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1.0 INTRODUCTION AND SUMMARY

1.1 INTRODUCTION

This report presents the results of a Centaur/Burner II integration
study conducted for NASA under the technical direction of Lewis
Research Center, Congract NAS3-11802, The objectives of the
integration study wege:

1, Develop conceptual engineering designs to integrate
efficiently the Burner II with the Centaur launch vehicle.

2, Deteruine the integration requirements of Burner II CGround
Support Equipment (CSE) into the launch complex and
e7aluate the resulting interface requirements with the
launch vehicle GSE,

3. Perform prelininacy mission studies t¢ estadblish perform-
ance of Centeur/Burssr II » :h Titan 111D and Titam IIID
boosters for pismetary amd synshrounswe aquaterisl type

missions,

4, Establish planning level essts and & pregras s0edule for
incorporating the Burser II #8 the Titam/Centawr ixwach
vehicles.

The results of the study are comtaimed fa two velumes., This docwnent,
Volume II contains the schedule and cost data as well as the iategraties
plan which was originally relcased and transmitted to NASA as a separste
document, D2-116082-5,

Planning level costs segregated to Level 3 of the Work Breskdown Structure
are presented and a summary schedule depicting the timing of planned
activities is ptovided. /... The ground rules and assumptions which pro-
vide the basis for both the costs and schedule are also presented.

D2-116103, Volume I, the companion to this document, contains the
technical description of the integration tasks which form a part of
the overall basis for the cost and schedule planning. Additional de-
finition is provided in the Integration Plan which is included as an
appendix to this document, h
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1.2 SUMMARY

A sums~y of the technical document, Volume X of D2-116103, as well as
this document, Volume II, is presented in the following section.

l.2.1 Back)g_round

R NG 1 R s S S

NASA mission planning reflects the need for an upper stage on the Centaur
launch vehicle. Specific studies of the Centaur/Bumer II for high energy
and synchronous equatorial missions have illustrated the value of the
Burner II velocity increment, guidance accuracy and attitude stabilization
capability. Forthcoming missions to the outer planets will rely on the
Jupiter swingby gravity assist. The potential of the Titan IIID/Centaur/
Burner II is shown to be compatible with 1600 - 1700 pound spacecraft

for this mission. In eddition the Atlas SIV-3C or a Titan IIIB/Centaur/
Burner II could send e 1200 - 1800 pound spacecraft around Venus or go i
direct to Mercury with an 800 - 900 pound spacecraft. .’

The ability of tiae Burner II to provide the 5.5 hour coast required for
synchronous equatorial missions allows either the Atlas SLV-3C or the
Titan IIIB/Centa.ur tc place 1300 - 1400 pound spacecraft in synchronous
orbit. Spacecraft of this size are compatible with data relay satellite
systems. Burner II elimjnates <1e need for apogee motors and transfer
coast attitude control systems in the spacecraft. Thus the spacecraft
in orbit is not required to either jettison the spent injection motors
or provide sufficieat control authority to retain them with the space-
craft. Payloads of up to 2700 pounds can be placed in synchronous
equatorial orbit with the Titan IIID/Improved Centaur/Burner II vehicle.

The Centaur/Burner IT integration provides a significant step in the
process of integrating Burmer II with Centaur for future NASA missions.

1.2.2 Scope

The Centeur/Burner II integration scudy was divided into eleven tasks to
cover the broad aspects of the study objectives. The study pursued each
of the tasks to the depth required to produce conceptual designs, program
documentation visibility, and operational concepts that could be priced to
& planning estimate level. The objectives, ground rules,and magnitude

of the study effort established the depth at which each of eleven tasks
of the study were pursued. The study, of six month duration, included

an initial performance evaluation of (2) boosters (Titan ITIB/Centaur

and Titan IIID/Centaur), (7) Burner II configurations, and two types of
missions for a 28 point performance matrix. Two Burner II configurations
were selected for further study involving preliminary designs of a

Burner II-to-Centaur adapter and Burner II-to-payload structure and
related interface details. The structural design details established
were strongly influenced by the ground rule payload weight of 2800
pounds. Integration of the Burner II flight stage with the Improved
Centaur and integration of the Burner II GSE into the Titan ITL complex
vere analyzed. An integration plan was developed to provide the basis

for the pricing snd echedule outputs of the study. The shroud used in the

SHEET 1-2
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study was conceptual and does not necesesarily rggresent the final config-
uratiorn. The Centaur was the "E" version with minute coast capability.

1.2.3 Summary of Study Results

A sumary by task of the study output reveals the following:

1.2.3.1 The 28 point performance matrix analysis indicated that while

a significant performance improvement was achieved by integrating a
Burner IT with the Titan IIID/Centaur and the Titen IIIB/Centaur it made
little difference which Burner II configuration was used. With this in
mind a selection was made of the Standard Burner II and a growth motor
Burner II as the configurations for the detailed integration and per-
formance analysis. It also became apparent that designing for 2800 pound
synchronous equatorial payload capability wculd penalize the lighter
veight lower cg planetary payloads by up to 100 pounds. Consequently a
separate weight estimate was made for the adapter to be used with 1200 to
1500 pound planetary payloads for the final payload vs. velocity plots.

1.2.3.2 The mechanical design of the Centaur-to-Burner II adapter and
Burner II-to-payload support structure as well as the structural modifica-
tions to Burner II were complete! to meet the loads and stiffness criteria
imposed by the study ground rules. The resulting adapter design is a semi-
monocoque two piece structure. Both sections of the adapter are used for
the growth motor Burner II while only one section is used for the shorter
Standard Burner II. The structural modifications required for the Burner
II stage are primarily gauge changes in the existing design to react the
additional loads. The paylosd support structure osrovides a bolt circle at
the payloed interface that is the same as the bolt circle at the top

(Sta. 2461.80) of the Improved Centaur. This peyload interface definition
was selected because of the lack of a specific spacecraft to integrate with
end because this approach would allow the spacecraft to be flown on the
Improved Centaur with or without Burner II depending on the mission re-
quirements. The weight of the Centaur/Burner II adapter is strongly in-
fluenced by the payload weight and cg location. Weight data was developed
for both a 50 percent cg and 25 percent cg location for the 2800 pound
ground rulc payload. The adapter design included a separation analysis to
verify adequate clearance during in-flight separation of the Burner II from
the Centaur,

1.2.3.3 Electrical integration of the Burner II with the Improved Centaur
was analyzed in terms of wiring interfaces, signal functional interfaces,
power distribution and RF performance. All 12 Burner II-to-Centaur inter-
face wires can be carried through one in-flight separation connector.

Trade studies of the routing of payload umbilical wires through Burner II
indicate that a second Burner II-to-Centaur conrector would be required to
get the paylocad umbilical down to the Centaur umbilical island. An RF
link analysis for Burner II and specified ground facilities indicated that
the Burner II Telemetry System could be modified for adequate performance
at synchronous altitude by an increase in transmitter power from 5 watts to

L -1
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12 watts and other zinor system changes. Burner TI Telemetry transmission
prior to shroud jettison can he handled by RF slots in the shroud located
in relation to the Buraer T. S-Band antenna to provide an acceptable re-
radiated antenna petitern.

1.2.3.4 The intentional destruction of Burner II by either range safety :
conmand or from premature separation of the Burmer IT from the Centaur is
provided for with the Burner II destruct system mounted in the Burner II-
to-Centaur adapter. The command des ' ~uct signal comes to Burner II by
way df the Centaur command destruct receivers.

1.2.3.5 The Burner II/ Centaur guidance system error analysis revealed
that the predominant error associated with Burner II integration with
Centaur was the attitude transfer error of 1.0° (all ~xia? associated with
transferring the attitude reference of the €entaur to the Burner II during
Burner II gyro uncage. Methods to reduce the attitude transfer error were
explored. It has been determined that a recuction in attitude transfer
error to .4li° is obteined if the Burner II «yros are uncaged during a
30 to 50 seccnd non-guidance-steering segment of the Centaur second burn.
Iaterai scceierometers added to the Burner II strapped down guidance
system sense cross-axis accelerations due to attitude misalignment with
the thrust vector during the ref=rence period that Centaur is thrusting
along a preprogrammed inertial vector. Corrections are computed in Burner
II from the sensed cross-axis accelerations so that the Burner II pitch
and yaw gyros can be torqued to be aligned with the established Centaur
inertial reference. Centaur modifications for this concept are limited to
software. Burner II changes required involve the addition of accelero-
meters and some computing eircuitry.

2.3.6 The electromagnetic interference aspect of integrating the Burner
'.l':I with the Improved Centaur was analyzed in terms of interface signals,
grounding, and RF coupling. The latching type relays used on Burner II
for signal interfaces are highly insensitive to EMI and sufficient testing
has been done on Burner II with EMI environment in excess of the Centaur/
Burner II predicted levels to verify a satisfactory signal interface. The
grounding philosophies of the Bumer II- (single point ground) and the
Centaiu - %ainﬂ'l.e point except for the igniters and recirculating pump) are
different but analysis of the specific circuits involved indicate that no
adverse effects will occur. The destruct ordnance initiate circuit is not
involved in the grour?ing differences because no ground exists on the Burner
I1I zide of the interface for this circuit.

1.2.3.7 Field operations for processing the Burnmer II at the ETR were
studied and detailed functional flow diagrams prepared. The flow diagrams
were used as a basis for establishing ETR and Seattle requirements for
ground support equipment, services, and facilities. A primary consideration
wag environmental control of the payload. A concept of payloai encapsula-
tion within the nose shroud was daveloped tc provide environmental control
of the payload from the time it is encapsulated in a clean room until
vehicle launch. Equipment required to support this concept includes a .
transporter assembly with suitable positioning hardware to independently
support the shroud and the Burner II/Payload combination. The only new

SHEET 1.4
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electrical GSE identified are minoxr items such as suitcase size Centaur
signal simlator, cables, etc. The major new mechanical GSE identified
is the transporter mentioned above.

* 1.2.3.8  The facility requirements for integrating Burner II with the
Centaur et K.S.C. include a high bay, explosive safe, clean room for the
asscmbly of the Spacecraft/Burner II/Shroud combination with the space-
craft encapsulation concept. Service tower modifications are minor
involving the removal or modifications of some of the folding work platforms.

1.2.3.9 The reliability of the Burner II for a Titan/Centaur/Bummer II
synchronous equatorial mission is estimated to be .955. This is con-
sidered a valid estimate for the first flight of the above vehicle since
the Purner II is 2 mature flight system. This maturity is based on
eight successful Thor/Burner II missions out of eight launches and also
on the flight experience of the Burner II system components on other
vehicles, such as Scout, and Thor/Delta. Consideration of the effects
of the Ven Allen belt radiation exposure for the synchronous equatuiial
mission profile have been included in the estimated reliability of the
Burner II electronic components. The safety analysis of the integration
of Burner II with the Titan/Centeur vehicle, including the interfacing
with the shroud, the launch facility and the GSE, indicates that the
hazards entountered are typical of current missiles and space systems
involving srdnance devices, solid and liquid propellants and pressurized
gystems. The integration can be performed within the normally acceg calle
risk limits for unmanned space systems.

e ——————

1.2.3.10 The task of integrating Burner II with the Centaur for a
specific mission involves interfaces with the booster, Centaurn shroud,
launch facilities and payload contractors as well as the various NASA ;
agencies. These program interfaces were reviewed and an integration plan
was establiched to account for all of the tasks to be performed in the
integration of Burner II with Centaur for an ETR launch on the Titan
becoster. The integration plan provided visibility in terms of Design,
Analysis, Testing and Documentation for the Boeing tasks as well as an
approxication of the Boeing tasks relative to the other contractor's and
to first Burner II delivery for a Titan/Centaur mission at ETR. Pricing
ground rules were established to provide further program scope to the
pricing effort.

Recurring unit cost for the Burner II vehicle including payload support and
Centaur adapter is approximately $500,000 excluding the motor which is GFE.
A detailed breakdown of nonrecurring and complete recurring costs is pre-
sented in Figures 3-1 and 3-2.

SHEET 3.5
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2.0 GROUND RULES

The following costing ground rules were uged to generate the cost data
surmarized on Figure 3-1 for a seventeen (17) vehicle program.

2.1 SCHEDULE

a. First launch May 1974, second launch October 1974, three launches
ver year in 1975 through 1979. Total launches - 17.

t. First AVE delivery to ETR required 9 weeks prior to lounch.

¢. GOSF required at ETR 11 weeks prior to first launch.

d. Assume Titen/Centaur already integrated ani Titar/Centaur tests and
payload checkout at pad can be performed in parallel with Burner II
checkout.,

e. AVE deliveries at the rate of one every two months.

f. Delivery schedule is essentially the same for both configuration
options and for both mission options.

€. A Burner II launch crew is assumed required during the booster
integrated test period prior to launch (3 weeks for first launch,
1 week for second and on launches)

2.2 CONFIGURATION

a. Burner II, payload support and Centaur adapter configuration per
Section 2.2 of the Final Study Report, D2-116103, Volume I.

. Standerd Burner II (14:0 1lbs Wp), quantity o2 17
. Growth Burner II (2300 1bs Wp), quaniiiy of 17

be Payload wéight is 2800 pound for Synchronous Equatorial missions and
1200 pounds for Escape Missions with cg location 1/2 height at payload,
centrally located.

¢. Boeing designs and builds the adapter and payloa;d support.

d. Payload wire bundle (50 wires) routed throngh Burner II. Burnmer II
provides payload separation signal to the payload electrical connector.

2.3 MISSION

et b e e

a. Fasterly launch from ETR.
b. Earth Eécape Missions and Synchronous Equatoricl Missions.

e. On Earth Escape Missions, extended coast capability not required.

d. Recurring launches are priced as if all missions and payloeds are
ddentical. ”

SHEET 2.1
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2.4 GENERAL

a. A complete set of Burnmer II spares will be provided at ETR.

b. Price is presented to Level 3 of the Program Breakdown Structure shown
on Figure 3-3,

C. 1970 pricing rates have been used to price the entire efiort,

d. Recurring and nonrecurring costs are priced separately,

e. Assume a continuing contracted Burner II program during the 1974-1979
tiume period.

f. Pricing for the Boeing encapsulation is segregated as an identifiable
package., It is assumed that payload encapsulation must be performed
whether or not Boeing is responsible. If Boeing is not responsible, .
the shroud will not be required in Seattle for the physical inte-
gration test, In either case, Boeing will design and build the
Burner II peculiar handling equipment including the transporter,

g. Rocket Motors are costed as GFE.

h, Nonrecurring costs include design and deveiopment test, first set of
GSE and tooling,

2.5 EQUIPMENT, SERVICES AND GFE

a. Government Furnished Equipment (GFE)

Equipment which is known to be available from federal stock or at
the launch site or equipment which would normally be provided by
other contractors such as payload handling slings or shroud segment
handling equipment, is listed as GFE and not priced.

b. Government Furnished Services
Services which are known to be available from the govermment at
ETR or which would normally be provided by other contractors such
as facility modification, is listed as govermment furnished and
not priced.

¢c. Govermment Furnished Facilities )

All facilities required at ETR are considered goverument furnished
and not priced,

L
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d. Documentation g

The integration of all program documentation is considered govern-
mented furnished. Boeing has priced inputs to the program documents
and preparation of all Burmer II unique documentation,

e. Ground Support Equipment (GSE)

Price includes Boeing providing all GSE eother than the GFE for
accomplishnent of Boeing's job at Seattle and ETR, Quantities of
equipment are as follows:

o One set ¢of handling and transportation equipment will be
provided, Equipment will be utilized in Seattle during
integration testing and them shipped to EIR.,

o Three sets of permanently installed Launch Control and Check- ;
out Equipment (LCCE) will be provided, Two for ETR and one for §

Seattle.

o 7Two sets of portable LCCE will be provided; ome for Seattle and
one for EIR.

© One set of Reaction Control Subsystem fervicing Equipment (RCSSE)
will be provided.for EIR.

o One Launch Facility Mod Kit will be provided for EIR,

The costs of the above noted 2 sets of permanent ICCE and single set of
portable ICCE is shown under recurring costs on Figure 3-1 since this
equivment would be permanently located at the ETR site to support a 17

launch program.

*

I & ; \
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3.0 COSTS

This section contains the planning (+20Z) cost estimate for the
performance of the subject program in accordance with the specific ground rules
contained in Section 2,0 of this document,

Costes and related information have lLeen segregated and presented as
follows in Figure 3-1,

o Costs for each Level 3 Task for each selected configuration,

o Manhours for engineering and manufacturing for each configuration
for each Level 3 Task.,

o Recurring and nonrecurring costs for each selected configuration,
0 Encapsulaticn costs - recurring and nonrecurring.

The Program Breakdown Structure which provides the framework for this
estimate is also included in this section in Figure 3-3.

Included in this section, Figure 3-2, is a cost summary for a varying program
level; a single Burner II unit, three units, and six units. The 17 unit

figures are also repeated here for reference. Ground rules for the 1, 3, and
6 unit programs are the same es those given in Section 2.0 with the following

speiific exceptions:
. All units are delivered prior to the first launch.

. G one set of GSE is required and is included in non-recurring costs.
This set o2 GSE will be used for integration testing and checkouvt in
Seattle and delivered to ETR eleven weeks prior to the first launch.

. The necessary "launch out plant™ costs assume that for 6 lauaches
at-a rate of two per year the key people are sustained between launches.
For 3 launches at a rate of one per year a new crew is trained for
each launch. For a single Burner II, the Seattle checkout crew will
be the launch crew.

. Spares support includes only the initial set. Component failure will
reguire refurbishment or GFT replacemsnt to.maintain speres inventory.

SHEET 3-1
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4.0 SCHFDULES

Figure 4-1 is the summary schedule for performing the integration of
Burner II with the Centaur/Titan launch vehicle in accordance with

the ground rules contained in Section 2,0 of this document. The gross
timing for each of the major elements of planned activity is reflected,

Figure 4-2 is a more detailed depiction of the planned integration
testing,
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Appendix to D2-116103 - Volume II

Integration Plan - Burmer II/Centaur Integration Study.

HOTE: This information was ﬁrevionsly submitted to NASA
as Section I of D2-116082-5, Minor revisions and
clarifications have been incorporated based on NASA
comments at the 2nd Study Progress Review in early
September, Rlvilionsﬂare noted with an "R" in the

zight margin,
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INTRODUCTION

In compliance with the Burner II Integration Study Contract NAS 3-11802,
Exhibit "A", Statement of Work 111,K, Task 11, Item I, Study Plan, The
Boeing Company hau prepared in this document the Integration Plan as
described in Task i0 of Document D2-116082-3, "Study Plan",

This Integration Plan presents the overall picture of the tasks required
to actually accomplish the Burner II/Centaur integration for a generalized
mission from the Titan complex at the Kennedy Space Center,
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INTEGRATION PLAN

GENERAL

The material presented in the Integration Plan is arranged to describe
the Burner II to Centaur Integration. The tasks and responsibilities
of the participants other than Boeing are treated in general terus
while the Boeing tasks are treated in sufficient detail to provide a
basis for cost estimation,
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1.0 MISSION DESCRIPTION

1.1 MISSIONS

a. Earth Escape Mission
b. Synchronous Equatorial Mission
1.2 GROUND RULES

a. On Earth Escape missions the Burner II fires immediately after the
Centaur and an extended ccast capability is not required.

b. For Synchronous Equatorial Missions the Burnmer II will have extended
coast capability for the 5.5 hour coast to synchronous altitude.
Burner II will provide the injection velocity for orbit circularization
end plane change. Burner II will provide the attitude stabilization
and required thermal maneuvers during coast to synchronous apogee.

2.0 RESPONSIBILITIES

The Boeing Company respcnsibilities will include:
- Responsibility for the Burner II Flight Stage mcluding payload

support;
Responsibility for the Centeur to Burner II Adapter

Responsibility for integration of the Spacecraft with Burner II

Respunsibility for Burner II AGE
Providing Burner II Installation and Checkout Procedures

Providing Bu.rner II-to~Shroud Interface requirements to the Shroud
Contractor.

Provid:lng the Burner II onJy Range Sa.rety Documentation.

Interface coordination and participation in tote.l progran integration is
defined in Section 3. ,
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3.0 INTEGRATION TASK SULII\S

The tasks required to eccomplish integration of the Burrer IT with the Titan/
Centaur vehicle are sunmarized in this section. Primery exchasis is given to
ldentification of interfaces hetween elements of the systen and the contractor
ecordineticn through Lewis Research Center necessary to complete the tasks,

With cperational status assumed for the Titan/Centaur/Shroud/ITL Complex,
integration tasks for these elements are linited to providing or verifying
compatibility with Burner II and the intended range of peyloads end missions.
The Boeing approach to integration 1s to meke mexirmm utilization of existing
Titan/Centeur hardware and software end minimize their modificaticn. Thus,

it 1s intended that existing interfaces will be preserved and, to the extent
possible, thet modifications to the Titan/Centeur system be limited to mission
ard payload requirerents. Figures 3-1 and 3-2 reflect the elenents of the
integration task and the genersl cperational concept.

3.1 TRAJECTORY AMD GUIDANCE DEVELOFMENT

The steps that are requirad for trajectory and guidance development ere shoim
in Figure 3-3. The organization responsibility for performing each step is
indiceted by the coding on each block in the diagram. Trajectory and guidance
developnent will commence with ¢ definition of the spacecrzft and its mission

.requirenents. Using performance weight statements and propulsion models of

the launch vehicle trajectory” optimization trades will de perforzed to
establish the mission flight profile. The launch vehicle flight profile will
be enclyzed in two phases; 1) The Titan/Centaur flight using Centewr guidsnce,
and 2) The Burner II flight having a separate guildence mode, For syrchronous
orbit missions the Titan/Centaur will be tergeted to the Centeur burnout point
2t the perigee of the transfer ellipse. For escape missions the Titan/Centaur
will be targeted to the Burner II startbwurn point. In each instance the

Burner II will be targeted to the desired spacecraft trajectory. The mission
sequence of events will define Centour and Burner II coast tines end

necessary modificaticn requireiients for extended coast. ’

A Titen/Centaur trejectory analysis will be performed to identify the general
trojectory guidance prozramming required for each booster snd any medificetions
to their guidence systems., A Titen/Cinteur error analysis will be perforned,
folloved by guidance equation developrent and a trajectory targeting enalysis.
The output of this enslysis will be a Titan/Centaur covariance error matrix,
the Burner II startburn window, constraints on the launch windcw, Range Safety
tepes and final Titan/Centaur guidance constants, ' -

The analyses of Bwrner II seperation from Centaur end the spacecraft will define
the separation control modes and their Guidance and Resction Conirol systen (20CS)
requirezents, The Burner II trajectory analysis will defire the duratieon of

the Burner II coast node, the bwrnout vernier correcticn mode, If used, end
injection tining. From Lhese RT3, Guidance, Telenetry and pover systen design
modification requirements will be identified as well as any consequent GS2
desizn modifications. Froa the resulting Burner II design a fixal Burner II
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weight and velocity model will be developed for the Titan/Centaur targeting
analysis, A Burner II guidance equation develoncent and targeting enalysis
will esteblish the final Burner II guidance constents and the spacecraft
trajectory and its dispersions.

3.2 VEHICLE COMPATIBILITY VERIFICATION

As shovm in Figure 3-%, verification of the structural integrity end control
stability of the Titan/Centawr/Burner II vehicle during boost will require the
corbined effort of the velilele contractors coordinated through Lewis Research
Center. Burmer II structural desizn will proceed from 2 prelininery estinmate
of bcost loads and stiffness requirements for the Adapter/Bwmer II/peyloed
structure.

A totel vehicle bending modes analysis will be performed using a prelininary
estirate of edapter/Burner II/peyload structure mess and stiffness. The bending
mrde analysis will support & dynenie flight loads analysis and a Titan flight
econtrol sizbility enelysis. The dynamie lozds analysis will consider vehicle
launch aveilability and be included iIn a totzl vehicle loads analysis whica
will establish structurel requirements for each of the vehicle steges.

The bending modes a2nalysis and the -rchicle loads snalysis will definc the
final adapter/Burner II/payload stifiness and loads requirenents. These re-
quirements will be verified with a static proof test and a modal survey test.

Design modification requirements for the upper portion of the shroud will be
identified for Buraer II and the payload and incorporzted on the shroud Inter-
face Coatrol Drewing (ICD). Burner II end payload interfaces will be incor-
porated on the Centeur/Burner II ICD. The Centeuwr forwerd mechanical interface
will be duplicated on the Burner II forward interface to maintain a common
Centaur/payload interface with or without Burner II.

3.3 IIT=CRATION TESTIIG.

Test ectivity to support integration of Burner ITI with the Titon/Centewr vehicle
1s shown in Figure 3-5, tests to be perforned by Boeing in Seattle will incluvde
verifications of edapter/Burner II/payload structural strengih and stiffness;
general physical and functionzl integrztion testing of Bwrner II AVE and GSZ=
design rodifications erd iiterfaces betveen the shroud, paylozd and Burner II;
EMI testing and a coaplete flisht sirmdation test of the Burner II; and a
velght end balence test of the Buxrner II. The Burner II/Centaur adapter will
be shipped to Genersl Dynemices for thysical end functionzl intecration tests
with the Ceniawr using Burner II/Centeur and psyload/Centeur GSS simulators.
These tests are described in Section 4 of tne Integration Plen.

Integration testing et Kennedy Space Center will ineclude Burner II/ p:wload/

upper shroud asserbly and checkout in the Explosive Safe Area end total vehicle
asserbly, checlhiout and cobined system corpatibility testinz on the launch ped.
These tests will be descrived under the Study Tasks 7 exd 8 and are surmerized

in Figure 3-5.
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3.4 LAUNCH COMPLEX INTEGRATION

The launch complex integration task is swmarized in Figure 3-6. Physical
integration of Burner II with the ITL Complex will require definition and
allotment of facilities to surport Burner II GSE and operations. Items to

be considered for physical integration include equipment inscallations, cable
runs, umbilicals, work platforms, utilities, assembly and test areas, safety
provisions and on-pad air conditioning. Launch facility interface requirements
and interface and installation drawings will be entered into the ITL Complex
configuration eccounting systenm. 4

Integration of Burner II with the launch zomplex operations will be accomplished
through working group meetings chaired by the NASA Launch Working Group at
Kennedy Space Center. Through these meetings all field activities of launch
vehicle contractors, NASA and the Air Force will be coordinatel; integrated

and scheduled,

3.5 FPROGRAM DOCUMENTATION

Besic Burner II program documentation has been developed for use at the AFWIR.
This documentation, with revisions to reflect Centaur/Burner II integration
design modifications, will generally satisfy the AFETR Documentation System
end the Kennedy Space Center Docur:ntation System requirements. The docu-
mentation required for a specific launch will be assembled by the launch
vehicle contractor, Genersl Dynamics, and submitted to the Air Force at ETR
through KSC/ULO. Program documentation required to support a launch at ETR
"1s indicated in Figure 3-7. -
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4.0 BOEING ~ TZSIGH ANALYSIS. AND TESTING

This section will deal with the specific tasks that Boeing will accomplish .
tor tae intezration of Burner II with the Improved Centaur. The tasks are
deseribed under the four heaiings of Design, Analysis, Testing, and Program
Docunentation. . |

k.l DESIGN

The following hariware ani/or systems will be designed to meet the requirements
imposed by integrating Burner II with ‘he Improved Centaur for Synchronous
Eqiatorial and Planetary !tissions,

4.1.1 Centaur to Burner II Adapter.

Boeing will design and fabricate an adspier combination similar in concept to
that shown in Figure 4-1l. The adapter will be cerable of eccommodating
either the TE-364-2 Burner II or the TE-364-L Burner II. The adapter <rill
contein the Burner II destruct aystem, the Burzer II separation system, and
appropriate wiring. The adapter will be of semi-monocoque construction with
aluninum and magnesium panels, ring stiffners, and 3 tapered longerons.

k.l.2 Buner II Stage Modificaticus ' .

The design changes required in the Burner II flight stage involve flight
systens and payload support atructtn'e. The flight systens requiring design
changes are:

e. Electrical Power Systenm: | “ ' | l
. Add betteries to provide for 6 how mission duration;

o Provide appropriste wiring for Ceataur to Spacecraft and Burrer II to
spacecraft signals and eppropriate inte.face connectors.

b, Telemetry Systea: . A ' H +
« Replace existing Telexetry transmitter with a higher power unit for |
syachronous altitude range i L

o Provide appropriate wiring

Burner II structursl design modifications ere requirel to - sccommodate a

2800 pounl payload. A peyload suppert concept similer to :hat showm in
Figure L-2 will be designed anl fabricated to mate with the peyload interface
and provide adequate stiffness and lo02d carrying cepability. The inflight
separation system for the paylocad shall not be part of the Baei.ng vayload
support structure.
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4.1.3 Burner II Mechanical ACE,

A2ditional Burner II mechanical AGE will be required for the processing

“operations associated with the payload encapsulation concept showm in

Figure 4-3. The nev mechanical AGE to de designed includes:

8. Shroud/Burner II/Payloed handling sling with spreader bar;

b. Shroui/Burner II/Payloed handling ring;

c. Shroud/Burner II/Payload transportater

d. Burner II/Clean Room cover;

e. Lift ceble assemblies;

f. Miscellaneous Slings, hand tools, work platforms, and dollies.

b.l.h Burrer II Electrical AGE.

Additional Elecirical AGE to be designed includes*:
8. A cable get;
b. Burner II/Centawr simulator;
¢. Payloaed Simulsator; |
d. Squid simulator.
%#NOTE: These items will be similar to existing Burner II AGE.

4.2 ENGINEERING ANALYSIS

The Englneering Analysis associated with integrating the Burner IT with the
Ioproved Centaur and a Spacecraft Payload are dercribed here to provide scope,
purpose and sufficient description for cost estimation.

4.2.1 Burner IJ Performance Analysis.

This analysis shall include all work done to identify the Burner II contribution

- to the mission payload capability and accwracy. A trajectory enalysis will be

conducted, within the mission constraints, to optimize and define the payicad
capability, determine the flight sequence-of-cvents, define Tital Mission

accuracy and indicate any Range Safety inputs.

Paylcad capability will be defined with the aid of Centawr parametric
performence data, at Burner II separation, that covers the range of mission
alternatives. Missicn alternatives include all the implications of the
gelected mission leunch window.

-
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%.2.1 Burner II Perforrence Analysis (Continued)

The flight sequence-of-events will be defired to cover all events prior to
and efter Burner II separation that relate to the Zurner II portion of the
mission., Mission accuracy analyses will be develored for all mission
alternatives with the aid of Certaur burnout position, velocity and attitule
ccvariance ratrices. These data will be ccmbined with the Burner II errors
to provide a state vector error covariance matrix at spacecraft separation.

The impact of the Burner II oan Range Safety will be evaluated. This analysis
will irclude all possible malfunction modes such as premature ignition or
separation aal the effect of destruct action.

Completion of these analyses eare predicated on the adequ: .e availebility of
necegsary input dats such as:

1. Booster performance durirg mieszion launch window;
2. Flight sequence-of-events for pre-Burner II portion of mission;

3. All accuracy analysis data for the boost stages that has implications
on the mission accuracy.

b.2.2 struetural Aralysis

The Structural Analysis for the 1ntesration of Burner II with the Improved
Centaur will include the following:

a. Perform detalled strength and stiffnress analysis of the payioad support
structure, Burner II structure, and the adapter etructure.

b. Evaluate vibration environments for the payloed and Burner II stage, and
establish qualifying requirements for equipment comporents.

¢. Perform Structural aAnalysis of ground haniling equipuent,

d. Verify quelification of equirment comporents.

e. Perforn welgsht, eg, and inertia analysis.

f. Provide eppropriate mass and stiffness data for the Paylosd/Purner I1I/

Adapter conbination to- the Launch Vehicle Integration Contracter for
the Total Launch Vehicle lLoads Analysis.
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b.2.3 Electrical System Analysis

An electrical loed analysis will be perfcrrmed for the Burner II vehicle vwhen
the mission time line analysis or total mequence-of-events baecmes availeble,
The analysis results will be usezd to selret the size of the main battery '
and also the Telenetry battery from aveilable space qualified cells ani tattery
cases., Burrer II operating time for specifie missions i.e., six howrs for

the Synchronsus Equatorial Mission or 1/2 hour for the Plaretary Missica

will have & diract and predcminate effect on battery weight and vehicle

weight erd belance results,

An Rf linik analysis will be performed to provide requivements for the
Telemetry transmitter power and antenna details. Specific ground tracking
ard communication facilities will be identified ror the R¥ link analysis as
appropriate for the mission iavolved,

An electromagnetic environment analysis will be made to determine sensitivity
of Burner II Systems to the Launch Vehicle, This will be acecomplished by

RF coupling analysis, Burner II/Centawr Interface Signals Aralysis, and a
Crounding Anelysis. The coupling data will be used to estzblish R& signsl
strength (at Burner IT) which will be compared with previous Burner II EMI
gensitivity.data. The interface signal and grounding anslysis will bde

used to locate potential compatibility problems and provide electrical
interface design data.

%.2.% Burner II Flight Dynemics Anelysis

Analysis will be conducted to verify all aspects of flight dynamics for the
Burner II/Payload combination. The: anaiyses will include:

a. Separation Analysis of the Burner II/Centewr separation. This will te
used to verify the separal.on clearances and separation rates as well as
establish inputs to the aission accuracy analysis,

e Separation Aralysis of the Payload/Burner II separation. This analysis
will verify the status of the payload in terms of attitude position,
attitude rates, ani separation environment.

¢. Burier II Control System Analysis, This will verify the control system
stability and performance {for reaction control system requirezents. The
adequacy of thrust levels and of Flight Control Electronics compensation
to provide stability margins and control during lonz ccast periods will
also be verifield., This analysis will include a detailel evaluation of
the "slow roll" technique as proposed for gyro drift cancellation
during extended coast missions. Roll rates selected will bde compatible
with the thermal maneuver requirenents as well as the gyro drift
cancellation requirements, ‘

"
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4.,2.5 Burner II Thercal Analysis

A thermal analysis will be conducted to verify the Burner flight systens
ability to operate during the six hour coast requirement for the yy=ilwonous
Equatorial Mission. The diwnral and seasopal variations irherent in the
possible range of launch times, as well as the extended exposure times result
in a more severe range of equirment environments., Continucus roll of the
vehicle as proposel for guidance accuracy improvements will be particularly
advantagious to the Thermal environment of the Burner II equirpcent.

Fo test program is anticipated a2nd all thermal design support will be
accorplished analytically. The existing analytical thermal modelof Burner II
will require updating to the propesed vehicle configuration. Roll rates for
the "slow roll"” during ccast will be determined for best thermal results
since the accuracy requireuents for the "slow roll"maneuver can ve achieved
over & wide range of roll rates.

— . e
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4.3 TESTING

4.3.1 Introduction. The cbjectives of integration testing are as follows:

Peronstrate compliance of AVE and GSE hardware with the quality assurance
provisions of the System and CEI Specifications;

[ ]

Verify compatibility of Burner II subsystems with each other and come
ratibility of the Burner II system with its interfacing system;

« Verify, by test, the design.and engineering analyses used to develop
the Burner II AVE;

Velidate the Burner II Acceptance Test and field processing procedures;

. TIntegrate and checkout the total launch vehicle/peyloed/Renge system to a
point of readiness for countdown and launch,

All testing will be ccriucted on flight hardware, No qualification testing
will be done on non-structural components unless such components have not been
qualified by prior use, simlerity, ete. No reliebility testing will be done
for the purpose of measuring or improving system relicbility; however, any
test malfunctions or failures will be evaluated for posaible implications to
systen reliebility,

Tc the maximum extent possible, integration testing will be conducted in
geries with norual asserbly of the Burner II stage. This approach has the
following edvantages:

o Haxdware asserblies will be tested as soon 2s they becone availeble,
providing a maxirum of tine for eny required retest or corrective ection;

Engineering and evaluation test éet-up end tesr-dowm will be minimized
for e low cost *+.:st progran. .

4.3.2 Boeing Fhase I Testing. The following tests will be accomplished at
the Boeing Space Center, Seattle:

|

h.3.2.1 Static Loads Test. A proof load test of the combined Burmer II ;
Structure and Squipment Assenbly end sdapter structure will be perforued
to dezonstrate its structural intezrity end verify its stiffness. The
edapter will be mounted on a base support test fixture and loads will be
epplied throuch the Structure end Equiprment Assembly payload support inter-
faces and rocket motor through loeding fixtures, The loads will be epplied ot
110 percent of the predicted naxirum ebout two pu.pendiculer exes for eritiecal
lateral loed conditions and for the critical comdbination of axiel and lateral
acceleration conditions. Instrumentation will be instelled to define
stresses at eritical locations and to accurately define the structural

deflection characteristics.

L ——— R
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h,3.2.2 lodal Survey Test. Since the Titan/Centaur/Burner IT vehicle is ex-
pected to cerry payloads having a veriely of struatursl cheracteristics a
precise kmowledze of the Burmer II Structwre and Equipuent Asszerbly/edapter
structural stiffness peraszeters and msjor rescnances would be valusble for
defining total vehicle structure - control systenm dynamic coupling limitations.
The modal. survey test will provide this knowledze throuch reasurement of
structural mode s*apes and frequencies. Structure and Zquipzent asserdbly and
adapter used 1In the static load test will be mounted on the static test base
support fivture and snmall shakers vill be used to excite the test article,
Actual egquipnent components or mass simulated components will be installed on
the S&EA and a payloed simulator, having the largest, hizhest center-of-
gravity mass anticipated, will be attached to the Structuwre and Equipment
Asserbly payload support. The structure will be instrurented with accelero-
metews so that when the vibrator sweeps tarough the neturzl structural fre-
Quencies the mode shepes can be deternined,

4.3.2.3 Physical Integration Test. A test will be performed to verify the
physical coupatibility of new end existing Burner II AVE end GSE, the edapter,
'f the payload interface, the payloed-to-Centour cable and the upper portion of

the shroud. Tke test will elso be used t: velidete in-plant and field assembly
and processing procedures. Equipment required will include the Burmer II AVE,
GSE for handling and transportation (EXT) end Launch Control end Checkout (LCCE),
the adapter, the upper portion of the shroud, ‘the base support test fixture ard
payloed structural interface siradl . tor used will be inspacted for fit. The
shroud intexrlaces will be tested for encapsulation fit, shroud clearances and
accessibility throug' doors., Electrical corcnectors will be nated for fit check.

k.3.2. Functional Integration Test. Following the phy.ical integration test
the shroud will be removed and tests will be performed ¢o verify functionel
interiaces between the Burner II AVZ, the adapter and the Burmer II electrical
GSE. Success of this test requires that all Burner II subsystens perform all
modes of operation when operating concurrently with 21l other subsystens,

All instrunentation requirements are contained in the Burner II electrical GSO
whichh vill be czlibrated before the test. The GSE will include a Centaur
interface electrical simlator., No reaction control fluids or ordnance device:

vill be used.

4,.3.,2.5 2O Test. A Burner II System Level Test will be perfomued to verify
(1) Electronagnetic Compatibilisy (2MC) of AVE and GSE subsystems, (2) Inter-
ference introducted by the peyload, Centeur, the payload-to-Centaur ccble and
the Range is within eccepteble 1inits, end (3) EC of the nev Burner II tele-
metry swbsysten., The test confizwration will be the same as for the Fuinctional
Integration test except that a telenetry ground station will alzo be required
and electricel sizmlators to opereie the paylocd-to-Centawr cable. Instrumenta-
tion will include oscilloscozes and tape regcorders to monitor and identify the
pature of intexference sipnals and equipuent to siuulale the signuis a higher
polse level. The interference signature at criticol test roinis will be re-
corded and reinjected into the Burner II at a six decibel higher level, The
Burner II AVZ will be required to operate without unaccepteble respense or
malfunction through all flight functions in the simlated environment., The
knovm pe%'lca.d, Centour ard Range IF environments will be sizulated during

this test. -
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4.3.2.6 Flicht Control Simulation Test. A test will be perforrad on the
Burner II Guidance and Control (G&C) subsystem to verify atuitude control
stability and reactio. control subsystem nitrogen capacity. An analog
simulation of vehicle control dynamics will be used to operace the G&C
subsysten in a closed loop test for compatibility and stability. An
analeg computer will be required to input signals developed from an
analog flight control simiation annlysis. All modes of Burner II flight
will be simulated.

4,3.2.7 Antenna Test. Querter scale tests will be perforzed on the Burner IT
telemetry system to establish optimum antenna location, determine antenna
radiation patterns and verify the location and sizing of RF window slots in
the vehicle shroud. A shroud simulator and RF radiation measuring instru-
mentation will be required in addition to a telemetry system RF ouiput
simulator.

4,3.2,8 Acoustic Test. An acoustic test will be performed on the Burner II
stage to ensure the equirment will withstand the Titan sound pressure levels.
A Burner II stage will be placed in a reverberation chaxber and subjected to
the 145 db overall qualification spectrum. Vibration response of equirment
will be measured and compared to qualification levels.

4.3.2.9 Acceptence Test. Acceptance tests will be conducted on Burner IT
AVE and GSE to show compliance witii the quality assurance provisions of the
applicable CEI Specifications. These tests will include & flight simulation
test and a welght and balance test to determine flight weight and verify

. center of gravity and interface concentricity and parallelism.

4,3.3 General Dynamics Phase T Testing. The following tests will be ac-
complished at General Dynamics/Convair, San Diego:

L.3.3.1 rhysical Integration Test. A test will be performed to verify the
physical compatibility of the Burnmer II/Centaur Adapter with the Centaur
forward interface, the Burner II/Centeur interface electrical connectors
and the payload-to-Centaur cable electrical connectors. The adapter,
Burner II electrical sirmulator and payload electrical simulator will be
shipped to Generel Dynanmics from Boeing.

4.3.3.2 Functional Integration Testing. Follewing the physicel integration
test, Centaur electrical signel interfaces with Burner II and the payload
will be conducted using Burner II and payload electrical simulators hooked
up with the Centaur interface connectors. The Eurner II destruct subsystem
interface with the Centaur Command Cestruct Subsystem will be verified

with an inert destruct subsystem in the adapter. The t2st support equipment
will be returned to Boeing after completion of the test.

4.3.4 Installatiorn end Checkout “festinz. The Installation and Checkout
type testing to be required at the launch facility is summerized in

Figure 3-5. Details of this testing will be developed in Task 7 and 3 of
the Integration Study. Overall fleld processing sequences will be developed
to identify the space, equirrent and test materials required.
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L.% PROGRAM DOCUMEIITATICN

The following zaragraphs describe documentation that will be developed by
Boeing to supzcort the Centaur/Burner II integraticn efrort. A large part
of this documertacion will consist of revisions to exl:zting Burner II
docunentation to reflect changes in Burrner II design «ni interfaces end

to reflect NASA requirements. These existing documents havc been identiried
in parerthesise as eppropriate.

4L.4.1 Range Docutentation. A complete set of Burner II system Range
documentation has been prepared to support AFWIR launch programs. Over
thirrty pages of the Program Requirements Docureat will require Burner II
system inputs. Range Safety documentation will be revised to reflect changes
in Burner IT design, particularly as related to the Burner II/Centaur
Command destruct interface. Existing Burner II Range Safety documentation is
contained in the following documents:

o Flight Teruination System Report (D2-82575-3)
.« Missile In-Flight Safety Report (D2-82575-2)
. Pad" Safety Report (D2-82675-1) “ :

Appropriate Alxr Force or RASA dosumentation will be required for Burner II
telemetry data recovery beyond tae confines of the AFEIR telemetry receiving

stations.

h.h.2 Field Procedures. A series of Burner II docuzents (D2-82659) have ;
been prepared containing the Installation and Checkout (I&C) and Countdowm
procedures for field processing of the Burner II system. This document series
descrides the following Burner IT activities.
GSE Installation and Checlkout
Off-Pad Installation and Checkout
On-Pad Installation and Checkout
Countdown Manual Inputs

These docunents will be revised as necessary for compatibility with totsl
Titan/Centaur/sSpacecraft/ITL Complex operations. Boeing responsibility for
integration of the Spacecraft witb Zurner II will require integration of
Burner II and Spacecraft plans und piccedures for ESA I&C activities.

r 4.4.3 Specifications. The acquisiton of & new hardware system by NASA
would ordinarily include developzent of new System and CEI Specifications.
However, since a complete se® of Burner II specifications have been prepared
in accordance with AFSCM -375-1 and because of the similarities of the NASA
NPC 500-1 to AFSCM 375-1 it is considered most cost effective to revise the
existing specifications.
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b." L TIanterface Control Drawings. Burner II system ICD's with Centaur,

the shroud and the payload will include all pertinent phycicel and funstional
interfaces including, as applicable, alignment, attachment, separatien, electri-
cel, EMI, environmental, perforrcance and clearance provisions end responsibilities
The development of this type of ICD requires coordination with and approval from
associate contractors and the corresponding lNASA organizations.

The Burner II GSE ICD with the launch facility will include installed electrical
equiprent spece, protection end utility requirerents, cable installaticns,
service tower break-out box locations and air conditioning requirecents.

4,4.5 Quelity Assurance Plan. The Quality Assurance Plan currently followed
for tre Burner II/Burner IIA Program conteined in the Technical Proposal
D2-116099-3, will be used for the Burner II/Centsur Program. This plen has

been reviewed tor compliance with the requirements and provisions of the IVASA
publication NPC-200-2, "Quality Program Provisions for Space System Subconractors
and it has been determined that it complies with the requirements and intent of
NPC-200-2, with one exception: The Burner II Quality Assurance Plan does not
provide for traceability to the extent specified in NPC-200-2, a. 1t has not been
en Air Force requirement. However, Boeing has provided Traceability, in conm-
plianze with NPC-200-2, on other NASA Programs, and has the capability to provide
it for Burner II, per the Boeing Integreted Record Systenm.

Traceability to the extent specified in NPC-200-2 is not considered cost effective

for the Burner II/Centaur Program. The Burner II procedure provides truceability

at the equipment level, i.e., assembly records provide eqiipment serialized
records. These manufacturing records will be used in determining the hardware
atfected by Suspect Material Deficiencies.

L.4,6 Pelisbility Plen, The Reliability Program Plan currently used for the
Burner 1l/3urrer LIA ‘rogrem (Document D2-82600-24) will be used for the
Burr-r II/Centaur Program, with no proposed major change in scope, A revision
to the docurent will be required, to provide for possible differences in
customer reporting requirements, for contract documentation and other reference
cheanges, and for changes in reliability numerical requirements due to desizn,
interfaces, environment and mission profile differences.

The Burner II/Burner IIA Relisbility Progrem Plan has been revieved for com-
pliance with the requirements and provisions of the lNASA's Publication
NPC~250-1, "Reliability Progran Provisions for Space System Subcontractors”,
and 1t has been determined that it complies with the requirements and intent
of MNPC-250~-1, with the following few exceptions:

A. Scction 2.5 #"Reliebility Indoctrination end Training”.
The Burner II Progran has currently no formal provisions Jor this
{reining, arz the program has been in existence over four years, «nd
the personnel participating in the program are skilled in the re-
1liebility ascurance procedures eamployed by The Boeing Company, which
coeply with the NASA requirenents.
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k.6 (Continv«d)

B. 8ection 3.0, "Parts and Materials Program"
As Burner II is a mature system, with equipmert flight proven during
eight succeasful flights, and from other programs, a complete parts
and materials selection prozram is mnot applicable; hovever, parts
and materials spplication and control will be implemented for any
required design modifications, in accordance with the Reliability

Progran Plan.

C. Section 3.10 "Equipment Logs" :
Currsnt Burner II requirements do not include Equipment Legs for
all equipmert, below the Spacecraft level. It is noted, howevar, that
the principal elements of this section are included in the ‘ata packages
for all CZI level equipment, and that The Boeing Company's "Integrated
Records System”, can acccmmodate the requirements of Section 3.10 if they
are found desirable for Burrer II. At present, the need for detailed °
equipnent lcgs is not envisioned.

D. Section 4.0 "Test and Evaluation”
All elezents of this section; except the Reliability Demonstration Test
(RDT) are ewrrently rr.quired on the Burner IT progrem. As Burner IT
is a flight proven system, no RDT is planned for the Burner II/Centaur

Progran,

E. Section 5.0 "Documentation”
Cwrrant Burner II reliability reporting requirements, include s monthly
report of status of fallures and corrective actions, and 8 quarterly
report of reliability program element implementation status. The extent
of this roporting is considered consistent with the magnitude and scope
of the Burner II/Centaur Program, and weekly Suwmary Reporis, as required
by B2C-250-1, ere not presently proposed.

It is noted that Beeing has successfully participated in other NASA Space
Progrems a2nd has complicd .with &12-NASA reliability requirenents. .‘Compliance
with KPC-250=1 in the Buwrner II/Centaur Program will be as defined in the
revised Reliability Progrem Plan, |

h.ho7 Safety Plan. The System Safety Ingineering Plan cwrently used for
the Mrﬁwner IIA Frogram (Documant D2-82500-16) will be used for
the Bur:.2r II/Centaur Program, rcvised for en increase in scope to include
Safety consideration for Boeing persornnel operaticns at ETR ard chenges for
diffevences in Test Range Safety requivements (AFEZTR vs AFWIR).

The Safety Plan will also require minor revisions to references of contractual .
end USAF Safet; documentetion, for concurresce with the Burner IT/Centauwr
Progran. The current scope of the Safety Aralyzes gpecified in the Safety
Plan, vhich incluie a Systen Tazard end an Operating Safety Anslysis, broadened
to enconpass the Boeing Intezration Task, is considered adequate for the
Purzer IT/Centeur Progrem.
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A.4.8 Maintenance Flan. The maintenance concept will be eimilar to that

for the vasic Air rorce Burner II Program, except that all maintenanze

will be performed by the Contractor. Field-level nzintenance will be limited
to "remove-and-replace” of individual units. Component repair will be
performed at the Contractor'’'s plant. A complete set of srares will be supplied
et ETR. Rerair cost pricing will be based on Burner II exrorience at WIR.

A Maintenance Plan will he prepared.
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