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MARTIN MARIETTA SHUTTLE-C PROJECT

The Shuttle-C project organization has been tailored to fit the tasks required for
the Phase B study. Lead responsibilities have been assigned for Program Control:
Safety. Reliability, and Quality Assurance (SR&QA): Systems Engineering and
Integration (SE&I); Design and Analysis; Production and Test: and Operations.

The functional leads and their phone numbers are shown on this organization chart.
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MARTIN MARIETTA SUBCONTRACTORS

The Shuttle-C project organization has been tailored to fit the tasks required for
the Phase B study. Lead responsibilities have been assigned for Program Control;
Safety, Reliability. and Quality Assurance (SR&QA): Systems Engineering anad
Integration (SE&I): Design and Analysis; Production and Test; and Operations.

The functional leads and their phone numbers are shown on this organization chart.
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MARTIN MARIETTA MANNED SPACE SYSTEMS

The Shuttle-C organization is part of the Martin Marietta Manned Space Systems
company which is located at the Michoud Assembly Facility. Mr.
president of Manned Space Systems.

Richard Davis 1is

This organization chart shows the lines of
responsibility. 4
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MSFC/MARTIN MARIETTA INTERFACES

This viewgraph shows the MSFC Shuttle-C project organization chart which identifies
the Martin Marietta leads and their MSFC counterparts.
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MARTIN MARIETTA'S MSFC OPERATION

Tony Androni directs Manned Space Systems activities at Huntsville for the Shuttle-C
study. Charlie Garner will provide the initial interface. As the work proceeds,
another engineer will be added as a full-time interface.
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SHUTTLE-C STAFFING PLAN

This chart shows our Phase I Shuttle-C staffing and the total head count (including

subcontractors) assigned to this phase of the program.
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SHUTTLE-C PROJECT TASK SCHEDULE

This chart shows the Shuttle-C Project Summary Schedule for Phases I and II, and
the respective study outputs in the form of DR's.
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PHASE I SCHEDULE

This chart shows a more detailed subtask schedule for the Phase I and II study
products (DR's). Today we have brought with us an updated Study Plan (DR-1) and an
updated Evaluation and Selection Criteria Plan (DR-18).

Since the DR-14 (Requirements markup) and DR-5 (WBS Dictionary) are required within

30 days. We believe that these should be worked conjointly rather than leaving
NASA to integrate the products for into a single document.
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CONTRACTS

Martin Marietta Manned Space Systems has been studying SDVs for 7 years under
contract to the National Aeronautics and Space Administration (NASA) and the Air
Force. The experience gained in these contracts, and in associated Independent

Research and Development (IR&D) studies is directly applicable to the Shuttle-C
contract.
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RECOVERABLE SDV CONFIGURATIONS

The confiqurations depicted are the SDVs that include provisions for recovering and
reusing the Propulsion and Avionics (P/A) system--two of the major cost items in
current launch vehicles. These concepts incorporate one or more modules which are
separated from the vehicle and returned ballistically to Earth. Both water and
land landings have been studied. Both the two and three engine (P/A) modules have
been conceptually designed.

00055/40



SW3LSAS J0OVdS A3NNVYW

VALIIMOW NILE VW

/ (o982 @) WN 091 OL ALIIAVAY) QVOIAVd \
1 L) T ]
Y00E vs_a %002 _ os1
INEINI INNINI ‘
} _ |
LD £3
i =<
NiTi |
i ‘
i A
A it
R ot ﬁ
1

Lat.d
il

suoneinbiyuon AAs m_nEm>o.omm



SDV CONCEPTS

Among the Shuttle Derived Vehicle (SDV) concepts were two that fit closely with the
launch facility. The concept on the right has the propulsion system sidemounted
where the Orbiter engines would be located so that the flame bucket and associated
interfaces are the same. The umbilical connections can be conveniently located at
or near their Orbiter location.

Although the concept on the left also locates these features as on the Orbiter, the
payload is forward of the ET. This concept is a hybrid between the Inline and
Sidemount configurations.
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P/A MODULE STUDY CONFIGURATIONS

Martin Marietta has investigated a number of concepts for propulsion modules which
allow recovery of six major cost items. Aerodynamic configuration and thermal
analysis have been performed to trade-off the advantages of each. High 1lift
configurations offer advantages in flexibility of return path. The P/A Module is
currently in work by Martin Marietta under a Marshall Space Flight Center (MSFC)
contract.
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PROPULSION/AVIONICS MODULE

This configuration has a high 1ift-to-drag (L/D) ratio that allows a descent slow
enough to minimize heating.

The Module is made of aluminum, and the nose tip and leading edges are of graphite-
graphite. This concept has a considerable cross range because of its high 1lift.
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EXPENDABLE SDV CONFIGURATIONS

Martin Marietta has conducted studies for a wide variety of launch vehicles derived
from Shuttle elements. Payloads range from 50 klb to 250 klb:; the payload bay
sizes range from Orbiter-size up to 45 ft diameter x 120 ft long.

The engines considered included the Space Shuttle main engine (SSME), F-1. J-2, and

other engine concepts identified while working with the Air Force Rocket Propulsion
Laboratory (AFRPL). ¥
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EXPENDABLE SDV COST SUMMARY (1986 $M)

This chart is an example of the large LCC database of expendable SDV launch vehicles
developed by Martin Marietta over the past 7 years. The SDV vehicles encompass 1-,

2-., and 3-engine configurations as well as a wide variety of payload bay shapes and
sizes.
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EXPENDABLE SDV SCHEDULE

A development schedule for an expendable configuration shows that the first flight
in 1992 could have been achieved with a mid-1987 start date. This earlier study by
Martin Marietta supports a five year development timeframe for the Shuttle-C.

For this study, and utilizing other guidelines, two vehicles are flown in the first
year, three the next year, and a higher rate thereafter.

The Structural Test Article (STA) was a major milestone in this schedule but not a
driver.
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WIND TUNNEL TEST HARDWARE

The wind tunnel model parts shown were used to establish a basis for SDV
aerodynamics for a sidemount configuration cargo vehicle. Three different

diameters of Cargo Element (CE), three different lengths of CE body. and five nose
shapes were tested.

The test program was run in the MSFC l4-inch trisonic Wind Tunnel Facility as a
joint activity between Martin Marietta and MSFC.
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WIND TUNNEL TEST

Wind tunnel tests on as SDV sidemount model were performed up to Mach 6. This
schlieren photograph shows the shock waves around the model being tested. These

test results were used to analyze the interface loads between the ET and a large CC
(25 £t x 90 ft).

Base pressures were measured in addition to the force and moment data.
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SPACE STATION LABORATORY MODULE PAYLOAD

Requirements definition and concept selection will 1include consideration of
delivering a completely outfitted space station module to orbit using the 100,000
pound capability (minimum) of Shuttle-C.
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SPACE STATION FLIGHTS PER YEAR

Utilization of Shuttle-C in a mixed fleet will significantly reduce shuttle
commitments and total cost. Martin Marietta has analysed the impact of a mixed
fleet on the delivery flight schedule and has the data base to apply using the
shuttle-C groundrules and requirements.

The number of orbiter flights are reduced in every year, but savings in the early
years are most affected.
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SHUTTLE-C SE&I

The Shuttle-C SE&I Organization is managed by J. R. Tewell. His organization is
divided into three branches, Systems Engineering, Systems Integration and Level II

Integration Support. Subcontractor support in special SE&I areas will be provided
by Eagle Engineering, Inc.
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MISSION REQUIREMENTS

The Mission .requirements identified by NASA have guided early work on Shuttle-C

Data and techniques developed during earlier Shuttle Derived Vehicle work will
apply to these proposed Shuttle-C missions.
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KEY GUIDELINES

The guidelines which have been used so far to drive the Shuttle-C concept analyses
are taken directly from the Request for Proposal. These provide a basis for a much
enhanced mission capability for the national space transportation system.
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SHUTTLE-C SIDEMOUNT REFERENCE CONCEPT

The sidemount reference concept includes an ET common with the STS, common SRB., and
a cargo element which utilizes the Boattail of the Orbiter as the propulsion systemn
for the Cargo Element modified for two SSMEs.

The Payload Carrier houses 15 by 70 foot payloads within an Orbiter type bay. This
concept mates with the weather seal used during payload installation and changeout

at the launch pad.

This concept maximizes commonality with existing NSTS systems and will be used as a

basis of trades for determination of the recommended configuration.
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REQUIREMENTS APPROACH

The requirements flowdown process will start with the government supplied mission
requirements set. Requirements will be allocated and traceable from mission
requirements through NSTS 07700 type documentation. A data base approach will be
used to document requirements and supporting trades and analyses.
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REQUIREMENTS EMPHASIS

Special emphasis will be given to the development of design requirements. These
have been adjudged as provided major inputs to the success of the Shuttle-C program.
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REQUIREMENTS ANALYSIS

This activity defines a set of engineering requirements for the system and
subsystems. The analysis applies to both hardware and software--which are usually
developed in parallel--and operations.

As the program phases evolve, the requirements are defined/refined in increasing
depth. Then the requirements are documented in the DR-10 format as a precursor to
the Preliminary Contract End Item (CEI) Specifications and the prelimiinary edition
of the DR-14, "Requirements, Concepts, and Configuration Trades/Analyses."”
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SYSTEM ENGINEERING DATA BASE

The System Engineering Data Base will be organized to provide dissemination anad
access of the requirements, trade studies, and configuration definition as they are
developed. This system will provide a means of maintaining up to date and valiad
documentation of study results and assuring that all groups have available the

correct and approved data to work with. Appropriate portions of this data will be
computerized.
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KEY TRADES

The trade studies identified here are major factors in the early phase of the
shuttle-C program. The Inline/Sidemount selection, which precedes most of the
subsystem analysis, trades, and design, will influence provisions for payload
delivery from main engine cutoff (MECO) to the orbital destination.

The number of engines largely depend on the man-rating requirements which also
precede the preponderance of subsystem work.

Cargo bay size has a fundamental influence on the launch facility impacts which are
a major driver. Also, this parameter derives from the manifesting and mission
operations trades which will supply the fundamental data required for ensuing
trades.
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PAYLOAD CARRIER ALTERNATIVES

The Payload Carrier (PC) body shape trade study will address optimization of the
structural and aerodynamic body shape, capitalizing on the results of past studies.
This viewgraph shows representative configurations previously investigated.

An assessment of aerodynamic data, design concepts, payload bay size, and

shroud/door concepts for access, facilities, and production operations will be made
to define a preferred PC body shape.
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CARGO BAY SENSITIVITIES

Manifesting studies have been conducted by Martin Marietta which bound the problem

and provide a starting point for applying the nmosswncmm to the mission model
identified by NASA for Shuttle-C.

Manifesting studies will consider total anticipated payload population from mission

requirements, size, mass properties, interface requirements and delivery schedule.
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SELECTION CRITERIA DEVELOPMENT

Trade studies will be made using established criteria and traceable to
requirements. The course screening is worked to apply those requirements which are

essentially go-no go to eliminate those configurations which simply do not meet
requirements.

The fine screen is an assessment made against criteria which will be weighted and
summed to provide an overall assessment.
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LIFE CYCLE COST METHODOLOGY

Our developed and proven Life Cycle Cost (LCC) methodology is based on a parametric
cost estimating technigue. The Shuttle-C trade study data (e.g., schedule,
manpower, facilities, mission model) are input to the LCC model. This model is
continuously updated with NSTS, Martin Marietta, subcontractor, and vendor data.

The mixed fleet launch vehicle LCC model outputs the Shuttle-C Program LCC which is
reported by WBS phase (e.g., R&T, DDT&E, Production, Operations, Facilities) for

the DR-6. Program funding distributions are also generated.

Use of this model assures consistent cost assessment of the Shuttle-C trade studies
and LCC. ,
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STUDY PLAN-SYSTEMS ENGINEERING AND INTEGRATION

The near term goals and critical milestones have been established. Included in
this plan are the results of the supporting document.
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AGENDA - DESIGN AND ANALYSIS

The agenda for the Design and Analysis group provides an overview of the organiza-
tion, past accomplishments, and plans for the immediate future.

00055/13



SW31SAS 30VdS Q3INNVI

VALIINOUW NILSOUW

salpnis 8pel] -
ueid -
[eojueyoay pue uoisindory .

SaIPNIS opey -
ue|d -
SOIUOIAY °
solpmS apel] -
ueid -
saiNonils .
aseqeleq .

uoieziuefiQ sisAjeuy pue ubisaq ¢

SISAJeuy pue ubisaq - epuaby




ORGANIZATION - DESIGN AND ANALYSIS

The Design and Analysis group will provide the subsystem configurations and data
needed for the trade studies. They will also be the central technical contact point
for tasks assigned to IBM, Honeywell, and General Dynamics.
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DATABASE FOR STUDY

Prior studies, IR&Ds. and ET evaluations provide a database which will allow trade
studies and performance evaluations to be performed much quicker with new people
and, in some cases, with refinement only.
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STUDY PLAN - STRUCTURES
The Structures Study Plan supports the design requirements definition of the inline
vs sidemount trade study required for concept selection.

Definition of the baseline concept and inputs to NSTS elements will be identified
after project review. Structural updates and environmental assessments will also
be completed in time to support concept selection.
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COMPUTER-AIDED DESIGN (CAD) - SIDEMOUNT

The baseline concept consists of a sidemount CE with a modified Orbiter boattail
2-engine propulsion module, a standard NSTS External Tank (ET), and standard SRBs.
Structural detail will be added where required to support the trade studies.
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Computer-Aided Design (CAD) - Sidemount
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CAD - INLINE

The inline concept presented in the proposal will be updated to provide the detail
required to support the concept trade studies. Key components of this configura-
tion are standard NSTS SRBs, a shortened ET with a modified Intertank (I/T), an

inline CE mounted on a payload adapter, and an inline propulsion 2-engine module
mounted to an aft adapter.
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INLINE CONFIGURATION - ET IMPACTS

The inline concept requires major modifications to the NSTS ET. Although structural
impacts could be reduced by using an offloaded full-length LH2 tank, this approach
would present facility difficulties.

The effects of the inline configuration on payload bay environments will be eval-
uated to assure that payloads may be transferable from the NSTS to the Shuttle-C.
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STUDY PLAN - AVIONICS AND SOFTWARE

The avionics and software plan supports the initial two-month activity of defining
requirements and providing the data required for concept selection.
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SDV AVIONICS SYSTEM BLOCK DIAGRAM

This viewgraph shows an SDV avionics concept. The sidemount baseline will be
derived by using this concept and similar data from other studies along with the

inputs provided by NASA.
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AVIONICS TRADES FOR HARDWARE CHANGES

Since the Shuttle-C is expendable, the avionics hardware trades will be performed to
utilize proven hardware that is low cost. The goal will be to make no modifications
to either the launch facilities or Mission Control systems, including as a minimum
the Checkout, Control, and Monitoring Subsystem (CCMS); Cargo Integration Test
Equipment (CITE):. and Shuttle Avionics Integration Laboratory (SAIL). If modifica-
tions are required for Shuttle avionics system enhancement, they will be traded
against the ground system impacts.
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STUDY PLAN - PROPULSION AND MECHANICAL

During the first two months, emphasis is on those tasks that contribute to the

selection of an inline or sidemount configuration.

00055/21



SW3LSAS 30VdS A3NNVIN

VALIINYW NILBTW

A pauyjeq Junow - ap|S puy
1/a 104 sjuswaiinbay /1 Ayjoed

N A AARAAAAtaRd ISttt Attads | ® IS 0L papinold JH aulq - uj
, nejua) 104 sjuawalinbay 4/ Anj0e4

e SUSSUPUSUU I NS U ettt ettt tteaeaaaaann, 1% 35 o1

papjaold sinduj sapesl sjuawainbay

uojsindoid QIO - UuQ puy uopesedag
ou|7 - uj auibug ¢ -

oulq - uj auibug g -

(1 Y I SR " 1 8 3S 0} papinoid seleq SdiN / 13
D\\\\\\\\ \\\\\\\\\\\\\\ R R LR I AR R R R R P LR TR P PP um:mm—
ideouo) eujleseqg 104 sejoq Sdw / 13
N I T payspqels3 saipmis Joud jo Aseuqil
NOILVLINIIHO
ANOILO3T3S A M3IA3Y A ASel 1enuoy
1d3IJINOD S1ND3Y vC/ET
6z [ez [ st [ 8 Tve]er [ ] v |[Se] oz
AHVYNNYL H39W3034 AON

jediueyosa|y B uoisindoiqd - ue|d Apnis




PROPULSION AND MECHANICAL TRADE STUDY

This study will identify some issues inherent in the baseline and inline concepts

as well as tasks common to both configurations.
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SDV CARGO CARRIER

-
Previous studies show that an orbital Cargo Element (CE) will require a reactive

control system and associated avionics located in the CE nose.
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OPERATIONS AND LOGISTICS ORGANIZATION

Support for this function is divided into standardized categories of flight and
ground operations, mission analysis, and logistics support. Most of the ground
operations effort will be performed at KSC.

Barrios Technology will assist in the analysis of proximity operations, and

Hernandez Engineering will support the Operations planning tasks.
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SHUTTLE-C OPERATIONS AND LOGISTICS AGENDA

The operations and logistics topics on this viewgraph identify areas requiring

early attention. Many of these issues impact both the operational requirements and
the vehicle design.
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PRELAUNCH OPERATIONS PAST ACTIVITIES

Under previous contracts, the Manned Space Systems Advanced Programs group at KSC
conducted launch processing analyses for the following studies: SDVs, Advanced STS
Ground Operations (ASTS/GO): Orbital Transfer Vehicle (OTV), Orbital Maneuvering
Vehicle (OMV), Space Transportation Architecture Study (STAS). and Advanced Launch
Systems (ALS).

Resulting data show the facilities impacts and OMV control capability required for
payload modularization in the range of 45 to 50 Kklb. During the STAS and ALS
studies, work began on a model (GAMMA) for processing analyses. This model may
warrant further consideration.
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PAYLOAD INTEGRATION STREAMLINING

Martin Marietta has integrated numerous payloads for the Titan and Shuttle. We
assisted the USAF/Space Division (SD) in preparing a briefing for DOD headquarters
which compared Titan and NSTS integration costs as a percentage of delivery costs.
The results indicated a close comparison (i.e., 8% - 15%) for integration, with
payload/mission complexity providing the highest sensitivity.

For the integration process, we developed a computerized functional task flow that
facilitates tailoring of a detailed integration plan for each payload and
delineates the roles/responsibilities and task interrelationships. Also, we
participated in a USAF/SD study for streamling payload integration. We will use
the study results as a starting point for the integration task.

Some past comparisons of integration cost and complexity were performed using
various definitions of integration. our integration effort will start signifi-
cantly ahead of the Request for Flight Assignment (Form 100). Early "cost of
integration" comparisons were made without taking into account previous requirements
work and feasibility mission planning that occured prior to entering the PIP annexes
and Shuttle Interface Control Document (ICD) cycles.
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DESIGN REFERENCE MISSION OPTIONS

A key operations issue is the degree to which Shuttle-C missions are flown identical
to Shuttle Orbiter missions.

One alternative would be to fly the Shuttle-C in a suborbital trajectory--similar
to expendable launch vehicles (ELV)--where a planetary payload separates after
MECO, using self-propulsion (i.e., RCS, OMV, or Centaur) to achieve circularization
and extended on-orbit stay time.

Another alternative is the mission scenario where the Shuttle-C is responsible for

circularizing and stationkeeping to rendezvous and dock with the Space Station (SS).

These operational issues are design drivers which require early resolution to
reduce cost and schedule risks.
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FUNCTIONAL ANALYSIS/ALLOCATIONS

Certain functions currently performed by the NSTS crew in prime or backup roles
will be allocated to onboard automation or ground command uplink. Criteria have
been established to evaluate the allocation trade-offs. Some factors which will be
considered are time criticality and degree of difficulty in the decision 1logic.

For payload attachment and deployment, we will apply our expertise with varying
types of payloads that use different scenarios. We have "hands on" experience in

maintaining dual compatibility while integrating numerous DOD payloads on NSTS and
Titan vehicles.
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PROXIMITY OPERATIONS - RENDEZVOUS AND DOCKING

Oour Phase I approach will maintain compatibility with OMV/NSTS rendezvous and
proximity operations tools. During the OMV Phase B studies, we utilized LINCOM as
a subcontractor for Orbital Operations Simulation (00S) development. For our NSTS
payload integration contract, we used the Flight Design System (FDS) and Barrios
Technology to provide training to our flight designers and other USAF/SD and Air
Force Satellite Control Facility (AFSCF) contractors.

Johnson Space Center/Mission Planning and Analysis Division (JSC/MPAD) personnel

believe that the Simulation, Monitoring, Analysis, Reduction, and Test System
(SMARTS) program might be a useful tool for this feasibility level activity.
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MCC/LCC OPERATIONS ASSESSMENTS

Shuttle-C operations must maintain compatible Mission Control Center/Launch Control
Center (MCC/LCC) interfaces to void costly dual operations. Shuttle-C operations
must also be as transparent as possible to dually compatible payloads.

We propose to track NSTS MCC/LCC upgrades and simulator changes to maintain this
compatibility requirement. To avoid divergence into separate programs, tracking

should encompass payload interface compatibility with SAIL, CITE, and other
facility interfaces.
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STUDY PLAN AND TRADE STUDIES

Time-phased task plans on the next two charts show the planned availability of
documented task and trade study outputs. Such outputs are scheduled to meet the

program milestones or fulfill an internal requirement to support another activity.

00055/72



SW3LSAS 30VdS d3INNVIN

VALIIMOW NILSUW

P S | S JUBISSoSSY
sajepipue)y sidaouod 9 - aNys
AT AR AR IR AR JUBWISSASSY aujjaseg uoliulaqg aoo:oo
e e e 010D B 8OUEPIND SOW
Mw ........................ RAAAARAAAAARE [ IAAAASAAARAAA AR rremerener $9]1J0ld UOISSIN tOWN
A BN BRNAAN Riataie suofjesedo |elqi0 peojhed £OW

Mvt:t:.:t:::t:.:.: sressssessensis gaInNIG @OUBWLIOMA] ZOW

Al 0000 BSOSt - uoisindoid Nq40 UuO LOW

sepei] sjusawaisnbay suojnesado

£ covceene T ERCIIIIRITITDIN] M s|sAjeuysiuawailnbay suonesado
[ paueq Siuswasinbay suopesedo
A NOILD3T3S A M3IATY NOLLVLNAIHO AseL joenuoy
1d3ONOD SLND3H veZ/ee
6z Jez [ St ] 8 [veTer JH] v |82 | o
AHVNVF H3aw3o3a AON

suoleladp

- ue|d Apmis






SWILSAS 30VdS QINNVIN

VALIINOW NILS YW

e — e . ~ pauyeq / pazAjeuy swalsAs 1ybi4 / punoty
PSS B S R abueyp syjwbeyooepisiu| goIN
I cortnrecririsissisinsss] SR ettt ittt Apnis D 8 ND tOIN
AT R RRIITY TOSPRPIIN srrssesapasasaiss Apmis spow [einjoNNS 13 ZOIN

(sinduj) ssipnis joedw; sigN
e e e cono 1) DUNOID M/S S0S4

) I 0 ISASatatttttds I ROt " uospedwo) 3ISH t0S4
e Buissag01d PUNGID £0S4

AT froessaaaneae Torrerernrnsnsecese sapioed younel zos4d
Ay et uopeuodsuesy eseds LoSd

sosfjeuy ; sajpmig apei] .amo:,oo

L L B I IIT IITTIT ITTeTTenene et sindu] sgm
A NO1LD313s LEED zo_::>zm_mo NSel }joenuo)
1d3IoN09D S1ND3YH vz/€2
6z |ec St [ & velar [ V] v | %] oz
AHVYANVP H3agawaoaa AON

(penupuod) suoljesadp - ue|d Apnis




OPERATIONS ISSUES REQUIRING EARLY RESOLUTION

A major program driver is the handover of Shuttle-C missions to either a Space
Station or planetary payload control.

Duplicating too many NSTS functions would complicate the Shuttle-C program and
introduce unnecessary cost and schedule risks. Handover of the mission to the

payload community too early would result in excessive cost and complexity to that
discipline.
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SUGGESTED MIXED FLEET GROUND RULES/GUIDELINES

The most logical Shuttle-C use is for “delivery only" missions which reduce Orbiter/
crew risk. The NSTS could be used for missons requiring a space platform,for
retrieval of space hardware/data upon mission completion, or for repair.
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PRODUCTION AND TEST - OBJECTIVES

The objectives of the Production and Test group for the Shuttle-C study are shown
on the opposite page. These objectives are fully responsive to all study elements

and documentation requirements.
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PRODUCTION PLAN - DR-4

This chart illustrates the content of the Full-Scale Development (FSD) Production
Implementation Plan (PIP) which will be developed during Phase II of the study.
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PRODUCTION AND TEST - ORGANIZATION

The Production and Test group comprises four major functional areas:

manufacturing,
test operations, industrial development,

and facilities engineering. The 1lead

personnel identified for each area have been identified and are in place. These

functions will be supported by existing Manned Space Systems departments on an "as
needed" basis.
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PRODUCTION AND TEST - PRIOR STUDIES

Numerous prior studies have been performed for NASA and the Air Force on various

configurations of SDVs, Shuttle Derived Cargo Vehicles (SDCV), and Unmanned Launch
Vehicles (ULV).

The data compiled during these studies provide a sound point of departure for
evaluating alternate configurations during the Shuttle-C study.
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EXAMPLE: MANUFACTURING PLANS

This chart illustrates the approach and content of the manufacturing plan developed

for the assembly of the Payload (P/L) Module and Propulsion Avionics (P/A) Module
studies.

These and similar data from prior studies are available to the Shuttle-C study team.
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EXAMPLE: MANUFACTURING SEQUENCE FLOW PAYLOAD MODULE NOSE CONE STRUCTURE

This example shows a summary level manufacturing sequence flow chart from the SDCV
study Martin Marietta performed for NASA. Similar flows will be developed during

Phase I of the Shuttle-C study to define the various manufacturing sequences and
tooling requirements.
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EXAMPLE: IMPACT ON MICHOUD ASSEMBLY FACILITY OPERATIONS

This chart shows the requirements that identified the production operations and
cost impacts for operating the Michoud Assembly Facility (MAF) for a mix of
standard and reduced length ETs during Martin Marietta's USAF-ULV study.
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EXAMPLE: ULV CONFIGURATION SDCLV-2 (4 SEGMENT SRB)

This chart illustrates the ET elements that were addressed during the USAF-ULV
study.
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EXAMPLE: FACILITY ASSESSMENT - REDUCED LENGTH TANK

This sample chart summarizes the facilities modifications required to accommodate
the mixed production of standard and reduced length ETs. Similar assessments will
be made to identify facility impacts during the Shuttle-C study.
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PERFORMANCE STATUS - PRODUCTION AND TEST

A contract task completion schedule was constructed for a two-month period: the
current and following month. Each production and task completion date was coor-

dinated to support the overall study outputs.
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SAFETY

The System Safety group will provide engineering safety criteria for the Shuttle-C
design to allow the vehicle to meet safety and man-rated requirements. Two-fault
tolerance will be stressed in all critical paths. An ongoing working group will
meet regularly with the Quality, Reliability, and Maintainability people to assure
that safety requirements will be reviewed for application to those disciplines.
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RELIABILITY

The Reliability Engineering group will directly interface with all disciplines to

assure dissemination and application of the latest Critical 1Items List (CIL),

Martin Marietta's
in-place policies, procedures and practices will control the reliability program.

lessons 1learned, check 1lists, and state-of-the-art tools.
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QUALITY ASSURANCE

We will apply existing Martin Marietta procedures and practices that have been
effective on previous missile and spacecraft programs. Our company-wide standard
procedures describe the management techniques and systems to be used in conducting
Martin Marietta's business. Quality aprocedures outline the basic policies,
systems, and responsibilities utilized by the Quality Assurance group to assure
that all contract and management requirements are satisfied.

Program Directives are generally issued by Quality Assurance to define specific

program/project tasks and requirements. In the Shuttle-C project. these directives
will be approved by the SRM&QA manager.
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MAINTAINABILITY

During the early design phase, our Maintainability group will assure that those
ijtems 1identified in the CIL which dgreatly impact safety and reliability will
provide redundancy, fail safe, or quick fix capabilities through easy access.
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SHUTTLE-C PROGRAM ISSUES

A number of key issues are summarized on the next two charts which must be resolved

early in Phase 1. Most of these 1issues must be resolved conjointly with the
contractors and NASA.
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