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I. SUMMARY
by S. V. Szabo, Jr., and L. J. Ross

The first Titan/Centaur launch vehicle, TC-1, was launched from the
Eastern Test Range Complex 41 at 09:48:01.46 hours Eastern Daylight Time
on February 11, 1974. The vehicle carried a dynamic mass model of the
Viking spacecraft and a SPHINX spacecraft, intended to study high voltage
interactions in space, This launch was a Proof Flight of a vehicle con-
figuration integrating the Air Force Titan booster and the NASA Centaur
upper stage. It also was the first flight of the Centaur Standard Shroud
developed for the Titan/Centaur.

The countdown for the launch proceeded normally except for an addi-
tional 45 minute hold which was required to resolve a question concerning
interpretation of booster hydraulic system data. The launch window
opened at 09:03:00 hours Eastern Daylight Time. The vehicle wag launched
on a flight azimuth of 105°. '

The Titan boost phase of flight was satisfactory. Solid Motor oper-
ation, Stage I and Stage II operation were normal. Venting of the Centaur
Standard Shroud during ascent was successful and shroud separation and
Jjettison was accomplished without Incident. At the completion of the
Titan Stage II burn, the Centaur successfully separated from the Titan.

At this time, the Centaur main engines were sequenced through the
first planned starting cycle, but failed to achieve steady state opera-
tion. The vehicle flight control system, not sensing vehicle accelera-
tion, commanded engine shutdown, and recycled, as programmed, through a
back-up engine start attempt. The second engine start attempt was also
unsuccessful. The flight control system then placed the vehicle in a
coast-phase mode and the vehicle continued downrange in free fall. The
vehicle was destroyed by Range Safety when the impact point was approxi-
mately 2200 nautical miles downrange, 12 minutes, 28.5 seconds after
1iftoff.
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IT. INTRODUCTION

by 8. V. Szabo, Jr., and L. J. Ross

The Titan/Centaur vehicle number one (TC-1) was the first vehicle
launched combining the Air Force Titan III booster and the National Aero-
nautics and Space Administration's Centaur Upper Stage. In addition, the
configuration utilized a newly developed Centaur Standard Shroud.

The Centaur D was originally developed starting in the late 1950,
early 1960 time period as a second stage for the Atlas D missile. During
the 1960's, the Atlas/Centaur combination was used successfully to launch
Surveyor, 0AO, ATS, Intelsat, Pioneer, and Mariner spacecraft. An up-
dated version of Centaur, designated D-1, which incorporated a new
avionics system began operation as the Atlas upper stage in 1973, The
D-1 Centaur when serving as an Atlas upper stage is designated D-1A while
the version that flies with the Titan is the D-1T. The D-1T Centaur also
incorporates certain redundancy and reliability/quality improvements in
selected mechanical systems. These improvements are scheduled for incor-
poration into D-1A in 1975,

The Titan III booster was developed by the United States Air Force
and has been in use successfully since 1964, Modifications were required
to the Titan IIID configuration to integrate it with the Centaur. The
Titan used with the Centaur is designated the Titan IIIE.

The Centaur Standard Shroud was developed to accommodate the larger
payloads capable of being carried by the Titan/Centaur. The design of
this shroud was based on similar shrouds used by the Air Force in the
Titan III programs,

The unique capabilities of the Titan/Centaur which provide a high-
energy restartable upper stage fills the performance and cost need for a
launch vehicle capable of delivering heavier payloads beyond the capa-
bility of Atlas/Centaur but less than that of the Saturn V to interplane-
tary trajectories and synchronous orbit. The Titan/Centaur will be used
to launch operational payloads such as: Helios, a joint under taking be-
tween NASA and the Federal Republic of Germany Space Agency, to investi-
gate space near the Sun; Viking, a combination Martian orbiter and lander;
and Mariner Jupiter/Saturn, a flyby of these planets,

The Titan/Centaur TC-1 vehicle was intended as a proof flight of the
Titan/Centaur combination. The vehicle was to perform four burns of the
Centaur engines, perform settled propellant and Zerc-g coast periods, and
in general obtain data on the Titan, Centaur, and Centaur Standard Shroud
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during the flight.
The major objectives of the flight were:

Primary: Demonstrate the capability of the Titan/Centaur launch
vehicle and the Integrate/Transfer/Launch facilities to support opera-
tional missions.

Secondary: Demonstrate Centaur capability to perform an operational
two-burn mission, with an extended parking orbit coast, and an operational
three-burn synchronous orbit mission,

Deliver a spacecraft (SPHINX) into the mission transfer
orbit at a specified spacecraft without compromising the other mission ob-
jectives,

Although the Centaur did not achieve orbit, a large part of the pri-
mary objective of the mission was achieved, since the countdovn, Titan
stage of flight, Centaur Standard Shroud Jettison, and Titan/Centaur sep-
aration were successfully accomplished., These events represented the
major new operations and hardware associated with the Titan/Centaur.

Since the Centaur stage, in the D-1A configuration, had successfully flown
in three previous missions, its operational objectives were secondary,.
None of the secondary objectives were achieved since the vehicle never
became orbital,

The limited proof flight, however, provided the following overall
accomplishments:

Titan/Centaur Integration Design Verification

1. Demonstrated ability of launch complex 41 to support a
launch. (Hardware and software) Proved the ability of the complex, multi-
organizational (government and contractor) launch team to function suc-
cessfully.

2. Demonstrated the steering interface between the Centaur and
the Titan in roll and wind bias during Stage 0 and closed loop guidance
during Stages I and II phases of flight.

3. Satisfactorily demonstrated Titan/Centaur staging.

4. Verified the structural integrity of all vehicle stages and
the Centaur interstage adapter through the launch and boost environment.

Centaur Standard Shroud

1. Demonstrated successful flight operation of all shroud
systems,
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2. Successfully jettisoned shroud.

3. Demonstrated operation of all umbilicals, chutes, and doors
on shroud.

Analytical

1. Obtained data that confirms estimates of launch/flight en-
vironment. (Loads, acoustics, thermal, and vibration)

2. Obtained all data required for the Viking Dynamic Simulator

" Pprogram,

In addition to the above overall accomplishments, the performance of
the following new D-1T Centaur designs was demonstrated:

Structural

Interstage adapter

Centaur truss adapter

Viking transition adapter including thermal diaphragm

Encapsulation bulkhead

Pyrotechnic forward seal releaser

Titanium stub adapter

Forward bearing reactor system

Centaur radiation shield integrity

Centaur and Centaur standard shroud compartment venting
systems

*» & =

Lol -BN I - W I - PR W

Avionics/Software

1. Coast phase autopilot operation

2, Main engine start failure logic

3. Titan/Centaur interface
*Discretes
*Steering

Guidance/stabilization/sequencing

Telemetry system

. Electrical power supply

Computer controlled vent and pressurization system (CCVAPS)
program

RF antenmna switch at shroud jettison

. Computer controlled launch set (CCLS) operation during

countdown

~ G Lo

O o

Fluid Systems

1. Redundant hydrogen peroxide system

2. Reaction control thrusters

3. Computer controlled venting and pressurization system in the
Pressurization mode
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*New solenoid valves
*L0O; tank bubbler
*¥LHp tank helium energy dissipator
*Pyrotechnic shutoff valves
*Control pressure transducers
4. LHy tank vent system and discomnects
5. LOy tank vent system and disconnects

This report presents an evaluation of the Titan/Centaur-l in sup-
port of the mission objectives. Titan, Centaur, and Centaur Standard
Shroud Systems are described, and their performance evaluated.
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ITI. LAUNCH VEHICLE DESCRIPTION v

General

The combination of the Titan IIIE and Centaur D-1T, called the Titan/
Centaur, is illustrated in figure III-1. An Interstage Adapter supports
the Centaur stage and the Centaur Standard Shroud (CSS) atop the Titan
IIIE. The interstage remains with the Titan at Centaur separation. The
Centaur Standard Shroud covers the spacecraft, the Centaur, and part of
the Interstage Adapter,

As discussed previously, the Titan/Centaur was added to the NASA
family of launch vehicles to fill a performance gap between the Atlas/
Centaur and Saturn V vehicles.

The remainder of this section of the report presents overall descrip-
tions of the Titan IIIE, Centaur D-1T, Centaur Standard Shroud, and the
TC-1 payload. For detailed systems descriptions, see the respective sec-
tions in this report.

Centaur D-1T

The improved Centaur (fig. III-2)} is built by General Dynamics’®
Convair Aerospace Division. It incorporates design changes over the
original Centaur D model necessary to meet new mission requirements and
to incorporate certain redundancy and reliability iwprovements.

The Centaur uses liquid hydrogen and liquid oxygen as the propel-
lants. These are contained in pressure-stabilized thin wall tanks. The
propellant tanks are separated by a vacuum-insulated common bulkhead. An
equipment module mounted on the forward end of Centaur provides for the
support of the electronic and guidance equipment.

Increased Centaur coast (up to 51 hr), to provide improved syn-
_chronous orbit capability, is obtaineg-by adding an aluminized mylar
radiation shield to the hydrogen tank sidewalls, Radiation shielding
and insulation have been added to cover the exposed portions of the aft
and forward ends of the Centaur tanks,

Vehicle thrust is provided by two Pratt & Whitney Airecraft Cox-
poration engines developing 66 720 newtoms (15 000 Ib) thrust each, The
Centaur tank pressurization and venting systems were modified to incor-
porate redundancy features and are controlled by the Centaur Digital
Computer Unit (DCU). Reliability improvements were made to the hydraulic
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system which provides the necessary force to gimbal the Centaur engines

in response to guidance commands. The hydrogen-peroxide system for the
propellant boost pumps and attitude control engines has been redesigned

to incorporate redundancy features. Attitude control and propellant
settling thrust are provided by 26.7 newtons (6 1b) thrust hydrogen-
peroxide engines mounted on the vehicle aft bulkhead. The engine arrange-
ment, in conjunction with the Centaur computer software, can maintain
.vehicle stability in the event of a single engine failure to fire.

The Centaur updated astrionics system, integrates many former hard-
ware functions into the airborne computer software., Guidance and control
are accomplished using a newly developed Centaur Digital Computer Unit
(DCU) built by Teledyne Systems Company. This computer is an advanced,
high speed digital computer with extensive input and output capabilities.
From the DCU, discrete signals are provided to the Sequence Control Unit
(SCU). The SCU provides the necessary interface between the DCU and the
vehicle systems that require switched and/or timed commands. Engine
steering commands go to the Servo Inverter Unit (SIU). The SIU contains
four servo-amplifiers. BEach amplifier operates in conjunction with the
hydraulic system to gimbal the engines. The $IU also contains the elec-
tronics fox the propellant utilization system and an inverter which sup-
plies vehicle a.c. power. Electrical power is provided by battery. Up
to three batteries can be used to meet expanded mission requirements.

A stable platform and its electronics unit make up the Honeywell,
Inc. Inertial Measurement Group (IMG). The IMC measures acceleration and
provides a time reference for the DCU to make navigational computationms,
The IMG consists of two packages: the Systems Electronic Unit (SEU) and
the Inertial Reference Unit (IRU). The SEU contains filters, power sup-
plies, and mode control relays for the IRU. The IRU contains a four glim—
bal all-attitude stable platform. Three gyros stabilize this platform
on which are mounted three pulse-rebalanced accelerometers. The IMG, in
conjunction with the DCU, performs the navigation and guidance functions
for the Titan/Centaur vehicle and also performs the flight comtrol for
the Centaur phase of flight. During the Titan boost phase of flight,
guidance steering commands are provided by the Centaur gulidance system to
the Titan flight control system.

The flight software is modularized into several special purpose sub-
routines that operate under the control of a real time executive program.
The executive calls on subroutines to perform various tasks such as
guidance and navigation, sequencing telemetry, attitude control, and pro-
pellant mixture ratio management. This results in a flexible system
readily adaptable to new missions through software rather than hardware
changes .

The Centaur pulse code modulation telemetry system is a time divi-~
sion multiplexed system controlled by the DCU. Remote multiplexer units
provide a convenient means for handling Centaur instrumentation.
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Prelaunch checkout of the Centaur is accomplished using a ground
computer called the Computer Controlled Launch Set (CCLS). The CCLS
functions include calibration and alinement of the inertial measurement
group, loading and verifying storage of Centaur computer programs, and
testing of electronic systems,

Titan IIIE

The Titan/Centaur booster, designated Titan II1IE, was developed from
the family of Titan ITI vehiecles in use by the Air Force since 1964. The
Titan IIIE is a modified version of the Titan IIID, Modifications were
made to the Titan to accept steering commands and discretes from the
Centaur inertial guidance system instead of a radio guidance system., 1In
addition, a redundant programmer and sequence system were added. The
Titan IIIE, illustrated in figure III-3 consists of two solid rocket
motors designated Stage O and the Titan III core vehicle Stages I and II.

The two Solid Rocket Motors (SRM's) provide a thrust of 10.6 million
newtons (2.4 million 1b) at liftoff. These motors, built by United Tech-
nology Center, use propellants which are basically aluminum and ammonium
perchlorate in a synthetic rubber binder. Flight control during the
Stage 0 phase of flight is provided by a Thrust Vector Control (TVC) sys-
tem in response to commands from the Titan flight control computer,
Nitrogen tetroxide injected into the SEM nozzle through TVC valves de-
flects the thrust vector to provide control. Pressurized tanks attached
to each solid rocket motor supply the thrust vector control flyid. Elec-
trical systems on each SRM provide power for the TV(C system.

Titan core Stages I and II are built by the Martin Marietta Corpora-
tion. The Stages I and II propellant tanks are conmstructed of welded
aluminum panels and domes while interconnecting skirts use conventional
aluminum sheet and stringer construction. The Stage II forward skirt
provides the attach point for the Centaur stage and also houses a truss
structure supporting most of the Titan IIIE electronics. A thermal
barrier was added to isolate the Titan IIIE electronics compar tment from
the Centaur engine compartment,

Stages I and II are both powered by liquid rocket engines made by
the Aerojet Liquid Rocket Company. Propellants for both stages are nitro-
gen tetroxide and a 50/50 combination of hydrazine and unsymmetrical di-
methylhydrazine. The Stage I engine consists of dual thrust chambers and
turbopumps produeing 2.3 million newtons (520 000 1b) thrust at altitude,

Independent gimbaling of the two thrust chambers, using a conven-
tional hydraulic system, provides control in pitch, yaw, and roll during
Stage I flight. The Stage II engine is a single thrust chamber and turbo-
pump producing 445 000 newtons (100 000 1b) thrust at altitude. The
thrust chamber gimbals for flight control in pitch and yaw and the turbo-
pump exhaust duct rotates to provide roll comtrol during Stage IT flight.



hats

III-4

The Titan flight control computer provides pitch, yaw, and roll com-
mands to the solid rocket motor's thrust vector control system and the
Stages I and II hydraulic actuators. The flight control computer re-
ceives attitude signals from the three-axis reference system which con-
tains three displacement gyros. Vehicle attitude rates in pitch and yaw
are provided by the rate gyro system located in Stage 1. In addition,
the flight control computer generates preprogrammed pitch and yaw signals
provides signal conditioning, filtering and gain changes, and controls
the dump of excess thrust vector control fluid. With the addition of the
Centaur inertial guidance system interface, a roll axis interface 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 I and 1II.

A flight programmer provides timing for flight control programs,
gain changes, and other discrete events. A staging timer provides
acceleration-dependent discretes for Stage I 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
IIIE a second programmer, relay package, and other circuits were added to
provide redundancy. Also, interfaces were added with the Centaur and
Centaur Standard Shroud for staging and shroud jettison.

The Titan uses three batteries: one for flight control and sequenc-
ing, one for telemetry and instrumentation, and one for ordnance. On
Titan IIIE separate redundant Range safety command system batteries 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,

Many of the modifications to the Titan for Titan/Centaur were made
to incorporate redundancy and reliability improvements. In addition to
those modifications previously mentioned, a fourth retrorocket was added
to Stage II in order to ensure proper Titan/Centaur separation if one
motor does not fire. A1l redundancy modifications to Titan IIIE utilized
Titan flight proven components. This feature, coupled with the large
degree of commonality between the various configurations of the Titan,
retains for the Titan IIIE the proven reliability of the Titan family,

Centaur Standard Shroud

The Centaur Standard Shroud is a jettisonable fairing designed to
protect the Centaur vehicle and its rayloads for a variety of space mis-
sions. The Centaur Standard Shroud, as shown in figure I1I-4, consists
of three major segments: a payload section, a tank section, and a boat-
tail section. The 4.27 meters (14 ft) diameter of the shroud was
selected to accommodate the Viking spacecraft requirements, The separa-
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tion joints sever the shroud into clamshell halves.

The shroud basic structure is a ring stiffened aluminum and mag-
nesium 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 adhe-
sive bond. Sheet splices, ring attachments, and field joints employ con-
ventional rivet and bolted construction. The biconic nose is a semi-
monocoque magnesium-thorium single skin shell. The nose dome is stainless
steel, The boattail section accomplishes the transition from the
4,27 meters (14 ft) shroud diameter to the 3.05 meters (10 ft) Centaur
interstage adapter., The boattail is constructed of a ring stiffened aluy-
minum sheet conical shell having external riveted hat section stiffeners.

The Centaur Standard Shroud meodular concept permits installation of
the tank section around the Centaur independent of the payload section.
The payload section is installed around the spacecraft in a special clean
room, after which the encapsulated spacecraft is transported to the launch
pad for installation 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 re-
quired to prevent formation of ice in this volume. '

The shroud is separated from the Titan/Centaur during Titan Stage II
flight. Jettisen is accomplished when an electrical command from the
Centaur initiates the separation system detonation. Redundant dual ex-
plosive cords are confined in a flattened steel tube which lies between
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 ex-
plosive systems are used. If the first system should fail to function,
the second is automatically activated as a backup within one half second.

The Titan pyrotechnic battery supplies the electrical power to ini-
tiate the Centaur Standard Shroud electric pyrotechnic detonators, Pri-
mary and back-up jettison discrete signals are sent to the Titan squib
firing circuitry by the Centaur Sequence Control Unit (SCU). A tertiary
jettison 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°, each shroud half separates
from 1ts hinges and continues to fall back and away from the launch
vehicle.
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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 im-
pulse during Centaur/Shroud jettison disconnect breakaway.

VDS and SPHINX Spacecraft

The payload for the TC-1 launch was a passive mass and dynamic rep-
resentation of the Viking Spacecraft referred to as the Viking Dynamic
Simulator (VDS). A piggy-back satellite called SPHINX (Space Plasma High
Voltage Interaction Experiment) was mounted on the forward end of the VDS,
Figure III-5 illustrates the VDS-SPHINX configuration.

The VDS was designed to duplicate the Viking Spacecraft mass proper -
ties (weight, cg, and moments of inmertia) and first longitudinal oscilla-
tory mode. Strain page, microphone and accelerometer instrumentation
were located on the VDS and channeled into a special FM/FM telepak in-~
stalled on the Orbiter Simulator to permit verification of the analytical
model developed to predict VDS inflight loads. This verification is per-
tinent in that the same techniques are used to estimate Viking spacecraft
loads. The VDS is not separated in flight.

The Proof Flight Payload is made up of six main elements: a Centaur
truss adapter, Viking transition adapter, and Viking spacecraft adapter
(provided by JPL); each in, or very nearly in, Viking operational flight
configuration; structure especially built to simulate the Viking orbiter
and lander (VODS and VLDS, respectively); and, an adapter built by
Langley to join the VODS and VLDS. This adapter referred to as the Proof
Flight Lander Adapter (PFLA) is identical to the Viking flight configura-
tion adapter in overall geometry but is fabricated of steel instead of
aluminum (Viking flight configuration) to afford better load carrying
capability. The total VDS weight above the Viking tramsition adapter was
7959 pounds,

The SPHINX (Space Plasma High Voltage Interaction Experiment) is a
satellite developed and built by Lewis Research Center to obtain engineer-
ing data necessary to design high voltage systems that can be exposed di-
rectly to the space environment. The SPHINX configuration is that of a
30-inch octagonal baseplate which supports components mounted on top and
bottom. The components are covered with thermal surfaces which glve the
satellite an overall height of 18.9 inches. Four solar arrays are perma-
nently mounted on the baseplate edges., The SPHINX was tec have been sepa-
rated from the VDS by means of a spring ejector mechanism with a velocity

of 2 feet per second and a spin rate of 30 rpm. Total SPHINX weight was
250 pounds.
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IV. MISSION PROFILE AND PERFORMANCE SUMMARY

by 8., V. Szabo, Jr., and R. P. Kuivenen

Mission Profile

The planned Titan/Centaur Proof Flight Mission Profile or Compendium
is shown in figure IV-~l. Also shown on the figure is an approximate time
for the occurrence of each event listed.

Launch is from Complex 41 at Cape Kennedy, Florida with ignition of
the Titan Solid Rocket Motors (SRM's). These motors burn for about
120 seconds, and then are jettisoned. They provide an initial liftoff
thrust of about 2.4 million pounds,

During the final seconds of the SRM's burn, the two liquid rocket
engines are ignited on the Titan Core Stage I. They provide about
520 000 pounds of thrust and burn for about 150 seconds. At the comple-
tion of Stage I burn, Stage II is ignited and Stages I and II separate.

Stage II engine burn provides about 100 000 pounds of thrust for an
additional 200 seconds. During Stage II burn at about T + 270 seconds
the Centaur Standard Shroud is jettisoned. S

Prior to Stage II burnout and separation, preparations for Centaur
Engine Start are initiated at Stage II burnout, the Centaur and Stage II
are separated, and the Centaur engines ipgnited.

The Centaur phase of flight profile is mission dependent. Following
is described the plan for the Proof Flight. The first Centaur engine
burn was to have been about 135 seconds long. This burn would have
placed the Centaur and spacecraft into a 100 nautical mile parking orbit.
The vehicle would then remain in this orbit with continucus propellant
settling thrust for 12 minutes. At the end of the 12-minute coast, the
Centaur engines would have been reignited. This burn would place the
vehicle in an intermediate transfer orbit in a "zero g" coasting config-
uration. The vehicle coast was planned to be 80 minutes. The engines
would then have been reignited for a third time placing the vehicle in a
transfer orbit to synchronous altitude. At the end of the third burn,
the Centaur was programmed to reorient and separate the SPHINX spacecraft
along a vector corresponding to the Earth to Sun alinement at launch plus
30 days. The Centaur then was intended to rforient for Sun alinement and
antenna pointing and coast in "zero g" for 57 hours to near synchronous

altitude. During this coast a series of "thermal maneuvers' to maintain



V-2

vehicle temperatures would have occurred. At near synchronous altitude,
the engines were scheduled to ignite for a fourth time for about 60 sec-
onds. At the end of this burn a series of boost pump and other experi-
ments were to have been performed to complete the mission.

Performance Summary

TC-1 liftoff occurred at 1348:01.8 GMI (0948.01.8 EDT) on Monday,
February 11, 1974, 0.4 seconds after stage SRM ignition, The launch was
delayed 45 minutes from the planned launch time of 1303 GMT (0903 EDT)
because of launch equipment problems. The ADDJUST designed Titanm Stage 0
steering programs for aerodynamic load relief were based on a Windsonde
balloon which was released 2.5 hours prior to the planned launch time,

The Stage O phase of flight appeared to be near normal, The igni-
tion of the Step I engines occurred at 114.5 seconds into the flight
which was 0.4 seconds earlier than predicted. 12.1 seconds after Step I
ignition (126.6 sec) the solid rocket motors (SRM's - Step 0) were jet-
tisoned. The comparison of the guidance reconstructed trajectory with
the preflight predicted trajectory at SRM jettison showed the vehicle
position was 30.5 meters (100 ft) high but the velocity was 11.3 meters
per second (37.0 ft/sec) lower than predicted.

The duration of the Stage I solo portion of flight was 0.6 second
longer than predicted. The Stage I/Stage II staging sequence commenced
at 263.1 seconds and was completed 0.7 second later (263.8 sec after SRM
ignition) with the jettison of Stage I. At Stage I shutdown, the guid-
ance reconstructed trajectory showed that the vehicle position and ve-
locity were 823.0 meters (2700 ft) and 45.1 meters per second (148 ft/sec)
lower than predicted. During the Titan Stage II portion of flight, at
274.4 seconds, the Centaur Standard Shroud was jettisoned. The Centaur
SCU commands this event 10 seconds after the Centaur DCU senses shutdown
of the Titan Stage I.

The Titan Stage II portion of flight was 3.6 seconds longer in dura-
tion than predicted, with Stage II shutdown occurring at 469.5 seconds
into flight. The Centaur DCU commanded Stage II separation 5.6 seconds
after Centaur DCU sensed the shutdown deceleration.

The vehicle was 1341.1 meters (4400 ft) low in altitude and 73.8
meters per second (242 ft/sec) low in velocity at Stage IL shutdown.
These dispersions were within the expected tolerances.

The Centaur Main Engine Start (MES-1) for first-burm occurred at
486.0 seconds; however, the Centaur did not achieve a successful start,
The Centaur guidance system cycled into the restart mode and a second
start of the Centaur engines (BEMES-1) was attempted 70 seconds later at
356.0 seconds into the flight. This attempt also failed.

The Range Safety Officer terminated the flight and destroyed the
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Centaur at 748.5 seconds into the mission. Table IV-1 lists the major
flight events as they occurred through flight termination. Table IV-2
presents the targeted orbits at the end of each of the four Centaur burns
which were selected to accomplish the objectives of the Proof Flight

mission.
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TABLE IV-1. - MARK EVENTS TITAN/CENTAUR PROOF FLIGHT

Event Predicted | Actual
T + Sec. [T + Sec.
Stage 0 ignition (SRM ignition) 0.0 0.0
Lift-off .23 <4
Stage I ignition 114.9 114.16
Step 0 jettison (SRM jettison) 126.2 126.70
Stage I shutdown (stage II ignition command) 262.0 263.1
Step I jettison T 262.7 263.8
Centaur standard shroud (CSS) jettison 273.0 274.4
Stage II shutdown 464.8 469.5
Step II jettison 470.7 475.1
Centaur main engine start (MES~1) 481.2 486.0
(first attempt)
Centaur main engine restart (RMES-1) = | —eee—a 556.0
(second attempt)
Flight termination (destruet) | oo 748.5

e e
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TABLE IV-2. - FINAL PROOF ?LIGHT PREDICTED ORBITAL PARAMETERS

(T ot 4 Y e e

Parameter MECO
1 2 3 4
Epoch (T + sec; MECO+ 0.5 sec) 618.2 1388.7 6371.2{ 25 335.0
Semi-major axis, nmi 3531.97 [4004.075|12 940.11]18 759.37
Eccentricity 0.000495 |0.118150( 0.696004| 0.170474
Inclination, deg 31.768§ 31.792 31.743 29,725
Apogee radius, nmi 3533.72] 4477.16{21 946.47]21 957.36
Perigee radius, nmi 3530.22 3530.99| 3933.74(12 117.44
Apogee height, omi 80.79 | 1033.22)18 502.54}18 513.43
Perigee height, nmi 86.29 87.06 489.81112 117.44
Longitude of ascending node, deg] 158.81| 155.57 134.79 71.41
Period, min 9 5 87.7501 105.919| 615.357| 1074.108
Energy, C3, km“/sec -60.9369 |~53.7521} -16.6326] -11.4731
Argument of perigee, deg 281,939} 190.11 109.85 90.04
True anomaly, deg 216.065 0.688 351.75 187.27
Eccentric anomaly, deg 216.082 0.611 356.501 188.635
Argument of latitude, deg 138.004 190.803§ 101.598 277.31
Mean anomaly, deg 216.099 0.539 358.93 190.101
Semi-latus rectum, nmi 1.3531.97 3948.18[ 66?1.64J18 214.19
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V. TITAN ITIE SYSTEMS

V-1. TITAN MECHANICAL SYSTEMS
V-1A. AIRFRAME STRUCTURE
by R. W, York
Summary

The Titan vehicle maintained structural integrity throughout all
phases of booster ascent flight, The propellant tank ullage pressures
were normal. All compartments vented as expected. The Titan Compar tment
2A thermal barrier experienced a lower -than-expected differential pres-
sure, indicating preflipght predictions were conservative.

System Description

The Titan IIIE vehicle consists of a two-stage core vehicle with
solid rocket motors (SRM's) on either side (fig. V-~1a-1),

The structural design of the IIIE core vehicle is of frame stabi-
lized monocoque and conventional "skin-stringer-frame" construction
(fig. V-14-2). The primary material of construction is aluminum alloy.
Alloys 2014 and 7075 are used in all primary structural members. Alloy
7075 is used predominately for extruded or forged frames, stringers, and
longerons,

The stages are composed of major assemblies or segments within the
stages. These major assemblies are provided with bolt-together inter-
faces called tension splices.

Stage I airframe includes four major assemblies; the fuel tank -
assembly, the oxidizer tamnk assembly, interstage structure, and the engine
heat shield.

The fuel tank assembly includes an aft skirt with longerons, the
tank assembly, and a forward skirt with a tension splice interface frame.
The tank wall also serves as the vehicle exterior wall.

The oxidizer tank assembly includes an aft skirt with tension splice
frame, the tank assembly, and a forward skirt with transportation splice
frame. The interstage structure is considered an extension of the oxi-
dizer tank forward skirt,

Stage II airframe includes two major assemblies; the fuel tank
assembly and the oxidizer tank assembly,

The fuel tank assembly has an aft skirt with anp aft staging inter-
face, the fuel tank, and a forward skirt with tension splice interface,
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The oxidizer tank assembly includes an aft skirt with tenmsion splice
frame, the oxidizer tank, and a forward skirt with a forward interface
for the Centaur interstage adapter structure. An internal truss mounted
in the Stage II forward skirt provides mounting for the flight controls,
power supply, telemetry, and other electronic equipment. A structural
thermal barrier (fig. V-1A-3), is attached to the forward end of the
Stage II airframe. The barrier is constructed of formed aluminum
stringers that support a 1l0-foot diameter cover of thin Pacron-polyester
coated material. The equipment truss is protected by an aluminum cover,
The purpose of the barrier is to prevent the environment of the Centaur
thrust compartment from adversely affecting the Titan electronic compo-
nents and the Stage I ullage gas and propellant and, conversely, the
barrier prevents the Titan compartment environment from adversely affect-
ing the Centaur thrust compartment during prelaunch and flight.

The engine heat shield assembly protects the Stage I engine from the
high temperatures radiated from the SRM nozzles. The engine heat shield
is composed of an upper engine shroud which attaches to the aft frame of
Stage I and encloses the major portién of the engine from the thrust
chamber throats up. Two lace-on jackets to cover the thrust chamber
nozzles, covers to close the open end of the chambers and turbine tail
pipes and flexible boots to close the openings around thrust chambers and
turbine tail pipes complete the assembly.

Flight Performance

The ullage pressures within the oxidizer and fuel tanks of both
Stage I and Stage II were sufficient to maintain structural integrity
throughout flight., The pressures did not exceed the design limits of the
vehicle.

Compartment IIA internal pressure vented as expected and achieved
essentially zero psi at approximately 125 seconds after 1ift-off
(fig. vi-2-2),

The eight Titan Compartment IIA wall differential pPressure measure-
ments (fig, V1-2-2) indicated a steady-state maximum of 0.8 psid crush
at 40 to 45 seconds and 1.3 psid burst at 43 seconds in the pitch plane.
In the yaw plane, Compartment IIA experienced steady-state maximums of
1.1 psid crush and 1.45 psid burst during the same times. By 80 seconds
all measurements were recording less than 0.2 psid steady-state. The
Titan Compartment IIA design limit differential pressures are defined in
figure VI-2-2., All maximum wall differential Pressures measured were
within design limits.

The differential pressure across the Compartment IIA thermal barrier
remained steady at 0.15 psid collapse throughout flight. This was well
within the design limit of 1.3 psid.
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V-1B. TITAN PROPULSION AND HYDRAULIC SYSTEMS

by R. J. Salmi and R. J. Schroeder

Summary

411 Titan TIIE-1 Stage O systems and components functioned as ex-
pected and no failures or anomalies were observed. The actual flight
trajectory performance was on the low side but within the 3-sigma limits
of the normal predicted values. At Stage (O separation the relative ve-
locity was 37 feet per second (0.88 percent) less than nominal and the
separation occurred 0,52 second later than predicted,

Stage I engine performance was slightly lower than expected with
average thrust 1.26 percent low and average specific impulse 0.69 second
low. Engine operating time was 0.6 second longer than expected. Sub-
assembly two exhibited an anomaly at FSy + 65 seconds when the thrust
chamber pressure, oxidizer and fuel pump discharge pressures, and gas
generator pressure dropped 1 to 2 percent. Postflight investigation
concluded that the most likely cause of this anomaly was a hot gas leak
through an instrumentation fitting on the turbine inlet manifold used
during engine acceptance testing.

Per formance of the Stage II engine was satisfactory. Average thrust
was 1.65 percent lower than expected and average spacific impulse was
0.49 second higher than expected. Engine operating time was 3.4 seconds
longer than expected.

Prelaunch propellant loading and pressurization of the Stages I
and II propellant tanks were within the acceptable limits. The autog-
enous pressurization system on each stage supplied adequate pressuriza-
tion gases to the propellant tanks during engine operation.

The Stages I and 11 hydraulic systems performed satisfactorily dur-
ing countdown operation and flight operation, Hydraulic reservoir lewvel
measurement on Stage Il exhibited a > percent bandwidth of noise during
Stage LI engine operation, Structural loads transmitted into the
hydraulic actuators during Stages I and II engine start transients were
within the capability of the actuators,.

System Description

Stage 0. - The initial Titan boost phase (Stage 0) was provided by
two solid propellant rocket motors (SEM's) which developed approximatelv
1 200 000 pounds thrust each. The SRM's are a matched pair; that is,
they had similar combustion characteristics which were determined from
propellant burning rate tests made during the propellant manufacturing
process. The basic solid motors were built up from five cylindrical seg-
ments plus an aft and forward closure, as shown in figure V-1B-1., Each
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segment was 10 feet in diameter and 10 feet long. The segment grain port
is circular and is slightly larger at the aft end of the segment than at
the forward end.

The solid propellant grain is a mixture of polybutadiene-acrylic
“acid acrylonitride terpolymer (PBAN), ammonium perchlorate, aluminum
powder, an epoxy based binder and small amounts of iron oxide to control
the burn rate, At room temperatures, the nominal design web action time
(time from 75 percent of maximum chamber pressure to the knee of the tail-
- off break) is approximately 105 seconds. The total burn time to the end
"of tall-off is about 125 seconds. During the web action time, the thrust
of each SRM decays from the initial 1 200 000 pounds to about 820 000
pounds.

The forward closures had star grain ports to provide rapid initial
thrust buildup and they also housed the igniters as shown in figure V-1B-2.
The nose support skirts and nose fairings were also supported by the for-
ward closures. The aft closures were strong structural members which sup-
ported the nozzle assemblies, as shown in figure V-1B-3. The aft closures
were cast with circular grain ports. '

The steel nozzle assemblies consisted of throat sections with ex-
posed surfaces fabricated from disk shaped layers of graphite and expan-
sion sections lined with phenolic impregnated silica cloth ablative mate-
rials plus other insulating materials. The nozzle expansion ratios were
8:1 and their centerlines were canted 6° from the SRM centerlines so that
the SRM thrust vectors intersected near the vehicle center of gravity to
reduce yawing moments resulting from thrust differences in the two
motors.

The aft support skirts were strong ring-beam reinforced cylindrical
sections attached to the aft closures. Attached to the aft support
skirts were the core support longerons, the ground support longerons, the

" TVC tank supports, aft staging rockets and the aft heat shields. The
core support longerons transmit the thrust of the SRM's to the core’
vehicle.

At the end of the SERM burn time, the solid rockets are separated
from the core vehicle by firing explosive bolts at the core support
longeron ball joints and at the forward outriggers and by firing the for-
ward and aft staging rockets. Each SRM has eight staging rockets with
clusters of four located in the nose support skirt as indicated in fig-
ure V-1B-1. Each staging rocket has a thrust of approximately 4800 pounds
and a burn time of about 2.6 seconds, .

Both the SEM's and the TVC injectant tanks have a destruct system
which consists of linear shaped charges that are mounted longitudinally
along their external surfaces. The destruct charges are fired automati-
cally if inadvertent SRM separation occurs or they can be fired by ground
control prior to SRM separationm,
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Stage I. - Thrust for the Titan Stage 1 was provided by one Aerojet
Liquid Rocket Company engine Model LR87-AJ-11 shown schematically in fig-
ure V-1B~4. The engine assembly consisted of two identical engines
attached to a single frame and mounted on the vehicle, These individual
engines, designated as Subassembly 1 and Subassembly 2, were designed to
operate simultaneously to provide a vacuum rated thrust of 520 000 pounds
with a 15:1 expansion ratio.

Each subassembly consisted of the following major components and
subsystems: pump Suction lines, turbopump assembly, pump discharge lines,
regeneratively cooled thrust chamber assembly, thrust chamber valves, gas
generator, autogenous pressurization system, an ablative skirt to provide
a 15:1 expansion ratio, an exit closure with separation systems, engine
control and instrumentation harnesses.

Subassenbly performance (thrust, weight flow rates, mixture ratio)
were preset by the use of fixed orifices in the propellant discharge lines
and cavitating venturis in the gas generator feed lines. Autogenous pres-
surization gas flow rates were also preset by a sonic nozzle in the fuel
autogenous line and a cavitating venturi in the oxidizer autogenous line.

Engine start was provided by a solid propellant start cartridge in
each subassembly to initiate pump operation and drive the turbine until
the engine became self-sustaining.

Engine shutdown was initiated by the thrust chamber pressure switch
(one in each subassembly) when it sensed a decay in thrust chawber pres-
sure due to propellant depletion,

Thrust vector control {pitch, yaw, and roll) was provided by gim-
balling each subassembly thrust chamber with two hydraulic actuators,

Stage II. - The Titan Stage Il rocket engine was Aerojet Liquid
Rocket Company Model LR91-AJ-11 shown schematically in figure V-1B-5,
This engine develops a vacuum rated thrust of 100 000 pounds with a
49,2:1 expansion ratio. Except for being somewhat smaller, the Stage II
engine is similar in construction and operation to a single subassembly
of the Stage 1 engine.

The Stage II engine consists of the following major components and
subsystems: pump suction lines, turbopump assembly, pump discharge lines,
regeneratively cooled thrust chamber, thrust chamber valves, gas pener-—
ator, autogenous pressurization system, an ablative skirt to provide a

49,2:1 expansion ratio, roll control nozzle assembly, engine control,
and instrumentation harnesses.

Engine performance (thrust, weight flow rates, mixture ratio) were
preset by the use of fixed orifices in the propellant discharge lines and
cavitating venturis in the gas pgenerator feed lines. Autogenous pressur-—
ization gas flow rates were also preset by a sonic nozzle in the fuel
autogenous line and a cavitating venturi in the oxidizer autogenous line,
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Engine start was provided by a solid propellant start cartridge to
initiate pump operation and drive the turbine until the engine became
self-sustaining. The electrical command for Stage II engine start was
issued at the same time as Stage I shutdown, resulting in what is known
as "fire-in-the-hole” for Stage II engine start,

Stage II engine shutdown was initiated by propellant depletion
sensed by a reduction in acceleration to approximately 1.0 g level.

Thrust vector control in pitch and yaw was provided by gimballing
the thrust chamber with two hydraulic actuators. Roll control was accom-
plished by swiveling the turbine exhaust nozzle with a single hydraulic
dctuator.

Stages I and II propellant feed systems. - The Titan propellant feed
systems for Stages I and II is shown in figures V-1B-6 and V-1B-7. Both
stages used the same storable, hypergolic liquid propellants. The fuel
was a mixture of 50 percent hydrazine with 50 percent unsymmetrical di-
methyl hydrazine and the oxidizer was nitrogen tetroxide.

Propellant feed lines for both stages terminated at a set of elec-
trically operated reclosable prevalves. This was the first Titan III
flown with this type of prevalve. Other Titan III vehicles used an
ordnance operated, nonreclosable type of valve, Propellants were loaded
into the wvehicle tanks through manually operated fill and drain discon-
nects with the prevalves in the closed position. The prevalves were
opened during the automatic portion of the terminal countdown to provide
propellants to the engine pumps.

The Stage I propellant feed system included a set of toroidal accum-
ulators in the fuel feed lines to reduce the "pogc'" effect between the
engine and the vehicle structure. Stage II propellant feed system did
not have the toroidal accumulators in the fuel feed line,

Ullage volumes in each propellant tank were pressurized with 2ARE0US
nitrogen before liftoff. During engine operation the required tank pres-
surization gas was supplied at a controlled rate by the engine autogenous
' system to make up for the removal of propellant from the tanks., TFuel
tanks were pressurized by hot turbine exhaust gas that was cocled in a
heat exchanger before entering the fuel tanks., Oxidizer tanks were pres-
surized by heating liquid oxidizer to the gaseous state in a heat ex-
changer located in the turbine exhaust stack,

Stages I and II hydraulic systems. - The Titan Stages I and II hy-
draulic systems shown schematically in figures V-1B-8 and V-1B-9 provided
the mechanical force necessary to gimbal the Stages I and II thrust
chambers and to swivel the 5tage II turbine exhaust nozzle for thrust
vector control, Both systems are nearly idemtical except for the size of
the turbine driven hydraulic pumps and the linear actuators. Each system
supplied a nominal 2950 psi pressure to the hydraulie¢ actuators during
ground checkout operations and during flight. An electrie motor driven




v-10

pump supplied the hydraulic pressure required for ground checkout of the

flight control system. The in-flight hydraulic pressure was supplied by
a variable delivery, pressure-compensated, piston type pump, mechanically
driven by the rocket engine turbine. The remaining elements common to
both hydraulic systems were a regulating unit that included an accumu-
lator and reservoir, a filter, a manually operated ground disconnect,
check valves, and instrumentation.

Flight Performance

Stage 0. - The nominal flight trajectory based on the predicted SRM
performance class, projected a relative velocity of 4185 feet per second
and an elapsed time of 126,067 seconds at Stage 0 separation. The flight
per formance based on Digital Computer Unit (DCU) data indicated that at
separation the relative velocity was 37 feet per second below nominal
(0.88 percent) and that the time at separation was 126,585 seconds
(0.14 percent long). SBM's 19 and 20 were known to be of the slow-burner
SEM family which was assigned a nominal class web action time (WAT) of
109.0 seconds at 60° F SRM bulk temperature instead of the specification
nominal WAT of 106.9 seconds. As shown in table V-1B-1, the actual flight
WAT's are 110.0 and 108.9 seconds for SRM's 19 and 20, respectively. Cor-
rected to the nominal temperature of 60° F, the WAT's are 110.0 and
108.9 seconds, well within the bounds of the 10%-second performance class,
Table I also shows that all of the performance parameters involving the
delivered impulse were within the specification limits. Table V-1B-I and
figures V-1B-10 and V-1B~ll, show that the maximum chamber pressure/thrust
at lift-off was below the specification value. The thrust was within the
specified limits for most of the remaining burn time but was generally
near the lower limit. Figures V-1B-10 and V-1B~1l, also show the thrust
time (burn time) extending beyond the specification limits, Differences
in the thrust developed by the two SRM's result in yawing moments which
must be overcome by the thrust vector control (TVC) system. Critical
times occur during thrust buildup and tail-off when TVC is lowest, The
maximum measured thrust differentials were 43 251 pounds during thrust
buildup and 65 000 pounds during tail-off, which are very low when com-
pared to the allowable values of 168 000 and 290 000 pounds, respectively,

Stage I. - Flight performance of the Titan Stage I engine was satis-
factory. Engine start signal (87 FSj) occurred at T + 114.6 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.

Separation of the thrust chamber exit closure was satisfactory as
indicated by the normal engine start transient. The time differential
between subassembly one ignition and subassembly two ignition was
0.07 second. Eighty percent rated thrust level for each subassembly was
reached with a 0.03 second time differential. There was no thrust over-
shoot produced in either subassembly. Stage I engine start trahsient
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data is shown in table V-1B-2.

Engine performance during the steady-stage pericd was satisfactory.
Average engine thrust was 1.26 percent lower than expected, average spe-
cific impulse was 0,69 second lower than expected, and averapge engine
mixture ratio was 0,98 percent higher than expected. The corresponding
3 sigma dispersion about the expected values were *3.27 percent on thrust,
+2.3 seconds on specific impulse, and *2.17 percent on mixture ratio,
Stage I engine steady-state performance data is shown in table V-1B-3,

An anomaly occurred during steady-state operation on subassembly two
at approximately 65 seconds after engine ignition. This anomaly ex-
hibited itself as a sudden decreased shift of one to two percent of full
scale reading of the following subassembly two telemetry measurements:
thrust chamber pressure, oxidizer and fuel pump discharge pressures, and
gas generator pressure., A postflight investigation of this anomaly con-
cluded that it could have resulted from contamination entering the fuel
or oxidizer bootstrap venturi inlet screen or from the loss of a B-nut
cap on an unused instrumentation port on the turbine inlet manifold., The
most likely cause appears to be the loss of the B-nut cap since similar
instances have been encountered during ground tests. An interim correc-
tive action to prevent future reoccurrences of this problem requires
safety wiring all critical B-nuts on Stage I and Stage II engines,

Stage I engine shutdown occurred at T + 263.1 seconds when the
thrust chamber pressure switches sensed a reduction in chamber pressure
and issued the engine shutdown signal (87 FS9)., Engine shutdown was the
result of oxidizer exhaustion as planned. The shutdown transient was
normal for an oxidizer exhaustion mode. Stage I engine operating time
(FS] to FS;) was 0.6 second longer than expected.

Stage II, - Flight performance of the Titan Stage II engine was
satisfactory. Engine start signal (91 FSy) occurred at T + 263.1 sec-
onds (simultaneous with Stage I engine shutdown signal, 87 FS9). The
Stage 1I engine start transient was normal as shown in table V-1B-4,

Engine steady-state performance was satisfactory. Average engine
thrust was 1.65 percent lower than expected, average specific impulse was
0.49 second higher than expected and average engine mixture ratio was
0.71 percent higher than expected. The corresponding 3 sigma dispersions
about the expected values were %£3.80 percent om thrust, *3.5 seconds on
specific impulse, and +2.66 percent on mixture ratio., Steady-state
engine performance data is shown in table V-1B-5.

Stage II engine shutdown (91 FS;) occurred at T + 469,6 seconds
when the sensed wvehicle acceleration dropped to 1.0 g's, Engine shutdown
was the result of oxidizer exhaustion. The shutdown transient was normal
for an oxidizer exhaustion mode,

Stage II engine operating time (FSl to Fsz) was 3.4 seconds longer
than expected.
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Stages I and II propellant feed systems. - The Titan Stages I and II
propellant tanks were loaded with propellants based on an average ex-
pected in-flight propellant bulk temperature of 67.5° F. 1In addition,
Stage I propellant tanks were loaded to provide a 2 sigma probability of
having an oxidizer depletion shutdown. This was done to minimize the
risk of encountering high Stage II actuator loads during the Stage II
engine start transient, A comparison of the actual loaded propellant
welghts for each tank with the expected loaded weights is shown in
table V-1B-6. Loaded propellant weights were within the allowable tol-
erance of 0.4 percent for the oxidizer and #0.3 percent for the fuel.

The Titan Stages I and II propellant tanks were initially pressur-
ized within the required prelaunch limits on F-1 day, Table V-1B-7
shows the prelaunch tank pressurization limits compared with the recorded
telemetry tank pressures just prior to lift-off. All four propellant
tanks were pressurized satisfactorily and the final prelaunch values were
0.5 to 2.0 psi above the midband of the launch limits.

The autogenous pressurization systems on Stages I and II supplied
adequate pressurization gases to the propellant tanks during engine oper-
ation, Average tank pressures were 0.3 to 3.7 psi higher than expected.
Table V-1B-8 shows the expected average tank pressures during engine op-
eration with the actual flight values,

Stages T and II hydraulic systems. - Performance of the hydraulic
systems on Stages I and II were normal, The electric motor driven pump
in each stage supplied normal hydraulic pressure for the flight control
system tests performed during countdown. Hydraulic pressures supplied
by the turbine driven pump on each stage during engine operation were
normal. Hydraulic reservoir levels were satisfactory except Stage II
measurement exhibited approximately a five percent bandwidth of noise
during Stage II engine operation. Table V-1B-9 shows Stapges I and II
hydraulic system performance data.

The structural loads transmitted into the hydraulic actuators during
the Stage I engine start transient were normal. A maximum load of
16 000 pounds tension was applied to subassembly 1 pitch actuator 4-1.
This load was considerably below the allowable tension load of 50 000
pounds on the Stage I actuators. Stage II engine start transient re-
sulted in a maximum load of 9700 pounds compression applied to the
Stage IT pitch actuator 1-2. Compared with other Titan III flights, the
Stage II actuator load on TC-1 was the third highest load. It was also
the highest load experienced with a Stage 1 oxidizer depletion shutdowm
but was below the 14 400 pound load encountered with a Stage I fuel de-
pletion shutdewn. Recent tests performed on the Stage II actuator have
demonstrated an actuator capability of approximately 18 000-pound load.
Table V-1B-X shows the maximum actuator loads encountered on TC-1 during
the Stages I and II engine start transients.



TABLE V~1B=l

TITAN SOLID ROCKET MOTOR PERFORMANCE SUMMARY

-

- Rocket Motor Specification

SRM 19

SRM 20
Allowable
Deviation, Deviation, Deviztion,
Parameter - Nominal B Measured Corrocted % Measured  Corrected %
Test condition Vacuum - Flight Vacuum - - Flight Vacuum -
Firing condition,OF 60 -~ 646 - 60 - 653 . 60 Y-
Web action time,sec 106.9 +2.16 1094 1100 +2.90 108.1 108.9 - - +1.87
Action time, sec - 116.8 $343 1196 1204 ' +3.08 119.8 . 1206 +3.35
Maximum forwardend 791 2376 739 730 ST . 731 720 -8.98
chamber pressure, psia : : ' _ . "
Maximum initial sea 11638 £6.23 1.0784 1.0625 -8.70 1.0650 1.0476 _ -9.98
level thrust, 1b x 10° . : . - '
Web action time total 108.43 - £1.0  102.388  108.160. -  -0.25 101.668  107.437 -0.92
impulse, b-sec x 10” o . . N
. / ' ‘ .
Action time total 112.52 . £1.0 - 106.625 112411 -0.10 106.543  112.333 .17
impulse, 1b-scc x 10° \ . .
Web action time 266.0 £0.7 266.6 +0.23 2520 266.3 +0.11

delivered specific
impulse, scc

252.3

NOTE: A!l thrust and impulse values are nozzle centerline.

" ET-A
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TITAN STAGE I ENGINE START
TRANSIENT DATA, TC-]

TABLE V=1B-2

Parameter Units Flight Values
Allowalble Actual
Subassembly 1 Suhassemblv 2

FSl to Ignition Sec 0.6 to 1,0 .76 .83

Ignition to 80% Sec 0,125 minimum . 20 .23

Rated Thirust Level

Thrust Overshoot Lbf 323, 000 maximum No over- No over-

.~ shoot “shoot

TITAN STAGE I ENGINE STEADY-STATE

TABLE, 7~15-3
. PERFORMANCE, TC-1

Parameter Units Average Steady-State Flight Values
Expected (2) Actual
Thrust, total 1bf 527649 520988
Specific impulse sec 302,33 301. 64
o
Mixture ratio, /T units 1,9079 1.9266
Overboard propellant lbm/sec 1745, 28 1727,18
flow rate, total ()
Oxidizer flow rate, Ibm/sec 1147,71 1139.60° :
total . .
Fucl flow rate, total Ibm/sec 601. 55 T 591,51
Propellant outage 1bm . 1138 mean 2186 (fuel)
2971 max.
o
Oxidizer temperature F 65 56,1
Fuel temperature °F 65 56, 6
F5; to F52 sec 147.9 148, 5
NOTES: 1) Excludes autogenous pressurant [low

-2Z) Expected valucs are those used in the final prcflight targeted

trajectory

OoF P

ORIGINAL ¥
POOR

pAGE 18
anAlITY
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"TITAN STAGE I ENGINE

START TRANSIENT DATA, TC-1

Paramecter Units Flight Values
Allowable Actunl
¥S! to ignition Sec 0.5 to 0.9 0.70
10% to 80% rated Sec 0.150 minimum .20
thrust
Thrust at overshoot | 1bf 128000 max. 103790

TITAN STACE II ENGINE STEADY-STATE

targeted trajeciory

TABLE ¥-1B-
18-5 PERFORMANCE TC-1
JParameter Units Averape Steadv-State Flioht Values
Expceted(3) Actual
Thrust, total ' bt 104263 102542
Specific impulset® Sec 315.14 316, 63
Mixture ratio, o/F Units 1.7888 1.8015
jOverboard propellant lbm/sec 328.06 321,12
ﬁmvrate,. total (2)
Oxidizer flowrate,- 1bm/sec 211,25 207.34
total N
Fuel [owrate, lbm/sec 118,09 115,09
total
Propellant outa 1bm 153 mean 284(fucl
ope omage ‘ 623 max, ¢ )
Oxidizer temperature o €5 58.5
Fuel temperature op 65 58.9
FS, to FS, Sec 203.1 206.5
NOTES: 1) Excludes roll nozzle thrust
: ,;z') Excludes autogenous pressurant flow
3) Expected values are those used in the final pre-ﬂigﬁt
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TITAN LOADED PROPELLANT WEIGHTS

TABLE V-1B=6 STAGE 1 AND STAGE II, TC-1
Expected (Lbs.) Actual (Lbs.)
Stage 1
Oxidizer 168,766 168,739
Fuel 90,140 90, 079
Stage 11
Oxidizer 42,796 42,781
Fuel 24,190 24,178
TABLE V-1B=7 TITAN PROPELLANT TANK PRELAUNCH
PRESSURIZATION, STAGE I AND STAGE II, TC-1
Prelaunch Limits Valuc at T-30 Sec,
(psia) {psia)
Lower Upper
Stage 1
Oxidizer Tank 33.6 -45,0 40.0
Fuel Tank 24,0 32.0 30.0
s
Stage I
Oxidizer Tank 45,0 57.0 52.0
Fuel Tank 50.0 56.0 54,5
TABIE V-1B-8  TITAN PROPELLANT TANK AVERAGE PRESSURES
DURING ENGINE OPERATION, TC-1
Expected anuem Actual Value
{psia) {psia)
Stage 1
Oxldizer Tank 33.9 34.6
Fuel Tank 25,7 26.0
Stage II '
Oxidizer Tank 50.5 . 53,5
Fuel Tank 53.0 $6.7

() Expected values age based on an average in-flight propellant bulk

temperafure of

65 F
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TABLE V~1B-9 TITAN HYDRAULIC SYSTEMS FLIGHT DATA, TC-1
Parameter VUnits Expected Stage 1 Stagc I1

Hydraulic Supply Pressure

Max, at Pump Start psi 4500 Max(D) 3420 4072
Average Steady-State psi 2900-3000 - 2970 2950

Reservoir Level

Prior to Pump Start ' % 22-47 . 47.5 50
At Max, Pump Start Pres. % 22-47 33 . 34 )
Shutdown Minus 5 Sec. % 22-47 3 | 36 ]

(1) Proof pressure limit

TABIE V-18-10. TITAN HYDRAULIC ACTUATOR MAXINUM LOADS
DURING ENGINE START TRANSIENTS, TC-1

Stage I Actuators _Stpee 11 Actuitors
Units ubassemibly_One | Subassembly Two
Pitch Yaw-Roll | Yaw-RqQll Pitch | Pitch Yaw
1-1 2-1 3-1 4-1 1-2 2-2
Load 1bf +8350  +11000 +11000 -1G6000] =+9700 +5360

+ sign indicates compression load
- sign indicates tensicn load

18
9 PAGE
o 3
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V-1C, TITAN STAGE 0 THRUST VECTOR CONTROL SYSTEMS

by R. J. Salmi

Summary

The Stage 0 thrust vector control systems performed as expected. No
anomalies in the performance of the electromechanical valves were detected.
Thrust vector control fluid usage and dump were normal.

System Description

The Stage 0 thrust vector control system provides side forces in re-
sponse to steering commands by means of fluid injection into the SRM noz-
zles. Each nozzle has an injectant manifold with 24 electromechanical
valves (EMV's) that operate in groups of six to provide four steering
quadrants as shown in figure V-1C-1. The injectant fluid (N04) inter-
feres with the nozzle supersonic flow causing flow turning through an
oblique shock wave as shown in figure V-1C-2. The reaction of the N304
with the fuel rich exhaust increases the pressure in the separated flow
region thereby enhancing both the flow turning effectiveness and the
thrust,

The EMV's respond to steering commands from the core vehicle. Fail-
ure of one valve in a quadrant does not compromise the system effective-
ness., In normal operation, all EMV's are opened to provide a steady flow
of N904. The valve openings are set by the contrecl computer to provide a
scheduled dump rate. Steering commands to open the valves in a given
quadrant also reduce the openings of the EMV's in the remaining quadrants
to minimize the amount of injectant required for steering and to maintain
the dump rate.

The TVC system details are shown in figure V-1C-3. The injectant
flow is maintained by the high GNp ullage pressure (952 to 1107 psia at
liftoff) which decays to about 630 psia at separation. Leakage of N304
from the EMV's into the nozzle during ground hold is prevented by pyro-
seal end caps on the valve outlets., The pyroseal caps burn off at engine
startup before any steering control is required.

Flight Performance

The operation of the EMV's is determined by monitoring the valve
positions during flight. The outputs from the EMV position indicators
are read as group averages for two groups of three valves each for each
quadrant. If any valve is in an incorrect position, the two group out-
puts from that quadrant will have different average values. For SRM's
19 and 20, no valve anomalies were detected,
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The TVC system fluid inventories are summarized in table V-1C-1,
The values shown are all within the expected range of values,

TABLE V-1C-1
. N S y
!SRM 19 SRM 20
Nitrogen tetroxlde load 1b 8446 8439
‘ Total expended, 1b 1 6725 6522
| Total dumped, 1b 4145 3938
, Total TVC steering, lb 2580 i 2584
iManifold pressure at ignition, psia 1024 | 1001 |
Manifold pressure at separation, psia 560 ! 556
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V-2. TITAN FLIGHT CONTROL AND SEQUENCING SYSTEM

by E. Jeris and T. Porada

Summary

The Flight Control System maintained vehicle stability throughout
powered flight, Control system responses due to the roll to launch azi-
muth, ADDJUST and closed loop guidance steering commands from Centaur
were well within the control system capabilities. All open loop pitch
rates and preprogrammed events were issued as planned. Dump programming
of TVC injectant fluid was satisfactory. No system or component anoma-
lies occurred,

System Description

The Flight Control System consists of a three-axis reference system
(TARS), flight control computer (FCC), a rate gyro system, two flight
programmers, and a staging timer. The rate gyro system package is lo-
cated between tanks on Stage I. All other flight control system compo-
nents are mounted on the equipment truss located in the forward compart-
ment of Stage II. A block diagram of the flight control system is shown
in figure V-2-1,

The function of the flight control system is to provide vehicle
attitude stability, provide discrete commands, issue an open loop pitch
program, and regulate SRM thrust vector control fluid usage, The flight
control system responds to steering commands from Centaur for the roll to
launch azimuth maneuver and ADDJUST steering during Stage 0 and closed
loop guidance steering during Stages 1 and II,

TARS gyros provide analog attitude error signal proportional to the
angular displacement of the vehicle from an established reference in each
of the pitch, yaw, and roll axes to the flight control computer. Torquer
windings are provided in each gyro to change the reference as commanded by
a preprogrammed rate history generated by the Titan flight programmer. In
addition separate torquer windings are provided in each gyro to accept com-
mands from Centaur guidance.

The rate gyro package senses rate of change of vehicle attitude in
pitch and yaw during Stages O and I flight. Rate gyro output is a sigrnal
voltage proportiomnal to vehicle angular rate sent to the flight control
computer.

Two flight programmers (A and B) provide momentary (0.1 or 1 sec)
and continuous discrete commands. Each programmer has the capability of
issuing thirty (30) time-based and one (1) acceleration based discrete.
Command system redundancy is provided by the two programmers. Flight
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programmer "A'" accelerometer provides for Stage II shutdown command (re-
dundant with a Centaur command) and programmer "B" accelerometer provides
a Stage I start command (redundant with the staging timer).

The flight control computer accepts attitude error signals from the
TARS and angular rate signals from the rate gyro system. These sigpals
are conditioned (filtered and integrated), amplified, mixed, and distrib-
uted to the thrust vector control devices (SRM TVC valves and Stages 1
and II hydraulic actuators). Flight programmers and the electrical se-
quencing system provide discrete commands to the flight control computer,
These discrete commands change gains and pitch rates at appropriate flight
times., The flight control computer alsc controls the dump programming of
the TVC injectant fluid. Dump is controlled by comparing commanded TVC
valve opening with a nominal profile, remembering the difference between
commanded and nominal, and using the memory to issue the appropriate dump
command. The computer provides ten (10) in-flight gain states, ten (10)
pitch rates, derived rate information in pitch, yaw, and roll from TARS
output, and attitude integrators to compensate for hardware offsets and
structural misalinement, and vehicle center of gravity offsets.

The staging timer provides one acceleration based and three time
based discretes. The acceleration based discrete is used to start the
Stage I engines during Stage 0 deceleratien. Stage I start command re-
sults from a majority vote of any two of three accelerometers. The first
" time-based discrete is used for SRM jettison, the second for €SS jettison
backup and the third is a spare.

Flight Performance

The Titan flight control system maintained stable control using a
peak of 24, 16.6, and 16.7 percent of command capability for Stages 0, I,
and II, respectively. Command voltage to each SRM quadrant and dynamic
and static stability limits are shown in figures V-2-2 and V-2-3, The
stability limits represent the TIIIE-1 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 to vehicle stability and control authority. Simulation re-
sponses satisfying the constraint assures a 3-sigma probability of accept-
able control authority and vehicle stability. Maximum command during
Stage 0 flight was 2.4 volts which is 24 percent of the control system
capability and 34 percent of the dynamic stability limit. The peak com-
mand (pitch down) resulted from the Titan open loop pitch program and
Centaur ADDJUST pitch down wind load relief steering.

For Stages I and II, the control system limit is the maximum gimbal
angle associated with the actuator stop. Actual gimbal angle used for
Stages I and II against flight time is plotted in figures V-2-4 through
V-2-8., During Stage I flight the maximum gimbal angle required for con-
trol was 16.6 of full travel at SRM jettison, During Stage II 15 percent
of full gimbal angle was the maximum used for control. This occurred in
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the roll channel during CSS jettison,

The control system response to vehicle dynamics was evaluated for
each significant flight event. The amplitude, frequency, and duration
of vehicle transients and the control system output.in terms of SRM com-
mands and Stages I and: II gimbal angle is shown in table V-2-1.

Both flight programmers (A and B) and the staging timer issued all
preprogrammed discretes at the proper times, The Centaur sent four dis-
cretes to the Titan at the proper times, The complete sequence of events
with actual and nominal times from SRM ignition is shown in table V-2-2,



TABLE V-2-1 VEHICLE DYNAMIC RESPONSE

Zero to Transient Transient Required
Time Peak Amplitude Freqency Duration Control
Event Sec, Axis Deg. /Sec. Hz - Sec, % of Capability
Lift—off 0 p 2.0 Mixed (30-40) <1 } ”
R 1.2 10 ' <1
Y 2.6 Mixed (30-40) 1 <1
Roll Maneuver 6.6 R 5.8 .25 7 23,5
Peak TARS Offset (Result 29.5 P 24
of ADDJUST Steering and
Winds)
Maximum Aerodynamic 48 P 6.2 Mixed 15 11.7
Pressure {45-60 Sec.) 46.5 Y 6.0 Mixed 15 11.5
SRM Tail-off through Stage 113-115.2 Y .36 Drift 2.2 7.8
I Start
Stage I Ignition 115.4 P . 6 .5 <2
115.4 Y .6 .5 2
SRM Jettison 126.6 Y 1.2 3.0 1.75 3 16. 6
R 5.2 .3 5 |
Start of PR 7 (Only 130.1 P 1,2 N/A N/A 14.7
Pitch up Program)
Enable Guidance Steering 156.3 P 1.56 N/A N/A 10.5
(2.8° Pitch Down .7°YL) Y .6 N/A N/A 10.6

YE-A



Zero to Transient Transient Recquired
Time Peak Amplitude Frequency Duration Control
Event Sec. Axis Deg. /Sec. Hz Sec. % of Capability
Stage 1 Shutdown 263.1 R .24 N/A N/A 4.2
Stage TI Start
CSS Jettison 274 P .76 10 .5 4
2975 P .12 .25 4 4
274 Y .48 10 .6 <1
274 1.2 10 .D 10.5
275 R .60 3 1.5 15.0
276.5 R .8 15.0
Enable Guidance (3° PU .10 YL 284 P .84 6 13
Command) 284 Y .12 5 3
Stage II Tailoff P 1.2 Drift 5.5 N/A
Y 2.4 Drift 5 N/A
R 2 Drift_ 5 N/A

St-A



TABLE V-2=2 ,
SEQUENCE OF EVENTS - TITAY/CENTAUR - PROOF FLICHT

TIME FROM S8M IGIITICH

SIGNAL SOURCE TIME ACTUAL MNOM.
EVEIT F/pA TF®/PB 8/T SCu ZULU SEC. SEC, REMARKS
PROGRAM INITIATE 48:00:4 =10 -0 SUPPLIED BY AGE
- {CMG)
VERIFICATION DISCRETE P 5 48:00.9 «0.5  =0.5  EOLD TULCTIONS
SRM IGNTITION; 48:01.,44 0.0 0.0 SUPPLIED 2Y AGE
START TVC DUMP RATE 1; 48:01.6 DCU T-0 REF
START ATT. INT.; | ‘
UNCAGE TARS }
. OO 0.21 THRUST/WZIGET 1.0 ?E'
A. LIFTOFF (1C1E UMB) = 48:01:81 0.4 : @
oG z
B, START TVC TUMP RATE = 2 48:0L.85 0.4l 0.53 2A1E UM3, DISC.
= > .-
1 B/U = . _ -
L
START ROLL FROSRAM E: g P 48:08.0 6.6 6.50
53] : o '
STOP ROLL PROGRAM E 5 P 48:08,5 7.1 6.93 4.8 TOTAL ROIL
ANGLE
BEGIN DCU P-Y PROGRAM 48:12.6 1L2 10.0 CETAUR FUNCTION

(1050 FT, ALT,)

NOTE: REFERENCE TIME 1300 ZULU
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22
D
2o

¥
[
52

EVENT
PTICHE RATE 1
PITCH RATE 2
GATN CTANCE 1;
DUMP RATE 2

FITCT RATE 3

PITCT RATE 4

1F

GATN CEAIGE 2;

DM RATE 3

PITCH RATE 53

ENARIE S/T ACC. SW'S.;

. TABLE Va2=2
SEMTNICRE OF EVENTS - TITAY/CENTAUR - PROOF FLIGHT

SIGHAL SOURCE

F/PA F/PB S/T SCU
P{1)
s(1)
P(2)
s(2)
P(5)
5(5)
P{3)
5{3)
P(10)
s{12)
P(6)
. 8{s)
P(21)
o s{11)

TPS PWR. SWITCH CLOSED;

ENABLE 5TGe I START

WOTE: RIFERGZLCE TDME 1300 ZULU

TIME FRCM S°M IGNITION

TIME ACTUAL  TOM.

yAYRE) SEC. SEC.
48:11.4 10.0 10.0
48:11.4 15.0 10.0
458:21.4 20.0 20.0
48:21.4 20.0 20.0
46:30.4 29.0 29.
45:30.4 23.0 £9.
48:31.4 30.0 30.0
43:31.4  ZC.C 0.0
45:0Z2.4 62,0 g2.0
49:03.5 gZ.1 62.0
43:11.4 70.0 70
£3:11.5 7C.1 70
49:16.5 75.1 75.0
49:16.5 75.1 75.0

RTIARTS

——————

1.17°/sEC D
(1.14°/SEC ACTUAL)

0.53°/SEC FD
{0.51°/SEC ACTUAL)

0.73°/S2C PD
(0.72°/SEC ACTUAL)

0.63°/s=C PD -,
(0.52°/5ZC ACTUAL)

' o
0.52 /SEC FD

(0.517/SEC ACTUAL)
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17,

TABIE V-2-2
SEQUENCE OF EVENDS - TTTAN/CENTATR - PROOF FLIGHT

TDME FROM SRM IGNITION

SIGHAL SCURCE TIME ACTUAL  NOM,
EVENT F/PA F/PB S/T SCU UL STC. SEC.
EFABLE STG. I START P(9) 49:16,5 75,1 75
B/U;
FMABLE S/T ACC. SW'S,
B/U;
TPS =W2. CLOSID 2/U
GATH CHATGE 3; P(7) 49:31,5 90.1 90
DUMP EATC 4 s{8) 49:;31.5 90,1 =0
PTTCH RATE 6 P(12) 49:36.5 95.1 95.0
S{15) 49:35.5 95.1 95.0
D F/P B TDME BASE 1; P{15) 49:37.5 %6.1 96
EXABTE F/P 3 ACC. SW.
SE2, FWD. ERG. RTACTORS 49:41.6 100.2 100
ACC. DECAY TO 1.5 G'S 49:55.1 114.1 = 113.4
INIBIT TITAN STEER. 49:56.,0 114.6 114.0

ICTE: EZFEFSNCE TIME 1300 ZULU

o1 4OVd TVNIDIEO

ALITYAD 9004 J0

REHARKS

8e-A

0.385/SEC PD
(0.39°/SEC ACTUAL)

INTERIAL DISC. KE-
QJIRED FOR FRCG. B
ONLY |
CENTAUR FUXTTION
ACCELEROMETER VEHICLE

CENTAUR FULWCTION



TABLE V-2-2

SECUINCE OF BYES -~ TIDAT/CIUTAUR - PROST FLINIT

aa b i ¥

TTIE FPREA 3= IGHITION

SIGHAL SOURCE TDE ACTUAL IOM.
EVENT F/PpA T/PB S8/T Scy ZULY SEC. SEC. REAARYS
18, STACE I START (87F51); P C 0 4D:5%.3 114.2 134,21 SIUSED 3T ACC. SW'S.
Sw ISDS DISASLE; S(&) 45:55,0 114.6 4.1 (723 M3 ATTER VEOCLE
IXITIATE F/P B T/B 2; \ + .58'5 + 0.1 6'8)

INITIATE S/T T/3 1;
SEP, EXIT CLOSUZE CMD.

5. EIT CLOSUEE SER. ' 114.9 THe M3 LTTER S7TS

13, ETAGZT I ISDS SAFE EN- P{27) 50:02,0 1Z0.6 120.1 § SEZ TEIM STAGE I
ABLE; START (8.0 3EC. ACTUAL)
REMOVE F/P B ACC. DIS-

20. STACE O/T SEP. CMD.; s{18) = 50:08,0 126.8  126.1 TIMED FROM STG I
GATI CHANGE 4; P ' TART {12.C SEC)

REMOVE S/T ACC. DISC,
21, STG I ISDS SAFE ENABLE  s(8) ' DATA DRCPOUT 125.1 ACTIVATZD TROX 8/T SIS

¢/I SEP, TISCEETE -

o LlOLIMILT

22, SRM JETTISON 50:08.1  125.7 126.2  FROM SIG o/I S5t
DISC.

23, PITCI RATE 7 P(15) 50:11.5 130.1  130.0 o.7s°é'svsc PU
134.4

s(19) 50:15.8 .4 133,93 (C.72°/SEC ACTUAL)

81 @DVd TVNIDTHG

IZLMTVAD 9004 4O

WOTE: REFERENCE TTME 1300 ZULU



SECURITCE OF EVE

T

WS - T

TABLE V=2=2

TTRTT

et erd .ICH: TN

N d &

SICNAL SCURCE

EVENT F/pA F/PB B/T
24. TPTICH RATE 9 P(19)
s{20}
EIRARIE TITAN STEER,
25. START CLOSED LOO?
GUIDANCE
PITCH RATE 3 P(11)
- os(21)
26. GCAIN CHANGE 5 P(13)

s(23) o
5%
G
RELEASE FORWARD SEAL '«ég
3
27. GATN CHANGE 6 P(14) o
~ s(2s) an
(o7

=
|
INHIBIT TTTAN STEER. R

NOTE: REFERENCE TIME 1300 ZULU”

iR - PROCF FLIGIT

TIME FRQM SEM IGNITION

PIME ACTUAL  NOM.

ZULY SEC.  SEC. REALEES c
50:21.5 140.1  1£0.0 0.03%/53¢ D (0.08° AST)
50:25.8 144.4 143.857 23.5 SZT FROM €70 I

STAST (25,2 S8 A7)
145.0 CEITLIT FUISTION
50:37.7 156.3  148.2 CEITRATn FULTTION
- 10T USED <
- NOT USED A
o
51:13.6 192.2 192 .
51:13.0 196.6  196.0 82 SEC FROM STC I
START (82.0 SEC.ATT.)
51:36.6 215.2  214.0 CENTAUR FUTTTTON
51:53,6 232.2 232 :
51:58.0 236.6 235.0 122 STC FROM STG I
START {122.0 SEQ ACT.)
51:33.8 212.4 235.0 '

CZNTAUR TURCTION

Sy



TABLE V~2w2

SEQUENCE OF EVENTS - TTTAN/CENTAUR - PROOF FLIGHT

TIME FROM SPM IGNTTION

- SIGNAL SOURCE TTME ACTUAL - TOM.
EVEHT F/PA F/PB S/T SCU ZULY SEC, .  SEC. RTMARKS
28, STG I S/D ENABLE; P(16) 52:03.5 245.1 245 ,
STG I ISD3 SAVE; '8{24) 5z:11.0 249.6  249.0 125 SEC FROY STG I
EUABLE STG I/II STC!'NG; START (125.0 8zC,A0T.)
ENAELT SAFZ 573 I DEST.
INTT; :
EXAELE 375 IT ENGINE
START;

ERAELE CSS SEP,

29. STG I 5/p (57Fs2); 52:24.5 263,1 251.9 TCPS INTTTATED Wamy P,
STG II START (91 FS1); IS 77% OF STRADY STATH
FIRE STG'I ORDNANCE
A. STG I DEST. IITT. SATED o 262.1 0.24 SEC ATER :7FS2

. o :
5% . ,
B. STG IT IGNTTION o 5 52:25.3 263.9 262.6 0.63 SIC AFTIR 37FS2
5 :
C. STG I JEDTISON % & 52:24.5 263.1 252.6 STG'NG ORDNATT FTSED

30. GAIN CHANGE 7; & = 52:25.3  263.9 262.6 STG I/IT ELEST. TIsn,
PITCE RATE 10; Eo PR M0. 10 ¢,179/5EC PD
(START S/T TB2) E; (0.09°%/8EC ACTUAL)

31. FIKE 3IROUD SEP. PRI. . P 52:35.4° 274.04 273.0 STC T TRUST DESAY T
ORD. 1.5 G + 10 SEC

NOTZ: REFERENCE TIME 1300 ZULU

T9-A

e



‘2‘} TABLE V=22
% STOUCITE 0T EVENIS = TITAN/CTUTAUR - FROOT FLIGIT
- TIME FRQM S2M IGNITION
SICIAL SOURCE TTE ACTUAL  NOM,
EVERT F/PA TF/PB s/t SCu ZULU SEC. SEC. RESEI

Y

32. FIRS SHROUD SEP. SEC. ) 4 S2:35.9 274,54 275.5 50C =
03D, PETIARY 55 S37, SIGHAL
EWASIE TITLN STEER 52:45.7 25%.3 £78.0 CLITATR TULITI0NSE
[ Lo S
[ RATI A \11202)
Z3. YIfE EENCTD SEP. PRI 5 £2:54.3 292.3 231,53 8T I/IT STP + 22.0 8EC

C¥D. B/U
S22 CFF (HpOso) 233.0 CIITAUR TUIDTIONS
Yl cx (550,) -

34s REICVE GAIY CHANGE 7; P(24) 53:11.6 30,2 310 DOES NCT CIARGE STATUS
: : OF GATIN STATE OR PITCH
_ RATE ON FGC
PITCE RATE 10 EMABLE 5(28) 53:15.9 314,5 313,92 1£9,8 SIZ FROM ST I
TART (153.2 ACTUAL)

Y1 OFF (:~:.,-:)2) 318.0 CEIDAUR FUIDTION
Y2 OX (Hz0p) _ 318.0 CIHNIZAUR TUZIDTTION

Y2 OFF (EHp0s) 335.0 EITAUR ITUITTION
35. GATY OEANGE 8 P{18) 53:41.6 340.2 340
s{28) 53:46.2 344,8 344,1 230 SEC FRCM ST5 T
START (230.2 ATTUAL
S22 on (Hzoa) . - - _ 221,0 CETAUR FINTTION

NCTZ: EREFEREICI TDME 1300 ZULU

eh-A
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1

TABIE Va2=2

TR TR et formeamay THANT TSR
SZQUENCE OF SIS - TTEICINTIAUR - ZRO0T TLOGET

TDME FROM SEM ICNITION
SIGTAL SOURCE TIME ACTUAL YoM,
EVENT ¥/pa F/p3 &/ SCU ZULl SEZ, SEC. BEMARKS

8. GAIN CHALGE 9 P{22) 1.6 £)0.2 400

A
5{(23) 46.2 404.5 404.1

$2p OFF (z;aoa) %02.0  CEILAUR FUIICTION
TITTEIO TITLD ETFIR. 55:102.8 422,4 431,53 = FUICTION
EoCoT TIPS 0X £5:12,3 4£27.9  £35.7 o FULICTION
7. £75 II §/D EIUTLT; P(23) §5:29.7 L48,3 448
ELELE #/P A ACC., SW.; 5(32) ‘ B5:%3,2 451.8 £51.2  3ET.L 3TC TR STC I
STOP PITCE RATE 10; _ SoART {337.2 LCTUAL)

AR CZNTAUR 91F32 E/U;
ENABLE SAFE STG IT DEST.
IITT,. '

EMABLE RETROFIRE;

EWABLE STG II/CEZNTAUR SEP,;
ED F/? "A" TR 1;

ED F/P "B" 1B 2

g003 40
1’1‘6&3 ¢ IBTHO

S. 873 IT FRCOF. EXE, '35 544 B7
39 ASC. DECAY TJ L0 G'S - 53:50.9 438.5 £04,98  VIITCLD ACIELTENTTIE

I~
%
V)

NOTE: REFEREICE TZHZ 1500 ZULU

EYy-A



TABLE V=22

SEQUTINCT CF EVENTS - TTTATY/CEMIAUR - PROOF FLIGH

TIME FROM SRM IGIIITION

- SIGIAL SOURCE TIME ACTUAL  NOM.
EVENT 7/l A F/PB sfr scy ZULU ~  SEC.  SEC, REMAPHS

40. SIG II S/D SIGMAL 5 55:5L.0 469.6 465.1 ACC, DITAY TC 1.0 +
(s1Fs2); C.0/=Ce9 G'S SENSED
SATE 527G IT DEST. INIT.; T CETAUZ GUIDAIXE
IPLE PETROFIRE;
LIIRLE ST3 IT/CENEUR P{A) o 55:51.6 £70,2  487.7 723 MILLISEC. STTER
ST ; %R ‘ ' £2C. DECLY ™0 LD %
START 7/P A T/B 2 (P(A) o B 2.1 G
LY

o SEC

41, STG IT CENTAUR SEP, CMD. P 55:56.6 475,24 470.5 + 0.022 G TO Laf
FIRE STG II RETROS e : ATTER 0.G1 G CR 7.0 -
[ SEC AFTER SENSIIG 1.0 &
C o
-8(30) 3@ 55:59.0 4776 473.1 7.4 SEC AFTER SENSLIG
1.0 G
woTwS:  REFERENCE TIME 1500 ZULU
¥ P = TFRIVMARY S = SECOXDARY F/P A = FLIGHT FROGRAMMER A S/ = STAGIIDG TDME
SoU = SEIQUERCE CONIROL ULTT, CENTAUR GUIDAITE

DENDTES FLIGET FROGRAMMER DISCEECE WAEER OR ACCELERATION SWITCH OUTEUT

()




T/C STAGING &

- | STEERING ATTITUDE
CSS SEPARATION TORQUE SIGNALS o
TARS
| (PITCH, YAW & ) st —
' TO OTHER
| [ SYSTEMS
SEQUENCE ‘
CONTROL --—-—-—-———S;'Egg::é%?é‘ DISCRETES| FLIGHT
{ UNIT | SYgTEM < ———— PROGRAMMER
i (GD/CA) | A
f | ™ A »
i FLIGHT
l PROGRAMMER
| B
] ‘ STAGING —
| TIMER STAGE I
I RATE GYRO |PITCH
l SYSTEM & YAW

CENTAUR®— ' —# TITAN

STEERING POWER

FLIGHT
CONTROIS
COMPUIER

—f HYDRAULIC

STAGE 11
TVC

ACTUATORS

STAGE 1
TVC
HYDRAULIC
ACTUATORS

—

STAGE 0
TVC
ELECTRO-
MECHANKCAL
VALVES

S

FIGURE V-2-1 FLIGHT CONTROLS AND SEQUENCING SYSTEM
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V-3, TITAN ELECTRICAL/ELECTRONIC SYSTEMS
fy B. L. Beaton and R, E, Orzechowski

V-3A. So0lid Rocket Motor Electrical System

Summary

The solid rocket motor (SEM) electrical system performance was satis-—
factory with no significant anomalies, All power requirements of the SRM
electrical system were satisfied. One minor anomaly occurred at SRM igni-
tion when a bridgewire apparently shorted to structure after initiation
and simultaneous shorting occurred in the ignitor safe and arm device.

System Description

The SRM electrical system consists of batteries, power transfer
switches, distribution boxes, and associated harnessing. The batteries
are 28 volts d.c. silver zinc, manually activated power supplies. The
SRM electrical system block diagram is showm in figure V-3A-1,

The SRM aft instrumentation power system (AIPS) battery has a
2 ampere-hour capacity and is located within the aft skirt section of
each SRM, It provides the power requirements of the instrumentation com-
ponents of the motor.

The thrust vector control (TVC) battery has a 27 ampere-hour capacity
and is located within the aft skirt section of each SRM, It provides the
power requirements to drive the 24 electromechanical thrust vector control
valves on each SRM.

The AIPS power is transferred to internal power during the automatic
sequence at T -~ 31.7 seconds. The thrust vector control power transfer
switch transfers TVC power from ground power to airborne battery power at
T - 22 seconds. At T - 0 the SRM ignition commands and power are trans-
mitted through the Stage II electrical system and the ISDS distribution
box to the igniter safe-arm device which ignites the SRM igniter, During
SRM burn, the Titan flight control system provides commands through the
TVC distribution box to control the opening and closing of the electro-
mechanical valves,

Power for the SRM staging functions is provided by the core wehicle
transient power supply. This power ignites the forward and aft SRM sepa-
ration ordnance and also provides power through the ISDS distribution box
for ignition of the forward and aft staging motors.

The AIPS battery provides power through the instrumentation distri-
bution box to transducers, signal conditioners, and other instrumentation
system components.
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Flight Performance

The SRM electrical system supplied the requirements of the dependent
systems at normal voltage levels. All monitored system voltages were the
same for both SRM's. The TVC bus voltage was 31.2 volts d.c. following
transfer to internal power and was 32,0 wvolts d.c. at SRM separation,

Thé AIPS bus voltage was 29.4 volts d.c. and the instrumentation regu-
lated bus voltage was 10.0 volts d.c. throughout the entire SRM burn por-
tion of flight.

The anomaly at' SRM ignition was apparently 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, As a result, the Titan core transfer current shunt indicated
15 amps for approximately 400 milliseconds. The current dropped to zero
simultaneous with the removal of the current path when the SEM umbilicals
were ejected. This anomaly had no adverse effect on any airborne system.

V-3B. Titan Core Electrical System
Summary

The core electrical system performance was satisfactory with no
major anomalies. All power requirements of the core electrical system
were satisfied. All voltage and current measurements indicated expected

values. Some bridgewire shorting (after initiation) was observed at
every ordnance event,

System Description

The Titan electrical system consists of batteries, motor driven
switches, static inverter, relay assemblies, enable—disable circuits,
squib firing circuits, diode and resistor assemblies, staging connectors
and associated harnessing. The Titan core electrical system block dia-
gram is depicted in figure V-3B-1,

The function of the electrical system is to provide and distribute
power to various airborne systems. Power is provided to these systems
from ground power supplies during checkout and readiness procedures,
Power transfer switches transfer the systems to airborne power supplies
during the automatic sequence. An electrical sequencing system consist-
ing of relay assemblies converts command signals from the flight control

programmers and/or guidance into events signals to perform flight opera-
tions.

The Titan electrical system has three airborne power systems and
associated distribution systems. They are as follows:
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Accessory Power System (APS)
Instrumentation Power System (IPS)
Transient Power System (TPS)

The batteries used in the airborne electrical system are 28 volts
d,c, silver-zinc manually activated batteries. Both the APS and the IPS
batteries have a 4-ampere-hour capacity while the TPS battery is rated at
25 ampere-hours,

The APS provides power for equipment essential to flight. The bat-
tery and associated power transfer switch are located on the Stage II
forward compartment equipment truss. The battery provides power to the
gyro heater on both Stages I and II, the flight controls static inverter
and the sequencing system. The system also provides the power and signal
requirements to the flight controls system, the liquid rocket engine in-
terface and the Centaur vehicle interface.

The IPS provides power for the instrumentation components on the
core vehicle. The IPS battery 1s located om the Stage II forward compart-~
ment equipment truss. The IPS shares the Stage II power transfer switch
with the APS, 1In addition to its primary funmction, the IPS battery pro-
vides redundancy for the APS battery. The IPS battery is diode-coupled
to the APS bus such that the IPS battery can support both the APS and IPS
loads in the event of an APS battery failure.

The TPS battery and associated TPS power transfer switch are also
located on the forward equipment truss. The TPS battery provides power
for the ordnance bus through the TPS power transfer switch. Power trans-
fer on this bus is accomplished in flight by discretes from the flight
programmers approximately 75 seconds after lift-off, The TPS then pro-
vides power for all ordnance functions during the remainder of the flight.
The ordnance functions and associated number of actuated bridgewires are
as follows:

Stage I engine start . . « & « v s 4 &+ o + o + s+ 2 a4 4 . 8
Stage 0/ separation . « + 4 o « & « o o 4 2 s s o e e s . . 32
Stage O retrorockels . o & + 4 v ¢ 2 s s s e 2w 0 4 e 0 s« 32

Stage II engine start. . . + & « ¢« « & « ¢ « = » s o« o o o« » 2
Stage I/1I separation. . e v s m a s s s 4 1 s ow s s 4 . o 4B
CSS jettison (primary system) -
Titan/Centaur separation . . + « ¢« « « ¢« o o« 2 o 4 « « s o « 4
Stage Il retrorockets, . . v v & 4 4 o s » ¢ o = o« 1 o« o o« 8

The static inverter converts 28 volts d.c. from the APS bus to
800 hertz for the flight controls computer, staging timer, TARS and rate
gyros, and the acceleration sensors.

Squib firing circults are solid state devices used to provide high
current switching to ordnance devices.

Enable/disable circuits provide electronic switching capability for
loads up to 1 ampere.
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Two relay assemblies are mounted on the forward equipment truss.
Each relay assembly contains 20 relays which are used as required to pro-
vide signal or power for the vehicle sequencing system.

Flight Performance

The Titan core electrical system supplied the requirements of the
dependent system at normal voltage and current levels. The Titan core
electrical system performance is summarized in table V-3B-1, The data
presented is essentially steady state with no attempt to present tran-
sients. The TPS voltage and current measurements during ordnance events

~are difficylt to present due to their short duration and low sampling
rates,

The transfer current indicated 15 amperes at T - 0 as previously
discussed under SRM electrical system performance. The transfer current
indicated that during maximum loads on the APS bus, the IPS battery pro-
vided a small amount of load sharing.

The TPS bus voltage was 31.3 volts d.c. at TPS bus enable and rose
to 33.0 volts d.c. at Titan/Centaur staging. This condition is normal

due to increasing battery temperature since the battery intermnal heater
and the TPS bus are enabled concurrently,

Following the Titan/Centaur staging event, the TPS current measure-
ment exhibited an offset of approximately 9 percent (54 amps). This con-
dition can be attributed to ordnance bridgewire shorting to vehicle struc-
ture. In this case one of the many parallel return paths to TPS negative
is through the TPS current signal conditioner resistance network where
allowable resistor tolerances would permit a worst case offset of as much
as 29 percent. This condition was also in evidence on the TPS current
measurement during the anomaly at T - 0 when a bridgewire shorted to
vehicle structure after initiation.
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V-3C. Titan Flight Termination System

Summary

All Titan Flight Termination System (FTS) measurements indicated
Proper system operation. Range Safety Command battery voltages were
steady throughout the flight. The receiver AGC voltages were nominal
throughout the flight. Safing commands to the Inadvertent Separation
Destruct System (ISDS) were issued by the flight programmer in the proper
sequence. The Range Safety Officer's (RS0O) command to destroy the Cen-
taur stage at approximately T + 750 seconds had no effect on the Titan
since the Stage II Destruct Initiators are "safed" at Stage II shutdown,

System Description

The flight termination system is comprised of two safety systems -
the command control system and the inadvertent separation destruct sys-
tem, The command control system functions to shutdown the Stages I
and II engines and to destroy the entire booster vehicle upon command,
The inadvertent separation destruct system functions to automatically
destroy Stage 0 and/or Stage I in case of a vehicle break-up or premature
separation. A simplified block diagram of the Flight Termination System
is shown in figure V-3C-1,

Command Shutdown and Destruct System (CSDS). — The Command Shutdown
and Destruct System receives and responds to ground originated commands
from the RSO. These commands may either be engine shutdown, or engine
. shutdown together with vehicle destruct, The command system consists of
an omnidirectional antenna system, two command receivers, engine shutdown
circuitry, destruct circuitry, and redundant command receiver power
supply systems. Except for elements of the antenna system, the command
destruct system is independently redundant.

Command control antennas 1 and 2 receive the signal transmitted from
the ground. The 4-port junction distributes the two antenna inputs
equally to command receiver sets 1 and 2. The command receiver sets then
independently interpret the input and provide an output to cause the
appropriate flight terminating action.

When the ground originated command calls for engine shutdown alone,
the command receivers each cause a current to flow through Stages I and II
engine shutdown solenoids via diode assemblies that maintain command re-
ceivers electrical isolation, When the command is for vehicle destruct,
shutdown occurs as above, and power is routed to Stages I and II destruct
safe/arm devices and to SRM destruct circuitry via current limiting re-
sistor assemblies.

Inadvertent Separation Destruct System (ISDS). - should physical sep~
aration occur between Stages 0/I and I/II before normal staging for any
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reason, the ISDS will cause rupture of the propellant tanks of Stage 0/1,
and possibly, of Stage II. Two squib firing circuits (SFC) redundantly
route power through a resistor assembly to the Stage 0 and/or Stage I de-
struct safe/arm devices upon inadvertent separation.

During normal staging, the flight programmer provides a disable sig~
nal which prevents the ISDS from initiating destruct. The Pr ogrammer
also "safes" the safe/arm device on initiation of staging,

Instrumentation of the Flight Termination System. - To monitor the
performance of the FTS while in flight the fellowing measurements are
telemetered: Automatic Gain Control (AGC), voltage and engine shutdown
(ESD) signal of each CRS. Also the ESD signals, originated by either the
flight programmer or a CRS, are monitored in Compartment 1C for Stage I
ESD and in Compartment 2C for Stage II ESD by telemetry. The SRM telem-
étry system monitors the destruct commands from each receiver as well as
the ISDS disable commands from the programmer. The voltage of each of
the two command receiver batteries located in Stage II are also tele-
metered in flight.

Flight Termination System Performance

The Titan flight termination system performance was nominal through-~
out the flight. Monitoring of the receiver AGC voltages by telemetry
indicated that sufficient signal was present throughout the powered
flight to assure that any destruct or engine shutdown commands would have
been properly executed. An engine shutdown and a destruct command was
issued by the Range Safety Offices at approximately T + 750 seconds to
destroy the Centaur vehicle. These commands had no effect on the Titan
stage since the Stage II Destruct Initiators were "safed" at Stage 11
separation, A list of commands against time and station switching times
as issued by the Range are given in tables V-3C-1 and V-3C-2,

The Range Safety command battery voltages were 32.2 volts d.c. at
liftoff and remained steady throughout the flight. The commands from the
flight programmer to safe the Stage I and the two SRM Inadvertent Separa-
tion Destruct Systems (ISDS) were issued at their expected times. The
flight programmer also issued the command to safe the Destruct Initiator
on Stage II prior to the Titan/Centaur separation.
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V-3D. Titan Instrumentation and Telemetry System

Summary

All 197 Titan vehicle measurements yielded acceptable qualitative
and quantitative data. Two measurements did exhibit minor problems dur-
ing the flight. The Stage II longitudinal acceleration measurement indi-
cated a stiction problem and the Stage II hydraulic reservoir level meas-
urement had some noise evident during the flight,

Adequate telemetry coverage of the Titan vehicle was provided by the
KSC and AFETR ground stations from liftoff to beyond Titan/Centaur sepa-
ration. Data dropout, due to plume attenuation occurred, as expected,
for 1.5 seconds at Stage 0 separation.

System Description

The airborne instrumentation and telemetry system consists of trans-
ducers, signal conditioners, the remote multiplexer instrumentation sys-
tem (RMIS), the transmitter and the antenna. The RMIS consists of the ‘
remote multiplexer units (RMU's) and a converter unit (CU). A simplified
"block diagram of system components is shown in figure V-3D-1. The system
collects , multiplexes, encodes, and transmits analog and 28 volts d.c.
bilevel measurements made on the airborne systems during checkout, launch,
and flight of the vehicle,

Test data inputs to the instrumentation system originate from sen-
sors monitoring physical parameters and electrical signals from various
vehicle subsystems. The sensors convert mechanical conditions, liquid
levels, gas and liquid pressure, temperature, and acceleration to propor-
tional electrical signals. All data signals are either analog or bilevel
d.c. Signals not compatible with the required input te the encoding
equipment are routed to signal conditioners.

The data signals are sampled and encoded by the RMIS (fig. V-3D-2),
which is comprised of eight remote multiplexer units and a single con-
verter unit. The CU is capable of accepting up to 80 bilevel inputs in
addition to the analog RMU outputs. Up to 32 analog signals having a
range of 0 to 40 millivolt d.c. can be accepted by each RMU, The RMU
samples, amplifies, and holds the assigned low-level input signals to
provide a serial pulse amplitude modulated (PAM) output train to the con-
verter unit, The output of each RMU is connected to a pair of redundant
data lines that feed the multiplexed PAM data to the converter. Logic
control signals are addressed and transmitted from the converter program—
mer to each of the RMU's on a pair of redundant address lines. Each RMU
has a unique address. The converter performs analog-to-digital conver-
sion of the PAM input signal and provides a serial PCM data train output
to a S-band PCM/FM transmitter.
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The transmitter accepts the RMIS serial pulse train from the con-
verter and generates a frequency modulated RF signal for transmission to
ground recelving stations. The RF output of the transmitter is routed by
coaxial cable to a single broad-beam antenna.

Flight Performance

A total of 197 measurements were telemetered by the Titan Remote
Multiplexed Instrumentation System {RMIS). A summary of the types of
measurements against the systems in which they were monitored is given in
table V-3D-1. Of these 197 measurements all but two performed without
any anomalies. Measurement 2325, Stage II longitudinal acceleration, did
not respond to small levels of vibration indicating that some stiction
was present within the accelerometer. Measurement 1227, Stage II
hydraulic reservoir level, exhibited noise spikes in flight. The meas-
urement had exhibited the same type of noise during ground systems test-
ing. The problem has been attributed to the resistance potentiometer
within the transducer. Although anomalies did occur with these two trans-~

ducers useful data was obtained from both measurements throughout the
flight.

Adequate telemetry coverage of the Titan vehicle was provided from
liftoff to beyond Titan/Centaur separation. A summary of the predicted

data coverage against actual data coverage of Titan telemetry link is
given in table V-3D-2, '

There was a data dropout at 13:50:08 for a period of approximately

1.5 seconds. This dropout was expected and is due to plume attenuation
at the time of Stage 0 separation.
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TITAN CORE VEHTCLE RELECTRICAL SYSTEM PERFORMANCE SUMMARY

POQ;qE " ENABLE [STAGE 1|STG.0/1 |sTG.1/1| 088 |sTa. m T/C

INTERNAL) LIFTOFFITPS START ISEP, _ |[SEP. JETT. |8/D STAGING

T-81.7 |T-0 T+75 T+114, 6 T+126.6 |T+263.9 |T+273,1 |[T+469.6 |T+475,3
APS VOLTAGE 27.8 | 28.6 28, 3 27,5 27.9 27.3 28,3 28. 2 27.9
APS CURRENT 8.2 8.2 8.8 10,2 10.5 13,1 7.5 8.5 9.6
PS VOLTAGE 28.6 | 28.9 28.6 28.5 28.5 28.3 28.5 28. 6 28.6
IPS CURRENT 10.7 | 10.6 10,7 10.7 10.7 10.7 10.0 10.0 10,0
TRANSFER CURRENT 0 15,1 0.3 0.3 0.2 0.5 0.1 0.1 0.1!
TPS VOLTAGE 0 0 31.3 31.5 32.1 32.5 32,5 33.0 | 33.0

19-A



TABLE Va3c-1
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FUNCTIONS VERSUS TIME

FUNCTIONS TIME
Engine Shutdown. 14:00:25 Z
Destruct 14:00:30,0 Z
Functions Off 14:00:46.5 Z

TABLE y.3c.2 STATION SWITCHING TIMES

STATION CARRIER ON CARRIER OFF
Mainland (Sta, 1) 13:15:34 Z 13:50:42.52 Z
Grand Bahama Is. (Sta, 3) 13:50:42,5 Z 13:51:03 ~ Z
Mainland 13:51:03 Z 13:51:23 Z
G.B.I. 13:51:21,5 Z 13:55:40 Y/
Antigua (Sta, 91) 13:55:39.5 Z 14:00:57.5 2




TABLE V=3D-1 TITAN BOOSTER MEASUREMENTS SUMMARY

SYSTEM
AIRFRAME 10 2 19
RANGE SAFETY 3 6 9
ELECTRICAL 15 | 10 25
HYDRAULICS 8 2 10
PROPULSION 29 + | o
FLIGHT CONTROL 32 33 11 10”' ﬂ 86
TEtL*E‘_l\:I_ETRY L 6 7
TOTAL 561 10 47 35 11§ 22 197

- £9-A
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TABLE V=-3D-2

SUMMARY OF PREDICTED DATA COVERAGE
VERSUS ACTUAL DATA COVERAGE
TITAN 2287.5 MHz LINK

STATION PREDICTED ACTUAL |

AOS LOS AOS LOS
CIF (Mainland) Turn On 450 Sec Turn On 489 Sec
GBI (Grand Bahama) 76 Sec 487 Sec 40 Sec 540 Sec
GTK (Grand Turk) 279 Sec | 608 Sec 281 Sec 664 Sec

AOS - Acquisition of Signal

LOS - Loss of Signal



TITAN | FORWARD NOSE CABLE
CORE FAIRING RACEWAY AFT SKIRT SECTION
5DS . » AFT STAGING MOTORS
DISTRIBU -
TION
BOX
POWER
FORWARD SRM AIPS TRANSFER|— o
STAGING IGNITION BATTERY .
SWITCH INST
MOTORS :
DISTRI-
BUTION
BOX
RMU
CORE/SRM - .
STAGING
CONNECTORS
TVC
> DISTRIBUTION .
BOX
TVC
VALVES
POWER
TVC TRANSFER [
BATTERY SWITCH '

FIGURE V=-3A~1 SOLID ROCKET MOTOR ELECTRICAL SYSTEM

$9-A



APS APS | GROUND
CURRENT BATTERY POWER
[ ]
APS ) m /| APS
NEG. | LOADS
] |
SPG = :
TRANSFER ___ a l
CURRENT —] I
GROUND l GROUND
POWER POWER
RETURN :
v | | I IPS
IPS | J | | L OADS
NEG. 1pS
IPS 'STACEZ
BATTERY
TRANSFER
CURRENT RANSFE
TPS
TPS BA’II‘TERY )
NEG. eil, —t— | ORDNANCE
A LOADS
10K CURRENT TPS
A TRANSFER
SPG —= SWITCH

FIGURE V-3B~-1 TITAN CORE ELECTRICAL SYSTEM

99-A




COMMAND
RECEIVER ——_J
ERY #1
BATTERY COMMAND ,
COMMAND I;gCEIWER
CONTROL .
ANT. NO. 1 DIODE
| 4-PORT ASSEMBLY
JUNCTIONS
COMMAND \
CONTROL COMMAND
ANT. NO. 2 RECEIVER
.2
COMMAND NO
RECEIVER j
BATTERY
42 RESISTOR

ASSEMBLY

STAGE 1 j—— SFC
ISDS
<31
-
fus]
Bad
&
I_-——'-"__——-l
! FLIGHT ! BLE

STAGE 1
ENGINE
SHUTDOWN
SOLENOID

STAGE 1
ENGINE

STAGE I
SAFE/ARM
DEVICE

STAGE I
SAFE/ARM
DEVICE

SRM 2
DESTRUCT |

SRM 1
DESTRUCT |

SEM 1
1SDS

| SRM 2

ISDS

L9-A

FIGURE V=3C=1 FLIGHT TERMINATION SYSTEM BLOCK DIAGRAM



V-68
;
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FIGURE Ve3D-1 SIMPLIFIED BILOCK DIAGRAM, ATRBORNE TNSTRUMENTATION SYSTEM
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T ——— PCM VIDEO
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D ———rre————
Il\?I;II‘JATs —— ] CONVERTER STAGE II FORWARD
(80 MAX) X _ COMPARTMENT
ADDRESS
DATA
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— - ——J DATA
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i = P B
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— BMU RMU |—) RMU |—
| 7 ‘
STAGE 1 ENGINE
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[ : !
= | | =
—— RMU , RMU [~

FIGURE V~3D~2 TITAN ITIE RMIS BLOCK SYSTEM DIAGRAM
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VI. CENTAUR STANDARD SHROUD AND BOLT-ON HARDWARE

VI-1. CENTAUR STANDARD SHROUD DISCONNECTS AND DOOR CLOSURES

by T. L. Seeholzer

Summary

All Centaur Standard Shroud (CSS) discéennects and door closures
occurred satisfactorily on the TC- 1 flight.

System Description

There are two groups of disconnects and door closures on the Centaur
Standard Shroud (CSS). The first group includes those that occur prior
to vehicle liftoff. The second group are those that occur concurrent
with vehicle 1iftoff,

The first group consists of the T - 4 aft and the T ~ 4 forward elec-
trical and helium purge umbilicals shown in figures VI-1-1, VI-1-2, and
VI-1-3. Umbilical discomnect and door closings are accomplished by
lanyards that are retracted by hydraulic cylinders. The forward T - &
door is closed by torsion springs and door weights and incorporates two
secondary and two primary latches as shown in figure VI-1-4, The T - 4 aft
umbilical door (fig. VI-1-5) is closed by a door closing lanyard and in-
corporates two primary and one secondary latch.

The second group of disconnects that occur at vehicle liftoff (T - Oj
are:

(1) Payload air conditioning, - Disconnect of the payload air condi-
tioning duct was accomplished by deflating the connecting seal and re-
tracting the duct by a lanyard system as shown in figure VI-1-6. The
door is closed by torsion springs. Both outer and inner doors are incor-
porated for redundancy. '

(2) RTIG cooling and gas lines. - Disconnect is accomplished by a fly-
a-way lanyard pull system. The disconnect incorporates three shear pins
and a rotating door to seal the opening as shown in figure VI-1-7,

(3) Encapsulation seal. - This seal, which isolates the payload from
the Centaur vehicle, is released at T - 0 by means of a fly-a-way lan-
yard retract system. Two lanyard release systems are incorporated for
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redundancy {(reference figs. VI-1-8 and VI-1-9).

(4) Equipment module air conditioning and line of sight. - Discon-
nect of the equipment module air conditioning duct is similar to the pay-
load air conditioning disconnect function., Door closure is accomplished
by torsion springs and door weight. The door incorporates one primary
and one secondary latch as shown in figures VI-1-10 and VI-1-11,.

(5) Forward electrical umbilical. - Identical to the T - 4 forward
umbilical (reference figs. VI-1-2 and VI-1-4)

(6) LH2 vent fin disconnect. - Disconnect of this duct is accom-
plished by a fly-a-way lanyard system (reference fig. VI-1-12),

(7} LH2 and LO2 fill and drain valve disconnects and doors. - Discon-
nect of the valve is accomplished by a lanyard system which disconnects
the valve by fracturing frangible bolts. Doors are closed by lanyards

and incorporate two primary and one secondary latches as shown in fig-
uwres VI-I-13 and VI-1-14.

(8) Interstage adapter air conditioning. - Disconnect and door clos-
ing are similar to the payload air conditioning (reference fig. VI-1-6),

System Performance

Movie and television coverage verified proper discomnect of the
T - 4 forward umbilicals and the closing of these €SS doors on the pri-
mary latches. Microswitches mounted on the T - 4 aft door verified

that the door closed on the primary latches following umbilical discon-
nect,

All functions of the T - 0 disconnects and doors were verified by
movie and television camera data, The T -4 and T - 0 forward door

latches had been modified prior to flight to improve reliability of pri-
mary latching.

Following this modification, a reference line was painted on the pri-
mary latch housing and a dot was painted on the pawl retaining pin to

assist in determining primary door latching. Enlargements of movie frames
covering these doors verified primary latching.
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VI~-2. CENTAUR STANDARD SHROUD ASCENT VENT SYSTEM

by W. K. Tabata

Summary

The ascent vent system on the Centaur Standard Shroud functioned
satisfactorily. Crushing and bursting pressures were well within allow-
ables. Maximum pressure decay rate near Mach 1 was at the expected value
of about 0.7 psi per second.

System Description

The ascent vent system for the Centaur Standard Shroud (CSS) is a
passive but complex system involving many separate compartments that must
be vented in a controlled manner to minimize vehicle and spacecraft struec-
tural differential pressures, The various vented compartments along with
pas media, volumes, vent areas, and number of vents are shown in fig-
ure VI-2-1,

For TC-1, Compartment 1 or the spacecraft (Viking Dynamic Simulator
and SPHINX) had a negligible internal volume and presented no venting
problems.

The payload compartment (Compartment 2) and the Centaur electronics
compartment (Compartment 3) are separated prior to liftoff by an encapsu-
lation bulkhead for spacecraft sterilization reasons. At liftoff, this
bulkhead is opened with the result that in flight, compartments 2 and 3
comprise one volume of 3853 cubic feet of gaseous nitrogen and are vented
through eleven vent openings in the shroud. The total vent area for
these two compartments 1s 125 square inches.

The Centaur equipment module compartment (Compartment 4A) and the
LH; tank compartment {(Compartment 4) are separated from the adjacent com-
partments by the shroud forward and aft seals and the Centaur Equipment
Module. Separation is required since these two compartments are pur ged
with helium on the ground to prevent cryopumping of GN3 into the LH7 tank
area. Compartment 4A (78 cu ft)} is then vented in flight through one
24 square inch vent in the LHy fill and drain valve chute door. This one
vent is actually composed of five circular orifices in the door.

The Centaur Interstage is Compartment 5. This 839 cubic foot volume
is purged on the ground with 120° F gaseous nitrogen for thermal condi-
tioning Centaur propulsion system components after the Centaur stage is
tanked with cryogenics. 1In flight, this compartment is vented through
nine vents with a total area of 90 square inches in the CSS.

At the same station on the CSS as the Centaur Interstage vents are
four vents for the Titan forward skirt (Compartment 6), These four vents
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have a total area of 40 square inches and are located costation with
Compartment 5 vents in order to minimize the differential pressure across
the thermal barrier which separates the two compartments, The thermal
barrier is required since Compartment 6 is air conditioned with 68° F air
on the ground. The volume of Compartment 6 is 338 cubic feet.

As mentioned earlier, the CS8S ascent vent system is passive, All
the vents are rectangular in shape, are canted aft at 30 degrees, and con-
tain a fiberglass honeycomb insert. The only different vent is the LHp
tank compartment vent which is five circular holes in the LHy fill and
drain valve chute door.

Flight Performance

The TC-1 measured internal pressure-flight time history of Compart-:
ments 2/3 (payload/Centaur electronics compartments) is shown in fipg-
ure VI-2-2, The agreement between the two flight measurements CA390P and

CAB91PF is good. The comparison of flight data to the preflight estimate
is also quite good,

A Viking spacecraft design criteria for the Centaur standard shroud
ascent vent system is that the spacecraft compartment maximum pressure
decay rate (DP/Dt) during the transonic portion of flight should not ex-
ceed 0.7 psi per second and should be less than -0.5 psi per second for
the other portions of flight. For TC-1, the predicted maximum decay rate
during transonic was -0.85 psi per second. This predicted decay rate ex-
ceeded the -0.,7 psi per second requirement for the following reasons:

(1) Pressure decay rates greater than ~0,7 psi per second were not a
problem for the TC-1 payvloads.

(2) After ascent vent system hardware was built and installed on the
TC-1 vehicle:

(a) Wind tunnel tests at Lewis Research Center indicated the
flow coefficients of the flight vents were slightly
greater thanm that assumed in the venting analvses

(b) The CSS forward umbilical door latch gaps were increased
to insure proper door closing. This increased gap re-
sulted in a larger leakage area in Compartment 3.

An expanded time plot of the spacecraft/electronics compartments pressure
during the transonic portion of flight is shown in figure VI-2-3. As
indicated in the figure, the maximum decay rate was approximately

-0.7 psi per second for a 1.0 second period. Prior to and after this

transonic portion of flight, the pressure decay rates were less than
-0.3 psi per second.

Pressure-time history plots for Compartment 4A {CA881P forward bulk-
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head or equipment module compartment), Compartment 4 (CA879P LHp tank
compartment), Compartment 5 (CA894P Centaur interstage), Compartment 6
(TA2207P Titan forward skirt compartment), and the respective preflight
estimates predicted by analyses are presented in figures VI-2-4 through 6.
Again in all cases, the comparison between flight data and preflight esti-
mates are quite good.

Another meaningful comparison of flight data and preflight estimates
can be seen by examining the various compartment separator differential
pressures.

In figure VI-2-7 are presented the differential pressure data for
the CSS forward seal (Compartment 4 - Compartment 2/3) and the Centaur
equipment module (Compartment 4A - Compartment 2/3). The forward seal
and equipment module differential pressures agree well with the preflight
estimates. The peak differential pressures measured in flight were
+1.20 psi for the equipment module and +1.0 psi for the forward seal.
The preflight estimate was +0.95 psi. The venting analyses also predicted
worse—case differential pressures for both the forward seal and the equip-
ment module of +2.8 and -1.6 psi. The flight pressures measured indicate
sufficient margin, '

The CSS aft seal differential pressures (Compartment 4 - Compart-
ment 5) are shown in figure VI-2-8, The maximum differential pressure
measured in flight (+0.6 psi) was half of the preflight estimate
(+1.2 psi) and well below the analyses worse~case limits of +2,.8 and
=1.3 psi.

The thermal barrier differential pressures (Compartment 5 -
Compartment 6) are shown in figure VI-2-9, Sufficient margin is again
indicated by comparing the maximum differential pressure measured in
flight (+0.15 psi) to the analyses limits of +1.3 and -1.0 psi. The
preflight estimate was +0.3 psi,

The GD/CA ascent venting analyses assumed an isothermal expansion
based on previous Atlas/Centaur flight data. There was concern before
the TC-1 flight that the larger wolumes in the Centaur standard shroud
would behave more as an isentropic expansion. The TC-1 flight data for
the payload compartment gas temperature (measurement CY112T) and an
average gas temperature for the LH7 tank compartment calculated from rad-
iation shield measurements are shown in figure VI-2-10. Plotted on the
figure are also the corresponding gas temperature history for the two
compartments calculated with the GD/CA venting analyses assuming an isen-
tropic expansion. The TC-1 flight data are similar to previous Atlas/
Centaur flight data and verify the venting analyses assumption to be
correct, The temperature histories are more isothermal than isentropic,

The Centaur standard shroud wall differential pressures due to com-
partment venting are not covered in this section of the report, but are
discussed in the Centaur Standard Shroud Aerodynamics Section.
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Conclusions

The TC-1l Centaur standard shroud ascent vent system performed satis-
factorily and as designed,

(1) Compartment pressure histories and compartment separator differ-
ential pressures were approximately as the preflight estimates,

(2) The spacecraft compartment pressure decay rate (DP/Dt) duringr
the transonic portion of flight was less than the preflight prediction,

(3) The compartment gas temperature histories matched more closely
the isothermal expansion assumption used in the venting analyses rather
than an isentropic expansion,



1 3 Vent 9 No.
Compartment Media Vol(ft’) Area(in®) Vents

1 Spacecraft GNo --- --- ---
2 _
2 Payload Compartment GNg 3291
~ o 125 11

I 3 1 3 Centaur Electronics GN, 562

5 T
4A Equipment Module GHe T8 20 10
4 LHg Tank Compartment GHe 1370 24 1
5 Centaur Interstage GN, 839 20 - 9
6 Titan Forward Skirt Air 338 40 4

FIGURE VI -2~1 CENTAUR STANDARD SHROUD ASCENT VENT SYSTEM
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VI-3, CENTAUR STANDARD SHROUD AND VEHICLE AERODYNAMICS

by M. L. Jones and J. C. Estes

Summary

All aerodynamic pressures and temperatures compared well with
predicted values and were well within allowable limits,

Aerodynamic Pressures

The location and arrangement of the instrumentation used to measure
the differential pressures across the walls of the CSS, the ISA, and the
Titan forward compartment is shown in figure VI-3-1. Figure VI-3-2(a)
through (z) present the time history of these differential pressures,
Included on the figure are the applicable design limits in both burst
and crush. The differential pressures remained below the design limits
throughout the atmospheric ascent portion of the flight. Also shown for
some of the atations along the CSS are plots of preflight calculated dif-
ferential pressures based upon a nominal trajectory at zero angle of at-
tack, The flight pressures remained within the calculated values except
at Station 2750, where the maximum flight crush pressure exceeded the cal-
culated value by 1.25 psi,.

At Station 2678, measurement CA419P became noisy from approximately
33.5 to 38 seconds (fig. VI-3-2(a)). The exact cause of the noise is not
known, but it is highly probable that it was caused by a separated flow
field at the cone/cylinder juncture (Station 2680.66) at or near the
transonic speed range.

The proximity of the Titan forward compartment instrumentation to
the solid rocket motors created a considerable amount of high frequency
pressure oscillations throughout the first seventy seconds of flight,
Consequently, the data shown for these measurements represent envelopes
of the maximum burst and crush pressures.

It can be seen from the data at those stations where there was mul-
tiple instrumentation that there were only minor circumferential varia-
tions of pressure, indicating a very low vehicle angle of attack during
the portion of the flight that had aerodynamic significance,

Aerodynamic Temperatures

Measured external shroud temperatures against flight time are shown
in figure VI-3-3(a) through (i). The shroud station and circumferential
location of each temperature sensor is indicated on the figures. Measure-
ments from CA169T (fig. VI-2-3(b)) are believed to be invalid data in the
time range of 65 to 80 seconds, '
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Figure VI-2-3(c) compares flight measurements at Station 2672 with
windward control temperatures used on the shroud for the heated jettison
tests conducted at Plum Brook Station. The jettison test control tempera-
tures were indicative of a design heating (very hot) trajectory. Note
that the shroud was jettison-tested at much higher temperatures than were
observed in the flight. Figure VI-2-3(c¢c) also shows predicted shroud tem-
peratures based on a TC-1l preflight nominal trajectory simulation, These
temperatures, too, are much higher than the actual flight observations,.



28P2.25 Z806.5 zeen

2224
5 N :
9% 2597 435S 2380 21“" T
2150 IFB [ﬂ I ¢ 90" | ! s
© & o ! a
¥ i
| : » T!\Q
! ! }
f i ‘ O I
320 oo :
— \}: y'd %L’ . I
1 ’
i <SS \
, A
; H=z102 295",
o 4 1

®* LOCATED ADLACRNT TO L FILL& DR An VALVE Dok
D TWO LOCATIONS -NEAR A FAR S \TUGS

X ONR LOCATION - FAR S\DE
o
A +o
\\_421\\~£// <::::>
TITAN TARGET -
VIEwW LoowiwGg FORWARD

ST AOVd TYNIOIEO

. ALITVAD ¥00d J0

FIGRRE YI-3- LocaTion ©F €55, TSA, § T\TAN FoRWARD COMPARTMENT
DIFFERENTIAL PRESSURE MEASURE MENTS

TE-IA



MADE i U 5. &
KEWFFLL & BY49EA CO

10 X 10 TO THE CENTIMETER 46 1513

18 X 25 CM

K-E

: teh
EqyERUNEpam
e
HIH
T
I
: o]
i 7
LN s N N m
: it
1 t
1 :
o 7
Hitl L]
1

£

E e b

HH T 3 ERdEE R THIHIA T ] t
T I H T
i 1 T
] = 1 H
1 ¥ 2
M
HA T EH s 1
. 1 B pa s
H f
%
] A H k
=ham T L g
ERS¥Ens: ah 1 % hm e
- n e mmp m
7 H
Fo + . ¥
F+H SR EAR 3 g b r ]
ettt > Hop e Rase
T e
T 5
T
1
Ks
33 18 '
ER ; I
< Il B Ml z s




48 1513

WADE da"U. & &

K‘E 10 X 10 TQ THE CENTIMETER
1B X 25 CM,

KEUFFEL & ESESER CO,

(R L T = H | B T
i Y ek HhE i H
1 ! il
o - HH H e : z] & | u
M T S appEmane RynymamgnE 3 pRagyas s :
oh ! Ry AsEs AT SEaE RE=SR] 88 HH
I tHH i .\r‘.__ PO T O T
TR T T T
S g & E= Zua e sunk bl R naEn ¥
[ t r
ihd b FR M HA kR YT =x
Fo F 5 madsEnsaR et THIH TR & Hi
sMEgay 3 S uRESER AR 4T 3R L HHE
H I g pHfaEdEfpiusihe
£ H: f u E: FEEHTEEN i
HH Raidiuapifha e Nanad THTT 1 Bl FrH T L TR
= T u I+ el BEEmda
. § t EEEsEadnddeiag (i aauban 2 1K H -
5 1 iy hgarsy Eigda ._m\f nix > iy ua B il &
THH j 5 | BarE T
ay il T "y EHHERE anh M T
T |
L T . | 1 i & Iy
Eikyrine 1 i H
1 EH an T r - usy T
zenes ax Bjpaea T
i HEEER it B A R L H
ikpase REE: H{ L ERp RERESE 5 e LIERERREE
T T T -
Y 1 HEEN swen
HH
~ A i
1
H t
RENEFRSLCRINEEE
: t
[
' 1: N ey » T
1T
{3 b
e 1 O
1 13 1
T il i H . : T P
ixminadzel il ; = TH A T L
b - ¥ 1. ]
diiif 1 ; T
ol 17 g B whugapgyh Aemmand TiH Lt 1
T s B Ht i mgin] wina iy pa b
T T HTE
T RuEmE ol e i ] i v wan
mammuanal - = oHHT Y H
ERER ¢ T 1 T
a FHA yay S50
I ! TH H i5 ]
; =
S i it
A Al | EN =g
= 2 : iat
T Hr
1 e
! HH
H T B
TR tH
F 1 1 } o
wui T HET i bl ,
B H
B EeEt L H
N H ] i : I
F BT = L it i THE I JERisiEs ] e




MADE Iy U & &

KEUFFEL & £55ER CQ.

H"‘E 10 X 10 YO THE CENTIMEYER 46 1513
18 X 26 CM

T
1
rm il ol 4
I T HE
+ - HH T
IRk b
. S 130N
L N
P E
L 4
EEEspEugsnagn H me : g BT
- HE T I F A T A
¥ T h
ik 13 i3 H- H
Enkh m E 1 m i H !
H R EEs thsisaiimts R T ]
+ R H
: i =" i apa wan o = H
T T - T n Tt ] RgaEEEREE
HH P H Has 1 R T AR
H f, 4 tH
- T T
il o L L on e
! ;i
g faid £ Fr e
EE RERaT AR R EEREER T T
[ g8 3 HET SpEsppadnap oy T T B
== T T
g I TE WAy hn S oy wnl e xn:
H rH T Gt
H EEERRins EEsaddauibal FiRlia=dains RYEREE A ] THE RERY |3REE TR
isamsaead LN ¥ Earipday o H R R RpEbbEane =g Fazaans SaEe hat
= Tyt 1 TR tL =330 ! REes [} PHHHY
P H E ce L ETE R B8 SaRqgaTpd
Sumapignanngn = =y L Eizings axpus AT
b P ’ A sfagas apRaeti T TR R e e T o Eonipl prarakass o a8
Hir s ' SRR H nERRgih i :
8 ; S T H g -1 EEA R Ey B e e T p e e T IR TSR EEp B R am e ru ammy m
EfEEHE P ot } mf £ IRAERrS B T HH H FEH
I [t} e o el ey \w 6 " u et BEnxyl ] | I il
AT I T =i T (AT i mt WL
pedneR R 1 i1 TR R f
H HH | iy WAy i I
Alpai i HIH Benal] 