 7-
14,

The Range Safety Command battery voltages were 32.7 voits d-c at 1ift-
off and remained steady throughout the flight. The commands from the
flight programmer to safe the Stage | and two SRM Inadvertent Separation
Destruct Systems (1SDS) were issued at their expected times. The flight
programmer also issued the command to safe the Destruct Initiator on
Stage Il prior to the Titan/Centaur separation.
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Vi1l CENTAUR D-1T SYSTEMS ANALYSIS

Mechanical Systems

Airframe Structures

by R. T. Barrett and R. C. Edwards

Summary

The Centaur D-1T structural configquration for the TC-3 vzhicle was similar
to the TC-1 vehicle. The ISA satisfactorily transferred all Centaur and
€SS loadings onto the Titan skirt structure. The ISA forward ring was com-
pletely severed at Titan/Centaur staging and the vehicles separated at a
constant acceleration.

The ullage pressures in the Centaur propellant compartments were within
prescribed lim.ts. Sufficient pressure was maintained to prevent buckling
and maximum pressures did not exceed burst limits of the tank structure.

Discussion

Interstage Adapter: Titan/Centaur separation occurred at T + 473.254 sec-
onds. initial motion was at approximately T + 473.4 seconds. The inter-
stage adspter cleared the Centaur vehicle 1.92 seconds after separation.
The 15-toot extensiometer (yo-yo) between the ISA and the Centau~ indicated
a smocth normal separation (Figure 8-1).

Centaur Tank: The liquid hydrogen tank pressure was always less than the

maximum allowable pressure of 29.2 psid.

Sufficient pressure was maintained in the liquid hydrogen tank to prevent
compressive buckling of the p-essure stabilized tank skin for ail periods

of flight. During the criticil compressive loading at 1ift-off, the pres-
sure was 23.9 psia. The hydr.:gen tank pressure during the aerodynamic phase
of flight (T + '0 to T + 90 seconds) was similar to previous Titan/Centaur
flights and provided sufficient compressive sirength.

The liquid oxygen tank pressu‘'e was within the structural limits for all
periods of flight.

The differential pressure across the intermecdiate bulkhead did not exceed
the structural limit of 23.0 psi. As required, the oxygen tank pressure was
always greater than the hydrocen tank pressure.

The liquid hydrogen and oxygen tank ullage pressure time histories are listed
in the Centaur D-1T pneumatics section of this report. See Figures 8-3.1,

8-3.2 and 8-3.3.
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Centaur Main Propulsion

by W. K. Tabata

Summary

Centaur main propulsion prelaunch operations were normal. Engine performance
in flight was normal and steady-state performance agreed well with engine ac-
ceptance test values. No anomalies outside of previous Centaur flight experi-
ence were encountered.

Discussion

Liquid Helium Prechill: Liquid helium prechill of the main engine fuel pumps
(Table 8-1) was satisfactory. The C-1 and C-2 engine fuel pump housing tem-
peratures CP60T and CP62T were below the 1C0°R redline from T-20 minutes until
liftoff on both engines. At liftoff, CP60T and CP62T were 60°R and 68°R, re-
spectively.

First-Burn: First-burn prestart, start transient, steady-state and shutdown
transients were normal. C-1 and C-2 fuel and oxidizer pump housing tempera-
tures at the begirning of first-burn prestart were as expected (Table 8-2).
The pump housing temperature probes were slow in responding to pump cooldown
during prestart, but this is a characteristic of the temperature probe pre-
viously experienced in flight.

Acceleration time (MES to 90% steady-state chamber pressure) was 1.32 seconds
for both the C-1 and C-2 engires.

Steady-state engine parameters measured at MES #1 + 110 seconds are compared
to acceptance test values in Tables 8-3 and 8-4. The comparison is excellent.
Actual first-burn time was 129.3 seconds. (Predicted burn time was 128.3 sec-
onds). First-burn shutdown transients were normal.

Second-Burn: Thz second-burn prestart was normal. Engine pump housing tempera-
tures (Table 8-2) were as expected at the beginning of prestart. All pump
housirg temperature probes again exhibited slow response.

Second-burn start transients were normai. The engine acceleration times for
C-1 and C-2 engines were both 1.40 seconds.

Steady-state performance is listed in Tables 8-3 and 8-4 and comperison to
acceptance test is excellent. Actual second-burn time was 302.0 seconds.

(Predicted burn time was 306.2 seconds). Second-burn shutdown transients
were normal.
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TABLE 8-1 - TC-3 PRELAUNCH THERMAL CONDITIONING OF RLYO ENGINES

a) Time vo Liquid Indication at Pump Inlets

TIME FROM START OF TANKING UNTIL
LIQUID INDICATION AT ENGINE PUMP

MEAS . INLETS
NUMBER DESCRIPTION UNITS TCD LAUNCH

Oxidizer Pumps
CP59T C-1 Pump LOX Inlet Minutes 8.4 7.2
CPOIT C-2 Pump LOX Inlet Minutes 8.9 7.8

Fuel Pumps
CP6OT C-1 Pump LH2 Inlet Minutes 7.3 6.8
cpP62T C-2 Pump LH2 Inlet Minutes 7.0 ) 6.7

b) Liquid Helium Chilldown of Engine Fuel Pumps
TIME FROM START OF LHe CHILLODOWN
UNTIL FUEL INLET PUMP

MEAS . TEMPERATURE = 360°F
NUMBER DESZRIPTION UNITS TCD LAUNCH
CP122T | C-1 Engine Fuel "ump Minutes 12.5 9.7
CP123T | C-2 Engine Fuel Pump Minutes 12.3 10.6 7
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TABLE 8-4 - TC-3 CENTAUR MAIN PROPULSION PERFORMALCE

[

—

FIRST BURN SECOND
PEWA MES §1 BURN
PARAMETER ACCEPT. TEST + 100 SEC. MECO #2
C-1 Thrust. pound- 14,997 14,377 14,319
-2 Thrust, pounds 15,012 15,026 14,959
C-1 Mixture Ratio, O/F 5.02 4.98 k.91
C-Z Mixture Ratlo, 0/F §.99 .98 4.90
C-1 Specific Impulse, seconds §41.6 441.8 442.0
C-2 Specific Impulse, seconds hh2.0 §42.0 442.3
NOTE: ~light performance calculated by PEWA C* iteration computer ,rogram
80
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Centaur Hydraulic System

by T. W. Godwin
Cummary

Centaur hydraulic system performance was normal throughout the TC-3 flight.
"he recirculation pumps functioned properly prior to engine starts and during
the blowdowr manewcver. There were no anomalies, but an unusual amcunt of
steering correcticns were noted follcwing guidance enable after MES #1.

Discussion

System pressures and temperatures are presented in Table 8-5. All parameters
were normal throughout the countdown and flight. A maximur temperature of
166°F was noted on the manifolds just prior to MECO #2. The recirculation
pumps functioned normally when commanded ON prior to MES #1, MES #2 and during
the blowdown maneuver. There were no system anomalies.

Following guidance enable after Titan/Centaur separation and MES #1, eight max-
imum velocity cycles were observed on the yaw/roli actuators. The pitch actu-
ators cycled four times at less than maximum velocity, followed by six maximum
velocity cycles. This amount of initial steering correction was less than that
experienced on TC-4 but greater than the four or five cycles usually observed.
These unusually severe steering commands are attributed to a 15° tilt of the
Centaur vehicle after separation and a software limitation of the maximum gim-
bal angle to + 2°. The initial tilt of the TC-3 vehicle was less than that

of TC-4, whici. accounts for the somewhat less severe cyciing of the TC-3
-.eeiring system, During these short periods of maximum demand, the hydraulic
ressure dropped to 300 psia, followed by an immcdiate recoverv to normal sys-

tem pressure. This characteristic is normal. Actuator respcase ~as also
normal.
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TABLE 8-5 - CENTAUR HYDRAULICS SYSTEM - TC-3

e e e

Hydraulic Pressuire, psia

Manifold Temp., OF

xpected CH 1P T CH 3P CTH ST [ CH 6T
rlight Values ¢c-1 t c-2 Expected | C-1 C-2
Sequence Parameters {approx.) |Engine | Engine | Values Engine | Engine
Count Max. during count 180 max. | 11 m
Prior to recirc. on 180 max. 65 58
Recirc. motors on 120 - 140 ] 120 135 " 65 58
First MES - 1 1110 -1150 | 1117 1123 v 67 60
Burn
MECO - 1 1110 -1150 | 1117 1125 " 10 108
Prior to recirc. on 180 max 88 87
Second Recirc. motors on 120 - 140 | 120 127 " a8 87
Burn
MES - 2 1130 -1150 | 1118 1132 " 89 88
MECO - 2 1110 -1150 | 1110 1125 " 166 166
Recirc. motors on 120 - 140 {120 120 180 max 124 127
Slowdown | Recirc. motors off 120 - 140 { 720 120 " 115 113
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Centaur Pneumatics

by R. A, Corso and R. F. Lacovic

Summary

The pneumatic system performed satisfactcry throughout the TC-3 flight.
The tank pressures and propulsion pneumatic control pressures were satis-
factory. The LHy tank pressure at liftoff was 23.9 psia which was within
the allowable limits of 23.1 to 24.9 psia. There was no evidence of Lo,
tank pressure oscillations during second burn pressurization as was ex-
perienced on TC-4.

Discussion

Configuration: The Centaur pneumatic system which is shown schematically
in Figure 8-2 was the same as TC-4 except for the addition of the zero-g
purge. The purge initiates downstream of the engine control regulator and
provides a low flow purge to the LOX tank standpipe, pressure sense line
and the hydrogen tank pressurization line. The zero-g purge was installed
as a result of the TC-4 anomaly to prevent liquid from entering the LOX
tank pressur-e sense line. On TC-4 liquid entered the sense line and pres-
sure oscillations developed which switched the pressurization system over
to the backup system.

Propellant Tank Pressurizatior and Jenting: Performance data for the pneu-
matic system during the flight are summarized in Table 8-6 and a time history
of the propellant tank ullage pressures during the flight is shown in Figures
8-3.1, 8-3.2 and 8-3.3. Prior to lockup, the hydrogen tank pressure was 20.9
psia. The operating band of the primary hydrogen vent valve is 19 to 21.5
psia. At T-27.2 seconds, the primary hydrogen vent valve was commanded to
the locked mode and the tank pressure was allowed to rise in order to satisfy
the tank structural strength requirements during lifteff and during the sub-
sonic portion of the flight.

At Viftoff the minimum pressure requirement was 23.1 psia. A maximum 1ift-
off pressure of 24.9 psia had also been established in order to preclude the
possibility of venting hydrogen gas overboard before eight seconds into the
flight.

From the time of vent valve lockup unvil T-8 seconds, the tank pressure was
mcnitored by the computer controlled vent and pressurizat...n evscem {CCVAPS),
whichi -alculated the pressure rise rate and predicted tre tank pressure at
iiftoff. |If the CCVAPS prediction had not fallen within the established
limits (23.1 - 24.9 psia), an automatic launch abc+c would have ' :en initi-
ated. At T-8 seconds the CCVAPS predicted pres- ure at liftoff was 24.15
psia. The actual liftoff pressure was 23.9: ssia. After the final liftoff
pressure check at T-8 seconds, the CCVATs was deactivated ur*’' start of

tank pressurization for the first main engine start sequence
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During the boost phase the tank pressure increased to a maximum of 24.9 psia.
At T + 90 seconds the primary hydrogen vent valve was unlocked allowing the
tank pressure to decay to the primary vent valve operating range. The tank
pressure was controlled by the vent valve until commanded to the locked mode
for the start of tank pressurization for the first main engine start. Opera-
tion of the vent valve was satisfactory although the tank pressure momentarily
dipped 0.2 psi below its lower limit of 19.0 psia on two occasions. This
phenomena has occurred on prior flights and may be attributed to vent valve
response time in a hard vacuum. Ground testing also indicates lower reseat
pressures w' :n the valve vents to low pressures.

The oxygen tank pressure at liftoff was 30.7 psia. During the boost phase

the oxygen tank vert valve relieved and cycled, maintaining the tank pressure
between 29 and 32 psia. At Stages 0, ! and Il burnout and shutdown the reduc-
tion in vehicle acceleration caused an increase in the liquid oxygen boiloff
and consequent'y increased tank pressure and vent valve activity.

At T + 439.2 seconds, both hydrogen vent valves and the oxygen vent valve
were activated to the locked mode, and tank pressurization for the first
main engine start sequence was initiated. CCVAPS controlled tank pressures
to predatermined increases over the pressu es at the start of pressurization.
These in:reases in both tanks were based upon tank structural limits and
boost pump net positive suction pressure requirements. The hydrogen tank
press.re was increased from 20.3 to 25.5 psia; maximum pressure allowable
was 27.0 psia. The tank pressure at main engine start (MES |) was 25.7
psia. The oxygen tank pressure was increased from 30.6 to 38.4 psia; maxi-
mum allowable pressure was 40.0 psia. The tank pressure at MES | was 37.8
psia. A discussion of the CCVAPS software and performance is presented in
the CCVAPS section of this report.

At T + 483.6 seconds Centaur MES | was initiated. The pressures in both
tanks dropped rapidly at first and then decayed gradually until first main
engine cutoff (MECO !) at T + 613 seconds. The pressure in the hydrogen tank
at MECO | was 18.3 psia while that in the oxygen tank was 29.9 psia. During
the coast phase after MECO |, the pressures in the oxygen tank and hydrogen
tank increased to 32.1 and 19.8 psia, respectively, at the beginning of tank
pressurization for second main engine start (MES I1).

At T + 1668 seconds the tank pressurization for MES 11 was initiated and con-
trolled by CCVAPS. The hydrogen tank pressure was increased from 19.8 to
23.2 psia; maximum tank pressure was 23.4 psia. The oxygen tank pressure

was increased from 32.1 to 35.6 psia, maximum pressure was 36.1 psia. Again,
the tank pressures dropped rapidly at first and then graduclly until MECO I,
at which time the L0, pressure was 25.6 psia and the LH, tank pressure was

13 psia. After MECO |l both tank pressures increased s%ightly. The oxygen
tank was pressurized at MECO || + IC seconds for eight seconds increasing

the pressure 1.2 psid.
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Helium Storage and Consumption: The helium stored in one 7365 cubic inch
bottle was used to pressurize the propellant tanks during engine start
sequences, to operate the engine contrel valves, to pressurize the Hy,")
bottie and to provide purges to var-ious components on the Centaur. T .e
amount of helium consumed during the flight through post-MECO |i oxygen
tank pressur.zation is summarized in Table 8-7. |t should be noted that
the amount of helium used during engine start sequences includes usage
for tank pressurization, pressurization of the Hy0, bottle and zerc-g
purges.

Propulsion Pneumatics: The engine control and attitude control regulators
maintained proper system pressure levels from pressurization of the helium
bottles through retromaneuver. The engine controls regulator output pres-
sure at iiftoff was L4i.6 psig (allowable limits are 440 to 479 psig),
while that of the Hy02 bottle pressure regulator was 309.7 psig (allowable
limits are 297-316 psig). At the end of the available data, T + 3050 s~c-
onds, the engine controls regulator had d-ifted up to 468.1 psig. The at-
titude controls regulator remained relatively stabled at 309.7 psig.

Helium Purge: Throughout the launch countdown, the ground system supplied

a helium gas purge to the forward and aft ends of the vehicle. The 1as

was used to purge the hydrogen tank/shroud annulus, the destruct package

and several propuision system components. The purge was required to main-
tain enough pressure diffcrential across the shroud after cryogenic tanking

to prevent ground wind inflow. For the launch day wind conditions of approx-
imately 5 knots, a minimum differential pressure of 0.045 psid, was required.
Minimum pressure during hydrogen tanking was 0.125 psid. At liftoff the »ores-
sure was 0.34 psid.

Computer Controlled Vent and Pressurization System (CCVAPS): For the LH, tank

1iftoff pressure check CCVAPS predicted a tank pressure at T-9 or 24.15 psia
as compared with the actual value of 23.94 psia. This pressure was well with-
in the required liftoff prescure gate of 23.1 to 24.9 psia. The LH, tank
pressure history from LH, vent valve lockup at T-27.68 through the LH, tank
vent at T + 90 is shown Tn Figure 8-%, This pressure history was normal and
comparable to previous TC flight experience.

During the pre-MES 1 and pre-MES 2 tank pressurizations CCVAPS controlled the
tank pressures to within the required operating ranges and control criteria.
The pre-MES 1 and pre-MES 2 tank pressure histories are shown in Figures 8-5
and 8-6, respectively. The CCVAPS pressurization control parameters are sum-
marized in Table R-8. The L0, tank pre-MES 2 pressure oscillation anomaly
which was observed on TC-4 dia not occur on TC-3. Tre installation of the
0, tank pressure sense line purce apparently eliminated thi problem.

CTVAPS did not* enable a venting of either propellant tanw du.ing the coiust

since the tai- :ressures were well below the tank vent initiation critaria
as summarizea in Table 8-9.

90



-

e ———— . e e

— e

TABLL 8-7 - SUMMARY OF HELIUM USAGF, TC-3

e e e

Pressurizatioa of LO, Tank

Predicted Actual He Remaining,
Flight Event Usage, Lbs. | Usage, Lbs. Lbs.
Bottle Storage Prior to Liftoff 8.6 8.3 8.3
MES 1 Pressurization 0.8 0.71 7.59
First Burn & Coast 0.2 0.42 7.17
MES 11 Pressuriiation 1.5 1.2 5.97
Second Burn & Post-MECO 11 0.6 0.33 5.64
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Centaur Propellant Feed and Reaction Control Systems

by K. W. Baud

Summary

Performance of the TC-2 Centaur propellant feed and reaction control systems
was satisfactory. No anomalies were detected during either the countdown or
subsequent launch. Usable peroxide residual at start of the depletion experi-
ment was 203 pounds. Actual time required to deplete the residual peroxide
was 1368 seconds versus a predicted time of 1238 seconds. The depletion time
difference (130 seconds) was equivalent to 21.3 pounds of peroxide.

Discussion

Propellant Feed System: The ability of the boost pumps to rotate under cryo-
genic conditions was demonstrated during the countdown by successful completion
of the GN; spin test at T-U45 minutes. Results of the test are presented in
Table 8-10 and also compared with previous vehicle testing.

The boost pumps operated normally during both burns. A summary of the perform-
ance is presented in Table 8-11. Turbine inlet pressure rise occurred within 2
seconds of the peroxide feed valve opening for both burns. Minor fluctuations
in the turbine inlet pressures during the first few seconds of second burn oper-
ation indicated 2 small amount of gas entrainment with the peroxide flow. The
liquid hydrogen turbine pressure fluctuated for 7 seconds and the liquid oxygen
for 15 seconds. The turbines accelerated smoothly and operated within the ex-
pected speed range; corresponding pump headrise was also normal. The LH

turbine inlet pressure was slightly lower than expected but was apparent?y due
to instrumentation inaccuracy since the speed and headrise were normal.

Following MECO #2, the L0, boost pump accelerated to 55,900 RPM and the LH,
boost pump accelerated to 54,600 RPM due to the combined effect of pumping ces-
sation and purging of residual peroxide through the turbine catalyst beds. The
maximum possible turbine speed predicted by analysis and tests was 68,000 RPM.

A summary of propellant feed system temperature data is presented in Table 8-12,
All temperatures were within expected values.

Reaction Control System: Component temperatures were maintained within expected
ranges during the prelaunch countdown and flight. A summary of temperatures at
selected times is presented in Table 8-13.

Programmed 20 second firings of the $2A, Y!, Y2 and S$2B thrusters to prime the
peroxide supply lines during the boost phase was verified by the response of
thermocouples located on the thrusters. Similarly, the thermocouple response
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verified the programmed 10 second warming firing of all P and Y thrusters
prior to MECO #2 and all seitling engine operating modes except for the 2
S-on mode during the settled coast. Switching from the 4 S-on mode to the
2 S-on mode at MECO #1 plus 250 seconds was not confirmed due to lack of
telemetry coverage.

The DCU computed hydrogen peroxide consumption at the start of the peroxide
depletion experiment was 191.5 pounds. The preflight predicted value was
191.1 pounds. A total of 398.5 pounds was loaded for flight of which 4.4
pounds were unusable. Thus, the predicted usable peroxide at start of the
depletion experiment was 203 pounds. The predicted time to deplete the
residual peroxide was 1238 seconds. Based on the settling engine tempera-
ture data, actual depletion time was 1368 seconds. The 130 seconds differ-
ence was equivalent to 21.3 pounds of peroxide.

Two instrumentation anomalies were noted. The liquid hydrogen boost pump
peroxide feed line temperature measurement (CP 833T) exhibited temperature
variations indicative of local environment rather than true line tempera-
ture. Excessive bonding adhesive between the temperature patch and the

tube most likely caused the anomalous response. The S2A settling engine
temperature measurement (CP 691T) also exhibited an abrupt 10 percent de-
crease of 67.63 minutes \after 1iftoff and another abrupt 2 percent increase
91.2 minutes after 1iftoff. The CP 691T anomaly has been attributed to sig-
nal attenuation due to 2 low impedance path from the thermocouple wire to
the shield. /
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Environmental Control and Thermodynamics

by R. F. Lacovic and R. A. Corso

Summary

The environmental control system maintained proper thermal conditioning in
all compartments and all component temperatures were maintained well with-
in quatification limits during both prelaunch and flight. All of the TC-3
temperature data was very comparable to previous T/C temperature data ex-

cept for measurement CP833T (LH, B/P inlet 1ine) which apparently became
disbonded at liftoff.

Discussion

Temperature survey data from 1iftcff through spacecraft separation are sum-
marized in Tables 8-14 through 8-18 for the Centaur airframe and mechanical
systems. Temperature data from other T/C flights are also listed in the
tables for comparison. There is good agreement in all of the temperature
data ex-ept for measurement CP833T (LHZ B/P inlat line) which behaved 1ike
a disbor.ded thermocouple. All TC-3 equipment and component temperatures

remained well within their operational limits 2~d no significant deviations
or anomalous behavior was observed.
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TABLE 8-15 - SUMMARY COMPARISON OF TEMPERATURE DATA
7. Meas Temperature, YF at Discrete E:en! Times
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OO ! g 0 | | as:
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3 T3 =3 1 53 | 97 | 95 | 36 | 29 | 21
0
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o _ Skim, +2 -3 47 _1.38 | 3¢ es - &8s | 85 | 25
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. ) -3 1 2o 2 go | 27 - 932 s 97 _
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y ) TC-1 [ 8] 5] pof S5 | — | ~ g -
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g |- . Mmifold 3] 72| 89 | 49 | 92 | — | Jo | &7 |te& ]
‘ ’5'3 -4l ¢b | e2! 2% 96| — A g2 ' /52
S5 N T 701 23] eol se| =1 =T —T ~
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TABLE 8-16 - SUMMARY COMPARISON OF TEMPERATURE DATA

Meas | Temperature, YF at Discrete Event Times 1
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TABLE 8-17 - SUMMARY COMPARISON OF TEMPERATURE DATA

Meas ‘l'u!nwratun. OF at Discrete Event Times
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TABLE 8-18 - SUMMARY COMPARISON OF TEMPERATURE DATA

- "l

A Wy v e

Neas Temperature. YF at Discrete Event Times
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Electrical/Electronic Systems

Electrical Power System

by W. W. Hultzman

Configuration: The electrical power system, Figure 8-7, consists of a power
changeoever switch (integral part of the Sequence Control Unit), a main bat-
tery, two independent Range safety command (vehicle destruct) batteries, and

a single phase, 400 hertz inverter (inverter is an integral part of the Servo-
Inverter Unit).

System Performance: Transfer of the Centaur electrical loads from externa!
power to the internal battery by the changeover switch occurred at minus
113.8 seconds. The Centaur electrical system satisfactorily supplied power

throughout the countdown and flight yntil loss of telemetry data at 6961
seconds.

However, a current anomaly similar to that on TC-4 was observed. An unexpected
main battery current demand of 3.2 amperes was observed on measurement CEIC up-
on data acquisition from the Ascension station at 1360 seconds (latter part of
first coast phase). This additional load gradually increased - a maximum of

6 amps at about 1500 seconds, then decreased to about 2 amps by '567 seconds.
Random, low frequency fluctuations of less than 2 amps occurred through the

MES 2 sequence at 1706 seconds. No further abnormal load demands occurred
until 3930 seconds, or after the propellant tank blowdown sequence (3408 sec-
onds). After this time, low frequency random current increases averaged about
3 amps, with peaks up to 8.5 amps, until loss of data at 6961 seconds. As on
TC-4, the unexpected current demands were observed as a slight main battery
voltage decrease. However, the abnormal current load was not observed on the
individual bus or package currents.

As described for the TC-4 flight, the abnormal current demand was attributed
to electrolyte leakage from one or more battery cells to the battery case
through the shortened fill/vent valve. This occurred in the zero-g flight
environment during the coast phases of flight. TC-3 and TC-4 were the first
flights to use this valve configuratior for 150 ampere-hour batteries. The

fill/vent valves will be lengthened and changed to nylon for subsequent flights.

Main battery current was 38.5 amperes at liftoff, peaking at 57.0 amps at MES 1
and 59.3 amperes at MES 2. The flight current profile, as well as individual
bus and component currents were normy! and consistent with preflight test data,
except for the previously discussed current anomaly. Battery current values
with respect to flight-programmed events are shown in Table 8-19.

The main battery voltage was 27.4 volts at liftoff (Table 8-20). A minimum
value of 26.2 volts was indicated during the MES | sequence, and 26.9 volts
at MES 2. The voltage .covered to 28.0 volts at spacecraft separation, grad-

ually increasing to a maximum of 28.3 volts t loss of data at 6961 seconds
(Table 8-21). :
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JABLE 8-20 - TC-3 CENTAUR BATTERY DATA

OPEN 7-0
CIRCUIT  LIFTOFF LOAD TEST

Main Battery Voltage 34.9 27.4

27.2 @ 65A
RSC No. | Battery Voltage 34.3 33.0 28.93 @ 10A

RSC No. 2 Battery Vol tage 34.3 32.9 29.06 @ 10A
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As for TC-h4, the Range safety command batteries remained stable during flight.

At liftoff battery voltages were 33.0 and 32.9 volts, respectively, remaining
steady until RF disable after MECO 1.

The Servo-Inverter Unit supplied AC power at a constant 25.9 volts throughout
the programmed flight.

Several interim modifications were made to the B600P/J9
TC-3 and TC-4. These changes resulted from the loss of
32 after insulation panel jettison and prior to staging.

staging disconnect on
telemetry data on AC-

gy A fe B FAP T

Modifications included machining of the connector plug shell to increase con-
tact engagement by 0.050 inch, shock-mounting the receptacle plate with grom-
mets and shimming the ''birdcage' to -:Z''ce shock and remove any harness pre-
stress. Wires on the 'birdcage' c‘de of the receptacle were potted to minimize

wire breakage, and a wiggle test was> aldded to check continuity on the receptacle
(pin) side.
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Digital Computer Unit
by D. S. Repas
Performance of the DCU throughout the flight for TC-3 was satisfactory as
evidenced by proper functioning of flight events and operation of associated

systems. The data indicating DCU performance are presented with the flight
performance analyses of the assoclated systems.
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Inertial Measurement Group

by P. W. Kuebeler

The Inertial Measurement Group (IMG) performance during the flight of TC-3
was satisfactory as evidenced by the accuracy of the trajectory, which is
described in the Trajectory and Performance Section, and the telemetered
data which is considered below.

The IMG consisted of IRU S/N 13, P/N GG80654A4 and SEU S/N 24, P/N EG8076B1.
Gimbal loocp performance was satisfactory. The maximum gimbal error observed
was approximately 11 arcseconds as compared to a specification of 60 arcsec-
onds. 1MG current was normal throughout the flight. The IRU temperature was
76°F at liftoff and rose to 91°F by the end of the flight. Thesa temperatures
were well within the operating range of the IRU.

117
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Ftight Control System

The Digital Computer Unit (DCU) and the Sequence Control Unit (SCU) performed
satisfactorily in issuing the flight control system commands to other vehicle
systems during the flight of TC~3. The SCU receives its input from the DCU

and converts this input into switch commands usable by other vehicle systems.

The DCU commands were issued at the expected times and for the expected dura-
tion of time.

Table §-22 lists the planned switching sequence and actual flight events. The

column headed ''Sequence'' shows the time of the event from the start of each
phase of flight. The column headed '"Planned Time' shows the (ime after lift-
off for each event based upon preflight actual launch time trajectory 'vith
launch day winds. The '"'Actual Time'' column shows the time after liftoff that
the DCU command was issued to the SCU. Other functions programmed by the DCU
software are shown in the table to help in clarifying the flight sequence.

18
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TABLE 8-22 - TC-3 FLIGHT SEQUENCE OF EVENTS ‘
PLANNED ACTUAL ;
SCu SWITCH EVENT SEQUINCE TIME-SEC TIME-SEC :
By Resct  Go Inertial (1) T-6,0 1-6.0 T-6,0
85 Reset :
86 Feset :
- - Liftoff (2) 0.0 0.0 0.0 . :
57,58 Set ' Begin Roll Program SRM#6.5 6.5 6.6 :
57,58 Reset End Roll Program (3) 6.9 6.9
- - (4)Begin DCU Pitch, Yaw
Program SRM+10,0 10,0 10,1
28 Reset  Unlock LH2 Vent Valve 1 SRM+90,0 90,0 90,0
34’  set  Sep Fwd Brg Reactor SRM+100,0  100.0 100.0
3y Reset Reset Fwd Brg Reactor SRM#102,0  102,0 102,0
- - (5)SIG 0 Shutdown detec~
ted bv DCU STGO+0 (6)110,0 11.0
- - End Pitch, Yaw Program  STGO+0 (6)110,0 11,0
- o Enable Titan Steering STGO+32 luz2.0 43,0
39 Set Release Fwd Seal STGO+100 210.0 211, 0
38 Reset  Reset Fwd Seal STGU+105 213,0 214,90
- - Inhibit Titan Steering SiG0+122 232.0 232,0
- - (7)STG 1 Shutdown detec-
ted by DCU STG1+0 (6)258.0 261,6
61 Set Unlatch Shroud O 1 STG1+10 268.0 271,
62 - Set Unlatch Shroud Cmd 2 STG1+10.5 268,5 272.1

(1) Go inertial cuccurs 25 seconds after the control monitor group sends a
command to start the DCU count.

(2) Lifteff-Defined as start of Rocket Motor Ignition (DRS 496) lu:38:59,

.960 EDT.

(3) End roll program-Time is launch azimuth dependent,

(u) Pitch Yaw Stcering-enabled when altitude exceeds 1050 feet and time
exceeds 10 seconds from SRM ignition,

(5) sIG 0 ShutdOWﬂ-noted by DCU when camputing a decreasing acceleration
of less than 1l,3¢'s.

(6) - Expected time from preflight actual launch time trajectory, dated
12 Septemhnr 1975.

(7) STG 1 shutdown-noted by DCU whcn computing a decreasing acceleration
of less than 1,5g's,

19
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TABLE 8-22 - TC-3 FLIGHT SEQUENCE OF EVENTS {(CONTINUED)

PLANNED ACTUAL
scy SWITCH EVENT SPOUENCE TIMR-SEL, TIME=-STC
61 Reset  Reset Shroud CMD 1 STCL+11.5% 269,5 273.1
62 Reset  Reset Shroud CMD 2 ¢ "Gl+11.5 269,5 273,1
8 Set S2A On $TG1+15,0 273,0 276,6
8 Reset  S2A Off S§TG1+35,0 293.0 296,56
l et Yl On S:61+435,0 293,0 296,6
- - Enable Titan Steering STG1+35,0 ~-3.0 296,6
1 Reset Y1 Off STG1+55,0 3.°.0 316,6
2 Set Y2 On STG1+455.0 315.0 316.6
2 Reset Y2 Cff STG1+75.0 333.0 336.6
)2 Set S2B On STG1+4118,0 376.0 379.6
22 Reset  52B Off” STG+132 0  396,0 399,6
24 Set Lock 10, Vent Valve STG2-30.5 yss,n 437.1
28 Set Lock LHZ Vent Valve 1 STG2-30.5 433.5 837.1
31 Set Lock LHZ Vent Valve 2 STG2-30,.5 433,.5 437.1
- - Inhibit Titan Steering STG2-30,0 43y, 0 437.6
27 Set Open Control Valve STG2-28.56 435,C 439.1
29 Set Dress :I‘_O2 Tank STG2-28.56 135,0 439.1
32 Set Press T-"z Tenk STG2-28.56 433,0 438.1
23. Set Primary Boost Puwps On STG2-28.4 435,6 439.2
18 Set B/U Boost Pumps On STG2-28.4 435,6 439,2
< - (8)STG_2 Shutdown detec-

ted bv _DCU STG2+0 (6)464.0 469.4
65 Set STG2 S/D B/U STG2+0 (6)464,0 4694
7 Set Cl Circ Pump On STG2+.1 4641 469.5
21 Set €2 Cirec Purmp On STG 24,1 464,11 469,.5
63 Set (9)I/C_Separation SEP+0 (6)u70.0 473.2
64 Set
19 Set Open Prestart Valves SFP+2.5 472.5 475.7
27 Reset Close Control Valve SEP+10,22 480,0 83,5

(&) Stage II shutdown - noted by DCU when observed accleraticn is less than

(95 T/C separation - commanded by DCU when corputed a:celeration is less
than 0,.01g.

(6)

12 Scptember 1975,
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TABLE 8-22 - TC-3 FLIGHT SEQUENCE OF EVENTS (CONTINUED)

o e

——

PLANNED ACTUAL
scu SWITCI _EVINT SENUENCE TIME-SEC TIMLE-SEC
- - Qo) NiS T SEP+10,5 (6)u80.5 483.7
22 Set Igniters On SEP+10,5 (6)us0.5 483,7
20 Set Open Start Valves SEP+10.5 (6)480,5 483,7
22 zset  Igniters Off MESI+4 ugy,s ©B87.7
- - Start Guidance Steering  MESI+7 487.5 43,7
h Reset C1 Circ Pump Off MESY+12 492.5 yss.7
21 Reset (2 Circ Pump OIf MESI+12 492.5 495,7
1-4 Set Yaw Engines Un (A3)MECOI-20 588.6 593.2
5,6 Set Pitch Engines-Cn
15,16 Set
-4 Raset Yaw Engines Off MECOI-10 $98.6 603.1
5,6 Reset Pitch Engines Off MECOI-10 t£98,.6 603.1
15,16 Reset
- - @Q)HuEco T MECOI+0 608,6 613.1
23 Reset  Primary-Zoost Tumps OFF " bt "
s Reset B, Boest Pusps Qif bt " "
20 Reset Close Start Valves - " hd

> Reset Close Prastart Valves MECOI+0 508.6 613.1
8 Set Ser<lirg ingines On MECOX+.1 608.7 013.¢
0 Set " b n "
12 set " - ” ]

B L Set Settling Ingines On MECOI+.} €08.7 613.2
68,72 Reset Reset PU Switches MECOI+l.0 609.6 614.1
76,80

- - Reduce to 25 Engines On  MECOI+250 858.6 az2)
22,14 Reset S2B, SUB Off

- - Change S Enziue Pairs (Halfway thru 12244 Q2)
8,10 Reset  S2a, SLa O«f 25 On Mode)

12,14  Set S2B, S4B Cn

* 0) MES I - commancded by tue UCU 10.5 seconds after T/C separation,
(1) MECO I - cormmanded by the 3CU based on guidance computed time,

12). No telcmetry recovered,

{13) MLCO I-20 - MECO tire used here is the guidanc: predicted time at

that particular instant,
g(gz)lw?(pected time from preflight actual launch time trajectory, dated
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TABLE 8-22 - TC-3 FLIGHT SEQUENCE OF EVENTS (CONTINUED)

e et e o

PLANNED ACTUAL
SCU SWITCH EVEXT SIOUENCE TIME-SEC TIME-SIC
- - Increase to 4S Engines On MESIY-120 1578.4 1585,.7
8,10  Set S2A, SHA On
17 Set Cl Circ Pump On MESII-60 16384 2)
21 Set C2 Circ Pump On MESII-60 1638.4 Q2)
27 Set Open Control Valve MESII-38.06 1660.3 12
29 Set Press L02 Tank MESII-38.06 1660.3 2
32 Set Press Ulz Tank MESII-38,06 1660,3 12)
23 Set Primary Boost Pumps On MESII-28.0 1670.4 1677.7
is Set B/U-Boost Pumps On
19 Set Open Prestart Valves MESII-17 1681.4 1688,7
- - Bnd Pressurization Enable MESII-0.28 1698.1 1705.5
- - (1Y) MES T1 MESIT+0 (6)1698.4  1705.7
20 Set Open Start Valves MESII+0 (6)1698.4 1705.7
22 Set Igniters On MESII+O0 (6)1698,4 1705.7
1-4 Reset  Yaw Engines Off MESTI+.2 1g898,6 17 05,9
5,6 Reset Pitch Ergines Off MESII+,.2 1698.6 1705.9
15,16 Reset
22 Reset Tgniters OSE MESII+U 17C2.% i709.7
8 Reset End 4S Settled Thrust MESII+5 1703.4 1710.8
10 Reset :
12 Reset
14 Reset
- - Start Guidance Steering MESII+7 1705.4 1712,7
17 Reset Cl Cire Pump OFf MESII+)2 1710.4 1717.7
21 Reset C2 Circ Pumps Off MESII+12 1710.4 1717.7

(14) MES ITI- Commanded by the DCU ‘based on guidance computed time.,
No telemetry recovered
Expected time from preflicht actual launch time trajectory, dated

(12)
(6)

12 September 1975,
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JABLE 8-22 - TC-3 FLIGHT SEQUENCE OF EVENTS (CONTINUED)

PLANNED ACTUAL

SCU SWITCHL EVIXT SEOUINLE TIME-SEC TIME-SEC
- - (35) MECO ¥¥ MECOII+0 (6)2004,8 2007.7
23 Reset  Prirmary Boost Pumps Off b » "
19 Reset Close Prestart Valves " " L
20 Reset Close Start Valves " b bl
is Reset B/U Boost Pumps Off " L] "
68,72 Reset Resct PU Switches MECCII+1.0 2005.8 2008,7
76,80 Reset
- - Start Tank Pressurization MECOII+10.0 2014.8 2017.7
- - End Pressurization Enable MECOII+110.0 2114.8 T 2117.7
69,70 Set Viking S/C Separation MECO{I+220,0 2224.8 2227.7
8,00  Set S2A, SYE, S2B, SuB On MECOII+825 2829.8 2832.7
12,14
8,10 Reset S27, SuB, S2B, SuYB Off MECOII+900 2904.8 2907.7
12,14

" 172,21 Set (1&C2 Circ Pumps On MECOII+1050 3054.8 3057.7
19 Set Open Prestart Vzlves

(Blow Czwn) MECOII+1075 5079.8 3087.7
17,21 Reset Cl&C2 Circ Punps Off MECOII+1325 3329.8 3332.7
b ) Reset Close Prestart Valves MECCITI+1325 3329.8 3332.7
(End Blow Down)

8,10  Set S2a, SHA, S2B, SUB On MECOII+1330 3334.8 3337.7
24,28 Reset Unlock LO, Vent Valve MECOII+1400 3404.8 3407.7
3 Unlock LH2 Vent Valve 1&2
8,10, Reset S2A, SuaA, S$2B, SYB Off MECOIY+3330 5334.8 $337.7
12,14 .

(%) MECO 2 - Commanded by the DCU based on guidance computed time,
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Propellant Utilization/Propellant Loading System

by K. Semenchuk

Propellant Utilization (PU): The TC-3 propellant utilization system operated

satisfactorily throughout the flight. PU valve angle measurements for Cl and
C2 engines responded properly. PU valves were properly locked in a null posi-
tion until 5 seconds after MES-1, when they were properly commanded to the
fixed angle positions of 4.2° for Cl and 3.6° for C2 engines. PU valves are
to remain in their fixed position for 110 seconds after MES-1, before they
are brought into control.

The L02 level passed the probe top at MES-1 + 95 seconds, and the LH; level
passed the probe top at MES-1 + 107 seconds.

DCU enabled the valves to begin controlling at MES-1 + 110 seconds. The
valves then moved to the LO, rich angle and remained there until 27 seconds
before MES-2. At MES-2 + 5 seconds, PU valves went into control again.

The propellant residuals remaining at the Centaur Main Engine Cutoff were
calculated by using the times when the propellant levels passed the bottom
of the probes as reference points.

Liquid propellant residuals are shown below:

Actual Predicted
LO2 940 1bs. 1,067 1bs.
LH2 ' 190 1bs. 213 1bs.

The burning time remaining to depletion was calculated to be app:oximately
16.5 seconds, at which time the liquid propellant outage was determined to
be 8 pounds of LH,.

Propellant Loading Indicating System (PLIS): Centaur Level Indicating System
operated satisfactorily during countdown. Propellants tanked at liftoff were
25,485 pounds of L0, and 5,285 pounds of LH,.
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Instrumentation and Telemetry Systems

by J. M. Bulloch and T. J. Hill

Instrumertation: For the TC-3 flight a total of 324 neasurements were instru-
mented, 288 PCM measurements and 23 twenty-four bit DCU wory, via PCM telemetrv
anu 13 FM/FM analog measurements. The following measurements exhibited data
anomzlies during the flight.

1. CA890P (Spacecraft Compartment Internal Pressure 0 to 15 pia) exhibited
intermittent neqgative transients during vehicle ascent through the atmosphere.
These transients are characteristic of wiper liftoff within the potentiometer
type transducer.

2. CT70T (Thermocouple Reference Junction Temperature -330° to 108°F) indicated
20°F high (4.6% Information Bandwidth) throughout countdown and flight. This
anomaly was known to exist since the Terminal Countdown Demonstration (TCD) and
was considered acceptable. The cause of this anomaly is unknown.

3. CPB33T (LH, Boost Pump Inlet Line Temperature -5 to +147°F) exhibited tem-
perature variations indicative of local environment rather than H,0; line tem-
perature. The most probable cause is considered to be excessive adhesive under
the resistance patch or delaminaticn of the patch from the line.

L. CP691T (S2A Chamber Surface Temperature -275°F + 1625°F) drifted -10% 1BW

within 10 seconds at T + 4057 seconds. A second +2% IBW tep was noted at T +

5471 seconds. The measurement appeared to be satisfactorily tracking tempera-
ture changes with the exception of these steps. The cause of this anomaly is

unknown.,

5. CP118T (C-1 Engine Fuel Pump Backup Temperature -430°F to -57°F), CP119T
(C-2 Engine Fuel Pump Backup Temperature -430°F to -57°F), CP122T (C-1 Engine
Fuel Pump Temperature -425°F to -124°F), CP123T (C-2 Engine Fuel Pump Tempera-

ture -425°F to -124°F), CP124T (C-1 Engine LO» Pump Temperature -310°F to +104°F),

and CP125T (C-2 Engine LO, Pump Temperature -310°F to +104°F). All exhibited
slow response during the %iight. This condition may arise because of the Pratt
and Whitney transducer installation. The slow response problem has occurred on
previous flights.

Telemetry: The telemetry R.F. systems on TC-3 operated satisfactorily. The
Centaur PCM system provided 288 measurements on the 2202.5 MHz R.F. link, and
the FM/FM system provided 13 analog measurements on the 2208.5 MHz link.
Ground station coverage intervals for these two links are shown in Figures
8-8.1, 8-8.2 and 8-8.3.
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Signal strengths reported by the participating telemetry stations indicated
satisfactory performance of the afrborne R.F. systems. Johannesburg reported
intermittent PCM lock for the last 450 seconds on the 2202.5 MHz link, but
solid PCM data for this interval was provided by the U.$.N.S. Vanguard.

The ARIA 3 aircraft was scheduled to support this mission but did not deploy
because of an aircraft problem.
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Tracking and Range Safety Systems

by T. J. Hill and J. M. Bullozh

C-Band Tracking: The C-band tracking system on TC-3 operated satisfactorily.
The ground radar tracking intervals are shown in Figure 8-9. No significant
tracking problems attributable to the Airborne System were reported by the
tracking radar stations.

Radar Station 12.16 (Ascension) reported multipath dropouts at 1405 seconds
for 20 seconds and again at 1488 seconds for 14 seconds. Radar 12.15 cov-
ered these intervals with no problems.

Range Safety Command System: Operation of the Range Safety Command System
was satisfactory. Signal (AGC) data indicated a satisfactory received signal
level throughout the flight. System control was maintained as the vehicle
flew downrange by switching of TSC transmitter control stations. Switching
times are presented in the following table.

Station Carrier On (Sec) Carrier Off (Sec)
Cape Canaveral -2309 172
Grand Bahama Island 170 L6l
Antigua L6l 647

The Antigua transmitter sent Range Safety Command RF disable at T + 624 sec-
onds resulting in shutdown of the airborne RSC receivers.
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iX CENTAUR STANDARD SHROUD (CSS)

Liftoff/In-f1ight Fun tions

by T. L. Seeholzer

CEN

€SS Disconnects and Door ng;ures: The CSS disconnects and door clocures
located as shown in Figure 9-1 functioned normally on the TC-35 flight. The
CSS disconnects and door closures were equivalzii to the systems used on the
TC-2 flight with the exception of thc encapsulation seal and RTG doors which
were Viking peculiar and !ncorporated on the TC-1 flight.

Movie ar2 celevision coverage verified proper disconnect of the umbilicals and
the closing of the T-0 and T-4 CSS doors on the primary latches.

Microswitches mounted on the T-4 aft door verified that the door closed on the
primary latches following umbilical disconnect. However, during the door
closing, an intermittent signal was indicated by CMVS0X. The intermittency was
caused by one or both microswitches which are wired in parallel and occurred
between T-2.32 and T-2.23 seconds. At T-1 seconds, the door switches indicated
closed maintaining the automatic sequence.

CSS_In-flight Events and Jettison: All CSS in-flight events and jettison were
normal on the 1C-3 flight. These events included forward bearing reaction sep-
aration, torward seal release, shroud separation and jettison as shown in Fig-

ures 9-2 through 9-6. These systems were equivalent to those on the TC-1 and
TC-2 flights.

Discussion

All six forward bearing reaction struts were separated at T + 100.07 seconds
as verified by breakwires on the explosive bolts. Nominal sepasation time
was T + 100 seconds.

Forward seal release occurred at T + 211.07 seconds as verified by breakwires
on the explosive bolts. Nominal separation time was T + 210 seconds.

The CSS Super*Zip primary system separated the rhroud at T + 271.67 seconds.
Separation by the primary system was verified by the fact that the CSS r .ated
over 3° prior to secondary system command. The secondary command was |ssued
.50 seconds after primary system command. The secondary system is deactivated
by electrical disconnect after 1° rotation.

Shroud rotation times comparing TC-1, 1.-2, TC-3 and TC-b4 are given in Table
9".
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CSS Ascent Vent 3ystem

by W. K. Tatata
Summary

The CSS Ascent Vent System performed satisfactorily in-flight. The reduction

in spacecraft compartment maximum dp/dt during transonic expected by blocking
two of th 11 vents was realized.

Discussion

Spacecraft Compartment: Time-pressure history of the spacecraft compartment
is shown in Figure 9-7. The data agree well with TC-1 and TC-2. Blocking
two of the 11 vents affected the compartment internal absolute pressure onlv
insignificantly as predicted by preflight analysis. The maximum dp/dt during
transonic was -0.65 psi/sec. (Figure 9-8). The spacecraft bioshield experi-

enced a maximum AP of 0.35 psi as predicted in the normal spacecraft venting
case.

A -

Titan 2A Compartment: Venting of the Titan 2A compartment was normal. Pres-
sure-time history of the 2A compartment is shown in Figure 9-9 compared to
TC-1 and TC-2.
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X TITAN/CENTAUR GROUND SYSTEMS

by H. E. Timmons and A. C. Hahn

The countdown for the launch of TC-3 began at 3:04 a.m. on September 9,
1975, at T-625 minutes. During the entire countdown, the ground systems
functioned normally with the foilowing reported anomalies.

At approximately T-250 minutes, it was noted that the Data Recording and
Quick Look Set (DRQLS) in the VIB ground station had not been printing

for some time. Investigation showed that the printer portion of the sys-
tem had shut down even though the data recording portion of the system
was operating properly. The printer power was cycled off and back on.
This action placed the printer back in operation. Playback of the data
from magnetic tape showed that the printer had been off line since approx-
imately T-370 minutes, a period of about 2 hours. All data was retrieved
from the tape successfully and there was no interruption of the countdown.
Post-launch trcubleshooting found that the problem was associated with
overheating of the printer electronics. The overheating was caused by a
cover which had been put on the printer for noise suppression just prior
to the Viking activity.

At T-2.27 seconds the signal from the Centaur aft door pulsed. This sig-
nal indicates that the door is closed properly and is one of a series of
signals which make up the Aft Plate Ejected Signal in the launch ladder.
The pulses lasted approximately 0.09 seconds, with a solid signal going
to the CMG at T-2.187. This signsl must be sent by T-1.0 seconds or the
countdown is aborted. Cause of the pulsing was an apparent malfunction
of the microswitches or the wiring to the microswitches on the door latch
mechanism. From films, it appeared that, once the door latched the signal
came on properly and solidly. Some modifications to the door clcsing
forces and the latch spring mechanism as well as the switches themselves
are being investigated as potential future preventative measures.

During the launch sequence the el ctrical umbilical disconnect times were
as shown in Table 10-1. The umbilical release sejuence on the Titan um-
bilicals was not as predicted. The 2AlE umbilical preceded I1CIE in the
disconnection sequence. This was the same seguence encountered on TC-2.
No action will be taken to correct the umbilical sequence since no ad-
verse effects have been identified as a result of previous flight se-
quences, tests or from analysis.

At umbilical disconnect three DRS channels pulsed: Channel 008 - Stage |

Shu down Enable Backup Simulation Signal; Channel 046 - Stage 2 Destruct
Initiator Armed Indication; Channel 10! - Stage 2 Engine Shutdown Monitor.

146



-/

. e e —
~ e i et

TABLE 10-1 - TC-3 ELECTRICAL UMBILICAL DATA

!

—ny —— ey

CMG T-0 (DRS Channel 295 off)
Ignite SRM Command (DRS 739)

Titan Umbilicale

LBIE
RBIE
2A1E
1C1E
2A2E

2C1E

Centaur Umbilicals

= 1838:59.917
= 1838:59.938
SRM Ignition Relay Closed (DRS 496) = 1338:59,956 (Official T-0)

Time Disconnected

Time from Official T-0

B600P3
B60OP2
B6OOPI
B60OP4

B60OP5

1837 0.
1839:00.
1839:00.
1839:00.
1839:00.

1839:00.

1838:56.
1838:56.
1838:57.
1839:00.
1839:00.

313
316
364
373
397
466

750
983
241
613
727
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T+0.

357

.360
.bo8
A7
1Y

.510

.216
773
.515
.657
A7

- v————
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Random pulsing of channels at liftoff has been noted on all flights, both
Titan/Centaur and Titan 11IC, since the JURQLS was installed. The time
resolution on pulses with DRQLS is 3.33 milliseconds as opposed to 0 mii-
lisaconds on the DRS previously installed in the VIB. This indicates

that these pulses were apparently present all almng but were too fast to
get recorded previously. There is no apparent adverse affect due to this
pulsing A suspected cause of the pulsing is the loss of ground for the
length of time it takes a contractor to transfer the power sup,lies to
facility ground once the vehicle single point ground connection is broken
at liftoff.

During the launch sequence the Centaur mechanical umbilical disconnect
times were as shown in Table 10-2.

The indication on DRS of the Centaur LH, fill and drain valve disconnection
was extremely late. This indicatior came 1.434 seconds after the command
from the CMG to disconnect the valve. Nominal time of valve disconnection
is 0.5 to 0.6 seconds. Review of analog data on the retract cylinders in-
dicates that actual operation was nominal with a discennect time of approx-
imately 0.56 seconds. This anomaly was the same one encountered on T"-4,
it was suspected after the TC-4 launch that the control'er for the ttans-
ducer which provides the DRS signa! was faulty. The controller was re-
placed for TC-5.

A fire broke out in the AGE Building in the southeast corner near the MTR
after launch. It was discovered by the post-launch safing c:ew upon their
return to the pad. The fire caused significant damage within the AGE Building
and was the subject of exhaustive investigations. The results of these in-
vestigations and the resulting modifications are the subject of other repurts
and are not included within the scope of this report.
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TABLE 10-2 - TC-3 MECHANICAL UMBILICAL DATA

Centaur
Event Time Time from CMG T-0
Art Plate Eject Commanded 1838:55.939 T - 3.978%
Aft Door Closed 1838:57.727 T -2.190
Aft Plate Ejected 1838:57.730 T - 2.187*
LH, Fill & Drain Valve Eject Command 1838:59.455 T - 0.459
Lo, Fill & Drain Valve Eject Command 1838:59.455 T - 0.459
LG, Fill & Drain Valve Disconnected 1838:59.845 T - G.072
LHy Fill & Drain Valve Disconnected 1838:00.02** T+ C.lo%*

Time shown for Aft Plate Ejected is time when signal came on permancatly
after an initial anomalous indication,

* Disconnect time for LH, Fill & Drain Yalve established from analog data
on retract cylinder. Signal to GRS from the valve indicator control
assembly indicated a total disconnect time of 1.413 seconds. Post-
launch analysis verified that the DRS time anomaly was the result of a
malfunctioning control assembly.
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