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1. Introduction

1.1. Purpose

TheNASA Systems Engineering Process for Programs amjdd®s establishes a
common set of suggested top-level technical presefes developing NASA missions.
Developed by a NASA-wide team, it consists of adtired set of program/project
technical activities and milestones. These argyded to effect a structured evolution of
activities and products so that objectives areeffettively and efficiently. The purpose
of this document is to provide guidance, criteajproach, procedure, and product and
terminology standards for the successful completicthese activities. Especially
important are the progressive, structured, traeestiglps of system baselining and
configuration control. This document is subordéntat and supports NASA Management
Instruction (NMI) 7120.4, Management of Major SystBrograms and Projects, and the
associated NASA Handbook (NHB) 7120.5.

This document addresses the definition, productod, operation of the total operational
system (hardware, software, personnel, facilitiesa, and so on) used to accomplish
mission objectives. Topics include a definitiortlod activities and logical flow (life
cycle model), a description of the required mayuaitgiven points in the cycle (control
gates), descriptions of the required intermediabelycts (data dictionary) and a
standardized set of definitions (lexicon).

It is anticipated that this work will provide threlsely related needs:

1) a common and mutually understood starting psorthat logical and consistent
plans are easier to develop,

2) aready reference to help ensure that critici@iies are not forgotten, and

3) adistillation of recognized successful praditieat can be used as a firm
foundation for improvement.

It is taken as an axiom that a thorough understanolii what has worked in the past
provides the best starting point for developingdyatays to do things in the future. This
document is not a new and radical departure, nbbissiness as usual. Itis alean
compendium of a proven and logical engineering ggsaindertaken in the belief that
much is to be gained simply by doing things as aghlve know how, every time.
However, one should note the following.

* The technical process is parallel to, yet digtfrmm, the specific procurement
approach. A project must accomplish the same teahtasks whether performed
in-house or by contractors.

* The technical process itself must be managectanttolled. This is distinct from
the administration and organization of resources@rsonnel.

» Compromising the technical process entails grasskes. On the other hand,
proceeding too slowly wastes resources.

1-1
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* Cost and schedule are always paramount conc@ioslittle, too much, or out of
sequence activity can seriously jeopardize costsahddule.

1.2. Application

This document applies to programs and projectswtted entirely by the agency as well
as to those conducted by contractors under thetireof NASA. It is further assumed
that application of this document will be approfeig tailored to the size and nature of
the subject program or project. Simply stated,spnojects will not require all details;
some may require additional details.

Even though the models presented are scoped &ivedl/ large and complex space
systems, application to smaller, simpler projestsfithe same relative importance and
benefit.

Although this document certainly centers on gui@afoc those responsible for
preparation, execution and evaluation of the tezdimilestones, it is more pervasive in
terms of bringing periodic technical and managenf@eus on propitious points of
complete system evaluation, risk assessment, opélattions, decision making and
replanning.

This document is not a complete description ofvitag that NASA manages projects.
The current work is focused primarily on the techahiactivities and does not deal with
the programmatic or acquisition activities exceptéscribe the major relationships
between the technical efforts, project managemesturces management and
management review process. A full descriptiorhefNASA process will require a
number of companion documents that are outsidedbpe of this document .



2.
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Related Documents

The following documents provide further informatiomhe list is not all inclusive; it
indicates major sources of information.

1.

10.
11.

12.
13.

NMI 7120.4 Management of Major System Programs and Projects
November 8, 1993

NHB 7120.5Management of Major System Programs and Projects
Handbook November, 1993

NMI 7100.14B Major System Acquisition®rogram Operations Division
(Code HS), NASA Headquatrters, February 27, 1990

NMI 7120.3,Space Flight Program and Project ManageméDdifice of
Management (Code N), NASA Headquarters, Februatp85.

NMI 8010.1A Classification of NASA Payloads
NHB 5600.2 Statements of Work Handbook

NASA Systems Engineering Handbook (draff)ted by Dr. R. Shishko
(JPL), NASA Headquarters (Code FT), September, 1992

The NASA Mission Design ProceBBASA Engineering Management Council,
December 22, 1992.

MIL-STD-499B,Systems Engineeringraft May 6, 1992.
MIL-STD-490A,Specification Practicectober 30, 1968.

MIL-STD-1521B,Technical Reviews and Audits for Equipments and
Computer SoftwargeJune 4, 1985.

DOD-STD-2167ASoftware Developmeniune 4, 1985.
ISO 9000, Quality Management and Quality AssceeStandards, 1987.
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3. Overview

3.1. Correspondence to Program/Project Phases

This life cycle model supports and is subordinatslASA Management Instruction

(NMI) 7120.4 and NASA Handbook (NHB) 7120.5. Figu.1-1 summarizes the overall
life cycle of a project from programmatic and teichhperspectives. The life cycle
divides the technical activities of a project idiifferent technical stages that mark
increasing maturation of the System. These stageselated both temporally and
logically. Subsequent stages require the procafgbsevious stages as input. The control
gates govern the transition from one technicalestaganother.

NASA STRATEGIC PLANNING

Independent Annual Reviews

Pre-NAR v NAR v Quarterly Status Reviews

‘ AGENCY OVERSIGHT (PMC) ‘
|
|
|

Pre-PPAR v PPAR v Contractor Metrics Reviews

L-2 L-1
Mission Reviews v

‘ Cancellation Reviews (if required)

FORMULATION IMPLEMENTATION
Pre-Phase A: Phase A: Phase B: Phase C: Phase D: Phase E:
Advanced Preliminary Definition Design Development Operations
Studies Analysis
Mission Mission System Preliminary Final Fabrication & |Preparation | Deployment [Mission Operations |Disposal
Feasibility Definition Definition Design Design Integration for & Operational
Deployment | Verification
Major ' ' ' ' ' ' ' ' '
Reviews
MCR MDR SDR PDR CDR SAR FRR ORR DR
Interim ;; ;; ;; ;; ;; ;; ;; ;;
Reviews
(example) MRR SRR SoSR SSR DCRProRR TRR SSR
CDR Critical Design Review MCR Mission Concept Review PDR Preliminary Design Review SoSR Software Specification Review
DCR Design Certification Review MDR Mission Definition Review ProRR Production Readiness Review SRR Sytem Requirements Review
DR Decommissioning Review MRR Mission Requirements Review SAR System Acceptance Review SSR System Safety Review .
FRR Flight Readiness Review ORR Operational Readiness Review SDR System Definition Review TRR Test Readiness Review F| g u

re 3.1-1. NASA Project Life Cycle.

The products of the technical activities supportynaf the programmatic reviews and
reports. Major technical interfaces occur at tloe Mdvocate Review (NAR) and the
Program/Project Approval Review (PPAR). TablesBthrough 3.1-3 provide examples
of the necessary products, their sources, and megge organizations. Section 5 and
appendix A provide guidance as to the maturity @tent of these products.

3-1



Downloaded from http://www.everyspec.com

JSC 49040

Table 3.1-1 Technical Products associated witiNiie-Advocate Review.

NMI Rqt Relevant Technical Product Responsibility

Pgm/Proj Mgr's Presentation to | Design Disclosure, EMP/S, Project Plan Pgm

NAR Team

Mission Need Statement Mission Need Statement Pgm

Acquisition Strategy Risk Analyses, EMP/S, CostifBates Pgm

Announcement of Opportunity Mission Concept, Systpecification PAA

NASA Research Announcement|  Technology DeveloprRéan PAA

Phases B/C/D RFP EMP/S, Statement of Work Pgm

Project Plan Project Management Plan Pgm

System Performance Preliminary System Specifications Pgm

Requirements

Environmental Analysis Environmental Assessmentéotp Pgm
Statement

Preliminary Systems SpecificatigriPreliminary System Specifications Pgm

Phase A Study Report Design Disclosure, Trade &lysis Pgm
Results

Life Cycle Cost Estimate Life Cycle Cost Estimate Pgm
Design Disclosure, WBS, EMP/S

Table 3.1-2 Technical Products associated witiNtAR Report.

NMI Rqt Relevant Technical Product Responsibility

» System/Subsystem System Specifications Pgm

Specifications

» Program/Project Plans Program/Project ManageRlamt PAA/Pgm

* Program Commitment PAA

Agreement (PCA)

» Descope Plan Design Disclosure, Risk Analyses Pgm

* Mission Success Criteria Concept/Design EvalumeGoteria Pgm

* Preliminary SRR Results Trades & Analyses, SRes@ntation Pgm
Materials

* WBS/WBS Dictionary WBS Pgm

» Schedules Engineering Master Plan/Schedule Pgm

» Environmental Analysis Update = Environmental Assesnt/Impact Pgm
Statement

« Interface Control Documents Interface Requiremgelmterface Controlf Pgm
Documents

* MOUs, MOA's, other Program/Project ManagemennPla PAA/Pgm
EMP/S

 Technology Transfer Plan Technology Developméah P Pgm
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Table 3.1-3 Technical Products associated wittPtiogram/Project Approval Review.

NMI Rqt Relevant Technical Product Responsibility

Mission Need Statement Mission Need Statement Pgm

Integrated Program Summary | Design Disclosure, EMP/S, Project Plar] PAA
(Appendix B)

Independent Cost Estimate (ICE Design DiscloswBs, EMP/S CFO/Comptroller
NAR Report see above NAR Team
Program Commitment AgreememntCost estimates, Proj Plan, EMP/S PAA

(PCA) (@ final PPAR)

3.2. Life Cycle Model Overview

The NASA Program/Project Life Cycle Model is anatieed model for the complete
technical life cycle of a NASA mission from initialission conception through mission
operations to final system disposal. The modditpars the life cycle into ten stages
based on the objectives of the technical activity #he level of maturity of the System
under development. Successive stages mark inogesgstem definition and maturity. A
transition to a new stage entails a major shithennature or extent of technical activities.
Control gates assess the propriety of progressimg bne stage to another. Table 3.2-1
gives an overview of the model. For each stagetahle identifies the objectives of the
stage and its major technical products.

The life cycle tailors the basic steps of ident#galyze, design, construct, operate,
support, and dispose to NASA Missions. It musstoessed that the Program/Project life
cycle model is not an actual process but rathedeadization that captures the basic logic
and flow of information and products. In practibe stages are unlikely to be strictly
sequential. Unfolding events may invalidate or ifyogoals or assumptions. This may
necessitate revisiting or modifying the resulta@irevious stage. The entities comprising
the System often have different development sclesdahd constraints. This is especially
evident with the Final Design and Fabrication amedgration stages where some items or
subsystems may be under development while otheydman construction or test.
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Table 3.2-1. Program/Project Life Cycle Model Susnyn

Stage / Control Gates

Major Objectives

Major Products

Mission Feasibility

» Mission Concept
Review (MCR)

During Pre-Phase A

» Define mission objectives and
top-level functional and
performance requirements

* Ensure mission technical and
programmatic feasibility

» Confirm customer's mission ne¢

Mission Needs and Objectives
Mission/Science Requirements
Strawman Mission Concept
Prioritized Evaluation Criteria
Conceptual System Architecture
Conceptual Designs

Preliminary Feasibility Assessment
Technical Concerns & Risks

Cost & Schedule Estimates

Mission Definition

» Mission Definition
Review (MDR)

During Phase A

 Establish validated (segment
level) requirements which meet
mission objectives

 Establish architectural and top-
level operations concept

« |dentify technology risks and
mitigation plan

» Refine programmatic resource
need estimates

Top-level System Architecture
Preliminary System Specification(s|
Final Feasibility Assessment
Technology Development Plan
Risk Assessment & Mitigation
Options

Refined Cost & Schedule

Disposal Requirements

System Definition

e System Definition
Review (SDR)

During Earlier Phase B

» Complete system architecture
and requirements allocation

» Demonstrate System can be by
within constraints

» Develop test and verification
program

» Establish end item acceptance
criteria

» Refine information necessary td
completeprogram definition

ik

Preliminary Design- To
Specifications

Interface Requirements
Technology Development Results

Engineering and Technical
Management Plans

Firm Cost & Schedule Estimates

Preliminary Design

* Preliminary Design
Review (PDR)

During Later Phase B

 Establish a design solution that
fully meets mission needs

» Complete test and verification
plan

 Establish design dependent
requirements and interfaces

e Complete "implementation” levg

of design

Final Design-To Specifications
Preliminary Build-To Specifications

Preliminary Interface Control
Documents

Verification Plans
Quialification Plans

» Engineering Test Data
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Table 3.2-1. Life Cycle Model Summary (cont’d)

Final Design

« Critical Design Review
(CDR)

During Phase C

Establish complete, validated
detailed design

Complete all design specialty
audits

Establish manufacturing
processes and controls

Finalize & integrate system
interfaces

Final Build-To Specifications
Interface Control Documents
Engineering Test Data
Quialification items and test results
Preliminary Operations Procedures
Integration & Test Plans
Manufacturing Plans

Fabrication and
Integration

» System Acceptance
Review (SAR)

During Earlier Phase D

Produce items that conform to
specifications and acceptance
criteria

Assemble and integrate the
System

Validate and verify System

Develop capability to use Syste
to perform mission

Prepare facilities for production
maintenance and operation

Validated & Verified H/W and S/W
Support Equipment

As-Built Documentation
Verification Report

Acceptance Data Package
Training Materials

Operations Plans & Procedures

Preparation for
Deployment

* Flight Readiness
Review (FRR)

During Phase D

Configure System for launch /
deploy

Establish readiness to launch /
deploy

System Configured for Launch
Readiness data
Trained Personnel

Deployment &
Operational
Verification

» Operational Readines
Review (ORR)

During Later Phase D

'

Launch / deploy System

Establish operational envelope
System

Establish System logistics

System Configured for Operations

of Operational System Data &

Documentation
Approved Support Plans

Mission Operations

» Decommissioning
Review (DR)

During Phase E

Perform mission
Sustain System
Improve/augment System

Mission products
Sequential Production
System modifications

Disposal

During Phase E

Decommission/dispose of
System

Decommissioned / disposed items

The design stages may be viewed in terms of arpaphrthat uses increasingly refined
approximations to a solution. Mission Feasibititytlines the problem space and the

solution space (goals, constraints, evaluatioeia} and demonstrates the existence of a

solution in the solution space (strawman concephle Mission Definition stage refines
the definition of the problem and solution spaces@ibn Analysis) and identifies an

optimal region of the solution space (Architectur&he subsequent stages continue this

process of refinement until a particular solutismbtained (Build-To Baseline).
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Mission Feasibilityoccurs in Pre-Phase A and initiates the life cy@etivities focus on
understanding the mission and establishing botimieal and programmatic feasibility.
Technical efforts transform top-level goals andeghbyes into mission concepts and
mission requirements. The effort firms goals, folates preliminary mission concepts
and requirements, and develops preliminary toptigystem requirements and
architecture. Conceptual designs for the impleateart and realization of the candidate
System are also prepared to demonstrate feasiailityto support programmatic
estimates. The process is typically somewhat im&mwith the emphasis on establishing
desirability and feasibility rather than optimalithnalyses and designs are accordingly
limited in both the depth and the number of optiokBssion Feasibility is typically done
by the government but the effort may let speciadlgtcontracts. The feasibility studies
may extend for several years and may be a seqaénegious paper studies that are only
loosely connected in a formal sense. The Missioncgpt Review (MCR) is the control
gate associated with Mission Feasibility. Its abjee is to validate the mission
objectives and the mission requirements. The pyiftecus of the MCR is to ratify that
the effort produced a sufficiently full, understabte, and unambiguous definition of the
mission and to ensure that the satisfying the mpielry requirements for the mission will
lead to fulfilling the mission objectives. The $daility of meeting the mission is
indicated with an example of a workable missionoegt.

Mission Definitionoccurs in Phase A. It focuses on analyzing misgéguirements and
establishing a mission architecture. Activitiesdrae formal and the emphasis shifts to
establishing optimality rather than feasibilityhel'effort addresses more depth and
considers many alternatives. Goals and objectivesolidified and the project develops
a firm definition of the specific mission, operatgconcepts, system requirements, and
top-level system architecture. Conceptual desigasieveloped and exhibit more detail
(e.g. to the subsystem level) and engineeringithisission Feasibility. Technical risks
are identified in more detail and technology depealent becomes focused. The Mission
Definition Review (MDR) control gate results in tredease of a preliminary functional
baseline for the System. The primary focus isdeding that the functional and
performance requirements defined for the Systegetteer with the program plan, meet
the mission objectives that were defined at prajgtation.

In theSystem Definitiostage in early Phase B, the focus shifts to aililegdunctions to
particular items of hardware, software, and persbn8ystem functions and architecture
solidify and implementation and performance becéimeas end items and their
performance and quality characteristics are basgliar development. Major products
include an accepted functional baseline and prelnyi design-to baselines for the
System and its major elements. Technology devedopnd demonstrations mature the
technology needed for the implementation and retlueeisk for its subsequent
realization in the Preliminary and Final DesigrheTeffort produces various engineering
and management plans to prepare for managing lhecéle development. The System
Definition Review (SDR) is the associated contratieg The objective of the SDR is to
ratify that concept definitions are acceptable matpiirement allocations are complete for
all functional elements of the System. The prinfaous is to show that a system can be
built which will meet the mission objectives defihat project initiation.

3-6
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ThePreliminary Desigrstage in later Phase B begins the full scale dpwaént of the
System and its end items. This stage establishesctonally complete design solution
(Design-To Baseline) that fully meets the missierds. The System is completely
defined through the implementation aspect of deslgesign dependent requirements
and the interfaces among all entities are estadisfEngineering test articles may be
developed and used to derive data for design. askeciated control gate is the
Preliminary Design Review (PDR). Typically PDRe &eld for each of the end items
and the higher hierarchic levels of the Systeme adljective of the PDR is to
demonstrate that the System design is functiomaligplete, optimized, and can be
expected to meet all system requirements in thesyspecifications. The primary focus
of the PDR is to show that the correct design leeniselected and considers all aspects
of system requirements, production, and operatiassyell as the constraints of program
cost and schedule.

TheFinal Designstage occurs in Phase C. It establishes a compigtidated design
(Build-To Baseline) for manufacturing. The Systisnsompletely defined through the
realization aspect of design. Detailed interfaaresdefined and controlled. Qualification
articles are built and tested to establish thatigssgn will function in the expected
environment. The manufacturing process is valdlafEhe associated control gate is the
Critical Design Review (CDR). Typically CDRs arelth for each of the end items and
the higher hierarchic levels of the System. Thiedlve of the CDR is to ratify that the
design is verified to meet mission needs and sadisfl requirements documented in the
system specifications. The focus of the CDR isfigation of the design, based on the
plan that was provided at PDR. Final Design resunltan accepted Build-To Baseline for
the System and its end items.

During theFabrication and Integratiorstage in the earlier parts of Phase D, the System
built, tested, and integrated. Production faeititare readied and used to produce items
that conform to design. The end items are assehihle a system and the system
validated and verified. Operations develops tlpgabdity to use the System to perform
the mission. Personnel gain experience from theahend-items and support equipment.
After acceptance testing, the System Acceptanc&eRgBAR) control gate marks the
readiness to deliver end items. The objectivéhefSAR is to demonstrate that the end
items as constructed will meet all the system megquents. A prime focus is on results
which verify the workmanship in constructing a pwotion copy of the design, including
the testing of the software code. In practice IHD®sign and Fabrication and Integration
are very intertwined at the higher levels of thstem hierarchy.

During thePreparation for Deploymerdtage later in Phase D, the System is configured
and prepared for the first mission. Specifics aejpggnificantly on the particular System
and its mission. Typical activities involve compd@ of operational plans and
procedures, training, launch integration, and soBime Flight Readiness Review (FRR)
control gate marks readiness to begin the missidre objective of the FRR is to ratify
that the System is configured for launch and tipatration support portions of the System
are ready.

3-7
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During theDeployment and Operational Verificati@tage in late Phase D, the System is
deployed and configured for the mission. Operai@apability is reached as operational
characteristics are demonstrated and personnebgtial experience in use of the
System. Specifics depend significantly on theipaldr System and its mission. The
Operational Readiness Review (ORR) control gat&ksnaperational readiness to support
the mission. The objective of the ORR is to denras that the operation support
portions of the System are ready to support missp@rations. The prime focus is on the
results of demonstrations showing the capabilityupport vehicles in flight and the
completeness of operational procedures, planssaitaare. Its purpose is to review the
state of operational readiness prior to transitigrdontrol of the space vehicle from the
development team to the organization with operatiogsponsibilities.

The Operationsstage occurs in Phase E. It entails the usewgmubst of the System and
its parts. Specifics depend significantly on tlget&m, its mission, and its evolution.
Systems using expendable or repeated items exhildiiple production. For complex
systems like a space station or a lunar base yter8 may evolve by stages that mark
levels of capability. Each of these increments ne@yiire activities that repeat the
previous stages to some extent to develop the apatilities.

TheDisposalstage entails the final disposition of the Systemd its elements. It should
be noted that for some items this may be an extestdge involving long-term storage or
monitoring of valuable or hazardous items. Foom@glex system, disposal and
operations typically overlap. For example, a ldugsgstem may use expendable and
reusable parts.

3.3. Discussion

NASA projects typically lead to the production ofery small number of unique end
items. The mix of industry, government, and ursitgrgroups involved is highly varied
as are the roles of the government organizatidi®SA projects may involve
relationships which range from working with a smadéxperienced team providing
subsystems and support for a flight project forfirg time to oversight of a large
experienced team from a large aerospace systertracimn. The range of projects
undertaken by NASA, and to which a life cycle mostebuld be applicable, is broad.
They vary from ground based facilities (e.g., windnels and other test facilities) to
aeronautical projects ( e.g. airplanes and compushéo operational satellites (e.g.,
LANDSAT and GOES) to purely scientific satellites.., IUE, COBE) to manned
systems ( e.g., STS, Space Station). The projgen@ations and how they function are
particularly affected by the numbers of people imed, the numbers of organizational
interfaces, the efficacy of communications, andiével of verification required of the
System. At one end of the spectrum, there migha kmall team building a small science
instrument and operating in a near "skunk workstienoln this case, the required
information may be shared and changes controlledsemi-informal manner with the
form of the documentation determined primarily bg tnternal requirements of the team.
Similar approaches might be used by a fully intesgt@oncurrent engineering team with
highly efficient communications and information Baages. In this case, formal
interface and document agreement and change cavitrble partially replaced with

3-8
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control of the technical engineering databasethAtother end of the spectrum, there
might be a very large, complex manned projectithailves many people in dispersed
organizations and that requires a very high levgkafication, particularly for issues
involving safety. In this case the need for formatumentation and tight change control
is driven by the difficulty of coordinating the efts of a large dispersed team and by the
need to integrate products generated by a largdeuat different groups. While this
problem can be alleviated by electronic communicetiand computerized engineering
tools, it is not yet possible for thousands of pegpanning dozens of organizations to
work like a small "skunk works" team.

To be useful across this spectrum, a life cycleehatust be descriptive rather than
prescriptive. The model should also be tailorablthe needs of the specific groups and
projects involved. Failure to address these isailetead to irrelevance of the model. A
single, fixed and immutable life cycle model woulat be useful to all of these groups.

The model of NASA projects presented here is exgoktt be a starting point from which
any of these groups could develop a tailored ydecapplicable to their own needs and
requirements. An unnecessary driver of costsdsrtiposition of new formats into work
and documentation standards where pre-existingdtsrcontain all necessary
information. Itis a tenet of the work describesténthat the contents are more important
than the packaging. It is intended that thesedstals should establish common
approaches and terminology for the NASA projects @views. When tailored and
imposed as part of a contract, the standards stéitdish minimum goals for contractor-
conducted activities. Preferably, they will be\pded as guidance documentation, and
be used to develop tailored project plans, revieledules, and review contents that meet
the same objectives as this work.

3.3.1. A Technical Process Model

The model presented here is primarily a processeimodls such, it provides three basic
functions: 1) it identifies the major stages gfrgject, 2) it identifies the activities in the
stages, and 3) it establishes transition critenigpfogressing between stages. The model
intentionally avoids particulars of methodologg, jthe specifics on how to accomplish a
stage and how to format and to represent data.inféet is that the model be compatible
with a broad range of practice; thus, methodoisgliscussed at a high level and only
when necessary. The intent is to reflect genesmll, established, engineering methods
and practices and yet provide a wide latitude deecspecifics of techniques, methods,
and formats. An implementation of the model wadkhtify specific tools and product
formats as well as how the tools and products sed to accomplish the objectives of
different stages.

Potential benefits from the application or consadien of this model include the
following.
» Guidance in what to do and when to start anddp doing it

» Checklist or template for planning

3-9
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» Common framework to communicate, to identify, éamdesolve issues and
options.

* Benchmark from which to develop a tailored plad & evaluate changes

The life cycle model covers technical rather thesgpammatic aspects of a NASA
program. Since it is not desirable to totally avprogrammatic concerns, references to
them are intended to be incidental and generigalticular, the model was designed to
be consistent with the various acquisition modsksduby NASA and the DoD. These
acquisition models identify major programmatic rsitnes and responsibilities for
meeting the milestones. Indeed, to a large exkentpure” process is independent of
acquisition models. The technical model addresas$ed technical work is to be done,
whereas the acquisition model addresses who deesdik.

3.3.2. Tailoring

The life cycle was designed to be applicable tadewange of NASA programs with
various levels of complexity. Itis generic in thense that it provides a set of features
common to many NASA projects. It is not intendedbé generic in the sense of all
encompassing or of exhibiting all possible feataed options.

In any NASA program, tailoring of this model to s needs and issues should be an
important task. The life cycle model is neithéemded nor designed to be prescriptive;
the model, if properly understood and properly egaplshould stimulate and enhance the
thought and planning process.

The life cycle model was designed to provide a fateghat planners may use to
construct an engineering network for a specifiggmo Depending on the scope and
nature of the project, a planner will omit, shékpand, or combine features of the model
(e.g., omit sequential production). To expandtémeplate, the planner fills in details
appropriate to the particular undertaking and tle¢hwdologies employed. The following
steps summarize one method of doing this.

1. Identify major milestones and their associat@utiol gates. The generic model
provides guidance as to logical relations and pigasi

2. ldentify what is needed at control gates. Tiwalpct dictionary in Appendix A
provides guidance on the contents and maturityadyscts at various control
gates.

3. Identify activities that will lead to control igs.

4. Identify the specific tools and activities usegproduce and manage intermediate
products and activities, e.g., initial system regments analyses may use tools
such as System Hierarchy, Function DecompositiédrCharts, Function Flows
and Allocation Matrices.

5. Identify the specific information and produdisttthe project must access and
generate.

6. Network and schedule the specific products.
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3.3.3. Types of Projects

As presented, the generic model is most typicédmfe space systems such as the Hubble
Space Telescope or Space Station Freedom. Thelsmitdogic applies to smaller or
larger NASA projects, although the depth and ex¢émpiroducts will vary. In particular,

the model reflects the following assumptions.

* Production levels are low, restricted to at ns@steral units.
» Significant technology enhancements or improvdasiare needed.

» Afull suite of testing is required, includingrBatechnology and concept
demonstrations, engineering tests, qualificatiststeverification and validation,
formal acceptance testing, and operational dematistis.

3.3.4. Acquisition Templates

Although the model was designed to be independemtauisition models, for illustrative
purposes, it is at times convenient to discussnieeactions of the technical effort with
the acquisition process. In such cases, the faligeemplate for acquisition is assumed.
The government conducts early stages in-houseasittractors taking a significant role
in system definition. Contractors then perform tradghe project work during
preliminary design through system integration. €ffert transitions from contractor to
government during deployment and activation. Ogpeama and disposal are primarily
government. Besides activities to acclimate nesi@pants, it is not expected that there
would be critical technical differences in othenf#ates, e.g., in-house development
through system definition.

3.3.5. Engineering Methodology

The life cycle model was designed to be consistathita broad range of good

engineering practices. It is not the intent o$ thdocument to prescribe specific processes
or tools. Itis, however, assumed that the teclimtfort embraces a basic systematic,
structured approach that a) identifies functiors guirements; 2) generates alternative
approaches to meeting the requirements; and B)jz&@saand tests alternatives to arrive at
an optimal approach. It is furthermore assumetitieatechnical effort successively
refines decisions and baselines in a top down manne
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Successive Application
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Figure 3.3.5-1. A Systematic Engineering Process.

There are a variety of ways to organize the flowa sfich a process. Figure 3.3.5-1
depicts typical, general features of such a sydieraagineering process. Initial efforts
focus on forming the team and acquiring the resineeded to accomplish goals. This
includes developing plans and schedules and mayralslve defining process and roles
for the team. Initial technical activities focus a proper statement of the design
problem. To reduce the risk of producing the rigih$wer to the wrong problem, the
team must understand the relevant needs, goalsaastraints of its customer. This may
require a dialog to clarify and elucidate desined wants. Depending on the maturity of
the System and mission definition, this dialog radgress various layers of detail.
Criteria are developed in order to judge the merfitsptions and to direct analysis efforts.
This typically involves focusing on the cost antkefiveness of the System, setting
priorities, and defining and calculating measurfesierit. This also facilitates identifying
success criteria. Based on the customer’s neebsastraints, the team identifies the
functions that must be performed. The team idiestipotential assets that can be used
for these functions. These assets may includenN@ag] software, or personnel. The
functional perspective gives rise to functional @edformance requirements that are
allocated to various design options and analyZéds process iterates until a suitable
solution is reached. During initial cycles, théoeftends to focus primarily on functions.
During later cycles, the focus shifts to the degifjithe specific items. To support this
process, the team identifies and develops the sagewols. These may include
Function Flow Block Diagrams, Physical and Fundaiiddierarchies, Richarts, and so

on. The value of this step is to make explicitd@m members where and how
information will be captured.
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3.4. Summary of Key Features
The following summarize key characteristics thatittodel was designed to have. These
are expanded in sections 4 and 5.

* Be compatible with a wide range of processesmeathodologies

* Be compatible with a wide range of acquisitiompéates

* Be tailorable to a wide range of programs angegte

» Codify established best practices

» Identify evolving roles and skill needs

» Characterize key relations among products, diessiand objectives

* Provide concise, consistent terminology for mgjaducts and their maturity

» Provide concise, consistent criteria for congrates

» Stress structured, traceable development

» Stress built-in quality and incremental, on-goiesting and evaluation
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4. General Characteristics

This section establishes the basic logical foundaif the life cycle model. The general
focus is on substantive aspects of the modelthe.things encountered in the life cycle.
In particular, the intent is to identify key contepnd to establish a consistent, concise
terminology. The terminology and definitions améended to provide a common basis for
communication rather than for strict formal useis kssumed that the reader has some
familiarity with Systems Engineering concepts arethods (see reference 7). When
feasible, the terminology does not distinguish leemvsoftware and hardware.

4.1. Control Gates

A Control Gate is a major review process that markgress in technical maturity and
risk reduction. In the sense used in this docupgobntrol gate is a process rather than a
single formal meeting or review. It is a tool whaeve consensus about the status of a
project. Itis a gate in the sense that the effarst successfully complete the review in
order to move to the next step in the project. rélaee three basic decisions that can be
made at a control gate: 1) accept recommendagiod€ontinue to next stage, 2) reject
recommendations and terminate the project, 3)@edafforts and continue the current
stage. Itis not the purpose of the control gatgetvelop or to discriminate specific
options in detail. The technical process itsetiyites the synthesis of alternatives and
the selection of recommendations. The technicaigss is also the foundation for the
diverse dimensions of quality such as completerazssiracy, currency, consistency, and
traceability. Instead, the control gate ratifies technical process and its results.
Although baselines may be formally released anabéished as a result of a control gate,
the consideration and review of most details odtuing activities preceding the formal
meetings.

Since a control gate addresses a transition fragrstage to another, it has two distinct
purposes. The first purpose is to take a techifocdd back to determine whether the
project has sufficiently met the objectives anduregments of the current stage. The
second purpose is to take a technical managemanfdowvard to determine whether the
project is prepared to enter the next stage. OQfti#ierent organizations with distinct
goals and activities will perform the two stag@$wus the two review objectives will
often be addressed by different groups with distiecspectives. Even when the same
organization will conduct both stages, the membbmild be aware of their changing
roles and purpose.

The organizations involved and the time betweegestanay have a significant effect on
tailoring the life cycle model. There may be anfigant time lag between the stages,
e.g., due to procurements. In such cases it wilidcessary to break the control gate into
two reviews that address the two purposes sepgardtahay also be necessary for a new
organization to back track somewhat in order toeom to speed. For example, the
government may define requirements for a systetctivaractors design and build. The
government holds a review to ascertain that ie&ly to release requests for proposals as
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applicable. The technical management look forwaay involve plans for plans in this
case. Shortly after start of contracts, contractal hold reviews to demonstrate that
they understand the customer and are proceeditg inght direction. The technical
management look forward then involves actual plans.

4.2. Readiness and Completion Criteria

Early in each technical stage, projects shoulcheedriteria to direct the efforts of that
stage.Readiness criteriare guidelines for the maturity that the projed aividual
products must have in order to enter a specifitrobgate. They determine the readiness
of the project to hold a reviewCompletion criteriaare guidelines for evaluating whether
the quality and quantity of work is sufficient tcogress to another stage. They determine
successful closure of a control gate.

The completion criteria establish specific objeetifor the stage and should be
established early in the stage when identifyinggo#valuation criteria. The completion
criteria are project dependent and are derivabla fiactors such as measures of
effectiveness, performance requirements and progtttraints. When assessing
readiness for a control gate, a project shouldragaiiew the completion criteria in light
of the experience gained during the stage, am&déssary, modify them. Readiness
criteria are derivable from a project's complettoiteria and its tailored product table.
Table 4.2-1 shows an example of readiness and etimplicriteria for a spacecraft
communications system at a Preliminary Design Rey{RDR).

Table 4.2-1. Communications Subsystem PDR Crifeaiale

Completion Criteria Readiness Criteria

Satellite can be expected to communicate witrAntenna design shows antenna diameter
ground control in S-band at an altitude |+ Antenna engineering item data is available
between 22,000 miles and 22,200 miles with afor antenna gain estimates

10 dB margin » Design analysis exists for expected receiver

sensitivity based on proposed design

* Projected ERP data will be available for
space and ground antenna

« Estimated gain measurements will be
available for the ground antenna.

* Link analysis will be complete

» Thermal analysis complete for
Communication Subsystem

* EMI/EMC preliminary analysis complete

4.3. Other Technical Reviews

Various other types of technical reviews occur migithe project as part of the ongoing
activities. Examples amudits engineering reviewdechnical interchange meetingand
project status reviewsThey are part of the ongoing activities and dbrepresent gates
which the project must pass before beginning aaewity. However, the results may
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be used at a control gate to demonstrate thedtat®ject readiness to pass through the
gate. Table 4.3-1 summarizes these other techmeicaws.

Interim Reviewsre reviews driven by programmatic and/or agenibgstones which are
not necessarily supported by the major reviewseyTdften entail multiple processes to
provide important information for major reviewspgrammatic decisions, and agency
commitments. Program tailoring will dictate theeddor and scheduling of these
reviews. Chapter 6 provides further details orrimt reviews that are applicable to
many projects. For exampleSgstem Requirements Revi@RR) may occur during the
initial part of System Definition. The review exares the requirements that have been
imposed on the System and its segments. The olgestto validate that these
requirements are complete and that they effectiaety efficiently meet the mission
objectives. The successful completion of the nevigarks the release of preliminary
specifications for the relevant system or segm&@uamplicated systems with many
segments may require multiple SRRs.

Table 4.3-1. Other Types of Technical Reviews

Type Scope Examples
Engineering Reviews « Method Specific * Peer Reviews
« Informal » Design Options Review

« Promote communication among | ¢ Finite Resources Review
team members

« Encourage creative thinking in
team decisions

Audits < Examination of tangible evidence¢« Producibility/Manufacturability
to determine adequacy, validity Audit
and effectiveness of the activity 0¢ |nterface Audit
documentation under review .

« Software Audit

Technical Interchange » Present technical information on{a Technical Interchange Meeting
Meetings specific technical issue to outsidg

organizations and the customer.
Interface Working Group | Between organizations with « Interface Working Group Meeting
Meetings development responsibilities for

interfacing entities.

¢ Focus on issues involving
interfaces and exchanging
interface information

« Working group level

Project Status Reviews |+ Management level meetings * Quarterly Status Review

* Provides information on current
status

Engineering Revieware methodology-specific informal reviews occugrevery few
weeks during a project. The purpose of the coeatigngineering reviews are to status
various activities occurring during the stagespsupcommunication between the
different groups working on the project, encoursigactured creative thinking regarding
mission solutions and foster progress towards ogweént of a complete, optimized
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system concept by SDR. Other reviews may be apjtefo individual projects to
provide technical and design interchanges betwseadsociated design groups in
relation to the ongoing activities in these phases.

Auditsare systematic independent examinations of tamgtidence to determine the
adequacy, validity or effectiveness of the actiwitydocumentation under review. The
number and types of audits are determined eatlyarproject. The group responsible for
the audit will present the schedule of audits girtengineering plans. Results of audits
(along with recommendations and action items) &engresented at the control gates
along with the reactions to the results (answeth@éaecommendations and closure status
of action items).

Technical Interchange Meetingscur to present technical information on a specif
technical design issue to outside organizationstie@dustomer. For example, this may
be the forum for presenting the results of completeongoing studies.

Interface Working Group Meetingse held between two or more organizations with
development responsibilities for interfacing eesti Resolution of issues involving
interfaces and their associated interface contouthents and interface information
exchange are the focus of these meetings. Thest argvorking group level and provide
the means for smoothing the formal path for integfeontrol documents approval (done
at the control gates) and interface control documepdates (done at Configuration
Control Board).

Project Status Revievase management level meetings providing infornmagio current
status to the customer (for contractors) or to upgeel management (in-house projects).

4.4. Baselines

This document uses the tebaselinein a generic sense to mean a reference
configuration from which to identify and to contiilange. Baselines must be explicit
and specific. Baselines may have varying degreéexmess, detail, and formality. In
the earliest baselines, frequent or significanhgea will be expected. Later, changes
will be less frequent and require very compelliaganales. As the design matures, the
baselines will represent a willingness to makergreatual commitment. Very mature
baselines may be immutable for all practical puggsos

Baselines may vary as to what they address. Teghipaselines address the
configuration of system products. In additiondottnical baselines, there are business
baselines that address matters such as fundifgpgtand schedule. This document
identifies the following general types of progres$y mature technical baselines.

Functional Baseline states the technical performance of an entity.

Design-To Baseline allocates performance and design requiremerpsauticular
entities.

Build-To Baseline specifies the configuration of the entitied®produced.
As-Built Baseline is the actual configuration of the entitiestthge produced.

4-4



Downloaded from http://www.everyspec.com

JSC 49040

As-Deployed Baselineis the actual configuration of entities as dgptl and
operated.

4.5. Aspects of Design

The life cycle and control gates reflect a systédgsign process wherein the more
abstract considerations are established beforgpibafic and concrete. Here, the term
designis used in a broad sense to cover all aspecteedbtm and characteristics of a
solution to a particular need. Thus design islinated to a specific physical or logical
rendering of the solution, i.e., the drawings. clarify the evolution of products, the
following model identifies three basic aspectsmokatity’s design.Architecture
describes the top-level form or structure with empkasis on function. This aspect
identifies functions, their groupings, and thetenactions. Functional block diagrams
typically document architecturédmplementatiordescribes theoretical and mechanistic
aspects in terms of functional units and proces$éss aspect identifies subsystems,
technology, operating principles, interfaces, éichematic block diagrams typically
represent implementation&Realizationdescribes the concredmd physical aspects in
terms of specific measurable parameters. Thiscaggentifies specific components,
parts, physical layout, tolerances, data repreeniatc. Detail drawings typically
document realizations.

At any particular time, one must address all tlaggects; however, the focus and
firmness shifts as the design matures. Thus tHe ®Bds to focus on architecture, the
PDR on implementation, and the CDR on realization.

4.6. Specifications

The termrequirementis used to connote a verifiable statement of fonabr
performance. The terspecificationis used to connote information that describes
necessary features and characteristics includioginements, system concepts, and
operations concepts. The discussion identifiesdt@wing types of specifications.

* Mission Needs Statement: A high level documkeat tlefines the mission
requirements.

» System Specification: Defines the functionalf@enance, and interface
requirements for the System or segments. Thebplegtaa functional baseline and
include a top-level description of architecture apérations. (System
Specifications correspond to the Type A Specifaraiin MIL-STD 490.)

» Design-To Specification: States the requiremémtshe design or engineering
development of a product. They disclose implententaspects and establish a
design-to baseline and are typically prepared fiong or critical items. The
primary focus is on the allocated performance actlides pertinent direction to
designers regarding characteristics and featyi2ssign-To Specifications
correspond to the Type B Specifications in MIL-SZ9D0.)

» Build-To Specification: Describes an item infgiént detail to enable
procurement or fabrication. The specification rmagrespond to any item below
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the system/segment level, and may be functiontloicational. Functional
specifications describe all characteristics (penfamce, quality, interface, etc.) of
an item that are essential for its intended usdri€ation specifications disclose
realization aspects and establish a build-to baselhd provide detail direction on
the proper construction of the item (parts, assgnma@rformance, test/inspection,
etc.). (Build-To Specifications correspond to Tiype C Specifications in MIL-
STD 490.)

Verification establishes that requirements are nv&lidation establishes that mission
needs or objectives are m&ualification establishes that a design works properly under
the intended conditionCertification establishes that an end item works properly for a
mission.

4.7. System Hierarchy Model

Space systems consist of multiple layers of strect®articular projects will potentially
require different layers of structure: an instratngroject for a science instrument may
not need to distinguish as many layers whereasadlnitiative may need to distinguish
more layers. Projects should accordingly estalhsir own terminology for classifying
and referring to entities and structural levels facilitate the discussion, it is useful to
have an explicit example in mind. This documesuages the following model of a
system hierarchy for a large space system. Natehtrethe Systemefers to the
operational product system that consists of the tardware, software, facilities, and
personnel used to conduct the mission. This tndisfrom the producing system
embodied in a development project. The temd itemis used generically to indicate
some entity in the System. Figure 4.7-1 providesxample.
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The System The Earth Monitoring
|
Segment Data Collection Data Processing | ***
|
| A I
Element Weather Satellite Resource Satellite
|
[ 1 |
Subsystem Power Communication
L
[ 1 |
Assembly Generator Distributor
|
I 1 I
Subassembly Solar Panel Bus o
' |
Part Solar Cell Connector -

Figure 4.7-1. Sample System Hierarchy and Product Breakdown Structure.

The System - The totality of hardware, softwgexsonnel, and so on needed to
perform the designated function or mission. Exangtarth Monitoring System.

Segment - grouping of elements that are closdited. These elements often
interface physically. A segment often correspaods top-level function of the
System. Example: Data Collection Segment.

Element - complete integrated set of subsysteapalide of an operational role.
Typically constructed as a physically separatetyenttxample: Weather Satellite.

Subsystem- functional grouping of components pinavide a major function or
related functions. Example: Power generationdistlibution.

Assembly - functional unit viewed as an entity dmalysis, manufacturing,
maintenance, etc. Example: A power generator.

Subassembly - Two or more units joined togetbdotm a stockable unit capable
of disassembly. Example: A solar panel.

Part - Smallest functional entity that can notlsassembled without damage.
Example: A solar cell.

Appropriate software terminology depends to a laxent on languages, environment,
and methodology. For the life cycle and contraegathe following levels are identified
and are typical of procedural languages such asoA@a Note the duality between data

and instruction.

* Process: totality of software and data thatgrerfa major function.

* Programf/file: separately executable or storébla from the viewpoint of the

operating system.
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* Module / class: collection of related data dnues and operations that perform
related services or transformation.

* Function / procedure / data structure: sepamatiéies that can be invoked or
referenced.

» Statement: syntactically complete constructibthe language.

4.8. Product Model

The technical project model reflects a systematbmical development process that
transforms mission goals and objectives into amaimal system. This process entails a
myriad of interrelated, evolving products that specific to each development system.
Here the ternproductis used in a general sense to indicate some plantidata or item
rather than a complete document or separate datileer To make the discussions
tractable and clear, it is useful to have an oVénainework or model that establishes
terminology; major categories, key relations, araturity gauges for technical products.
Figure 4.8-1 illustrates this model with a typiialv down and maturation of the primary
products and items in a development effort.

Mission
Need

Stateme Concep
n
I R

Functional

i MDH
Baseline
Partial
Analysis
Engineering
Segment Segment Items A
Major architecture | Spec Spec RA
aspects of design
complete IType A rype A Program SDR
Plan
Design-Tao —= Plan
H Prime ltel Prime Ite! rime Ite —
Base I ine Design-Ti Design-Ti Design-T}
Spec Spec Spec Complets
Type B Type B Type B Analysis
End Item End Item End Item PDED
Design-T i . L
Implementation 9 Design-Ta Design-T
aspects of design Spec Spec Spec PDR
Procedurt
complete (Type B TypeB Type B

Build-To '

End ltem

Baseline 2“"‘”" [ Design Qualification 3
pec
o Disclosur ltems
Realization Type C «Drawings P

aspects of design :s‘lcagvams
complete

As-Built
Baseline Manuals a
Fabrication & test R

complete

As-Deployed -
Baseline &
Operational capability A

demonstrated

Figure 4.8-1. Overview of Product Maturity Model.

4-8



Downloaded from http://www.everyspec.com

JSC 49040
4.8.1. Product Classification

It is useful to have a general scheme to identiég/myriad of potential products in a
development project. Table 4.8.1-1 provides aléwp! classification scheme based on
the use or purpose of the item. This approachigesva uniform criterion for
classification, simplifies correlating productspimcess, and elucidates evolution. For
example, a trade study may generate many trajestorisearch for suitable optima.
Eventually several may be chosen as mission optiadsvould become part of the
mission design. Finally a particular trajectoryghtibe used as a standard for the design
of equipment, planning, etc. This progression fteexde to engineering requisite is quite
general. The Classification Scheme should notiséaken for a document tree. The
scheme identifies the types of data and itemsspetific deliverables or documents.
Indeed, a document tree should reflect the straatithe system with the individual
documents containing several types of information.

Theproduct systersonsists of those entities that accomplish thesimns i.e., the things

to be developed and tin@ison d’étreof the project. The products associated with the
product system include hardware and software agiadata and manuals, facilities,
trained personnel, etc. Tpeoducing systerdevelops the product system and supporting
processes. The operatiosgbktentonsists of those deployed entities that perforen th
mission. The approach taken here is to emphasizel@oment aspects and to maintain a
simple framework. Thus the majority of categoaes addressed as producing system
products. In particular, the Management/Contréégary addresses the producing
system, whereas the various operations and suplams address the product system.

It is also useful to distinguish whether a procamttains to output or process. Table
4.8.1-2 provides a scheme for doing so. The med#iogram Planindicates a specific
approach to develop a comprehensive plan (e.gelialiity Program Plan). The
modifier Plan indicates a comprehensive product that formulates an activity will be
accomplished (e.g., an Integrated Logistics Supplar). They typically identify
organization, responsibility, general flow, and lesgnts. The modifidProcedures
indicates detailed, step by step material (e.ger&jons Procedures). The modifier
Concepindicates a top-level plan that identifies basialg@and principles (e.g., an
Operations Concept).
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Table 4.8.1-1 Classification Scheme for TechnicabBcts.

Area Subarea Description
P | Product System Versions of mission/supporteentts
U | Engineering/Technology Built for R&D
Q | Qualification Built to confirm design
E | End Items Match mission/support items
D | Manuals / Supporting Data Describe item operdsupport
F | Facilities Support mission & training
X | Other
R | Engineering Requisitels Define what must be done
R | Requirements/SpecificatiqrState characteristics of product systeni
s
S | Standards Binding standard data, handbooks, ¢
X | Other
V | Verification & Other Confirm compliance of ptact system
Test V | Verification/Validation Confirm requiremendare met
O | Operational Confirm product ready for mission
X | Other
D | Design & Execution Enable products and the& us
D | Design & Architecture Define product’s formnfttion, features
F | Fabrication/coding Assemble products
O | Operations Define how product system will becus
S | Integrated Logistics Support product system
Support
X | Other
A | Analyses/Evaluations Support decision and ssith
C | Criteria & Metrics Measure goodness of prodiystem
T | Trades / Studies Define/evaluate alternatives
D | Development Test Generate engineering, desatm, d
technology
X | Other
T | Tools Support development effort
M | Management/Control Control producing system
of Producing System T Technical Status Measutenieal quality & progress
P | Plans, Methods, & Procegs Nature, scope, lufgievelopment
work
B | Budget & Resources Control project resourcéalieeation
S | Schedule Control activity & event
C | Configuration Management Control structure eodtent
R | Risk Management Control risks
O | Organization Control work interfaces, accouitiigb
X | Other
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Table 4.8.1-2. Codes and Relations to End ProcdunttsProcess.

Meta- [ Relation

level

0 Product is in product system (e.g., flight harctkyaupport hardware, software, data).
1 Product describes or characterizes product system

2 Product is a plan or process for generating riestal-1 products.

3 Product is a program plan, i.e., a plan to dgvelplan.

*Combinations of codes indicate products that ergass several meta-levels, e.g., 12 would indicatnanibus
product that contains a plan and assessments.

Figure 4.8.1-1 depicts the top-level logical relathips between the various technical
products. In the technical product arena, needbjectives drive the contents of
requirements and evaluation criteria and prioriti€he requirements give rise to various
features that actualizations must exhibit. Bagethe criteria, analyses and assessments
focus on the quality and appropriateness. Testlantbnstrations confirm that the
intended results are obtained. The technical mamagt products include identification
of the actual technical products to be producedthed interrelationships.

/Technical Product Relations )
Needs & Mission Needs
Objectives
System Spec /
Design-To Spec — Criteria & | MOEs
Build-To Spec|  Engineering Metrics Priorities
Standards Requisites
— / * Trades &
Verification & Design & ;
Other Test o Execution < Studies
Cost & Schedule
Verification Plan Designs Risk
Operational Tests Drawings Tech Needs
Ops Plans Effectiveness
Training Mtls Development Test &
\_ Experiments J Figure 4.8.1-1

Top-level Product Relations.

4.8.2. Product System Articles

Projects generate various product system artieléscting different levels of maturity
and serving different risk reduction purposé&sgineering itemare articles used to
generate information important to designing enchge They typically entail non-flight
parts and workmanship standards and may be bremd$or mock-ups. Their uses
include technology demonstrations, proof of concaptl design data generations.
Qualification itemsare used to demonstrate that the proposed dedigaetion
properly in the required environment under the ireglconditions. They are of a new
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design in form, fit or function but are not intedder operational useEnd itemsare the
products that are used. When multiple items aiig Ippoduction articles are the as-built
baseline. These may differ from the articles usedhe initial flights and demonstration
of operational capability.

Table 4.8.2-1 summarizes the terminology and tles o§the articles and provides other
common names. In practice, a project balancesiearisk, schedule, and budget in
choosing the articles that it builds. Projects msg the same article for different
purposes. For examplepeotoflightitem might serve both as a qualification and ash en
item. It would be an initial flight item that i¢sa subjected to qualification levels and
flight durations equivalent to a flight acceptamest project. It is recommended that
projects develop their own clear terminology fdiches.

Table 4.8.2-1. Types of Items.

Article Uses Configurationy Other Names
Management
Engineering Show technology is feasible| Mostly Proof of Concept
Item Make design decisions informal Breadboard
- Generate data Mockup .
- Evaluate alternatives Demonstration
Software Prototype,
Show design functionality Flight Equivalent Unit
Qualification Validate design Formal Hardware Prototype
Item - Show functionality in Design & Verification Test Uni
environment Brassboard
- Establish envelopes Protoflight
- Demonstrate lifetime
End Item Support the mission Formal Protoflight
Flight Unit
First Flight Unit
Certification Unit
Production Item

4.8.3. Product Maturity Levels

The following discussion distinguishes three broatkgories of maturity for technical
products that evolve during the life cycle. At tberest level of maturity areonceptual
products. They are typically early estimates aftdrin which significant revision is
expected. Working products with a significant lesematurity are designated
preliminary. They exhibit significant engineering effort aae expected to undergo only
modest revision. Products with the highest levehaturity are designateithal. These
have had significant review and are deemed stdbleal products are generally under
formal configuration control.

Projects also prepare numerous interim studiesaasessments that are not maintained

and matured as a direct goal of the developmermiess The termpartial indicates that a
product is not finished and that further expangiorevision is planned in later efforts.
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The termcompleteindicates that a products is finished and contailigletail. Table
4.8.3-1 summarizes the maturity levels and the €oded for them in this document.

Table 4.8.3-1. Product Maturity Codes.

Code

Maturity level

Product is conceptual. Significant change iscetgx.

Product is preliminary. Only minor changes aqeeeted.

Product is final and ready for approval. No g®or planned or expected.

Update to existing product.

I > e B v

Partial, incomplete, or top-level.

Complete.

Engineering Item

Quialification Item

m{O | C

End Item.
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5. Life Cycle Stages

This section focuses on the evolution aspectseofifin cycle model and provides details
on each individual stage. Topics include objedtiaed major decisions, technical
activities, management and control, products, aiaring.

Activity networks elucidate the major logical retatships among top-level activities.
These are intended to represent the ideal logmal dnd maturation of activities and
products. In practice, activities frequently octuparallel and feed back to their logical
precursor. Since a successor should both staffirdisd after its predecessors, the
networks convey only start/start and finish/finishe relationships.
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5.1. Mission Feasibility

5.1.1. Overview

Mission Feasibility develops understanding of thabpem and potential approaches. A
primary product is a preliminary assessment of ddficult it is to achieve goals within
constraints. This assessment considers techoastl, and schedule aspects. The effort
avoids committing to a particular approach or sotutoo early so as to avoid a great
answer to the wrong question. By refining missabjectives, constraints and evaluation
criteria, the effort lays a proper foundation foderstanding what is needed and what is
important. Table 5.1.1-1 summarizes Mission Feligib

Table 5.1.1-1 Summary of Mission Feasibility.

Objectives: » Define mission objectives and topeldunctional and performance
requirements

» Ensure mission technical and programmatic fektsibi
» Confirm customer's mission need

Major Products: « Mission Needs and Objectives

» Mission/Science Requirements

» Preliminary Feasibility Assessment

» Strawman Mission Concept

* Prioritized Evaluation Criteria

» Conceptual System Architecture

» Conceptual Designs

» Associated Flowdown Requirements
» Technical Concerns & Risks

» Cost & Schedule Estimates

Major Decisions: * What is the mission?
* |s mission technically & programmatically feasBI
Program Phase During Pre-Phase A.
Control Gate: Mission Concept Review
Features: « Initiates life cycle.

» Typically done in-house. Specific study contsactay be let.

* May be a sequence of various paper studies tedbamally only loosely
connected.

» Analysis and concept definition limited in depth

» Focus on finding a concept for operations and@mgntation that
establishes feasibility

» Typical team is full time lead with part-time expteam members.
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Concept
Start Iterate Requirements and Concepts to establish feasibility Review
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1.10. Synthesize
X i 1.6. Flowdown & Downselect
1.1 Refine User 1.3. Develop Top | Science Rqts
¥ ’ Needs & " “level Mission | Mission Rats [Top-level System y —>
Objectives Requirements -’ RELIEIETE Report / Pmposi
— System Specifigati
Mission Needs System / Segment Rqts
oals and
1.5. Develop
’ Evaluation
1.2. Refine Criteria _» 1.8. _Allocate
Constraints & [ Requirements
Assumptions Evaluation Criteria i
_Flggﬁrence Missions Allocated Rats i
Assumptions, Guidelines,
and Constraints 7.7, B 1.9. Analyze &
1.4. Develop Top _’ Feasible System Evaluate I
—’ -level Functional Concept(s)
Mission Concept Cost/Effectiveness Anays:
t
Functional Mission Concept System Concept & Architecture Eel;sibility Assessment |
Design Disclosures Specialty Engineering Studies

Product Breakdown Structure  Life Cycle Cost Estimates |

Operations Concept Trade & Analysis Results |
AREER RN E RN EEEERRRARERNERRO R UER RN AR OER

1.12. DevelopTools &
Methods

Analysis Models
Systems Engineering Tools

4’| 1.11. Technical Planning & Management

Program/Project Management Plans Lessons Learned
EMP/S

Figure 5.1.2-1. Mission Feasibility Activity Network.

5.1.2. Description

Mission Feasibility consists of multiple quick-tamound iterations of the functions-
design-evaluate-synthesize loop of a systematimeagng process. The initial iterations
focus on broad concerns and top priorities. Lié¢eations provide greater detail. Figure
5.1.2-1 depicts the major activities and theirtedlgproducts. Two basic activities
comprise Mission Feasibility: Understand the Comtoand Identify Feasible
Alternatives. The initial iterations focus on urgtanding the customer. The focus then
shifts to identifying feasible concepts.

Start: Major inputs are Objectives and Progranmur@tidelines. The
objectives describe what goals or accomplishmaetsiesired. They may or
may not be in the form of top-level requiremer®sogrammatic Guidelines
provide further direction and typically include sbraints or conditions on
technology, schedule, cost, and so on.

Understand Customer

1.1. Refine User Needs & Requirements: The effevelops a set of commonly
understood and committed to statements as to wédha conditions of
fulfilling mission objectives. This frequently inlves working with the
customer to analyze inputs and clarify intent idesrto ensure a common
understanding.

5-3



1.2.

1.3.

1.4.

1.5.

Downloaded from http://www.everyspec.com

JSC 49040

Refine Constraints & Assumptions: The efSomilarly refines and elucidates
the constraints and assumptions. This may erdditianal or more detailed
assumptions concerning the mission and the potelgsgn approaches.

Develop Top-level Mission Requirements: Ttiereestablishes top-level
sizing and performance requirements for meetingrtission objectives.

These are formal statements of what is needednmstef quantitative,
measurable parameters. Functional analyses, ioftbe context of a mission
concept, are generated to identify various optamginteractions that merit
more investigation or give rise to trades. Inidahsiderations are restricted to
the top-level functions most pertinent to achievimg mission. During later
iterations, the effort may consider more detaWatidate requirements and
approaches, and to understand key or risky areas.

Develop Top-level Functional Mission Concephe effort develops
conceptual top-level descriptions of ways to achiewssion objectives. This
establishes a framework and context for requiresiéotvdown. It also
provides a benchmark from which to analyze andhéedptions.

Develop Evaluation Criteria: With the custontke effort develops criteria
and metrics with which to discern the quality andegptability of approaches
and options. Criteria for meeting the study olyes are also developed and
provide completion criteria for the MCR. The effalso addresses priorities
and the relative importance of requirements. Tloeideria and priorities give
a basis to allocate margins and resources. Tlseydaitermine the types of
evaluations and the data needed. This activityimoes as higher degrees of
resolution are needed. The criteria may cover socisiderations as
performance, cost, schedule, risk, and robustness.

Identify Feasible Alternatives

1.6.

1.7.

1.8.

Flowdown Top-level System Requirements: Tifateranslates the mission
requirements and concept into functional and perémce requirements that a
system must meet to achieve the mission requireaméittis generally
requires at least some top-level system concelpé flowdown tends to be
primarily functional and performance focused. dtablishes top-level sizing
and performance for the System.

Develop Feasible System Concept(s): Thetefrelops at least one
conceptual design for a system that meets thersystguirements. This
conceptual design describes the major parts andimewinterrelate and
interoperate. The detail is sufficient to suppopits to estimates of cost and
schedule, risk assessments, and evaluation critEnghasis is on feasibility
not optimality. As shown, the design activity naocur somewhat in parallel
with the requirements flowdown.

Allocate Requirements: Particular functiond gerformance levels are
allocated to various entities involved in the tepdl System functions. This
may entail parametrics, tradeoffs and analysefidoate budgets and
functions. It includes determining size and feasunf System entities. As
functions are allocated, additional interfaces magrge or need refinement.
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1.9. Analyze & Evaluate: The effort analyzes aval@ates the characteristics of
the design concepts and requirements in light afuation criteria and
priorities. Results include estimates of cost setfiedule and assessments of
technical risk.

1.10. Synthesize & Downselect: Results of theymes and evaluations are
considered. Based on the insights provided, ckace made or new options
defined for further exploration. Synthesis seekslanced solution that
attempts to combine good aspects of alternativdshminate their bad
aspects. The synthesis provides feedback to subseerations.

Support

1.11. Technical Planning & Management: Initiaivdties include forming the team
and setting up the study plans and schedules. e§ubsat ongoing activities
involve monitoring progress, reviewing results, aedision making.
Management functions may also include preparationaterial and
interfacing with customer and other interestedipsurt

1.12. Develop SE Tools & Methods: As necessagy gffort develops the needed
tools, methods, and skills so that team membetdaile consistent products
and information with which to capture and commutgaasults.

5.1.3. Management and Control

5.1.3.1. General

Organizations typically perform Mission Feasibilityhouse. The team consists of a full
time lead and part-time team members but may irctughport contractors and special
study contracts. The skills of the analyst anddisigner are critical. The environment
is fairly informal and dynamic; many issues arenffuzzy. Without adequate
communication and coordination, team members magrg¢e inconsistent or
incompatible products. Technical management coisdaclude the following.

* Team formation.

* Team communication.

» Appropriate level of detail, neither too genarat too specific.
» Balance flexibility and creativity with formalitgnd process.

* Maintain traceability among goals, requiremeats] concepts.

5.1.3.2. Reviews

The ad hoc nature of Mission Feasibility can causgusion among participants. The
following interim reviews provide forums for expogiand discussing issues and
approaches, and communicating decisions to teanmbersm

» Customer reviews: to set and clarify missiorursgments and strawman mission
concept.
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» Peerreviews: These occur at the completiorachdteration. They include
outside experts.

The Mission Concept Review (MCR) is the associatade control gate. It occurs when
the activity has reached a level of maturity wheeemission objectives can be clearly
defined and quantified. If there is sufficienttjfisation to warrant further mission
analysis on the objectives and requirements asdgport exploration of alternative
system concepts to satisfy the mission objecti@etsyities may go through several
iterations before arriving at this point. Eachiateon has associated peer reviews where
work is reviewed for its technical accuracy. Titésative process should refine the
mission objectives until it converges to a poinewehfirm mission requirements can be
determined and justification exists for seekingeaision to proceed into Mission
Definition activities.

5.1.4. Products

Figure 5.1.4-1 summarizes System maturity at tllecMission Feasibility. Table
5.1.4-1 summarizes the products of Mission Featsilaihd their level of maturity. A
preliminary functional mission concept providesiadtional description of how mission
objectives and requirements can be met. The fiscoiswhatis done rather thamow it

is done (e.g., remote sensing vs. orbiting s&gllihe concept identifies top-level
functional segments, major mission events, and thigractions. System and element
design are conceptual and reflect limited engimgeriThey are used to demonstrate
feasibility and to estimate rough sizing and fume$i. Technical concerns and risks
assessments identify needs for inventions, dises@mprovements, and innovations to
enable or enhance the system concept. The Engigddaster Plan / Master Schedule
covers the study period in detail and providegpaléoel plan for later years to support
schedule and cost estimates. Cost and scheduteat=t are rough order of magnitude.
The results are captured in a report and recomntienda

The System - Focus on Feasibility

- Limited Range of Concepts
- Restricted Number of Options
- Limited Depth

- Major Subsystems

- Technical Feasibility

Segment

Rat/Design H/W or S/W

¢ ) Conceptual Engineering Item

S/W - Design Preliminary Qualification Item
Pz Final End Item

Figure 5.1.4-1. System Maturity at the End of Mission Feasibility.
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5.1.5. Tailoring

Complexity and technical maturity can be major érsvin tailoring Mission Feasibility.
A complex mission will likely require larger teanextended schedules, and greater
formality. For missions with an extensive evolaaoy path (e.g., a lunar base), the
conceptualization for later stages of the missiay extend beyond the development of
the initial System. As mentioned above, Missioadtaility may involve a sequence of
studies that spans several years. Thus a siregéybefined technical effort may not

occur.

Table 5.1.4-1. Typical Mission Feasibility Produiand Their Maturity

Analyses/Evaluations (cont’d)

Product System

- 3 Cost/Effectiveness Analyses

Engineering Requisites 3 Environmental Assessment / Impact Statement
C Disposal Requirements 8 Fea5|plllty Assessment.

C Environmental Specification B Funcponal FIO.W Ar!aly5|s .

C Interface Requirements K S.peC|aIty Englneerllng Studies

C Mission Goals and Objectives B Life Cycle Cost Estimates

C Mission Needs 3 Trade & Analysis Results

C Science Requirements Tools

C System Specification 3 Analysis Models

C Assumptions, Guidelines, and Constraints ¢ Systems Engineering Tools

C Technology Development Requirements Management/Control

Verification & Test C Payload to Carrier Integration Plan

C Verification Plans C Technical Performance Measurement Plan
Execution e Systems Engineering Management Plan

. Mission Proposal P Technology Development Plan

C Design Disclosure 3 Technical Performance Measures Reports

C Instrumentation Program and Command List C Work Breakdown Structure (Product System)
R Integrated Schematics C Work Breakdown Structure (Operational System)
R Product Breakdown Structure 3 Engineering Master Plan / Master Schedule
C System Concept & Architecture ;3 R?Illng Wave Plan |

C Integration and Assembly Plan In ormation Management Plan

C Manufacturing Plan c Speuﬂcaﬂp_n Tree -

C Disposal Plans 3 Risk Identification and Characterization

C Functional Mission Concept C Program/Project Management Plans

R Operations Concept C Statement of Work (SOW)

C Launch Operations Plan Other

Analyses/Evaluations ¢ Concept Definition Report / Proposal

C Concept/Design Evaluation Criteria
2 Reference Missiot

Presentation Material
Lessons Learned

C=conceptual, P=preliminary, F=finélzupdate R=partial U=engineering item, Q=qualification item, E=endrite

/ top-level, s=complete,
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5.2. Mission Definition

5.2.1. Overview

Mission Definition identifies the complete set ajpabilities needed to accomplish the
objectives. The focus is on establishing optimalitd exploring multiple alternatives.
Primary products are accepted mission and systguireenents; accepted, optimized
top-level system architecture; and refined prognaic estimates. The initial iteration
focuses on core mission functions; later iteratioonsider additional aspects such as
aborts and contingencies, mission preparationsdepidbsal. Technology development
plans support risk mitigation effort in System Déion. Table 5.2.1-1 summarizes
Mission Definition.

Table 5.2.1-1 Summary of Mission Definition

Objective: « Establish validated (segment levedjuieements which meet mission
objectives

Establish architectural and top-level operaticoscept
Identify technology risks and mitigation plan
» Refine programmatic resource need estimates

Major Products: « Top-level System Architecture

* Preliminary System Specification(s)

» Final Feasibility Assessment

» System Candidates

» Technology Requirements

» Technology Development Plan

» Risk Assessment & Mitigation Options
» Refined Cost & Schedule

» Disposal Requirements

Major Decisions: « What is top-level architectureldunctional characterization of System?
» How will risks be mitigated?

Program Phase During Phase A.

Control Gate: Mission Definition Review

Features: « Primary focus on functions and requérms

» Typically in-house. Specific study contracts nhaylet.

» Focus on finding an optimal approach and architec

Multiple alternatives explored.

» More formal and rigorous than Mission Feasibility

 Analysis and concept definition to limited depth.

» Typical team is full time lead with part-time eqpteam members.
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oncepts to establish
nts & top level architecture

2.8, Synthesize.
&D¢

2.10. DevelopTools &
Methods

LS

g
&

Lossons Learmed

Figure 5.2.2-1. Mission Definition Activity Network.

5.2.2. Activities

Figure 5.2.2-1 is a top-level overview of the aitids of Mission Definition. The
iterative process is similar to Mission Feasibibiyt involves greater technical depth and
rigor.

Analyze Mission Requirements

2.1. Refine Top-level Mission Requirements: THerefanalyzes mission
requirements in order to describe objectives inguesble parameters. The
effort reviews previous results. Further defimtiaf the mission and
guantification of performance and environment maybcessary.

2.2.  Refine Mission Concept(s) and Operations: dffat reviews and refines the
existing mission and operations concept. The esiplison optimality as
opposed to feasibility, so the effort involves mdetail and considers more
alternatives.

2.3. Develop & Refine Evaluation Criteria: Thecetfreviews and refines the
evaluation criteria and priorities that will be dde guide analyses,
allocations, and margins. Criteria are identifiedmeeting Mission
Definition objectives and for passing the contraleg

Establish Optimal Architecture

2.4. Define & Refine System Requirements: Therefferforms functional
analysis and requirements flowdown, exploring naetail and alternatives
than in Mission Feasibility. This includes consatens arising from
proposed implementations or utilizations of entitid his effort institutes a
more formal process to manage and maintain reqemé&rand traceability.
The effort is comprehensive enough for a completépinary draft of a
System/Segment Specification.

2.5. Develop Alternative System Architectures & Cepts: Designs are defined
to sufficient depth to insure completeness andlitglof requirements. They
reflect greater engineering effort that in Misskemasibility - where sketches
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and rough estimates may suffice. Designs in aliticeas are pursued to
greater depth for better technical and programmaetaerstanding.

Allocate Requirements: Requirements are afégtto the System
components identified in the concepts in a tra@aht optimal manner. This
includes trades, implementation and utilizationlgses, and refinement of
interfaces. Designs are updated and elaboratedléat the allocations.

Analyze & Evaluate Architectures & Concepidie effort analyzes and
evaluates the results to ascertain acceptabildypaoblem areas.
Considerations include evaluation criteria, rigkd @rogrammatics. The
effort performs additional studies and analysasnierstand and evaluate the
System and its requirements. Additional requireiemy emerge due to
considerations such as safety, logistics, dispesaifonment, or mission
preparation.

Synthesize & Downselect: The insights progtidg previous steps are used to
identify improvements and problem areas that feeklbeo design or
requirements changes. The effort abandons unpirggroptions, and

identifies new ones.

Support

2.9.

2.10.

Technical Planning & Management: The studyiés formed and study
plans and schedules prepared and maintained. iBathmnagement
monitors the process, reviews results, and ensuragy decisions. Controls
include top-level technical performance measurement

Develop Tools & Methods: As necessarygtiert identifies and develops
the needed tools, methods, and skills it will uS®ncerns include identifying
and tracking options, capturing decisions and nafies, and providing
traceability. This may include acquiring tools tbe next stage.

5.2.3. Management & Control

5.2.3.1.

General

Organizations frequently perform Mission Definitiomhouse but study contracts may be
let. The team consists of a full time lead anant@aembers with part-time experts, but
may include support contractors and special stodyracts. The skills of the analyst are
critical. Management functions include those os8ibn Feasibility but there is greater
formality, rigor, and control.

 Team formation.

¢ Team communication.

» Appropriate level of detail, neither too genarat too specific.

» Balance flexibility and creativity with formalitgnd process.

* Maintain traceability among goals, requiremeats] concepts.

5-10
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* Technical Performance Measurement.
» Identify and release baseline and options.

5.2.3.2. Reviews

The following interim reviews provide forums forgopsing and discussing issues and
approaches, and communicating decisions to teanmbersm

» Customer reviews: These set and clarify misssguirements and strawman
mission concept.

» Peer reviews: these occur at the completioraohéteration or major drafts.
They include outside experts.

* Mission Requirements Review: this review maybed to ratify mission
requirements.

The following types of interim concurrent enginegrreviews may help to increase the
chances of success, providing a useful forum faewve of interim products contained on
the evaluation criteria checklist.

* Mission options review.
» Design options review.

» Design concept review.
* Finite resources review.

The Mission Definition Review (MDR) control gatedadsses completion of Mission
Definition and technical readiness to proceed t&t&y Definition. The Mission
Definition Review evaluates the rationale for sefegthe recommended mission and
system architecture and lays the groundwork foindej the next level of the design.
Trades are identified that will be done in the retage and which will address refining
the performance requirements. In conjunction WitnMDR, The Preliminary Non-
Advocate Review (Pre-NAR) and the Preliminary PangfProject Approval Review
(Pre-PPAR) occur at the agency level.

5.2.4. Products

Figure 5.2.4-1 summarizes System maturity at tlleagMission Definition. Table
5.2.4-1 summarizes the products produced andlthagt of maturity. Mission objectives
and requirements are finalized. A preliminary 8gstSpecification identifies overall
functional requirements for the System as an eatity defines the interfaces between or
among the functional areas. Considerations indogistics, safety, quality, verification,
delivery, and disposal requirements. An optimitmgelevel System Architecture is
developed and approved. Candidate system conaeptieveloped for refinement in
System Definition. They reflect greater technaapth and provide basis for refined
programmatic estimates. A preliminary operatiomscept to support the mission and
system concepts is developed. It defines taskppresibilities, infrastructure and
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activities required for System operation and seagea basis for estimation of facility and
resource requirements. Assessments demonstratectivécal and programmatic
feasibility of meeting objectives within imposedstraints and guidelines. Technology
risks are assessed and mitigation plans are deagtfop implementation in System
Definition.

The System - Optimized Top Level
Segment Ar-c-hltecture .
b,} Hl - Critical Technology Options
vy ol & Risks
Element ]‘“HS&HKH ]HHKHH]
"
SUbSyStem ])HHiHH] ]HHHJH]
e .
Assembly WWH
Yy e
Rat/Design H/W or S/W
HIW & _- < Requirements WMl Conceptual Engineering ltem
SIW <€— Design EEEE  preliminary Qualification Item
R inal End Item

Figure 5.2.4-1. System Maturity at the End of Mission Definition.

5.2.5. Tailoring
Tailoring considerations include the complexity aechnical risk of the System. For

example, early technology development may be nebdfmte the overall architecture can
be addressed.
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Table 5.2.4-1. Typical Mission Definition Products

Analyses/Evaluations (cont’d)

Product System

Engineering Requisites

Design-To Specification

Disposal Requirements

Environmental Specification

Interface Requirements

Mission Goals and Objectives

Mission Needs

Science Requirements

System Specification

Applicable Standards

Human System Standards
Assumptions, Guidelines, and Constraints
Technology Development Requirements

VTO0OTUTOTUTTTTOTUTTOTO

Verification & Test
C Verification Requirements Matrix
C Verification Plans

Execution

Design Disclosure
P Hardware/Software List

C Instrumentation Program and Command List
3 Integrated Schematics

C Prime Item Design Candidates

3 Product Breakdown Structure

P System Concept & Architecture

C Integration and Assembly Plan

C Manufacturing Plan

P Quality Assurance Plan

C Disposal Plans
F

R
C
C
A
P

R

R

)

R

@]

Functional Mission Concept
Operations Concept

Launch Operations Plan
Integrated Logistics Support Plan

nalyses/Evaluations
Concept/Design Evaluation Criteria
Reference Missions
Cost/Effectiveness Analyses

Environmental Assessment / Impact Statement

Failure Modes and Effects Analy

V*R*RPPR*

Feasibility Assessment
Functional Flow Analysis
Logistics Support Analysis
PD/NSC-25 Databook
Specialty Engineering Studies
System Interface Studies

Life Cycle Cost Estimates
Trade & Analysis Results
Development Test Plans

Tools

3

3

Analysis Models
Systems Engineering Tools
Test Facilities & Equipment

Management/Control

VUV *RRUPOOR*POTVR®ETIT®*TOO

Development Plans

Payload to Carrier Integration Plan
Technical Performance Measurement Plan
Systems Engineering Management Plan
System Safety Plan

Technology Development Plan

Integrated Logistics Support Program Plan
Technical Performance Measures Reports
Work Breakdown Structure (Product System)
Work Breakdown Structure (Operational System)
Engineering Master Plan / Master Schedule
Rolling Wave Plan

Configuration Management Plan
Documentation Tree

Drawing Tree/ Engineering Drawing List
Information Management Plan
Specification Tree

Risk Analyses

Risk Identification and Characterization
Risk Management Plan

Program/Project management Plans
Statement of Work (SOW)

Other

Presentation Material
Lessons Learned

C=conceptual, P=preliminary, F=finélzupdate R=partial U=engineering item, Q=qualification item, E=endhite

/ top-level, s=complete,
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5.3.  System Definition

5.3.1. Overview

System Definition establishes an optimized defamitof the items to be acquired or
developed. Technical risks are mitigated by depialp critical technology or long lead
items. Programmatics are refined to provide fioat@nd schedule estimates.
Management preparations are made for the prelimihesign stage. This includes
preparation of various engineering and speciaiyppland inputs to support program
control and acquisition. Table 5.3.1-1 summarBgstem Definition.

Table 5.3.1-1. Summary of System Definition

Objective: e Complete system architecture and reguénts allocation

» Demonstrate System can be built within constgaint

» Develop test and verification program

Establish end item acceptance criteria

Refine information necessary to complptegram definition

Major Products: ¢ Preliminary Design-To Specifioais

Interface Requirements

Technology Development Results

» Engineering and Technical Management Plans
Firm Cost & Schedule Estimates

Verification Matrix

Disposal Plans

Product Quality Plan

» Engineering Plans

Major Decisions: * |Is System/segment design undedstvell enough to begin acquisition?
» What items will be acquired?

Program Phase During earlier part of Phase B.

Control Gate: System Definition Review

Features: « Primary study role by government otreators.

» Focus starts to shift to top-level design andlemgntation activity at
subsystem and critical component level.

« Significant planning activities in preparation frocurement and detailed
design and development.

 Larger team for design and analysis

» Dedicated teams or contracts for technology aondfpof concept projects
on high risk or long lead items

5-14
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Figur

e 5.3.2-1. System Definition Activity Network.

5.3.2. Activities

Figure 5.3.2-1 depicts the activity network for 8ystem Definition Stage. Design
activities follow a process similar to the previatages but focus on lower levels of the
system hierarchy in order to identify the end-iterfitius the effort conducts several
parallel definition activities at a segment or lowevel. New activities include executing
risk mitigation measures identified in Mission Defiion and making preparation for
Preliminary Design. To simplify the discussionisisssumed that the end items are
generally at the element level of the hierarchgpénding on the system design, end
items may be at various levels in the hierarchy.

Analyze System Requirements

3.1. Mission & Requirements Analyses: Mission iegments and concepts are
refined as necessary to elicit more detailed dadaumderstanding to support
the more detailed considerations of this stage.

3.2. Develop System Evaluation Criteria: Metrios @efined and developed as
necessary to support the focus on optimizing temeht level of the system
hierarchy. Criteria are identified for meeting ®ys Definition objectives and
for passing the control gate.

Establish Optimal System Design

3.3. Flowdown & Refine System Requirements: Thereflows down and refines
requirements to develop preliminary functions sfpeations for end items.
This includes analyses of implementation and atiicn and addressing how
requirements will be verified.

3.4. Develop & Design System Concepts: Designslafi@ed to sufficient depth
to insure completeness and validity of requiremésrtshe end items. The
designs cover the upper tiers of System Hieraretgugh end items and their
major subsystems. Interfaces are refined and itbeskcr The effort also
generates design related data that will be usefdafer System level
evaluations.

3.5. Allocate Requirements: Requirements are afégtto the components
identified in the concept in a traceable and optimanner. This includes
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trades, implementation and utilization analysed, r@finement of interfaces.
Designs are updated and elaborated to reflectiiteations.

Evaluate and Analyze System Concepts: Tletethalyzes and evaluates the
results to ascertain acceptability and problemsar&onsiderations include
evaluation criteria, risk, and programmatics. €fert performs additional
studies and analyses to understand and evalua8y#item and its
requirements. Additional requirements may emergetd considerations

such as safety, logistics, disposal, environmemnmiesion preparation.

Synthesize / Select Optimal Option: The insgrovided by previous steps
are used to identify improvements and problem attegtsfeedback into design
or requirements changes. The effort abandons umpimmg options, and
identifies new ones. As necessary new baselireslantified.

General

3.8.

3.9.

3.10.

3.11.

5.3.3.1.

Integrate: The results and efforts of thévdies at the lower levels of the
hierarchy are integrated so as to be compatibfeects and issues at the
System level are monitored and addressed.

Develop Technology: The effort performs sfieg@rojects to mitigate risks
during detailed design and development. This oetutechnology
development and advanced development activitidptiogluce various
engineering test articles.

Technical Management & Planning: The effilentelops schedules and plans
and processes. Baselines are identified and thiggooation controlled.
Formal and informal reviews and working forums iasgituted to facilitate
surfacing and resolving issues. Technical progessasured. Various
plans are developed in preparation for detailedhdesnd development.
Examples include the following:

» Systems Engineering Management Plam Reliability Program Plan

« Information Management Plan * Quality Assurance Plan

» Configuration Management Plan « Contamination Control Plan

» Technical Performance Measurement « EMI/EMC Control Plan

Plan « System Safety Plan
* Integrated Logistics Support Program . parts Control Plan
Plan

Develop & Refine Tools & Methods: As necegsthe effort identifies and
develops the needed tools, methods, and skillss mky include acquiring
tools to conduct or manage subsequent development.

5.3.3. Management & Control

General

The effort is supported by a number of teams ttdtess more focused levels of the
hierarchy in more detail. The skills of the systamhitect are critical. Technical
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management addresses both inter-team and intraceacerns. These include the
following.

* Team formation.

* Team communication.

» Appropriate level of detail, neither too genarat too specific.
» Balance flexibility and creativity with formalitgnd process.

* Maintain traceability among goals, requiremeats] concepts.
» Technical Performance Measurement

* Identify and release baseline and options

5.3.3.2. Reviews

The following interim reviews provide forums forgopsing and discussing issues and
approaches, and communicating decisions to teanmbersm

» Peer reviews. These occur at the completiorach éeration or major drafts.
They include outside experts.

» Requirements Review. The team may further aealye mission and hold a
review to demonstrate understanding of requiremelhis also often used to
establish firm requirements. Typical requiremestgews are the System
Requirements Review (SRR) and the Program Requirenfizeview (PRR).

The System Definition Review (SDR) is the contrategassociated with System
Definition. In conjunction with the SDR, The Nord®ocate Review (NAR) and the
Program/Project Approval Review (PPAR) occur atagency level. There may be
multiple SDRs corresponding to different levelgtad hierarchy (e.g., at the System and
segment levels). The generic Life Cycle Model faitemplate in which multiple
reviews flow down to lower levels. Projects shotddior the sequencing of the reviews
to meet their individual needs.

5.3.4. Products

Figure 5.3.1-1 summarizes the System’s maturitii@end of System Definition. Table
5.3.4-1 summarizes typical System Definition pradwmnd their level of maturity. The
System Specifications are approved and establisipproved functional baseline. An
optimized set of end item requirements are defaratipreliminary design-to
specifications are prepared to establish a prelimidesign-to baseline. Technology
development activities produce various engineeaitigles. Engineering plans are
prepared for the Preliminary and Final Design stagel to establish the activities
required for planning, controlling and conductinfylly integrated engineering effort.
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The System

-Allocations to Element Level
- Technology & Risk Mitigation
- Demonstrations
- Proofs of Concept
- S/IW Prototypes

Segment

Rqgt/Design H/W or S/IW

Conceptual Engineering ltem
Preliminary Qualification Item
Final End Item

Figu
re 5.3.4-1. System Maturity at the End of System Definition.

By the SDR, the System level requirements have hdgrallocated to the elements and
segment levels. Element and segment specificalilsompleted and releasable. A
preliminary functional decomposition of the elemantl segment levels has been done,
with preliminary requirement allocation to subsyss$e software modules and hardware
components. The system architecture has beeredefinthe element and segment level
with preliminary design concepts at the subsystarall System architecture drawings
are complete and releasable. Processes havedsggifiéd and put into place for design
and requirement configuration control of releasesigh and specification
documentation. Design guidelines from the speceigineering areas are available
(reliability, contamination control, etc.). Techal performance measures have been
identified with a preliminary profile and allocati@ompleted.

5.3.5. Tailoring

Major tailoring considerations are the overall tepel system architecture and the
technical risks established in Mission Definitiofihe top-level architecture drives the
number and extent of lower-level definition proessFor example, if an existing launch
system is to be used, the activities for that éffeay identify what if any modifications
are desirable. The nature and technological mgtofithe end items are also an
important tailoring consideration.
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Table 5.3.4-1. Typical System Definition Products

Product System
U Engineering ltems
3 Logistics Support Analysis Records

Engineering Requisites

Acceptance Criteria

Design-To Specification

Disposal Requirements

Environmental Specification

Interface Requirements

Mission Needs

System Specification

Vendor Hardware and Software Specification
Environments Control Plan

Applicable Standards

Human System Standards

Assumptions, Guidelines, and Constraints
Technology Development Requirements

MP>TMTUVUTUTP>TTUTTUTD

Verification & Test
P Verification Requirements Matrix
P Verification Plans

Execution

Design Disclosure
Hardware/Software List
Instrumentation Program and Command List
Integrated Schematics

Interface Control Documentation
Product Breakdown Structure
System Concept & Architecture
Integration and Assembly Plan
Manufacturing Plan

Quality Assurance Plan
Operations Concept

Launch Operations Plan
Operations Plan

Spares Provisioning List
Integrated Logistics Support Plan
Parts Control Plan

nalyses/Evaluations
Concept/Design Evaluation Criteria
Reference Missions
Cost/Effectiveness Analyses
Environmental Assessment / Impact Statement
Failure Modes and Effects Analysis
Functional Flow Analys

RPRRPRRPTY> TOUTUTOORUTOOTMR®U®TUTO

Analyses/Evaluations (cont’d)

)

3
3
3
3
3
3
F

Logistics Support Analysis

PD/NSC-25 Databook
Producibility/Manufacturability Studies & Audits
Reliability Assessment

Safety / Hazard Analysis

Specialty Engineering Studies

Life Cycle Cost Estimates

Trade & Analysis Results

Development Test Results

Development Test Plans

Tools

)

3

Analysis Models
Systems Engineering Tools
Test Facilities & Equipment

Management/Control

MTP>* *TVT*®*TT® ** VT TURURE>PT®TTTOTTUOTO

Contamination Control Plan

Development Plans

EMI/EMC Control Plan

Payload to Carrier Integration Plan
Technical Performance Measurement Plan
Systems Engineering Management Plan
System Safety Plan

Technology Development Plan

Integrated Logistics Support Program Plan
Reliability Program Plan

Technical Performance Measures Reports
Work Breakdown Structure (Product System)
Work Breakdown Structure (Operational System)
Engineering Master Plan / Master Schedule
Rolling Wave Plan

Configuration Management Plan
Documentation Tree

Drawing Tree/ Engineering Drawing List
Information Management Plan
Specification Tree

Risk Analyses

Risk Identification and Characterization
Risk Management Plan

Program/Project Management Plans
Statement of Work (SOW)

Other

Presentation Material
Lessons Learned

C=conceptual, P=preliminary, F=finélzupdate 3=partial U=engineering item, Q=qualification item, E=endrite
It

op-level, s==complete,
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5.4. System Preliminary Design

5.4.1. Overview

System Preliminary Design produces a stable, fanatly complete design that meets the
mission needs. The System is completely definezlitih the implementation level of
design. Design dependent requirements and thédogs among all entities are
established. Engineering test articles may beldped and used to derive data for
design. Throughout the effort, integration effortgintain the unity of the System. Table
5.4.1-1 summarizes Preliminary Design.

Table 5.4.1-1. Summary of System Preliminary Desig

Objective: « Establish a design solution that fuligets mission needs
» Complete test and verification plans

Establish design dependent requirements andéaces

» Complete "implementation” level of design

Major Products: « Final Design-To Specifications

* Preliminary Build-To Specifications

» Preliminary Interface Control Documents
* Verification Plans

* Qualification Item Plans

» Engineering Test Data

* Preliminary Training Materials

» Operations Procedures

Major Decisions: « What are the best designs acdlntelogies for the end items?
What is the System configuration?

How will design and product be validated and fied?

» What are the acceptance criteria?

Program Phase During later parts of Phase B.
Control Gate: * PDR - Preliminary Design Review
Features: « Typically performed by prime contrastand subcontractors

» Government role is primarily validating and mamihg contracted effort
and preparing for operations.

Full time government and contractor program mansag

5.4.2. Activities

Figure 5.4.2-1 gives an overview of the activitd$reliminary Design. The primary
technical definition effort is at the level of eitems and their constituents. The effort
develops a suitable configuration that providetable environment for orderly
development of full details. It is functionallyroplete in that it exposes the complete
implementation level of design and meets all regjugnts. It is preliminary in that many
lower level specifics at the realization level estyn remain to be done.
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4.8. Integrate System / Segments / Elements/...
SyStem Resource Balances Prelim.inary
Definition Analytic Integration De3|gn
Review()fegment C

Segment A

“\Review(s

Element C

Element A
4.2. Perform
’ Design
Analyses 4.6. Evaluate,
Verify, &
Design Analysis Reports i
4.1. Analyze Tradg & Aneﬁysis Rgsults Va"d_ate
» and Refine Design
i - Cost/Effectiveness
Requ"ements Environmental
Failure Modes & Effects
o ; 4.3. Perform 15 Porform N P
ecification Updates . . 5. rm L
Fudoun R | Engineering nary |y
Disposal Requirements D | t Prellmlnary Reliabilit
Interface Requirements evelopmen Design Safety / )I(iazard
Tests 9 Specialty Engineering
Development Test Results Lit> G @
Engineering Items

Design Disclosure
Electronics Parts List
Hardware/Software List
Instr Pgm & Command List

Jp( 4.4. Define 4.7. Complete
Interfaces Plans &
Documentation
Integrated Schematics for Qual Items
Interface Control Documentation

Qualification Item Plans

>

Lessons Learned

Program/Project Management Plans

4.9. Technical Management & Planning

System Engineering Management Plan
[Engineering Master Plan / Master Schedule

Verification Plans
Logistics Plan
Integration & Assembly Plan  Documentation Tree
Mtrls & Process Control Plan Drawing Tree/List
Manufacturing Plan
Quality Assurance Plan Specification Tree
EMI/EMC Control Plan Risk Management Plan

P/L to Carrier Integration Plan Statement of Work
System Safety Plan

Reliability Program Plan

Configuration Management Plan

Information Management Plan

4.1.

Figure 5.4.2-1. Preliminary Design Activity Network.

Analyze and Define Requirements: Mission famdtional analyses are
performed to derive lower level requirements arldctgarameter values.
Parametrics expose thresholds and sensitivitieslafide a basis for selecting
specific parameters. A systematic approach definedscharacterizes
interactions in a measurable form. Analyses dgvslgpporting requirements

to ensure proper operation and function of thee@ystem and to establish
requirements on supporting elements.
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Perform Design Analyses: Analyses and stugkegrate data for insight
needed to derive design parameters or to evalyitens. Examples include
thermal and structural analyses and simulations.

Perform Engineering Development Tests: Tesf@s and mockups are
developed and used to generate data that are nedizsign considerations
such as environment, materials, performance, &siihie.

Define Interfaces: Interfaces are definediatehrated to ensure the
preliminary design will fit together and work. Theeliminary interface
definition is typically more functionally oriented.

Perform Preliminary Design: The effort creaded specifies a preliminary
design that is a functionally complete implemewntanf the System. It
includes a preliminary sizing of all functional cpanents. The specification
defines the item's functional and physical charzttes in the form of
specifications, drawings, associated lists, interfeontrol documents, and
documents referenced therein.

Evaluate, Verify, and Integrate Design: Thaiminary design is checked to
demonstrate its merits and compliance with requér@sy This include
analyses such as a top-level Failure Modes andtSffanalysis. Global or
system wide studies are also conducted.

Complete Plans and Documentation for Quatibcaltems. Items requiring
certification to meet the operational environmeametidentified and the
necessary test plans and documentation prepared.

Integrate: The efforts and results at loweels of the hierarchy are
monitored and integrated to assure the integrithefoverall System. This
includes tracking interfaces, technical performameasures, allocations, etc.

Technical Management & Planning: Technicahaggement facilitates an
effective orderly execution via configuration cantftechnical reviews, and
technical decisions. The effort prepares and rasiatreports that give the
status of properties consistent with the develogiegjgn. It prepares specific
technical plans such as Electromagnetic Interfesiectromagnetic
Compatibility (EMI/EMC) Test Plan.

5.4.3. Management & Control

5.4.3.1.

General

Technical management must direct and integratadheties at multiple levels of the
system hierarchy. Support is typically providednyitiple organizations. The skills of
the system architect and the top-level designecrtieal.

Preliminary Design is typically conducted undertcact. In this case the government’s
role is primarily one of technical management asxdaw.

5-22



Downloaded from http://www.everyspec.com

JSC 49040
5.4.3.2. Reviews

The Preliminary Design Review (PDR) is the assedabntrol gate. Other reviews may
include those discussed in Mission Definition aydt&m Definition.

5.4.4. Products

Figure 5.4.4-1 summarizes the overall System ntgttor Preliminary Design. Table
5.4.4-1 summarizes products and their level of nitgtuDesign-to specifications and
build-to specifications are approved and estal@dgtroved design-to and preliminary
build-to baselines respectively. Engineering iteshs and prototypes are produced.
Various plans and lists guide and facilitate tredtécal effort. The results should
indicate that the design selection was optimal.PB\R, results should provide enough
information on the maturity and adequacy of thegie® justify the building of
qualification hardware to validate the design cgtcdt should be demonstrated that
program plans are mature and thorough and adedaa&topment processes are in place
to reduce risk. Verification plans must fully covke verification of all requirements.
They should provide clear direction for the plandedign validation activity following
the review. The majority of major issues relatiogdequacy of the design should be
identified in processes leading to the design mey&or to submittal of the data package.
These items should be identified in the review glaiith resolution/risk mitigation plans.
These issues should be identified prior to subhoftéthe data package as far as possible.
If major issues emerge after data package subnthiey should be presented with the
updated presentation material in the formal revidlie design should be defined in
sufficient detail to identify risk areas, to answelestions regarding previously defined
risk areas, to identify long lead items, and touaately reflect their impact on overall
scheduling and critical paths.

The System
- Functionally Complete Design

- Architecture & Implementation of Assemblies
- Engineering Demonstrations & Test

- Mock ups & Models

Subsystem # 7 7" - S/W Prototypes

Assembly
Rat/Design HI/W or SIW
H/W & _Wt_ Requirements Conceptual Engineering ltem
S/IW d Design Preliminary Qualification Item
A inal End Item

Figu
re 5.4.4-1. System Maturity for Preliminary Design.

5.4.5. Tailoring

Considerations in tailoring include the following.
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Schedule: It is generally not feasible to syndme the development of different
parts of the System. Schedules and costs willhbeasonable unless some parts
proceed into manufacture while others are stidesign.

PDR template. There are typically PDRs corredpanto different levels of the
hierarchy (e.g., the System, on down). The gengigcCycle Model posits a
template in which multiple reviews flow up to highevels. Projects should
tailor the sequencing of the reviews to meet theliredule and technical needs.
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Table 5.4.4-1. Typical Preliminary Design Products

Product System

U
C
3
3

Engineering Items

Operations Data

Logistics Support Analysis Records
User's Manuals

Engineering Requisites

M TRITTRIL BTTTMTETTIMTUT

VT UUR®UOTUV® UTMUO U U URARARURUBPR®T

e

X

Acceptance Criteria

Build-To Specification

Design-To Specification

Disposal Requirements

Interface Requirements

Mission Needs

Vendor Hardware and Software Specification
Environments Control Plan

Applicable Standards

Assumptions, Guidelines, and Constraints

rification & Test

Verification Requirements and Specifications
Verification Requirements Matrix
Qualification ltem Plans

Verification Procedures & Data

Verification Plans

ecution

Design Disclosure

Electronics Parts List

Hardware/Software List

Instrumentation Program and Command List
Integrated Schematics

Interface Control Documentation

Material and Processes Data

Parts Susceptible to Environmental Damage List
Product Breakdown Structure

Computer Resource Integrated Support Document
Integration and Assembly Plan
Manufacturing Plan

Materials and Processes Control Plan
Quality Assurance Plan

Disposal Plans

Operations Concept

Launch Operations Plan

Operations Plan

Transition to Operations Plan

EEE Parts Management Data

Spares Provisioning List

Integrated Logistics Support Plan

Parts Control Plan

Training Plan

Analyses/Evaluations

A

Concept/Design Evaluation Criteria
Reference Missions

Analyses/Evaluations (cont’d)

¢ e o o o e e OO * RN *

Cost/Effectiveness Analyses

Design Analysis Reports

Environmental Assessment / Impact Statement
Failure Modes and Effects Analysis

Functional Flow Analysis

Logistics Support Analysis

PD/NSC-25 Databook
Producibility/Manufacturability Studies & Audits
Reliability Assessment

Safety / Hazard Analysis

Specialty Engineering Studies

Life Cycle Cost Estimates

Trade & Analysis Results

Development Test Results

Tools

)

Analysis Models
Systems Engineering Tools
Test Facilities & Equipment

Management/Control

TM>>*°*T*T>°*>°°* TTNMRETTM*>*TTTTTMTTT

Acceptance Plans

Contamination Control Plan

Development Plans

EEE Parts Management Plan

EMI/EMC Control Plan

Payload to Carrier Integration Plan

Technical Performance Measurement Plan
Systems Engineering Management Plan
System Safety Plan

Integrated Logistics Support Program Plan
Producibility/Manufacturability Program Plan
Reliability Program Plan

Technical Performance Measures Reports
Work Breakdown Structure (Product System)
Work Breakdown Structure (Operational System)
Cost & Schedule Report

Engineering Master Plan / Master Schedule
Item Development Status Summary and Schedule
Rolling Wave Plan

Documentation Tree

Drawing Tree/ Engineering Drawing List
Information Management Plan

Specification Tree

Risk Analyses

Risk Identification and Characterization

Risk Management Plan

Program/Project management Plans
Statement of Work (SOW)

Other

Presentation Material
Lessons Learnt

C=conceptual, P=preliminary, F=finélzupdate R=partial U=engineering item, Q=qualification item, E=endhite
/ top-level, s=complete,
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5.5. System Final Design

5.5.1. Overview

Final Design produces a stable, producible, antleftective design that is ready to

build, integrate, and test. Engineering test egiand qualification articles are
constructed and tested. Detailed test and vetitbicglans are prepared. Throughout the
effort, integration efforts maintain the unity btSystem. Table 5.5.1-1 summarizes
Final Design.

Table 5.5.1-1. Summary of Final Design

Objective:  Establish complete, validated detadedign

» Complete all design specialty audits

Establish manufacturing processes and controls
Finalize & integrate system interfaces

Major Products:  Final Design

Build-To Specifications

Interface Control Documents
Verification Specifications & Plans
* Integration & Test Plans

» Manufacturing Plans

» Engineering Test Data

» Preliminary Training Materials

» Preliminary Operations Procedures

Major Decisions: * What will be manufactured?

* Will components and parts perform in projectediemment?
What is detailed System configuration?

How will design and product be validated and fied?

* What are acceptance criteria?

Program Phase During Phase C.
Control Gate: » CDR-Critical Design Review
Features: e Typically performed by prime contrastand subcontractors

» Government role is primarily monitoring and pregdéon for operations.
Full time government and contractor program mansag

5.5.2. Activities

Figure 5.5.2-1 gives an overview of the activitdshe Final Design stage. The effort
establishes the design realizations of all detdithe design. Detailed interfaces are
defined and controlled. Qualification articles hrelt to establish that the design will
function in the expected environment.

5.1. Define & Control Detailed I/F: The effort defs the specific, detailed
interfaces between the parts of the System andgpeaches to their test and
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verification. This involves the preparation andm@nance of ICDs. Designs
are audited to insure matches.

5.7. Integrate System / Segments / ...

Pre“m_mary Resource Balances Critical Design
DESIgl’z Analytic Integration Review(s)
Review!
tC N\
Segment B
Segment A
Element C
Element B
Element A
Final Design
5.1. Define &
Control Cost/Effectiveness
A Environmental
Detailed I/F Failure Modes & Effects
Logistics Support
Nuclear
¢ Interface Control Documentation Producibility
P/L to Carrier Integration Plan Manufacturability
Reliability
Safety / Hazard
Specialty Engineering
Life Cycle Cost
5.2. Perform =% Eval
Detailed Desigr™ 5. Evaluate,
» Verify, &
Validate Design

Design Disclosure
Material and Processes [Pata
Integration and Assembly Plans

5.3. _Perfo_rm 5.6. Complete |
Engineering Detail Design & |
Tests Production Plang]

Development Test Results
Engineering Items Build-To Specification
Verification Requirements
and Specifications

5.4. Fabricate / L

’ Test
ifi i Qualification Items
Qua“flca‘tlon Qualification Results

Iltems

5.8. Technical Management & Planning

Program/Project Management Plans Revised /Updated Plans
Engineering Master Plan / Master Schedule Lessons Learned

Figure 5.5.2-1. Final Design Activity Network.
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5.2.  Perform Detailed Design: The effort complesescification of all details of
the design and their verification. It develops anepares full drawing and
specifications to detail needed for manufacture.

5.3.  Perform Engineering Tests: Additional teseserformed as needed to
support the detailed design effort. Necessaryr&@ging units are
constructed.

5.4. Fabricate / Test Qualification Items: Quedifion articles are constructed
and subjected to qualification testing.

5.5. Evaluate, Verify, & Integrate Design: Thealletd design is checked to
demonstrate its merits and compliance with requaresn

5.6. Complete Design and Production Plans: Alatiedf the design are
completed and plans for production are prepared.

5.7. Integration: The effort tracks parametersidats, and interfaces as final
design progresses to ensure the design will feettogy and work and to
facilitate later physical integration.

5.8. Technical Management & Planning: Technicahaggment facilitates an
effective orderly execution via configuration caitechnical reviews,
technical decisions. The effort prepares and rasiatreports that give the
status of properties consistent with the develogiegjgn. It prepares specific
technical plans such as Electromagnetic Interfesiectromagnetic
Compatibility (EMI/EMC) Test Plan.

5.5.3. Management & Control

5.5.3.1. General

Technical management must direct and integratadheties at multiple levels of the
system hierarchy. Support is typically providednyitiple organizations. The skills of
the designer and the integrator are critical.

Final Design is typically conducted under contrdatthis case the government’s role is
primarily one of technical management and review.

5.5.3.2. Reviews

The Critical Design Review (CDR) is the controlggassociated with Final Design. The
Critical Design Review is ideally held at the eridjoalification testing for hardware
products and when the design is complete for soétyweoducts. It is held prior to the
start of fabrication/production of end items anmpto the start of coding of deliverable
software products. There are typically CDRs cqoesling to different levels of the
hierarchy (e.g., the System, on down). The gengfecCycle Model posits a template in
which multiple reviews flow up to higher levelsroiects should tailor the sequencing of
the reviews to meet their individual needs.
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5.5.4. Products

Table 5.5.4-1 summarizes the products producedhandlevel of maturity. Figure 5.5.4-
1 summarizes the System maturity after Final DesIgasign-To specifications and
Build-To Specifications are approved and estaldigbroved design-to and build-to
baselines respectively. Engineering test itemscamadification items are produced. The
baseline design is established for production dfiesm hardware and software.
Integration plans, acceptance test plans and metawifag plans are in place and the
program is ready to commit to setting up tooliragilities and manpower to fabricate,
integrate and test a product based on the builhseline.
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Table 5.5.4-1. Typical Final Design Products

Product System

Engineering Items

Qualification Items

Operations Data

Spares

Logistics Support Analysis Records
Operational Limits & Constraints
Technical Manuals and Data
User's Manuals

QO C

ngineering Requisites
Acceptance Criteria
Build-To Specification
Vendor Specifications
Manufacturing Processes Requirements
Assumptions, Guidelines, and Constraints

DTTTTTIM ®RT*RT

Verification & Test

Qualification Results

Verification Requirements and Specifications
Verification Requirements Compliance
Verification Requirements Matrix

Verification Procedures & Data

Verification Plans

> *D>R -

Execution

F Design Disclosure

« Electronics Parts List

Instrumentation Program and Command List
Integrated Schematics

Interface Control Documentation

Material and Processes Data

Parts Susceptible to Environmental Damage List
Product Breakdown Structure

Quality Assurance Results

Software Programmers Manual

Computer Resource Integrated Support Document
Integration and Assembly Plan
Manufacturing Plan

Materials and Processes Control Plan
Disposal Plans

Operations Procedures

Launch Operations Plan

Operations Plan

Transition to Operations Plan

Training Facilities, Equipment, & Materials
EEE Parts Management Data

Inventory Control Software

S CCTUTMUTTTTMUR®® * *T*T

Execution (cont'd)

F Spares Provisioning List

F Integrated Logistics Support Plan
P Training Plan

Analyses/Evaluations

A Concept/Design Evaluation Criteria
Cost/Effectiveness Analyses
Design Analysis Reports

Failure Modes and Effects Analysis
Functional Flow Analysis

Logistics Support Analysis
Producibility/Manufacturability Studies & Audits
Reliability Assessment

Safety / Hazard Analysis

Specialty Engineering Studies

Life Cycle Cost Estimates

Trade & Analysis Results
Development Test Results

e oL e o o o o o o o o

Tools

¢ Analysis Models

« Systems Engineering Tools
3 Test Facilities & Equipment

Management/Control
F Acceptance Plans

¢ Systems Engineering Management Plan

A Integrated Logistics Support Program Plan

« Technical Performance Measures Reports

F Work Breakdown Structure (Product System)

F Work Breakdown Structure (Operational System)
* Cost & Schedule Report

¢ Engineering Master Plan / Master Schedule

« Item Development Status Summary and Schedule
¢ Rolling Wave Plan

¢ Design Changes Summary

A Documentation Tree

A Drawing Tree/ Engineering Drawing List

¢ Information Management Plan

* Risk Analyses

« Risk Identification and Characterization

A Risk Management Plan

A Program/Project management Plans

F Statement of Work (SOW)

Other

¢ Lessons Learned
* Presentation Materi

C=conceptual, P=preliminary, F=finélzupdate R=partial U=engineering item, Q=qualification item, E=endhite

/ top-level, s=complete,
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The System
- Complete Design Realization
Element - Qualification Units
Subsystem
Assembly

Rqgt/Design H/W or SIW

H/W & g <€ — Requirements [N Conceptual  Engineering Item

SIW Hiuinii<4— Design Preliminary Qualification Item

Final End Item

Figu

re 5.5.4-1. System Maturity for Final Design.

5.5.5. Tailoring

Considerations in tailoring include the following.

* Qualification philosophy: It is often not fealslio provide a complete
gualification of the design because of schedulecarstl constraints. Complete
qualification is then often not completed until fivet “protoflight” article is
flown.

» Schedule: Itis generally not feasible to syndize the development of different
parts of the System. Schedules and costs wilhibeasonable unless some parts
proceed into manufacture while others are stidesign.

» CDR template. The sequence and scheduling edwevshould be tailored to
schedule and technical issues.

» Separate Production Readiness Review (ProRRg: niddel presents the
authorization to proceed to production as occuranGDR. For some items it
may be preferable to restructure this part of CBi@ a separate control gate.
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5.6. Fabrication and Integration

5.6.1. Overview

During Fabrication and Integration, the project ofantures, assembles, and tests the end
items. Personnel gain experience from the actulitems and support equipment.

Table 5.6.1-1 summarizes Fabrication and Integnatio

Table 5.6.1-1. Summary of Fabrication and Integnat

Objective: » Produce items that conform to speatfiins and acceptance criteria
» Assemble and integrate the System

 Validate and verify System

» Develop capability to use System to perform noissi

» Prepare facilities for production, maintenancd aperation

Major Output: » Validated & Verified H/W and S/W
e Support Equipment

* As-Built Documentation

 Training Materials

» Operations Plans & Procedures

* Verification & Acceptance Data

» Disposal Procedures

Major Decisions: « Do items exhibit suitable workmship?
* Is System properly integrated?
Program Phase During earlier parts of Phase D.
Control Gate: « SAR - System Acceptance Review
Features: « Primary end item activity conducteaduytractors.

» Government typically monitors and reviews endnitgevelopment.
» Operations preparation

5.6.2. Activities

Figure 5.6.2-1 gives an overview of the activitd$-abrication and Integration. The
System is assembled and tested in a bottom up maifihe flow depicted is an
idealization relevant to an individual end-itemheTlincremental testing facilitates finding
and fixing problems earlier to avoid rework.

Prepare for Production

6.1 Ready Production Facilities: The manufactusersire the necessary
materials, facilities, tooling, etc. Plans arglace for quality, safety, etc.

Manufacture & Assemble

6.2. Fabricate / Assemble End Iltem: Individual &achs are constructed and
assembled. Lower level testing is performed armid@nted.
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— =

6.3.

6.4.

6.5.

Figure 5.6.2-1. Fabrication and Integration Activity Network.

Complete End Item Verification Preparatiofi$te project completes
necessary preparation for verifying that the eadhimeets performance and
workmanship requirements. This includes complefendion of test cases,
procedures, and input data. Test equipment anldiéscare constructed or
modified as necessary.

Complete Plans / Documentation for End Itéhe effort captures and
documents information that users and testers wéldn This includes such
information as manuals and data for training anthteaance; as-built
schematics; audit trails and item fabricationdngt These support
acceptance and certification and provide a date tmgvestigate anomalies
or recertification.

Test / Verify End Item: The effort verifidsat end items meet performance
and workmanship requirements. The effort capttireslata for later
reference and for the acceptance package.

Integrate & Test

6.6.

6.7.

6.8.

Assemble & Physically Integrate System: Tiaget physically integrates the
end items into the required configuration for systeerification and
acceptance testing. Considerations include priogé&allation and

functioning. The effort is typically incremental.

Complete Test Plans & Documentation for Systd&ime project completes
necessary preparation for verifying that the irdégpl System meets
performance and workmanship requirements. Thisides complete
definition of test cases, procedures, and inpw.daest equipment and
facilities are constructed or modified as necessary

Complete Plans & Documentation for Systeme @&tfort captures and
documents System level information that users asits will need.
Considerations are similar to those for the indraidend items.

Verify and Accept

6.9.

6.10.

Test / Verification System: The effort denmtoaies that the System has been
properly configured and meets performance and warlghip requirements.
This activity is typically incremental and in pdehwith System assembly and
physical integration.

Acceptance Testing: As necessary the Systelargoes additional tests to
assure the customer that it is ready for deliv@rye specific tests or
milestones reflect the formal conditions for aceepe previously agreed to
with the customer.
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General

6.11. Interface Control & Verification: The profguaintains a continuing effort to
ensure items are built and assembled consistentis includes audits and
tests of the construction and configuration of rifatees.

6.12. Develop Operations Capabilities: The profistelops the capability to use
the hardware and software to perform the missibraining efforts are
conducted to ensure personnel have skills to btgékt, operate, and maintain
the System. The effort includes developing tragmmaterials such as
simulators, equipment, manuals, and courses. Rlahprocedures are
developed. Organizations are developed for oeratand for support and
logistics.

6.13. Technical Management & Planning: Technicahagement defines schedules
and maintains proper control of the process.

5.6.3. Management & Control

5.6.3.1. General

Manufacturing, verification, and operational orgations are involved in this stage. The
government typically functions in a technical magragnt role in the manufacturing
activities. The operations role varies. The sloll the builder and the tester are critical.

5.6.3.2. Reviews

The following interim reviews provide forums forgosing and discussing issues and
approaches, and communicating decisions to teanmbersm

» Design Certification Review: This ascertaing tine design meets requirements.

* Production Readiness Review: This ascertainspitegarations are mature
enough to begin manufacturing.

» Test Readiness Reviews: This ascertains thaeemand test preparations are
mature enough to begin testing.

The System Acceptance Review (SAR) is the contite gssociated with Fabrication and
Integration. The completion of SAR also authoritesinstallation of the accepted
hardware and software at the site(s).

5.6.4. Products & Maturity

Table 5.6.4-1 summarizes the key products of Fatioic and Integration. Figure 5.6.4-1
summarizes the System maturity at the end of Fatiwit and Integration. In addition to
the items that are fabricated, test results andrdeatation are generated. Updates are
made to design and training documentation to refleections and changes. At the
time of SAR, the deliverable elements of end itamescomplete and the System is ready
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for launch and/or deployment. Operational softwsreuld be ready and capable of
supporting the vehicle during and after the launSpace vehicles should be complete
and ready to be shipped to the launch base. @#ieerable hardware (such as GSE or
specialized equipment to support the mission cootrdata processing elements on the
ground) should be complete and ready to ship tsitkevhere they will be used. As
much functional checkout as possible was done $areran item's operational readiness

without

Table 5.6.4-1. Typical Fabrication and Integrat®mducts

Product System
Hardware/Software End Items
Operations Data

Spares

Support ltems

Operational Limits & Constraints
Technical Manuals and Data
User's Manuals

e *b>m=*®TTMm

Engineering Requisites
A Acceptance Criteria
3 Operational Readiness Criteria

Verification & Test

e Acceptance Data

« Verification & Validation Evaluation Results
A Verification Requirements and Specifications
« Verification Requirements Compliance

« Verification Procedures & Data

¢ In-flight Checkout Plans

xecution
Design Disclosure
Instrumentation Program and Command List
Interface Control Documentation

Software Programmers Manual

Execution (cont'd)

A
E
=

Transition to Operations Plan
Training Facilities, Equipment, & Materials
Training Plan

Analyses/Evaluations

A

e o o e

Design Analysis Reports

Failure Modes and Effects Analysis

Logistics Support Analysis
Producibility/Manufacturability Studies & Audits
Reliability Assessment

Safety / Hazard Analysis

Tools

Analysis Models
Test Facilities & Equipment

Management/Control

A

e o o Ty e o o o

Computer Resource Integrated Support Document A
Other

Integration and Assembly Plan
Operations Procedures

E
A
A
A
¢ Quality Assurance Results
F
A
F
F Operations Plan

Acceptance Plans

Problem / Failure Reports

Technical Performance Measures Reports
Engineering Master Plan / Master Schedule
Rolling Wave Plan

Waivers

Information Management Plan

Risk Analyses

Risk Identification and Characterization
Risk Management Plan

Lessons Learned
Presentation Material

C=conceptual, P=preliminary, F=finél-update R=partial U=engineering item, Q=qualification item, E=endhite

/ top-level, s=complete,
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The System
Segment
Element - Assembled & Tested Flight Units
- Systems and Segment Tests
Subsystem
Assembly
Rat/Design H/W or S/IW
HIW & % <— Requirements [ Conceptual  Engineering Item
SIW “:<— Design Preliminary Qualification Item
Bz rinal End Item
Figu

re 5.6.4-1. System Maturity at the End of Fabrication and Integration.

removing it from the "factory” where it was builctual integration with other products
produced under separate contracts may occur &tgr [aunch vehicle and spacecraft
integration). However, some integration work skiduhve been done with the use of

software and hardware simulators.

5.6.5. Tailoring

Tailoring considerations include the approach sbittg and verification. The need for
formal production and test readiness reviews shbeldonsidered.
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5.7. Preparation for Deployment

5.7.1. Overview

During Preparation for Deployment, the System isfigoired and prepared for the first
mission. Typical activities involve completion @berational plans and procedures,
training, launch integration, and so on. The Rligkadiness Review control gate marks
operational readiness to support the mission. erafl.1-1 summarizes Preparation for
Deployment.

Table 5.7.1-1 Summary of Preparation for Deployment

Objective: » Configure System for launch / deploy
» Establish readiness to launch / deploy

Major Products: e System Configured for Launch
Trained Personnel

* Readiness Data

» Operations Data

Updated/Verified Operations Plans
» Final Support Plans

Major Decisions: * Is System ready to launch?

Program Phase During Phase D.

Control Gate: FRR - Flight Readiness Review

Features: « Government and contractor involvement.

» Contractor supports checkout of systems

5.7.2. Activities

Figure 5.7.2-1 gives an overview of the activité$reparation for Deployment. The
model assumes the situation where a single lawgobeded to demonstrate operational
capability. Other situations include multiple lahes and incremental development of
operational capabilities. In such cases, the effould cycle through these activities as
needed.

7.1. Deliver / Install System: The developer tgorss the verified System items
in their prelaunch configuration to the launch sitdne items are configured
for launch and integrated with other systems tbppert the mission.

7.2.  Configure H/W for Launch: Hardware items emafigured for launch and
integrated with other systems that support theionssActivities may include
readiness tests, loading with consumables, cordigur with operational data.

7.3.  Configure S/W for Launch: Software items @afigured for launch and
integrated with other systems that support theionssActivities may include
preparation, loading, and verification of data paeters and software patches.
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System
Acceptance
Review,

Flight
Readiness
Review

Prepare for

7.2. Configure
Deployment _> H/W for Launch [

7.3.Configure

7.1. Deliver / _> S/W for Launch
Install System  fd

7.7. Complete
' Integrated
Prelauch

e

Delivered / Installed System 1
Final System Documeﬁation 7.4.Conf|gure Checkout
—> Support System | |
for Launch Readiness Reports

Incidents Reports
Problem / Failure Reports

7.5.Prepare | |
+ Personnel

Trained Personnel

7.6. Update
Mission Ops

Plans & B
Operations Data
Procedures GoiNo B0 Crieria

Operational Readiness Criteria

7.4.

7.5.

7.6.

7.7.

Figure 5.7.2-1. Preparation for Deployment Activity Network.

Configure Support System for Launch: Suppgrinfrastructure
(communication, weather, range safety, etc.) idieghand tested. Support
items are configured for launch or operations aelgrated with other
systems that support the mission.

Prepare Personnel: The project develops peetsavith the proficiency to
conduct the mission. Courses and simulations peiponnel to develop and
maintain the relevant knowledge and skills.

Update Mission Plans and Procedures: Theatipeal organization develops
and documents data and procedures as to how tseomisill be conducted
and how the System will be operated. This inclyztesedures, rules, and
relevant data for configuring and operating thet&ysunder normal and
contingency conditions.

Complete Integrated Prelaunch Checkout: Firegparations are made for
launch. This may include various end-to-end tektategrated items.
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5.7.3. Management & Control

5.7.3.1. General

Both development and operational organizationsras@ved in Preparation for
Deployment. The development organizations supgiart up and operational
certification as well as the relevant troubleshogti Development roles transition to
product improvement. The skills of the launch gnétor are critical.

5.7.3.2. Reviews

The Flight Readiness Review (FRR) is the contrté gasociated with Preparation for
Deployment.

5.7.4. Products

Table 5.7.4-1 summarizes the key products of Patjparfor Deployment. Figure 5.7.1-
1 summarizes the System maturity at the end oféPa¢ipn for Deployment. The major
product is an operationally certified System. Tihidudes properly deployed and
functioning equipment, trained personnel, and dperal data and procedures. At the
time of FRR, all software, hardware and procedarescomplete and all verification data
is sufficient to give complete confidence that 8ystem is ready to begin operations.
Ample demonstrations of the interplay between ti@lWware, software and launch
elements have been done to assure that the preseai@ adequate in addressing these
interfaces and do not include operations outsiddithitations and constraints of the
System.

Table 5.7.4-1. Typical Preparation for Deploymerdducts

Product System Analyses/Evaluations

E Hardware/Software End ltems A Environmental Assessment / Impact Statement
F Operations Data Tools

e Spares _

E Support Items

A User's Manuals Management/Control

e Trained Personnel F Certification of Flight/Launch Readiness

Closure Reports

Incidents Reports

Problem / Failure Reports

Readiness Reports

Engineering Master Plan / Master Schedule
Rolling Wave Plan

Product Change Report

Information Management Plan

Risk Identification and Characterization

Engineering Requisites

¢ Operational Readiness Criteria

Verification & Test

A Verification Requirements and Specifications
¢ Verification Requirements Compliance

« Verification Procedures & Data

¢ Launch Facility Checkout Results

Execution

F Go/No Go Criteria

A Operations Procedures Other

A Launch Operations Plan e Lessons Learned
A Operations Ple ¢ Presentation Materi

C=conceptual, P=preliminary, F=finélzupdate 3=partial U=engineering item, Q=qualification item, E=endrite
/ top-level, s=complete,
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The System
Segment - System configured for deployment
- H/W & S/W ready for launch
Element .
- Personnel trained
Subsystem
Assembly
Rat/Design H/W or S/IW
H/W & <&— Requirements [l Conceptual  Engineering Item
S/IW Design Preliminary Qualification Item
Bz rinal End Item
Figu

re 5.7.4-1. System Maturity at the End of Preparation for Deployment.

5.7.5. Tailoring

Tailoring involves definition of the specific adties that must be performed to prepare
for deployment. Some systems (e.g., launch vetjield! require multiple or continuing
launches. In such cases, this stage may be iatetpas the initial launch or deployment.
Relevant activities would then be repeated as rkiedine operations stage.
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5.8. Deployment and Operational Verification

5.8.1. Overview

During the Deployment and Operational Verificatistage, the System is configured and
prepared for the first operational mission. Operatl capability is reached as
operational characteristics are demonstrated arsbipeel gain actual experience in use
of the System. Specifics depend significantlylma particular System and its mission.
Typical activities involve completion of operatiddans and procedures, training,
launch, in-flight tests, and so on. The OperatiGteadiness Review control gate marks
operational readiness to support the mission. €ralfl.1-1 summarizes Deployment and
Operational Verification.

Table 5.8.1-1. Summary of Deployment and Operatidierification.

Objective: e Launch / deploy System
 Establish operational envelope of System
» Establish System logistics

Major Products: ¢ Operational System

» Trained Personnel

» As-Deployed Documentation
» Operations Data

Updated Training Materials
Verified Operations Plans
 Final Support Plans

Major Decisions: * |Is System ready to perform nug8i
Program Phase During later parts of Phase D.

Control Gate: ORR - Operational Readiness Review
Features: « Operator and developer involvement.

» Developer supports checkout of systems

5.8.2. Activities

Figure 5.8.2-1 gives an overview of the activibéeployment and Operational
Verification. The model assumes the situation wreesingle launch is needed to
demonstrate operational capability. Other situmtimclude multiple launches and
incremental development of operational capabilitiessuch cases, the effort would cycle
through these activities as needed.

8.1. Launch/ Deploy System: The System is laud¢hi® space and transferred
to its destination.

8.2 Configure for Checkout and Operations: Regumétion and initial check out
are performed and the System achieves initial dijpgratatus.

8.3. Demonstrate Operational Capability: The mrojeemonstrates the
operational capability of the System to perforrmiission. The effort checks
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out the characteristics and functions of the deggldgystem. Demonstrated
operating envelopes are identified. Anomalies@eatified and resolved.
The capability of operations personnel to opeta¢eSystem is demonstrated.

Flight
Readiness
Review

Operational
Readiness
Review

Deployment &
Operational
Verification

8.1. Launch/
"" Deploy

v

8.2 Configure
for checkout
and operations

v

8.3. Demonstrate
Operational
Capability

Operational Evaluations
In-flight Checkout Resul

Figure 5.8.2-1. Deployment and Operational Verification Activity Network.

5.8.3. Management & Control

5.8.3.1. General

Both development and operational organizationsras@ved in Deployment and
Operational Verification. The development orgah@as support start up and operational
certification as well as the relevant troubleshogti Development roles transition to
product improvement. The skills of the initial ogir are critical.

5.8.3.2. Reviews

The Operational Readiness Review (ORR) is the obgate associated with Deployment
and Operational Verification.
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Table 5.8.4-1 summarizes the key products of Depényt and Operational Verification.

Figure 5.8.1-1 summarizes the System maturityeaetid of Deployment and Operational

Verification. The major product is an operatiop&eértified System. This includes

properly deployed and functioning equipment, trdipersonnel, and operational data and

procedures. Lessons learned from test and/or leaperations regarding operational

Table 5.8.4-1. Typical Deployment and Operatidreadification Products

Product System

Operations Data

Spares

Operational Limits & Constraints
Technical Manuals and Data
User's Manuals

Trained Personnel

*B>B>D>e*m

Engineering Requisites
3 Product improvement requirements

Verification & Test

¢ Verification Requirements Compliance
« Verification Procedures & Data

3 Operational Evaluations Results

¢ In-flight Checkout Results

Execution

A Operations Procedures

A Operations Plan

A Transition to Operations Plan
A Integrated Logistics Support P

Analyses/Evaluations

Tools
Analysis Models

Management/Control

Problem / Failure Reports

Readiness Reports

Engineering Master Plan / Master Schedule
Rolling Wave Plan

Configuration changes

Information Management Plan

Risk Identification and Characterization

Other
¢ Lessons Learned
* Presentation Material

C=conceptual, P=preliminary, F=finélzupdate R3=partial U=engineering item, Q=qualification item, E=endrite

/ top-level, s=complete,

The System

Segment

Element
Subsystem

Assembly

H/W &
S/IW

<@— Requirements
Design

- System Deployed & Integrated

- Operationaly Certified
Rgt/Design H/W or S/W
Conceptual Engineering ltem
Preliminary Qualification Item
Bz rinal End Item

Figu

re 5.8.4-1. System Maturity at the End of Deployment and Operational Verification.

characteristics of the System have been incorpbiate the procedures and manuals.
All necessary operational support plans and praesdare in place including anomaly

resolution procedures, contingency procedures, malnoperation procedures,
maintenance plans and procedures, logistics plathgeocedures, etc.
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5.8.5. Tailoring

Tailoring considerations include the following.

Qualification testing: In many cases, it is imgical or unfeasible to perform a
complete qualification of the design until the fiiflight. The first flight article
may serve for qualification tests.

Multiple articles: Deployment and operationatifieation would be replicated
for later items in the System. If later articles eeplacements or additions, their
deployment and operation may be captured as apaperations. Note that both
the amount and types of tests for a first item b@gignificantly different from
those for later items.

Operational increments: A new or enhanced cédipabiay be defined for the
System.
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5.9. Mission Operations

5.9.1. Overview

The Mission Operations stage entails the use ampostiof the System to accomplish
mission objectives. Specifics depend significantiythe System, its mission, and its
evolution. Systems using expendable or repeageasiexhibit multiple production. For
complex systems, the System may evolve by stagesrairk levels of capability. Each

of these increments may require activities thaga¢phe previous stages to some extent to
develop the new capabilities. Lessons learnedaptured. Table 5.9.1-1 summarizes
Mission Operations.

Table 5.9.1-1. Summary of Mission Operations

Objective: » Perform Mission
e Sustain System
* Improve/augment System

Major Products: « Mission Products/Services

» Sequential Production

» Trained Personnel

 Disposed / Decommissioned ltems
» Operations / Support Plans

» Operations Data and Trends

Major Decisions: « What is System Operational $tatu
» Proceed with sequential production / evolution?
Program Phase During Phase E.
Control Gate: * None
Features ¢ Varies with user organizations and immssi

» Typical role of systems engineering is changerobdn

5.9.2. Activities

The nature of mission operations depends on thafgseof the mission, System, and the
products and services involved. Figure 5.9.2-1manzes typical activities.

9.1. Configure for Operations: Items are configuie mission operations. This
may include transition of personnel from develogersperators.

9.2. Conduct Mission: The System is used to prequoducts or services that
support the mission objectives.

9.3. Train Personnel: Training provides persomiti skills needed to operate the
System effectively and efficiently. Training caterations include changes in
mission or System, personnel changes, augmentthanced skills, and new
operations or procedures.
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Maintain System: Scheduled and unschedulgohacare taken to avoid and
rectify problems. These may include readjustingeoalibrating System
characteristics (e.g., orbit trim, recalibrateorrecting anomalies/problems
(e.g., switch components, software patches, etc.).

’—k—.—; r— :,7, N — —

9.5.

9.6.

9.7.

9.8.

9.9.

9.10.

5.9.3.1.

5.9.3.2.

Figure 5.9.2-1. Mission Operations Activity Network.

Support System: Logistical support maint&gstem effectiveness. This
includes resupply of consumables or expendablpiagements and spares,
and maintenance of technical data.

Distribute Mission Products: Data, samples, $0 on are provided to the end
users.

Assess Trends: The state and evolution d®yiséem, its constituents, and its
environment are monitored. This supports the tgfii recognize potential
opportunities and problems.

Update Design & Documentation: Changes imgdes configuration are
made to correct problems or enhance capabilityangGés may reflect
preplanned product improvements or experience &attier flight items.

Improvement, Block Changes: Significant clenignay be made to the
System. They may reflect enhancement to existomgtituents of the System
or evolution to new operational capabilities. Thanges may involve
significant retrofit and development depending losm $ystem. The changes
undergo their own life cycle.

Sequential Production: Additional items pmeduced as needed. The new
items may replace expendables or may augment apeahtapability with
additional units. Production involves fabricatiemgrkmanship tests, delivery,
and so on.

5.9.3. Management & Control

General

Operational management and control varies with aggnizations and missions.
Typical roles of systems engineering are changé&aonThe skills of the operator and
the supporter are critical.

Reviews

The Decommissioning Review is the control gate @ased with transition from Mission
Operations. Other reviews depend on the spegBte® and mission.
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5.9.4. Products

The products of Mission Operations vary with thesion and operational organization.
Table 5.9.4-1 summarizes products of interestécetiolution of the System. These
involve System upgrades, product improvements,atjperal data and anomalies, and
disposal.

Table 5.9.4-1. Typical Operations Products

Product System Analyses/Evaluations
¢ Mission Products Depends on System
A Trained Personnel Tools

e Spares

Depends on System
Engineering Requisites

A Disposal Requirements

¢ Product improvement requirements

Management/Control

* Problem / Failure Reports

Readiness Reports

Engineering Master Plan / Master Schedule
Rolling Wave Plan

Information Management Plan

Execution Other

F Decommissioning Schedule ¢ Lessons Learned
A Disposal Plans

« Personnel Transition Plans

Verification & Test
« Verification Requirements Compliance
¢ Operational Evaluations Results

C=conceptual, P=preliminary, F=finélzupdate R3=partial U=engineering item, Q=qualification item, E=endrite
/ top-level, s=complete,

5.9.5. Tailoring

Tailoring considerations include operational lifedi, reuse, planned improvements, and
so on.
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5.10. Disposal

5.10.1. Overview

The Disposal Stage entails the final dispositiothefSystem. Specifics depend
significantly on the System, its mission, and itslation. Systems using expendable or
repeated items exhibit multiple production. Fomptex systems, the System may evolve
by stages that mark levels of capability. Eacthefe increments may require activities
that repeat the previous stages to some extemvielap the new capabilities. Table
5.10.1-1 summarizes Disposal.

Table 5.10.1-1. Summary of Disposal

Objective: « Decommission/dispose of System

Major Products: e Disposed / Decommissioned Items
* Lessons Learned

Major Decisions:

Program Phase During Phase E.
Control Gate: * None
Features ¢ Varies with mission.

5.10.2. Activities

The nature of Disposal depends on the specifitBeomission, System, and the products
and services involved. Figure 5.10.2-1 summatiggisal operational activities.
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Decommisioning
Review

_Disnosal

10.1.
_'> Decommission /
Dispose

Disposed Items
Decommisioned Items 7
Recycled Items 0
Waste 0

10.2. Store /

Monitor

Figure 5.10.2-1. Disposal Activity Network.

10.1 Decommission / Dispose: Constituents thahar®nger needed are removed
from service. As necessary, items are turneddije safe, moved to
disposal area, destroyed or stored. Items in spagyebe deorbited or place in
a safe orbit. Decommission and disposal can lngoing part of operating
the System.

10.2 Store/Monitor: Stored items are maintainedeseded. If necessary, the
disposed item or its remnants are monitored.

5.10.3. Management & Control

Operational management and control varies with aggnizations and missions.

5.10.4. Products

The products of Operations vary with the missiod aperational organization. Table
5.10.4-1 summarizes products of interest to didposa
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Table 5.10.4-1. Typical Disposal Products
Product System Analyses/Evaluations
« Disposed / Decommissioned items Depends on System
Engineering Requisites Tools
A Disposal Requirements Depends on System
Verification & Test Management/Control
Depends on System ¢ Engineering Master Plan / Master Schedule

¢ Rolling Wave Plan

Execution :

+  Personnel Transition Plans *  Information Management Plan
F Decommissioning Schedule Other

A Disposal Plar « Lessons Learnt

C=conceptual, P=preliminary, F=finél-update R=partial U=engineering item, Q=qualification item, E=endhite
/ top-level, s=complete,

5.10.5. Tailoring
In practice, items may be disposed during otheyestaf the System'’s life cycle. For

example, an upper stage would be disposed durendegployment of a spacecraft. The
life cycle for the item should be tailored to itgual use.
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6. Reviews

6.1. Review Execution

This section provides a general outline for conithgca control gate review. It identifies
various participants, their roles, and the flovaofivity. Particular attention is given to
the process for processing Review Item Discrepan&Ds).

6.1.1. General

A control gate review is an extended process rdttaer a single formal critique meeting.
The review process may span days to months depeodithe stage of the project, the
complexity of the System, and the readiness dtittte of the control gate review.

Projects should structure and sequence activitidsrgeetings so that the review process
is manageable and understandable to particip&htgects should consider the
complexity and structure of the System and talerreview process to allow consistent
scope and focus for individual review meetings ewiew teams. The overall process
must address how the project will elevate and weslawer level issues as appropriate.
A basic strategy for structuring a review of thet®yn has individual reviews
corresponding to the relevant entities in the Syst&ach individual review is in the
context of the entity and focuses on the pertimesues and perspectives. This limits
those who must be involved. The basic template rsview an entity after the review of
its immediate subordinates in the system hierardrys allows for surfacing only issues
that can not be properly handled at lower lev&lepending on complexity, the formal
status of these entity reviews range from agereastto separate meetings. Figure 6.1.1-
1 illustrates this strategy applied to a typicdlatic mission.

Mission
Level Review

Flight Science Data Mission Launch Vehicle
Segment Processing Operations |/ Carrier
Review Review Review Review

Ground Flight
Operations Operations
Review Review

Spacecraft Instrument
Review Review

Figure 6.1.1-1. Review Structure Example.
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6.1.2. Organization

As discussed below, the personnel that supportiawetypically can be viewed as
comprising four teams: Execution, Internal Reviéwdependent Review, and RID. The
review process involves personnel both internaleattdrnal to the project. The internal
participants are those who are linked to the ptajad its management. They serve to
keep in mind the internal project interests andpectives, to identify and resolve
discrepancies and inconsistencies, and to surfsces$ early. Independent participants
have no direct interest in project. They servprtavide additional, non-biased
perspectives, to identify deficiencies not seethimge closely involved in the project, and
to bring additional experience to the review.

6.1.2.1. Execution Team

The Execution Team generates the review matercapaovides detailed information to
the reviewers. These personnel also provide solsitio issues and discrepancies and
respond to RIDs and action items. Membership etsisif a coordinator and appropriate
engineering personnel.

6.1.2.2. Internal Review Team

The Internal Review Team provides an overall pitogpeespective. Its members check
consistency, quality, adherence to standards amstr@ints, and system balance and fit.
They also review data packages before releaselépéndent reviewers and attend dry
runs. Together with the independent review te&ey provide recommendations to the
execution team and project management in the fémssessments and RIDs.
Membership represents the following:

* Project management

* Chief engineer

* Managers and leads for areas that interface neitiew item
* Intended operational perspective

* Senior management

» Specialty engineers

6.1.2.3. Independent Review Team

The Independent Review Team provides an evaluatiependent of the project. They
should provide broad and deep technical expertiseedl as additional experience and
perspectives. They review the technical contettt am eye toward potential design
deficiencies, hidden risks, and likelihood of siesceLike the internal review team, they
provide recommendations to the execution team amjieéqi management in the form of
assessments and RIDs. Membership includes thomfiold:

« Chairman
» Project office liaison
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* Senior management and lead design engineersdutside the project
» Experienced operational personnel
» Senior technical experts, academic experts, @eitsbntractors and consultants

6.1.2.4. RID Review Team

The RID Review Team organizes and prioritizes RADd generates recommendations
for RID disposition to project management. A swhgr of the RID team serves as a RID
screening team that filters RIDs with respect tmplance to groundrules and
completeness. The screening team also groupsjinegaand combines related RIDs.
Members of the RID team come from the following:

* Independent review team

» Execution team

* Program office

» Safety, Reliability, and Quality Assurance Orgation(s)

6.1.3. Activity Flow

This section describes the activities in a corgate and the roles of the various teams.
Networks are provided for both the overall contrale process and the process for
reviewing and disposing of RIDs.

6.1.3.1. Control Gate Review Process

Figure 6.1.3.1-1 depicts a template for the gerferal of activities for a control gate
review. Projects should tailor this template tibect their complexity and structure.
Prior to starting review activities, management tnelreview coordinator should
evaluate readiness for review. This should comsidiness criteria and maturity of
applicable products. Management and the reviewdboator then form and organize the
teams. The plans for the review are then complatedagreed to by the teams. This
includes establishing the schedule and the agemdhd main review meeting, defining
the contents of the data package, and settingctigeesand ground rules. The execution
team prepares material for review. This involvdsrimal reviews with members of the
internal review team that result in feedback togkecution team and refinements to the
data package.
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materials

Assess
readiness & Prepare & Evaluate
eneral plans i i —
o] p refine review Finalize results &

.}

process RIDS

Complete
_’ action items

* ' package for
critique
mitino * *

Select Hold informal Establish
Review Tean informal action items Publish
internal 'f'?'d for closure closure
* reviews critique  L_J
- * meeting *
Make detail
plans Release &
« Schedule review draft Publish [
LAl kage data minutes
:gggsd Rules package

Figure 6.1.3.1-1. Typical Control Gate Review process.

With approval of the internal review team, the esvicoordinator releases the draft data
package to the full review team. The executiomt@ecorporates resulting comments
and answers necessary questions. The executiorfitgaizes the data package for the
formal main review meeting(s). The project holas iain review or critique meeting(s).
This is a formal meeting (or meetings) attendethleycustomer, independent review
team, and key project personnel. The reviewerssadhe results of the review and
generate the necessary Review Item Discrepancl®s)YRThis assessment includes an
evaluation of whether completion criteria have bewt. The RID review team processes
the RIDs and submits recommendations to projectagement. The review coordinator
publishes minutes including updated charts, datiggge, and list of action items. The
project completes action items before closing #wew, including those arising from
RIDs. To establish formal closure, project managimncustomers, and other relevant
parties may sign a letter noting the results oéetlon items.

Projects should tailor the review process so thiatmanageable and productive. Thus a
project may perform most of the RID processing keefbe formal critique meetings so
that only truly substantive issues need be addiesse

6.1.3.2. RID Process

A template for a typical RID process is summarizefigure 6.1.3.2-1. Projects should
tailor this template to reflect their complexitydastructure. Reviewers generate RIDs
and typically submit them to the RID team withiweek after the main review
meeting(s). The RID screening team applies cateriscreen the RIDs and to combine
redundant or similar RIDs. This may involve cooation with the submitters. The full
RID review team reviews the consolidated RIDs amiples feedback and coordination
to Project Management. Program Management appeolistsof action items and
establishes conditions for official closure. Pobjglanagement also approves the final
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close-out of the RIDs. Throughout the RID procéss,project maintains traceability
among requirements, RIDs, analyses, and so forth.

v

Submit Screen Review Generate
RIDs —> RIDs > RIDs > RID actions

Reviewer s RID Screening RID Review Team Program Management
e Internal Team Review Team
» External

Figure 6.1.3.2-1. Typical RID disposition process.

Early in the review process, the project shouldldgh groundrules and screening
criteria that are agreed to by the various teardspaoject management. Groundrules
may limit the channels from whom RIDs will be aciesgp Typical screening criteria
include the following:

Must apply only to activities on which the reviéecuses; e.g., no major design
improvements at CDR.

* Must be within scope of item being reviewed;.,ecgnnot RID the ground facility
software at a spacecraft review or a part at amehe review.

* Must have technical or programmatic impact; ,eygpographical errors should be
submitted as comments for information only, noR#3s.

» Must exhibit proper traceability and rationakeg., no orphan requirements.

6.2. Major Control Gates

This section contains information as to the purpobgectives, success criteria, and
results of the individual control gates. This imfation is intended to provide project
guidance for the actual review definition, andllasirate the progressive maturation of
the review activities (and products as describefigpendix A) throughout the project
life cycle.

6.2.1. Mission Concept Review

6.2.1.1. Purpose

The Mission Concept Review (MCR) is an internaiieavthat usually occurs at the field
center near the completion of a mission feasibditydy. The purpose of the MCR is to
understand and affirm the mission need, and exathasproposed mission’s objectives
and the concept for meeting those objectives.
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6.2.1.2. Objectives

The objectives of the review are to:
1) demonstrate that mission objectives are completeunderstandable.

2) demonstrate that the mission concepts demoeaggahnical and programmatic
feasibility of meeting the mission objectives.

3) confirm that the customer’s mission need isrcéeal achievable.

4) ensure that prioritized evaluation criteria previded for subsequent mission
analysis.

6.2.1.3. Criteria for Successful Completion

The following items compose a checklist to aid @edmining readiness of MCR product
preparation. The checklist aids in the preparadiospecific review item entry and
completion criteria but does not take their place.

1) Are the mission objectives clearly defined atadexi? unambiguous? internally
consistent?

2) Will satisfaction of the preliminary set of reggments provide a system which
will meet mission objectives?

3) Is the mission feasible? Has there been aisolidentified which is technically
feasible? Is the rough cost estimate within aejpiable cost range?

4) Have the concept evaluation criteria to be usedndidate system evaluation
been identified and prioritized?

5) Has the need for the mission been clearly ifled
6) Are the cost and schedule estimates credible?

7) Was a technology search done to identify exgstissets or products that could
satisfy the mission or parts of the mission?

6.2.1.4. Results of Review
A successful MCR supports the determination thafpttoposed mission meets the

customer need, and has sufficient quality and ni@support a field center management
decision to propose further study to the cognigA as a candidate Phase A effort.

6.2.2. Mission Definition Review

6.2.2.1. Purpose

The Mission Definition Review (MDR) occurs near twmpletion of the mission
definition stage. The purpose of the MDR is torexee the functional and performance
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requirements defined for the System and the preényiprogram plan, and assure that the
requirements and the selected top-level designsailkfy the mission.

6.2.2.2. Objectives

The objectives of the review are to:

1) establish that the allocation of the functioBgstem requirements is optimal for
mission satisfaction with respect to requiremeraidds and evaluation criteria
which were internally established at MCR (and dadggie-confirmed at MRR).

2) validate that System requirements meet misdipectves.
3) identify technology risks and the plans to naitegthose risks.
4) present refined cost, schedule and personnalimes estimates.

6.2.2.3. Criteria for Successful Completion

The following items compose a checklist to aid @edmining readiness of MDR product
preparation. The checklist aids in the preparadiospecific review item entry and
completion criteria but does not take their place.

1) Do the defined System requirements meet thelonisbjectives expressed at the
start of the program?

2) Are the System level requirements complete, ister® and verifiable? Have
preliminary allocations been made to the elemerdi®

3) Have the requirement trades converged on amapsiet of System
requirements? Do the trades address program mdsichedule constraints as
well as mission technical needs? Do the tradesrcabroad spectrum of
options? Have the trades identified for this detativities been completed?
Have the remaining trades been identified to se¢hexfinal system design?

4) Are the upper levels of the System completefindd? Are all the segments
defined?

5) Are the decisions made as a result of the tradesistent with the evaluation
criteria established at the MCR?

6) Has an optimal final design (to element leveherged with limited candidate
options?

7) Have technology risks been identified and haiteyation plans been developed?
6.2.2.4. Results of Review
A successful MDR supports the decision to furtheredop the design and technology for

a System to accomplish the mission. The resultedureinforce the mission merit and
provide a basis for the system acquisition strategy
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6.2.3. System Definition Review

6.2.3.1. Purpose

The System Definition Review (SDR) occurs neardbmpletion of the system definition
stage and represents the culmination of efforhalysis and allocation of the system
requirements. The purpose of the SDR is to exath@@roposed system architecture
and the flowdown to all functional elements of Syestem.

6.2.3.2. Objectives

The objectives of the SDR are to:

1) demonstrate that the architecture is accepttidérequirements allocation is
complete, and that a System that fulfills the naisdbjectives can be built
within the constraints posed.

2) ensure that plans for the testing and verifigaprogram are identified and the
verification philosophy is defined.

3) establish end item acceptance criteria.

4) ensure that adequate detailed information etasssipport initiation of further
development or acquisition efforts.

6.2.3.3. Criteria for Successful Completion

The following items compose a checklist to aid @edmining readiness of SDR product
preparation. This checklist aids in the preparatibspecific review item entry and
completion criteria but does not take their place.

1) Will the top-level system design selected mkeetsystem requirements, satisfy
the mission objectives, and address operationalstee

2) Can the top-level system design selected bé Witiiin cost constraints and in a
timely manner? Are the cost and schedule estinvatlésin view of the system
requirements and selected architecture?

3) Have all the System level requirements beertatém to one or more elements?

4) Have the major design issues for the elememtsahsystems been identified?
Have major risk areas been identified with mitigatplans?

5) Have plans to control the development and dgsigoess been completed?

6) Is adevelopment test plan in place to proviala dor making informed design
decisions?

7) Is the minimum end item product performance doenied in the acceptance
criteria?
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8) Is there sufficient information to support prepbefforts? A complete validated
set of requirements? Sufficient System definitiovi@id cost and schedule
estimates?

6.2.3.4. Results of Review

As a result of successful completion of the SDR,3lgstem and its operation are well
enough understood to warrant design and acquisifibime end items. Approved
specifications for the System, its segments, aetinpinary specifications for the design
of appropriate functional elements may be releaseudt the configuration management
plan is established to control design and requirgraleanges. Plans to control and
integrate the expanded technical process are @@ pla

6.2.4. Preliminary Designh Review

6.2.4.1. Purpose

The Preliminary Design Review (PDR) occurs aftenpteting a full functional
implementation, and its purpose is to:

1) demonstrate that the preliminary design meéSyatem requirements with
acceptable risk.

2) show that the correct design option has beesttsl, interfaces identified, and
verification methodologies have been satisfactatégcribed.

3) provide prerequisites for proceeding with dethidlesign.

6.2.4.2. Objectives

The objectives of the PDR are to:

1) ensure that all System requirements have bésratdd, the requirements are
complete and the flowdown is adequate to verifyt&ysperformance.

2) Show that the proposed design solution is exgoettt meet the functional and
performance requirements.

3) show that the design is verifiable and doegposte major problems which may
cause schedule delays and cost overruns.

4) show sufficient evidence in the proposed deapproach to proceed further with
the next step of the detailed design phase.

6.2.4.3. Criteria for Successful Completion
The following items compose a checklist to aid @edmining readiness of PDR product

preparation. This checklist aids in the preparatibspecific review item entry and
completion criteria but does not take their place.
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Have all the System and segment requirements ddeecated down to the end
item level?

Are all end item design-to specifications corntgkend ready for formal approval
and release?

Can the proposed design be expected to metbealequirements?

Does the proposed design satisfy requiremeitisatto human safety and
mission success?

Do the human factors considerations of the ppegalesign support the intended
end users’ ability to operate the product and perfthe mission effectively?

Have the manufacturing, operations, utilizati@st, and various specialty
engineering organizations reviewed the design? pfoposed concepts
producible, reliable and logistically cost effeetifor the life-cycle?

Are the appropriate specialty engineering, desjggecifications and program
plans sufficiently complete to provide the desiggieeer the guidance,
constraints and System requirements to executeesign?

Is there sufficient confidence that the designoept is sound, that long-lead
items that might threaten schedule compliance @memal, and that required
resources are available to proceed further?

Results of Review

As a result of successful completion of the reviemgineering drawings, End Item
Design-To Specifications, preliminary interface tohdocuments and software
specifications will be approved. Preliminary desityawings will be released, and
implementation of the design qualification actegtiwill begin with the objective of
providing full verification of the Design-To Based.

6.2.5.

6.2.5.1.

Critical Design Review

Purpose

The Critical Design Review (CDR) is held near tbenpletion of full design realization,
and its purpose is to:

1)

2)

6.2.5.2.
The obj

disclose the complete System design in fullifjetad ascertain that technical
problems and design anomalies have been resol\tedwicompromising
System performance, reliability and safety.

ensure that the design maturity justifies thegpam decision to initiate
manufacturing, verification and integration of thession hardware and software.

Objectives

ectives of the CDR are to:
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ensure that a Build-To Baseline contains dedeffligstem, subsystem to hardware
component or software module level specificaticesgaiate to assure
satisfactory function and performance of the mactuf@d product.

ensure that the design has been satisfactarligead by manufacturing, test,
operations, utilization and various specialty erging organizations. The audit
issues and recommendations are answered and detimare closed.

ensure that the manufacturing processes andot®ate sufficient to produce the
design with minimum cost and schedule risk.

establish that planned Quality Assurance ac@wivill establish perceptive test
and screening processes for producing a qualityymto

verify that the detailed design fulfills the sgiEations established at PDR.

Criteria for Successful Completion

The following items compose a checklist to aid @edmining readiness of CDR product
preparation. This checklist aids in the preparatibspecific review item entry and
completion criteria but does not take their place.

1)
2)
3)
4)
5)
6)

7
8)

9)

10)
11)

Is the design complete? Are drawings readyetprbmanufacturing? Is software
product definition sufficiently mature to start cogf?

Is the Build-To Baseline sufficiently traceabbeassure that no orphan
requirements exist?

Do the design qualification results from softevarototyping, engineering item
tests, simulation and analysis support the cormtusiiat the product will meet
requirements?

Are all internal interfaces completely definegkternal interfaces current?

Do the integrated safety analyses show thatutstanding hazards exist which
cannot be controlled or are within acceptable ifiskaivers are required?

Are the manufacturing plans in place? Are tteasonable with respect to
schedule, risk control and quality assurance?

Are there adequate quality checks in the manwifizag process?

Do the integrated logistics analyses identifgt anpport adequate spares
provisioning for the program life cycle?

Are the acceptance and life test plans compl&e2?he test cases correlate with
the acceptance criteria established at the SDRPthWitests demonstrate
product capability to achieve the mission?

Are System integration and verification planmplete?

Have design audits been completed to ensureatinility with other interfacing
parts of the System?
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6.2.5.4. Results of Review

As a result of successful completion of the revidwe, Build-To Baseline, manufacturing
and test plans are approved; and approved drawnmeg®leased and authorized for
fabrication of mission hardware. It also authasizeding of deliverable software
according to the Build-To Baseline and coding séadsd presented in the review.

6.2.6. System Acceptance Review

6.2.6.1. Purpose

The System Acceptance Review (SAR) is held neacdhnepletion of the system
fabrication and integration stage, and its purpsse:

1) examine the end items, documentation, testatedeanalyses that support
verification.

2) ensure that the items have sufficient technizatiurity to authorize their
shipment and installation to the launch site orgperational ground facilities.

6.2.6.2. Objectives

The objectives of the SAR are to:
1) establish that the end item is ready to be dedi and accepted under DD-250.

2) ensure that the end item meets acceptance@nitbich were established at
SDR.

3) establish that the end item meets requirementswél function properly in the
expected operational environments as reflecteddndst data, demonstrations
and analyses.

4) establish an understanding of the capabilittresaerational constraints of the
“as built” product, and that the documentationied with the product is
complete and current.

6.2.6.3. Criteria for Successful Completion

The following items compose a checklist to aid @edmining readiness of SAR product
preparation. This checklist aids in the preparatibspecific review item entry and
completion criteria but does not take their place.

1) Are tests and analyses complete? Do they itedibat the product will function
properly in the expected operational environment?

2) Does the product meet the criteria describ@teéracceptance plans?

3) Is the product ready to be delivered? Flighti to the launch facility? Non-
flight items to the operational sites for instatat?

4) s the product documentation complete and ate@ra
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5) Is it clear what is being bought?

6.2.6.4. Results of Review

As a result of successful completion of the revithe, System elements are accepted by
the government, authorization is given to shiphtaslware to the launch and/or
operational facilities, and to install software draddware for operational use.

6.2.7. Flight Readiness Review

6.2.7.1. Purpose

The Flight Readiness Review (FRR) is held afterSixgtem has been configured for
launch, and its purpose is to:

1) examine demonstrations, tests, analyses antsaudich determine the systems’
readiness for safe and successful launch and sudaseftjght operations.

2) ensure that all flight and ground hardware vgafe, personnel and procedures
are operationally ready and compatible.

6.2.7.2. Objectives

The objectives of the FRR are to:

1) receive certification from each segment thahtdand flight operations can
safely proceed with acceptable risk.

2) confirm that the System and support elementpameerly configured and ready

for launch.
3) establish that the interfaces between the setgnaea compatible and function as
expected.
4) establish that the System state supports alal@®©” decision based on GO/NO
GO criteria.
6.2.7.3. Criteria for Successful Completion

The following items compose a checklist to aid @edmining readiness of FRR product
preparation. This checklist aids in the preparatibspecific review item entry and
completion criteria but does not take their place.

1) Is the launch vehicle ready for launch?

2) Is the space vehicle hardware ready for safeclaand subsequent flight? with a
high probability for achieving mission success?

3) Are all flight and ground software elements setmlsupport launch and flight
operations?
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4) Are all segment interfaces checked out and fdarze functional?
5) Have all open items and waivers been examinddamd to be acceptable?
6) Are the launch and recovery environmental factaithin constraints?

6.2.7.4. Results of Review

As a result of successful FRR completion, agreeretween all segment representatives
assures that technical and procedural maturityefos System launch and flight
authorization, and in some cases initiation of &ysbperations.

6.2.8. Operational Readiness Review

6.2.8.1. Purpose

The Operational Readiness Review (ORR) occurs \ilie®system and its operational
and support equipment and personnel are readydertake the mission, and its purpose
is to:

1) examine the actual System characteristics am@ribcedures used in its
operation.

2) ensure that all flight and ground hardware,vgaife, personnel, procedures, and
user documentation reflect the deployed stateeptbduct accurately.

6.2.8.2. Objectives

The objectives of the ORR are to:

1) establish that the System is ready to transititman operational mode through
examination of available ground and flight tesuttss analyses and operational
demonstrations.

2) confirm that the System is operationally anddbgally supported in a
satisfactory manner considering all modes of opmratnd support (normal,
contingency and unplanned).

3) establish that operational documentation is deta@nd represents the System
configuration and its planned modes of operation.

4) establish that the training function is in placel has demonstrated capability to
support all aspects of System maintenance, prepayaiperation and recovery.

6.2.8.3. Criteria for Successful Completion

The following items compose a checklist to aid @edmining readiness of ORR product
preparation. This checklist aids in the preparatibspecific review item entry and
completion criteria but does not take their place.
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1) Are the System hardware, software, personnepanckdures in place to support
operation?

2) Have all anomalies detected during prelauneimdh and orbital (and recovery)
flight been resolved, documented, and incorporattedexisting operational
support data?

3) Are the changes necessary to transition theeBygbm flight test to operational
configuration ready to be made?

4) Are all waivers closed?

5) Are the resources in place, or financially pkeshand approved to support the
System during its operational lifetime?

6.2.8.4. Results of Review

As a result of successful ORR completion, the Sysseready to assume normal
operations, and any potential hazards due to laanflilght operations have been
resolved through use of redundant design or thrahgimges in operational procedures.

6.2.9. Decommissioning Review

6.2.9.1. Purpose

The Decommissioning Review (DR) occurs when magms within the System are no
longer needed to complete the mission, and itsqaafs to:

1) confirm that the reasons for decommissioningvaftiel and appropriate.
2) examine the current System status and plardigposal.

6.2.9.2. Objectives

The objectives of the DR are to:

1) establish that the state of the mission antd®!Qystem requires
decommissioning/disposal. Possibilities includdurther mission need,
broken/degraded System elements, or phase outstingxSystem assets due to a
pending upgrade.

2) demonstrate that the plans for decommissiomisgosal and any transition are
correct, current and appropriate for current emrimental constraints and System
upgrades (if any).

3) establish that resources are in place to suplgpbsal plans.
4) ensure that archival plans have been completegistential mission/project data.
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6.2.9.3. Criteria for Successful Completion

The following items compose a checklist to aid @edmining readiness of DR product
preparation. This checklist aids in the preparatibspecific review item entry and
completion criteria but does not take their place.

1) Are reasons for decommissioning/disposal wetiuthoented?

2) Has any revision to the disposal plan been ifled? completed? compliant
with local, state and federal environmental regoiet?

3) Does the disposal plan address the disposifiemisting hardware, software,
and facilities?

4) Have data archival plans been defined?
5) Is a personnel transition plan in place? issesslved?

6.2.9.4. Results of Review

A successful DR completion assures that the decesioming and disposal of System
items are appropriate and effective.

6.3. Interim Reviews

Interim Reviews are driven by programmatic andg@rey milestones which are not
necessarily supported by the major reviews. Thenaentail multiple processes to
provide important information for major reviewspgrammatic decisions, and agency
commitments. Program tailoring will dictate theeddor and scheduling of these
reviews.

6.3.1. Overview

This section summarizes major types of interimees. Section 6.3.2 gives further
guidance on common interim reviews.

6.3.1.1. Requirements Reviews

Prior to the CDR, the mission and System requiresenist be thoroughly analyzed,
allocated and validated to assure that the progeamneffectively understand and satisfy
the mission need. Specifically, these interim negments reviews will confirm whether:

1) the proposed mission supports a specific agpraxyyram deficiency.

2) in-house or industry-initiated efforts shoulddraployed in the program
realization.

3) the proposed requirements meet objectives
4) the requirements will lead to a reasonable swiut
5) the conceived architectural approach is bothzadzle and affordable.
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These issues, as well as requirements ambiguitiesesolved, or resolution actions are
assigned. In summary the interim requirementemyialleviate the risk of excess design
and analysis burdens too far into the life cycle.

6.3.1.2. Safety Reviews

As an element of the system life cycle and its eissed safety program, safety reviews
are conducted to insure compliance with NHB 1700*NASA Safety Policy and
Requirements Document”. Review(s) will be approkgdhe Program/Project Manager
at the recommendation of the System Safety Man&§fj, and their purpose, objectives
and general schedule will be contained in apprigpsafety management plans. The
safety reviews will address possible hazards aatmtivith system assembly, test,
operation and support. Special considerationvergto possible operational and
environmental hazards related to the use of nueledother toxic materials.

6.3.1.3. Software Reviews

Software reviews are scheduled by the program/grrapanager for the purpose of
ensuring that software specifications and assatjateducts are well understood by both
program and user elements. Throughout the devaopaycle, the pedigree, maturity,
limitations and schedules of delivered preprodurctiems, as well as the Computer
Software Configuration Items (CSCI) are of critigaportance to the engineering,
operations and test communities.

6.3.1.4. Readiness Reviews

Readiness reviews are conducted prior to commendsshenajor events which commit
and expose critical program resources to risk.s&hmeviews define the risk environment
and address the resource elements’ capabilitytisfaetorily operate in that environment.

6.3.2. Mission Requirements Review(s) (MRR)

6.3.2.1. Purpose

The MRR occurs (as required) following the matunainf the mission requirements in
the Mission Definition stage. Its purpose is tamxne and substantiate requirements
analysis products and assess their readinesstinnekreview.

6.3.2.2. Objectives

The objectives of the review are to:
1) confirm that the mission concept satisfies tipenay user needs.

2) confirm that the mission requirements suppahtdication of external and long-
lead support requirements (DoD, International, GeSource).
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3) determine the adequacy of the analysis prodacspport development of the
Preliminary Phase B Approval Package.

6.3.2.3. Criteria for Successful Completion

The following items compose a checklist to aid @edmining readiness of MRR product
preparation.

1) Are the top-level mission requirements suffitigdefined to describe objectives
in measurable parameters? Are assumptions antra@ons defined and
guantified?

2) Is the mission and operations concept adeqoatpport of preliminary
program documentation development? Engineeringévi&an / Schedule,
long-lead planning approach for the Project DafmnitPlan, technology
assessment, initial Phase B/C/D resource requiresnacguisition strategy
development?

3) Are Evaluation Criteria sufficiently defined poovide quantified conditions of
satisfaction for Mission Definition? Measures dfdEtiveness, Constraints,
Design Goals?

4) Are specific requirements identified which astetmined to be high risk/cost
drivers, and options described to relieve or miggae problems?

6.3.2.4. Results of Review

Successful completion of the MRR provides programfidence to submit information
for Preliminary Non-advocate Review and subseqsebmission of the Mission Need
Statement for agency approval.

6.3.3. System Requirements Review (SRR)

6.3.3.1. Purpose

The SRR occurs (as required) following the formawb the project/engineering team
and evaluates their thorough understanding of tissian requirements as well as
requirements at the System level. The purposkeofdview is to demonstrate
understanding of the requirements.

6.3.3.2. Objectives

The objectives of the review are to:
1) confirm that the requirements at the Systeml lee=t the mission objectives.

2) confirm that the specifications of the Systemn sufficient to meet the project
objectives.
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6.3.3.3. Criteria for Successful Completion

The following items compose a checklist to aid @edmining readiness of SRR product
preparation.

1) Are the allocations contained in the System Bigations sufficient to meet
mission/program/project objectives? consistent wie customer’'s mission
need?

2) Are the Evaluation Criteria established? réalts

3) Are Measures of Effectiveness established?isteAl

4) Are cost estimates established? realistic?

5) Has a system verification approach been idewiHi

6) Are appropriate plans being initiated to suppoojected system development

milestones?
7) Have the technology development issues beerifigéeinwith approaches to
solution?
6.3.3.4. Results of Review

Successful completion of the SRR freezes prograj@grr requirements and leads to a
formal decision by the cognizant PAA to proceechwatoposal request preparations for
Project Implementation.

6.3.4. System Safety Review

6.3.4.1. Purpose

System Safety Review(s) (SSR) occur in multiplegeiseof the life cycle. The purpose of
these reviews is to:

1) provide early identification of safety hazards.

2) insure that measures to eliminate, reduce dralathe risk associated with the
hazard are identified and executed in a timelyt eficient manner.

6.3.4.2. Objectives

The objectives of the reviews are to:
1) identify those items considered as critical frarsafety viewpoint.

2) assess alternatives and recommendations toateitay eliminate risks and
hazards.

3) insure that mitigation/elimination methods canerified.
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6.3.4.3. Criteria for Successful Completion
The following items comprise a checklist to aidletermining readiness of SSR product
preparation.
1) Have the risks been identified? quantified?

2) Have design/procedural options been analyzadtiied as to risk reduction?
3) Have verification methods been identified fondi@ate options?

6.3.4.4. Result of Review

A successful SSR results in the identification @zdrds and their causes in the proposed
design and operational modes, and specific meaaknaihating, reducing or controlling
the hazards.

The methods of safety verification will also bend&ed prior to PDR. At CDR, a safety
baseline is developed.

6.3.5. Software Specification Review

6.3.5.1. Purpose

The Software Specification Review(SoSR) occurstghafter the start of preliminary
design. The purpose of the SOSR is to ensurdttbaoftware specification set is
sufficiently mature to support preliminary desidfods.

6.3.5.2. Objectives

The review objectives are to:

1) verify that all software requirements from tlystem specification have been
allocated to CSCls and documented in the apprepsiaftware specifications.

2) verify that a complete set of functional, pemfi@nce, interface and qualification
requirements for each CSCI has been developed.

3) ensure that the software requirement set is tatfiplete and understandable.

6.3.5.3. Criteria for Successful Completion
The following items comprise a checklist to aidletermining the readiness of SOSR
product preparation.

1) Are functional CSCI descriptions complete arehc?

2) Are the software requirements traceable to yseem specification?

3) Are CSCI performance requirements complete arainbiguous? execution
time? storage?
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4) Is control and data flow between CSCls defined?
5) Are all S/IW-S/W and S/W-H/W interfaces defined?

6) Are the mission requirements of the System asd@ated operational and
support environments defined? Are milestone sdesds well as special
delivery requirements negotiated and complete?

7) Are the CSCI specifications complete? desighmgramming constraints?
standards? quality assurance? testability? elglpreparation?

6.3.5.4. Results of Review

Successful completion of the SoSR results in relefishe software specifications and
the start of preliminary design activities basedruthe specification development
requirements and guidelines.

6.3.6. Test Readiness Review

6.3.6.1. Purpose

The Test Readiness Review (TRR) is held prior éostfart of formal testing. The review
is applicable to initiation of formal testing fon @lement of the System as well as
integrated test efforts between segments; egungrand flight segments. The purpose
of the TRR is to insure that the test article hadsoftware, test facility, ground support
personnel and test procedures are ready for testatg acquisition, reduction and
control.

6.3.6.2. Objectives

The objectives of the review are to:
1) confirm that in-place plans provide for test@xgon which meets test objectives
2) confirm that sufficient program resources atecalted to the test effort.

3) examine detailed test procedures for completeaed safety during test
operations.

4) determine that critical test personnel are &mst-safety-certified.
5) confirm that all test support software are a@dégupertinent and verified.

6.3.6.3. Criteria for Successful Completion

The following items comprise a checklist to aidlgtermining the readiness of TRR
product preparation.

1) Have the test cases been reviewed and analgzeapected results? results
consistent with test plans and objectives?
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2) Have the test procedures been “dry run”? Dy théicate satisfactory
operation?

3) Have test personnel received training in testajons and safety procedures?
certified?

4) Are program resources available to adequatglpa the planned tests as well
as contingencies, including failed hardware reptaaa?

5) Has the test support software been demonstrategaindle test configuration
assignments, data acquisition, reduction, contrdirasults archival?

6.3.6.4. Results of Review

A successful TRR signifies that program, test, eagiing, and safety management have
certified that preparations are complete; anddbatmitment of resources is authorized

for formal test initiation.
6.3.7. Production Readiness Review

6.3.7.1. Purpose

The Production Readiness Review (ProRR) occurs @détgign certification and prior to
the start of manufacturing. The purpose of thdRIR@s to ensure that production plans,
facilities, and personnel are in place and readetgin production.

6.3.7.2. Objectives

The objectives of the review are to:

1) ascertain that all significant production enegireg problems encountered during
development are resolved.

2) insure that the design documentation is adedaatepport manufacturing.
3) insure that manufacturing plans and preparateradequate to begin production.

4) establish that adequate resources have beeataitbto support end item
manufacture.

6.3.7.3. Criteria for Successful Completion

The following items comprise a checklist to aidlgtermining the readiness of ProRR
product preparation.
1) Is the design certified? incomplete design elaisiidentified? Risks and
mitigation efforts defined?
2) Has the bill of materials been reviewed? ailtjgarts identified? delivery
schedules verified? alternative sources identfiedlequate spare planned and
budgeted?
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3) Are the facilities and tools sufficient for enem manufacture? special tools and
test equipment specified in proper quantities?sqmanel/CAM software qualified
and certified?

4) Is production engineering and planning maturec@st-effective manufacturing?
compliant with OSHA, environmental and energy covestgon regulations?

5) Are manufacturing processes and methods consistth quality requirements?

6.3.7.4. Results of Review

A successful ProRR results in certification of proton readiness by Engineering,
Manufacturing, Program, Safety, Reliability and @yaAssurance management. All
open issues are resolved with closure actions emetisiles.

6.3.8. Design Certification Review

6.3.8.1. Purpose

The Design Certification Review (DCR) is held folimg test completion at the
component and subsystem level and prior to startasfufacturing for that item. The
purpose of the DCR is ensure that the testing dstreted design compliance with
performance requirements.

6.3.8.2. Objectives

The objectives of the review are to:

1) confirm that the test results met performancgirements, and that test plans
and procedures were executed correctly in the Bpeé@nvironments.

2) certify that traceability between test artichelgroduction article is correct,
including name, identification number, and curresiing of all waivers.

3) Identify any incremental tests required or cared due to design or requirement
changes made since test initiation, and resolvegseegarding their scheduling
and approval.

6.3.8.3. Criteria for Successful Completion
The following items comprise a checklist to aidletermining the readiness of DCR
product preparation.
1) Are the pedigrees of the test articles direitigeable to the production units?
2) Is the Test Plan used for this article curremt approved?

3) Do the test procedures and environments useglgamith those specified in the
plan?
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4) Are there any changes in the test article coméiion or design resulting from the

as-run tests? Do they require design or spedificathanges? retests? Have
design and specification documents been audited?

5) Do the test results satisfy performance requargs®?

6) Do the test, design and specification documemtaiorrelate? Are any review
issues regarding certification closed?

6.3.8.4. Results of Review

As a result of a successful DCR the end item dasigpproved for production.

6-24



Downloaded from http://www.everyspec.com

JSC 49040

Appendix A - Product Dictionary

This appendix provides guidance on the contentsaatdrity of technical products at the
various control gates. For each product, the Wahg information is provided:

» generic name of the product as used in this deogm

» location in the product structure (codes are sanred in Table 4.8.1-1)

» relation to end products and process (typesiarerarized in Table 4.8.1-2)
* product maturity at each control gate (codessaremarized in Table 4.8.3-1)
» details on product contents or scope at eachr@agdte

The products are listed alphabetically accordintyiie.

The listing is not intended to suggest a spec#ickaging or formats of the products.
Indeed, many of them may occur as different sestairthe same document. Particular
formats would be provided by relevant Data Requaeihescriptions (DRDs). For
example, a Mission Feasibility study might packathé products in three basic
documents: a management plan, an engineering mpdatéschedule, and a final report.
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Appendix B - Glossary

This glossary identifies the key terms used in tlisument to describe the systems
engineering processes for programs and projediss glossary focuses on general terms
rather than specific documents or products. tries discussion of documents only to
general classes. Names of documents and thegmresnd maturity at various reviews
are contained in the data dictionary in Appendix A.

Agency Reviews reviews that involve participation by upper mgament and NASA Headquarters.

Architecture Aspect describes the top-level form or structure ofstam or entity. This includes top-
level function, functional areas, and their intéi@ts. Architecture is often represented in funicél
block diagrams.

As-Built Baseline: describes the actual configuration of the prodtltas were produced. Also called a
Production Baseline.

As-Deployed Baseline describes the actual configuration of the Sysésmdeployed and operated. Also
called an Operational Baseline.

Assembly. functional unit viewed as entity for analysisamufacturing, maintenance, etc. Example: A
power generator.

Baseline used in a generic sense to mean a referencéefpmim which to identify and to control change.
Baselines may thus have varying degrees of firmnBsselines vary as to what they address.
Technical baselines address the configuration stesy products. In addition to technical baselines,
there are business baselines that address mattdras funding, staffing, and schedule. A tecHnica
baseline is embodied in the specifications andeosystem documentation. Typical technical
baselines are Functional, Design-To, Build-To, AseBuilt.

Build-To Baseline: specifies the configuration of the products to bedpced. Established with the
approval of the Build-To Specification. Also calla Production Baseline.

Build-To Specification: describes an item in sufficient detail to enablecprement or fabrication. May
be functional or fabrication and may correspondrg item below the System/segment level.
Functional specifications describe all charactiessfperformance, quality, interface, etc.) of ifeen
that are essential for its intended use. Fabdoapecifications provide detailed direction on the
proper construction of the item (parts, assemkdyfggmance, test/inspection, etc.). Establishes a
build-to baseline. Also called Product SpecifioatiType C Specification, Configuration ltem
Specification.

Certification: a process for establishing that an item, ad,bwill fit and function within the spacecraft
for which it is intended.

Complete indicates that the product is finished to theeekplanned.

Completion Criteria: a set of guidelines for evaluating successfosate of the review associated with a
stage's control gate. They determine whether tiadityy and quantity of work is sufficient to progse
to the next stage.

Concept early, top-level plans that identify basic goatsl principles. May also be called Philosophy.

Conceptual refers to products at the lowest level of mayuriThey are typically early estimates or drafts
in which significant revision is expected.
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Control Gate: a major review process that marks progress in ieahmaturity and risk reduction. In the
sense used in this document, a control gate is@eps rather than a single formal meeting or review

Design-To Baseline allocates performance and design requiremerparticular sub items. Established
with the approval of the Design-To Specificatiohlso called an Allocated Baseline.

Design-To Specification: a development specification that states the remqéras for the design or
engineering development of a product. Typicallggared for prime or critical items. Primary focus
is on the allocated performance. Includes pertidaection to designers regarding characteristics
and features. Establishes a design-to baselifgo dalled Development Specification, Type B
Specification, Performance Requirements Documemiti@ct End Item Design Specification.

Element Level complete integrated set of subsystems capalde operational role. Typically
constructed as a physically separate entity. Examyeather Satellite.

End Item: products used to support the mission. Whenipialttems are built, production articles are
the product baseline. These may differ from thiglas used for the initial flights and demonstati
of operational capability. Other names includgHtiarticles, flight units, configuration itemsjme
items, contract end items, hardware configuratiems (HWCI), computer software configuration
items (CSCI).

Engineering Item: development articles that are used to genenfbemnation important to designing the
final item. They use non-flight parts and worknf@ipsstandards. Their uses include technology
demonstrations, proof of concept, and design dat&igtion. May include bread-boards or mock-
ups.

Entry Criteria : a set of guidelines detailing the recommendeturitgt level for the program and for
individual products to justify readiness to entepacific stage's control gate. They determine the
readiness of the project to hold a review.

Final: refers to products with the highest level of unéy. These have had significant review and are
deemed stable. There are typically under formafigaration control.

Formulation/Implementation: (from NHB 7120.5) a division of a project's ligcle into two key types
of activities. Formulation is the initial developnt period of a program, when the focus is on vidat
to be done and what is to be procured. Implemiemtds the later detailed development, production,
and operation of a project's hardware, softward,fadilities. The transition from formulation to
implementation occurs at the Phase B - Phase Cdamoyn

Functional Baseline states the technical performance of an itematiished with the approval of the
System Specification

Goals desirable characteristics or conditions. Tylhycsomewhat qualitative.

Implementation Aspects describes the theoretical embodiment of a systeaitecture in functional
units and processes. It identifies subsystembntdogy, operating principles, interfaces, etc.
Schematic block diagrams typically represent immetation.

Major Reviews: key reviews that mark significant decisions adlestones in the technical development.
These include control gates but are not necessastyicted to them.

Mission Needs Statement a high level document that defines the missexuirements.

Mission: the utilization of assets to accomplish somesjgemilestones or to provide some specific
service.

Objectives desirable characteristics or conditions. Maybantitative and verifiable.
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Operational System those deployed entities that perform the mission
Part: smallest functional entity that can not be dégamsbled without damage. Example: A solar cell.

Partial: product will undergo significant expansion ofimement. Typically applied to analyses that
address only part of the design.

Physical System Hierarchy: the levels in the Product Breakdown Structure.

Plan: Intermediate planning items that formulate hawaativity will be accomplished. Typically
identify organization, responsibility, general floand key events.

Preliminary: refers to products with a significant level of nritiy They exhibit significant engineering
effort and are expected to undergo only modessi@vias to details.

Procedures detailed step by step planning materials.

Program Controls: products pertain to the general administrativé project management. These
include engineering master schedules and costtepor

Program Plan: indicates a specific approach to develop a ceimgmsive plan (e.g., a Reliability
Program Plan).

Program/Project Life Cycle Model: an idealized partitioning (segmenting) of a pots life cycle into
distinct, sequential activity periods that are safgd by major control gates or technical reviewhke
model identifies the key activities and the criefor progressing from one stage to the next. @hes
are frequently process models that entail threilfasctions: 1) identify major stages of a prajec
2) identify the activities of the stages, and 3pblsh transition criteria for progressing between
stages.

Project Phase segments of a project's life cycle from a manag® or procurement standpoint. These
are the usual Phase A through Phase E, each ohuwehdefined in, for example, NASA NHB 7120.5.

Qualification Item: development articles used to demonstrate tleaptbposed design will function
properly in the required environment under the nexguconditions. They are generally not intended
for flight.

Qualification: a process for establishing that a design or nat&ill perform satisfactorily in the
environment in which the System is to be operagegl (low Earth orbit). Also called design
certification, material certification.

Ratify: certify that a process was adequate and thaethédts and recommendations are justified.

Realization Aspects describes the actual physical embodiment ofrditye It identifies explicit
components, parts, physical layout, tolerances, B&tail drawings typically document realizations.

Requirements used to connote a formal, verifiable statemdriioction, performance, or characteristic.

Segment Level grouping of elements that are closely relat€dese elements often interface physically.
A segment often corresponds to a top-level functibthe System. Example: Data Collection
Segment.

Specification a document that contains requirements, impleat&mt concepts, and operations concepts
for all or part of a system. Specifications argbaometimes referred to as requirements documents,
but in addition to requirements, a complete speaifon also includes descriptions of candidate
hardware, software, and facilities and a discusefdmow the System will be operated.
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Subassembly Level two or more units joined together to form a kadde unit capable of disassembly.
Example: A solar panel.

Subsystem Level grouping of components that provide a major fiorcor related functions. Example:
Power generation and distribution.

System Specification defines the functional, performance, and intsfeequirements for the System or
segments. Includes a top-level description ofattebitecture and operations. Establishes a fumatio
baseline. Also called Type A Specification, Syst®egment Specification.

System in general, some collection of entitieBroduct systemefers to the totality of hardware,
software, personnel, and so on associated witadheal accomplishment of a mission. This system
is distinct for theproducing systerassociated with a development project.

Technical Management products that focus on the definition and contfaa technical process that
defines a complete, balanced attainment of theiomsseeeds and objectives. These include products
that define the process and tools to be used,léms fior monitoring and controlling the process] an
plans to ensure suitable integration of engineesperialties.

Technical Product: products pertain to the actual definition and flitfent of mission needs. These
include engineering plans, requirements/specificestj concepts / designs/data/drawings, criteri, te
data, technology, operations plans, training mateaind hardware and software. Here, the term
product is used in a general sense to indicate speafic data or item rather than a complete
document or separate deliverable.

Technical Stage segments of a project's life cycle from a techhivorking level standpoint. Each stage
has a unique focus or technical thrust (althoughettmay be significant overlap), and a transitma t
different type of activity is made as the projeasges through a control gate between one stage and
the next.

The System the totality of hardware, software, personnat] ao on needed to perform the designated
function or mission. Example: Earth Monitorings&m.

Update: a new release of a previously approved product.
Validation: a process for establishing that an entity widleth(or can meet) mission needs or objectives.

Verification: a process for establishing that an entity mepéifications.
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