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Section 3. SYSTEMS ENGINEERING (previously section 4.)
contains accepted changes proposed by Subject Matter Experts
from MSFC Engineering organizations, and members of the
Document Control Board (DCB). In summary the new section 3.
SYSTEMS ENGINEERING, includes guidance and best
practices for the seventeen systems engineering process as
applied to MSFC PPAs, as used to be described under section 4.
Systems Engineering REV B of this handbook, plus the
following changes:

» SMEs and DCB technical comments accepted by the OPRD for
several sub-sections within this section dedicated to Systems
Engineering.

» Updated SMEs tables in each one of the seventeen SE
processes sections as proposed by the corresponding SME and
accepted by the OPRD.

« Added section 3.2.2.1.6 Product Testing. It discusses the overall
product testing process scope; Testing types overview; “Test As
You Fly” approach; Testing process overview (planning,
facilities & equipment, hardware requirements, TRR, etc.);
NASA & MSFC testing standards; Industry standards & MSFC
requirements for test area facilities & equipment; Systems
Engineering processes implemented by the test service provider.
» Sections, 3.3.2.4 Configuration Management (CM) Process &
3.3.2.5 Data Management process were extensively updated:
Modified objectives and purpose sections; References to MSFC
Guidance Manual (MGM) 7120.3, MGM 8040.1 and other
applicable standards; Updated sections on CM Planning and
Strategy, Configuration Identification, Configuration Control,
Configuration status Accounting and Configuration Verification
and Audits including Tables with specific steps for various CM
planning and implementation tasks; updated Configuration
Control Board (CCB) functions including figures; Configuration
audits and configuration verification; Change request preparation
and evaluation steps.

* Added section 3.3.3.1 Mishap and Failure Investigations. It
discusses the Agency and MSFC requirements; Agency
Requirements overview (NPR 8621.1); MSFC guidance and best
practices; MCP 8621.1 and MWI 8621.1; MSFC DRDs:
STD/SA-SHPoff and/or STD/SA-SHPon; Hazard Analysis and
Failure Modes and Effect Analysis (FMEA) and Critical Items
List (CIL).

» Added and updated applicable MSFC Data Requirements
Descriptions (DRDs) for the SE processes, are listed & briefly
defined within the SE processes’ sections.

* Imported several figures from NASA/SP-6105 Systems
Engineering Handbook as part of examples under specific SE
Processes: N2 Diagram, Timing diagram, Functional Flow Block
Diagram, Requirements Allocation Sheet, etc.

* Revised/corrected numbering system for the entire document,
including numbering for tables and figures.

« Updated references to other NASA, MSFC and Industry
accepted documents: No rev, table, figure or section numbers are
included in references.
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* Revised list of acronyms.

* Reorganized and updated Table of Contents.

« Editorial modifications: As result of deleting section 3.
PROJECT MANAGEMENT, several editorial adjustments were
made. Font size for the SMEs Tables modified to, Times 10.
Also, additional editorial modifications (i.e., acronyms: PPA;
PPA manager; CE, R&R, etc. Spell out: systems engineering;
etc.) were made throughout the entire HDBK, plus other format
and related editorial changes.
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1. INTRODUCTION
11 Scope

This Handbook describes the basic processes and provides general guidance for managing and
implementing systems engineering throughout the life-cycle for all programs/projects/activities
(PPA) managed at Marshall Space Flight Center (MSFC) and executing the systems engineering
processes employed at MSFC. Its intended use is for PPAs that provide aerospace products,
technologies, data, and operational services (aeronautics, space, and ground). It also serves as an
information source for PPA such as non-flight infrastructure, Construction of Facilities (CofF),
Small Business Innovation Research (SBIR), and for research and analysis PPAs. The guidance
contained in this document, while not required, documents proven best practices and approaches
to systems engineering and is aligned with the NASA and MSFC policies and guidance for
Systems Engineering.

Systems engineering principles and practices described in this Handbook apply to MSFC PPAs.
Nevertheless, the emphasis of the document is to describe the systems engineering processes
necessary for PPA development; therefore, in general, the document refers only to systems
engineering.

While all process activities and general guidance are addressed, PPA managers, working with
their systems engineers (SEs), and Chief Engineer (CE) may tailor and customize implementation
to the specific needs of the PPA consistent with PPA size, complexity, criticality and risk.
Tailoring and customizing are mechanisms to encourage innovation and achieve products in an
efficient manner while meeting the expectations of the customer. Tailoring results when a
requirement is removed or modified from a PPA, whereas, customization results when a best
practice or guidance is removed or modified from the PPA (MRP 7120.1). Results of the
tailoring will be documented in Program Commitment Agreements (PCAs), Program Plans,
Project Plans, and Activity Plans. All PPAs comply with applicable MSFC directives,
requirements established by law, regulations, Executive Orders, and Agency directives.

1.2 Purpose

The purpose of this Handbook is to describe the basic systems engineering principles and
processes and to provide general guidance for implementing these systems engineering to PPA at
the MSFC. This Handbook also defines the contemporary policies and practices employed at
MSFC in the planning and execution of systems engineering processes.

This document is not intended to be a specification for future PPAs, but is to be used as guidance
in both in the management of PPAs and in the development of plans for future PPAs. It will also
serve as an orientation for newcomers and outsiders to the MSFC processes in the systems
engineering employed in the development of space systems.
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1.3  PPA Leadership Team Roles & Responsibilities

The PPA Leadership Team include, at a minimum, the PPA Manager, CE, Lead System Engineer
(LSE), Chief Safety and Mission Assurance Officer (CSO) and Lead Technologist/Principal
Investigator (LT/PI, when applicable). The roles and responsibilities (R&R) of the PPA Manager,
CE, LSE, CSO and LT/PI should be defined at the outset of each PPA formulation and updated
throughout the PPA life-cycle. The following definitions may not be all inclusive dependent on
the need of the PPA and how the R&Rs are distributed amongst the Leadership Team.

1.3.1 Definition of PPA Manager

The R&R of the PPA Manager are defined in the PPA Management Toolkit located on the Project
& Engineering Collaborative Environment (PECE) website.

1.3.2 Definition of Chief Engineer

As a member of the PPA leadership team, the CE coordinates with the PPA manager and
integrates the involved engineering technical disciplines, and Safety & Mission Assurance
(SMA), to ensure proper strategic direction and scope-of-work is established for each PPA. The
CE is the Engineering Technical Authority (ETA) for the PPA (Section 2.2). The CE roles should
be customized depending on the risk posture of the PPA, mission type, flight or technology
development investigation, etc. Some general roles of a CE include ensuring engineering
adequacy and coordination of in-depth engineering support from the appropriate Engineering
Laboratories and Departments, leading and coordinating the technical activities, problem solving,
and issue resolution within the Engineering Directorate (ED) and assuring that technical
cognizance is maintained over associated contractor activities. It is the CE’s responsibility to
coordinate with the LSE to identify and implement applicable and technically sound engineering
practices and standards, develops technically sound solutions, and that PPA management is aware
of all technical risks associated with PPA implementation throughout the life-cycle.

The PPA CE works with the PPA Manager, LSE and element/system//sub-system discipline
leads, as applicable, to ensure engineering requirements are fully represented in the PPA and
technical planning products. Reviews and concurs on PPA and technical planning documents
including: work breakdown structures, deliverable lists, risks and assumptions, facility
requirements list, schedules, resource requirements, and cost estimates. The PPA CE is also
responsible, in conjunction with the LSE, for ensuring design integration activities identified are
necessary and sufficient to obtain verification (across and within subsystem and discipline teams
for the PPA systems). The CE executes ETA by establishing the Engineering position (in
coordination with the involved disciplines) for PPA technical decisions and resolution of any
technical issues. The CE works with the appropriate Engineering management and PPA
management to ensure that the correct engineering position is established and represented for all
PPA issues and decisions. The PPA CE is responsible for aiding the PPA Manager in resolution
of technical issues through the identification, assessment and recommendation of cost-, schedule-,
and risk-balanced options.
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Often the CE performs the role of mediator when disagreements arise between technical
disciplines or between technical disciplines and the PPA Offices. Any disagreements, alternate
opinions, or disputes are resolved at the lowest possible level utilizing the dissenting opinion
process (refer to MCP 8070.2 for additional details). Any disputes that cannot be resolved
between CE and discipline management are elevated to the Engineering Management Council
(EMC) for adjudication and decision by the Engineering Director.

1.3.3 Definition of Lead Systems Engineer

As an overall summary of this document, the PPA Lead Systems Engineer is the responsible lead
for all PPA systems engineering and integration (SE&I) activities. The LSE is responsible for the
formulation and implementation of the assigned PPA SE&I element including: the safety,
technical integrity, performance, and mission success of the SE&I element while meeting (cost
and schedule) commitments. For PPA and technical planning, the LSE serves as a task leader,
providing PPA technical and management support, including defining PPA scope, requirements,
solutions and deliverables; consulting with customers, working groups and experts as needed;
implementing plans to meet goals and objectives; providing recommendations to coordinate and
integrate activities, resolve complex problems impacting PPAs. The PPA LSE is also responsible,
in conjunction with the CE, for ensuring design integration activities identified are necessary and
sufficient to obtain verification (across and within subsystem and discipline teams) for the PPA
systems. A LSE requires a strong ability to frame complex problems, synthesize information, and
develop and communicate solutions. This calls upon excellent written, oral communication and
presentation skills. Develops technical plans including the SEMP and V&V Plan and other
documentation as required.

1.3.4 Definition of Lead Technologist/Principal Investigator

A Lead Technologist (LT) or often called the Principal Investigator (Pl) is the senior subject
matter expert who conceives the mission, works with stakeholders to define the benefits of
completing the demonstration, and advocates for implementation to the customer. Once the PPA
is approved for formulation, the LT/PI is responsible for assembling and leading a team of
specialized subject matter experts (the technology team) to define, implement and execute
selected investigations of the mission. The LT/PI has full responsibility for the scientific integrity
of the mission, is the ultimate decision maker on technology content, and must ensure that the
overall PPA team maintains focus on the “big picture” vision for the mission. The LT/PI is
expected to coordinate with the PPA manager, Deputy PPA manager, CE, and LSE and work with
customers to understand requirements and constraints and support leadership and engineering
team in defining mission success criteria and lower level PPA requirements. The LT/PI oversees
or aids in the development of the technology system architecture, design, and operations and
recommend resources and tools to enable efficient and accurate analysis and testing for
technology and system development. In addition, the LT/PI defines required measurements to
acquire data to validate the technologies’ performance and to validate performance models. In
conjunction with the CE and LSE, works to solve technology related problems and technology
related disputes.
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As the warden for the scientific integrity and success of the mission, the LT must be prepared to
recommend PPA termination when, in his/her judgment, the successful achievement of
established minimum science objectives (the minimum success criteria), is not likely to be
achievable within the committed cost and schedule reserves.

1.3.5 Definition of Chief Safety and Mission Assurance Officer

The PPA CSO serves as the PPA level SMA Technical Authority. The PPA CSO ensures that the
PPA and technical planning is consistent with Agency and Center SMA design processes,
specifications, rules, best practices, etc., necessary to fulfill mission performance requirements for
the PPA. The PPA CSO assesses hazards applicable to the PPA and facilitates Risk Management
for the PPA to assist the PPA Manager in assuring that Risk Informed Decision Making and
Continuous Risk Management practices are followed and defines any occupational safety, health,
and environmental requirements the PPA may have. The CSO also develops the Safety and
Mission Assurance Plan (SMAP), if appropriate, and provides the SMA component to the PPA
Plan as well as reviews of all PPA and technical planning documents. If the PPA establishes a
Board structure, the CSO provides leadership for SERB (SMA Engineering Review Board) in
cooperation with the CE when SMA issues are the driver for an ERB. The CSO also establishes
and maintains a system to report failures and non-conformances through a PPA level problem
reporting and corrective action system and chairs the Material Review Board (MRB) as needed.

1.4  Reference Documents (see Appendix G)

2. MSFC PROGRAM, PROJECT, ACTIVITY: POLICY, TECHNICAL
AUTHORITY, AND SYSTEMS ENGINEERING & QUALITY MANAGEMENT
SYSTEM

2.1 MSFC Policy: Compliance, Assessment, Tailoring, and Governance Approval

2.1.1 Policy Overview

Marshall Space Flight Center (MSFC) has historically achieved successful mission execution,
effective PPA management, and efficient systems engineering. In support of these goals, MSFC
has established PPA requirements and associated technical practices via policy documents with
the goal of clearly defining requirements but also offering options for tailoring those requirements
to each PPA’s unique needs. With an increased emphasis on minimizing cost and reducing
schedule, MSFC is encouraging an integrated and streamlined approach to customize and tailor
policy expectations, emphasizing risk-based decision making, and increased efficiency and
affordability without compromising safety.

NASA's systems engineering and technical management policies employ a standardized PPA
management life-cycle concept with variations corresponding to mission categorization. NASA
HQ defines the basic systems engineering processes and the technical review expectations.
However, based on each Center's unique portfolio of PPAs and mission categories, the Agency
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allows each Center to define its own systems engineering processes, technical reviews, and
product requirements.

2.1.2 MSFC Requirements Documentation

Two procedural documents have been developed and refined over the years to specify the PPA
management and systems engineering requirements necessary for the successful execution of all
identified categories of PPAs. These Marshall Procedural Requirements (MPRs) are: the MPR
7120.1 MSFC Engineering and Program/Project Management Requirements, and the MPR 7123.1
MSFC Systems Engineering Processes and Requirements. Both are available on the Marshall
Integrated Document Library (MIDL) website. These documents support the following primary
mission types: spaceflight systems for human or robotic exploration and operations in space,
space technology development, and scientific research. MPR 7120.1 identifies specific PPA
management and systems engineering requirements for each mission categorization.

2.1.3 User Tools

2.1.3.1 Integrated Life-cycle Products and Reviews Display Tools

A global view of the integrated PPA life-cycle is available by accessing the “Integrated Life-
Cycle Products and Reviews” file, available on the MIDL. This pdf file can be viewed by the user
or plotted in a large format for presentations and reviews. It provides a complete overview of all
requirements, products, and reviews, for each PPA category and is consistent with information
within the MPRs.

A companion tool, the “Integrated Life-Cycle Milestone Overview” is available on the MIDL
which displays only the integrated life-cycle milestones. This more streamlined graphic is a useful
chart for wall display during presentations or reviews. It displays three levels of reviews:
subsystem reviews, PPA life-cycle gates, and PPA life-cycle gates. Useful characteristic of this
chart is its depiction of the order of reviews as well as the sequence and flow of information
between reviews. This chart displays all potential reviews and the relationships between reviews
as specified within the MPRs.

The user may request the original Visio file from which each of these graphical displays was
created by contacting the Systems Engineering Office. If the user has access to Visio software, the
source file, the original files can be modified to display only the unique life-cycle products and
reviews planned for a particular PPA. The user may find it useful to create a unique wall display
based on their tailored products and review criteria. The Systems Engineering Office is available
to assist the user in modifying the Visio file for their particular application and in plotting large
wall displays.

The “Integrated Life-Cycle for Programs/Projects/Activities/Tasks” chart (see Figure 1.) is
available on the MIDL in editable format in both Excel and Word, enabling the user to extract and
edit specific tables for display of a particular tailoring scheme. The “MSFC Integrated Program
and Project Life-Cycle Reviews and Products - Word, is identical to that in the Appendix of the
MPR 7123.1. Also available is the “Integrated Life-Cycle Tables — Excel,” organized by tabs with
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one set of products on each tab. Both files contain all products and reviews specified within the
MPRs, formatted for different applications. Each set of products can be extracted as individual
tables for insertion into PPA plans or presentations.

Appeéval for . Appiéval for i
Formulertion Formu/atlon Implemeéptation Implementa“on
Program Life-Cycle ' ' ' ' ' '
Gates KDP 0 KDP | KDP 11 KDP 11l KDPIV  KDPn
b
] Program Life-Cycle
E Documents,
& Events, Agency
3 Reviews
=
FRR/ PIR/
Program Life-Cycle SRR SDR PDR CDR PRR SIR DCR ORR MRR PLAR CERR PFAR PSR DR DRR
Reviews AA—— A A A A AR A A AN AA
LR T S S XS, S U S R SU
Project Life-Cycle
Gates
P
3
= Project Life-Cycle
E Documents,
0. Events, Agency
o Reviews
L.
<]
3 ’ ‘ h
= ¢ } |
‘5 Project Life-Cycle { Y v | ! | ! | i 1 ! i | ! |
L Reviews A . - P - R = »h---- R O . = =
g | \ A A A A A A 4 A A A A A A
2 i
‘B T
=~ '
:‘E : \
Subsystem v v | i H | | 1 | 1 | i 1 i
Reviews »h---- Lo b - - R O =, e S S

. Integrator Life-Cycle
Reviews

Figure 1. MSFC Integrated Life-Cycle for Programs/Projects/Activities/Tasks
(NOTE: See Appendix A for acronyms)

2.1.3.2  Automated Generation of a Compliance Matrix via the *"Customization Tool""

All products and reviews specified within the MPRs are not necessarily applicable to each PPA.
Each mission area has unique expectations for the programmatic and technical reviews as well as
the products required at each review. Certain requirements are only applicable to particular PPA
life-cycle types or for efforts above a specified life-cycle cost threshold or risk tolerance level. To
assist the user in migrating through the many requirements described within the MPRs, a
“Customization Tool,” is available on the MIDL which generates a compliance matrix based on
user input.
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The “Customization Tool” contains a comprehensive database of requirements, guidance, product
maturity specifications, and life-cycle review expectations applicable to all MSFC PPA life-cycle
classifications. This database of information is a compilation of the information specified within
the MPRs. When using the “Customization Tool,” the user initiates the built-in macro, activating
a series of user input screens prompting the user to select the information corresponding to the
particular PPA. Based on user input, the tool filters information within the database and generates
a compliance matrix in Excel format, specific to user’s needs.

The compliance matrix specifies the applicable requirements, along with recommendations for
customizing and tailoring these requirements. It also provides a standard methodology to facilitate
the process of determining, documenting, and obtaining approval for a specific tailoring approach
and policy compliance assessment. The automatically generated compliance matrix is a
significant time-saver for the user, as it streamlines and integrates policy expectations based on
PPA scale factors, consolidating data into a single manageable worksheet.

In addition to generating a compliance matrix, the “Customization Tool” provides matrices that
summarize all required products, entrance and success criteria, best practices, recommended
products, and the associated maturity levels for each of the technical and programmatic reviews
within the PPA's life-cycle. This information is provided to assist the PPA implementation team
in customizing the review planning to match the unique needs and characteristics of a particular
PPA and its mission objectives.

Once a compliance matrix is generated via the “Customization Tool,” MSFC encourages tailoring
these requirements to further align with the unique characteristics of the PPA. This is
accomplished through the team’s careful consideration of each requirement and its applicability.
As each requirement is considered, the team notes the applicability as one of the following: not
applicable, applicable with modifications, or applicable with the intent to fully comply. If the
team does not intend to fully comply with any requirement, a rationale is documented on the
spreadsheet. The information in the spreadsheet becomes a working copy for the team. A
summary of this information is extracted for presentation to Center management at the
Engineering Management Council (EMC) and Program/Project Management Advisory
Committee (PPMAC). Center management approval is required when the team plans to tailor
requirements, and the approval process is specified within MPR 7120.1.

2.1.4 Program, Project, Activity Mission Type Categorization and Risk Classification
System

21.4.1 Risk Classification System Defined

Effectively using the tools, particularly the “Customization Tool,” requires an understanding of
the PPA Mission Type (MT) Categorization system. MSFC's categorization system is derived
from the Agency payload risk classification system found in NASA Procedural Requirement,
NPR 8705.4 Risk Classification for NASA Payloads. The MT categorization scheme is defined
on the "Instructions” tab within the “Customization Tool” as follows:
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* Table 1 defines the MTs: Type 1, Type 2.a, Type 2.b, Type 3.3, Type 3.b, Type 3.c, Type 4, and
Type 5;

* Table 2 defines the mission categories: Ground-Based, Manned Flight, or Unmanned flight;

* Table 3 provides a logic diagram for PPA category and type.

Each table is consistent with information contained in MPR 7120.1.

MSFC expands NASA HQ’s scope of applicability to include all PPA types, as opposed to only
payload PPAs. The MSFC scheme combines the risk tolerance classification concept with the
Agency PPA categorization scheme found in NPR 7120.1 which is based primarily on life-cycle
cost (LCC). The MSFC scheme utilizes a standard set of scaling factors to classify PPAs into
eight pre-defined MT levels. The scaling factors include the following:

1) Mission criticality and significance within NASA's overall strategic plan
2) Acceptable tolerance for the risk of not achieving mission success

3) System complexity

4) Expected magnitude of the Agency's investment cost

5) Expected mission lifetime

6) Primary mission areas supported

21.4.2 Determining a Program, Project, Activity’s Governing Requirements and
Mission Type Categorization Level

The PPA manager should first determine which set of PPA management requirements are
applicable for the specific application. NASA PPAs are managed under either space flight
requirements, i.e. NPR 7120.5 Space Flight Program and Project Management Requirements or
research and technology requirements, i.e., NPR 7120.8 NASA Research and Technology
Program and Project Management Requirements. Both sets of NASA HQ requirements are
flowed down into MSFC requirements as specified within MPR 7120.1. For all PPA types, the
intended set of applicable governing requirements should be specified by the parent mission
directorate, or PPA office. If uncertain, the PPA manager should refer to their PPA formulation
authorization document (FAD) for details. If the governing requirements are not specified within
the authorization documents, then the PPA manager should obtain guidance from the parent
mission directorate, or PPA team.

A special category of mission types, the MT 4 and MT 5 are MSFC-specific classifications for
efforts outside the range of Agency recognized PPAs. These efforts involve work that MSFC
performs for other Centers. These efforts are presented to the EMC and then to the PPMAC to
request approval for delegation of authority to the lowest level of MSFC management. For these
activities, MSFC applies a streamlined set of activity management and reporting requirements to
ensure that they meet the requirements that are driven from the parent PPA at NASA HQ.
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Confusion may exist when determining PPA MT category. Often a PPA does not fit precisely
within the boundaries of a particular category. Perhaps the most difficult to assess is a PPA's MT.
The PPA team should use a best judgement approach and document assumptions. These
assumptions should be included within the presentation package to Center management when
seeking tailoring approval.

2.1.4.3 Importance of a Well-Defined Categorization System

MT categorization not only provides a framework for defining the effort, but also provides the
context for assessing policy expectations and determining tailoring needs. When reviewing and
approving tailoring requests, the MSFC governing authorities utilize the MT framework as a
framework for risk-informed decision-making.

Not only are the mission types used to define the applicability for selected technical and
programmatic products and technical reviews throughout the life-cycle, but they are also used as
the basis for recommended implementation approaches for specific products and technical
reviews defined within the “Customization Tool.” (see section 2.1.5.1). The customized
implementation approaches were developed from lessons learned and include recommendations
and best practices for implementing various products with varying degrees of rigor and
complexity.

2.1.5 Customization and Tailoring

2.15.1  Tailoring Requires Best Judgment

It is essential that the MSFC systems engineering community has a common definition of
tailoring and customization. Tailoring results when a policy requirement is eliminated, or
modified, to accommodate the unique nature of a PPA. Customization results when a best
practice or guidance is eliminated, or modified, to accommodate the unique nature of a PPA.

Generation of a condensed compliance matrix via the “Customization Tool” is the initial step in
the tailoring process. Once the automated compliance matrix is generated, the actual requirements
tailoring occurs, as the user evaluates each requirement, employing best technical and
programmatic judgment to determine applicability of each requirement specified. The user
evaluates the requirements in the matrix item by item, determining what is, or is not, applicable to
the particular effort. Even though the “Customization Tool” filters requirements based on PPA
common characteristics, many requirements are dependent on particularities known only to the
PPA team, characteristics impossible to specify within a standard set of questions.

For certain selected requirements, the tool will indicate a recommended methodology for
implementing that requirement, e.g., implementing a control plan product as part of the overall
PPA plan. For other products or requirements, the compliance matrix may indicate non-
applicability to specific MTs that are below a certain threshold level. For example, some products
are not applicable for MT 3, risk class D, and less than $150M LCC. When the “customization
recommended” field is blank, this indicates that there is no specific recommended approach for
implementing this particular requirement.
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Typically, tailoring of PPA requirements is a joint effort by the PPA manager and the responsible
CE.

2.15.2 Compliance Assessment

As each requirement is considered and the implementation approach is chosen, the user completes
the compliance matrix columns, filling in the appropriate fields, indicating the PPA's approach as
either:

1) full compliance

2) compliance with the intent of the requirement
3) tailoring with justification

4) "not applicable™” with justification

Approval for the proposed tailoring is obtained from the appropriate governing authority as
indicated in the compliance matrix which is consistent with information in MPR 7120.1. In
practice, tailoring is “seeking relief” from certain requirements based on the PPA's size,
complexity, and acceptable risk.

2.1.5.3  Tailoring Rationale and Justification

For all requirements designated "full compliance" or “compliance with the intent of the
requirement,” the user should indicate the documentation that will be used to satisfy the
requirement. The user should include rationale to justify any requirements to be tailored or
implemented in a manner that, although not precisely what is prescribed in the requirement,
satisfies the basic intent and scope of the requirement. The user should also provide rationale
justifying any requirements determined not to be applicable. This does not include requirements
that are obviously not applicable based on objective PPA characteristics, e.g., a requirement that
is not applicable because the requirement states that it only applies to PPAs with a LCC greater
than a certain value, and the PPA in question is less than that value. Any requirement that is
determined to be “not applicable” or that is tailored requires concurrence from the PPA manager,
the Lead Systems Engineer and the designated CE and CSO. A summary of the tailoring
justifications and the "not applicable™ justifications become part of the package presented to
MSFC management for approval prior to PPA implementation.

Fundamental within the tailoring philosophy is that risks must be continually considered.
Tailoring rationale should include the following:

1) specifics as to how the approach differs from the requirement statement.

2) the scope and duration of the deviation.

3) identification of any additional risk incurred due to the alternate approach

4) why it is acceptable to incur the additional risk

5) stating rationale for "no additional risk."
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The rationale justifying the tailoring should be described within the context of the PPA's
acceptable risk tolerance level, i.e., risk class A-D, as described in the MPR 7120.1 Mission Type
classification scheme, wherever practical.

2.1.5.4  Compliance Matrix Example

Figure 2. is a snapshot of a portion of a compliance matrix generated by the “Customization Tool”
and further customized by the user. Notice the three columns on the far right labelled
"Program/Project Compliance,” in which the user has made comments justifying the tailoring
rationale.
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Figure 2. Example of a Compliance Matrix Generated by User via the
“Customization Tool”

During the customization & tailoring process and initial compliance assessment, Lead Systems
Engineer (LSE), the CE and/or PPA Manager with awareness of the CSO should consult and
collaborate with the Systems Engineering Office during the initial compliance assessment.

The Systems Engineering Office will assist with explaining the applicability and intent of MSFC
requirements and their relationship to Agency level requirements. The Systems Engineering
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Office will also provide examples of tailored compliance matrices from other small PPAs, and
assist with developing appropriate rationale for the proposed tailoring approach. If any tailoring
requires Agency-level approval, the Systems Engineering Office will begin preliminary
communications with the appropriate contacts to determine the specific information or
documentation needed.

2155 Customization Tool in Practice

An example of utilization of the “Customization Tool” is the compliance matrix generated for the
"3D Printing in Zero-G," a small technology demonstration project which demonstrated additive
manufacturing technology in a microgravity environment. This project flew onboard the
International Space Station (ISS) inside the Microgravity Science Glovebox. This project was
managed as an activity in support of research and technology. It was an MT 4 activity

category with relatively low cost, but high visibility for MSFC and the Agency via the technology
demonstrated. Additionally, it had high acceptable risk tolerance. Figure 3 below is an excerpt
from this project's customization approach.
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Figure 3. “3D Printing in Zero-G” Example of the Compliance Matrix Generated by User
via the “Customization Tool”
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Another example of the “Customization Tool” in practice is the compliance matrix for the
Marshall Grazing Incidence X-ray Spectrometer (MaGIXS) effort. This is a small research
investigation to study the solar coronal heating through solar spectrum measurements, awarded to
MSFC via the NASA Research Announcement (NRA) for Research Opportunities in Space and
Earth Sciences. This instrument will fly a suborbital mission onboard a Sounding Rocket. This
effort was managed as an activity in support of research and technology development. As an

MT 5 activity, it represents one extreme of the mission type scale, i.e., very low cost, low
criticality, and high acceptable risk tolerance. Figure 4 below is an excerpt from this activity's
customization approach.
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MSFC %7 requirements in MPR 7123.1 for those processes determined applicable by the Engineering |Comliance Matrix assessment. Request delegation to the STO Manager and STO Chief
Derived Director. The Engineering Director may choose to impose additional systems engineering Appendix Engineer,
requirements as detemined appropriahz based on the particular characteristics of that activity.
Type 4 activities shall also report the results of the Technical Review and Systems Engineering (0 [MaGISActivityPlan | /A [MAGIXS iscategoried asa Mission Type S Activity per guidance
MSFC B3 Apglicability Assessments to the Associzte Director, Techaical and the Center Director, who may provided in MPR 7120.1, Table -1
Derived " |choose to impose additional systems engineering requirements a5 determined appropriate based
jon the paticular characteristics of that adtvity.

Figure 4. Example of Compliance Matrix for the Marshall Grazing Incidence X-ray
Spectrometer (MaGIXS) Effort

2.1.6. Governing Authority Approval
2.1.6.1  MSFC Center Level Approval
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The PPA manager presents an overview of the compliance assessment and proposed tailoring
approach to the appropriate MSFC governance authorities per the process detailed in MPR
7120.1 and MPR 7123.1 The PPA should work with the appropriate CSO to assess the

SMA requirements ensuring that the applicable SMA requirements are either implemented or that
relief is properly requested and approved by the appropriate level of governance authority. The
PPA manager obtains concurrence at each level of the governance authority, unless the governing
official has already delegated approval authority to a lower level. Each authority may choose to
delegate approval for a specific PPA, on a case-by-case basis. In addition, individual requirements
may necessitate different levels of approval. For any requirement that needs Agency-level
approval, the PPA has to obtain the concurrence of the Associate Director, Technical before
obtaining Agency approval.

The requirement is to obtain approval of the MSFC or NASA HQ management authority, as
appropriate. This may be accomplished within standard meeting forums, e.g., PPMAC, EMC,
Safety and Mission Assurance Council (SMAC), PPA Office Monthly Reviews. Alternatively, it
may be accomplished "out-of-board" at the discretion of the management authority. The standard
EMC meeting minutes will serve as record, if approved, within the board meeting, but the "out-
of-board" option requires generation of a Memorandum of Record (MOR) to capture evidence of
approval by the appropriate authority. Approval by the board is preferred, as this method provides
greater visibility for the PPA and facilitates discussion with various PPMAC organizational
representatives. Figure 5 captures the MSFC tailoring approval process.
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MSFC Approvals for Compliance Assessments

Center Director or Designee (CMC)

-~

Within CMC Purview
(MT1-4* if not specifically delegated down), — Associate Director, Technical (PPMAC) ----=

or Agency Waiver required

»

CMC Threshold

|
|
|
|
1
|

OSMA Requirements

Applicability
Assessment

Program/Project Plan &
Compliance Assessment

Less Than CMC Purview

. o Director of Project Office Engineering Director
(MT5* and those specifically delegated down) =
(Monthly Review) (EMC) SMA Director (SMAC)
A A A
Program/Project Plan & 1 OSMA Requirements
Compliance Assessment : Applicability
Eoray 3 " Assessment
*MT4 and 5 activities obtain AD,T agreement H
on category selection (whether 4 or 5) MSEC Chief Engineer E
___________________ :
T -
L]
Program/Project Plannin
gramFro} E PM, CE, CSO

& Compliance Assessment

Figure 5. MSFC Tailoring Approval Process
2.1.6.2  Agency Level Approval

When Agency level approval is required, the SE Office is available to work with the PPA
manager in obtaining that approval, following concurrence from the MSFC Associate Director,
Technical. In most cases, the PPA manager may proceed with implementation once the Center
level approval is obtained. The Systems Engineering Office will work with the PPA manager and
the CE to document and communicate the draft "Request for Relief" to the NASA Headquarters
(HQ) Point-of-Contact (POC). The Systems Engineering Office maintains a list of HQ POCs and
will prepare the relief request memo, per a standard template. The Systems Engineering Office
will obtain the concurrence of the PPA manager, CE, and CSO (if applicable), and route the
request through the MSFC Directives Manager for concurrence of the Document Control Board
(DCB) Chairperson prior to submitting to the Associate Director, Technical.

The MSFC Associate Director, Technical will submit the “Request for Relief” memo to the
appropriate HQ Authority and will communicate the results, i.e., the response memo, from HQ to
the PPA manager and Systems Engineering Office. Formal relief request and response memos
will be retained as records on the PPMAC website, and a copy will be provided to the PPA and
the CE. The PPA should document the results in the compliance matrix along with the
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corresponding memaos, or, alternatively, include a reference to the PPMAC record location. Figure
6 captures the Agency "relief request"” approval process.

HQ Approvals for Compliance Assessments

Agency Approval Authority

A
4. Response
memo and any
X Ssupporting
HQ Point of Contact < Sty detail.
formal relief
A request memo.
1. Communication with HQ MSFC Associate Director, Technical
to determine specific details 5. Communicates
required for particular A HQ response.
program/project/activity. 2. Prepares and obtains
concurrences on formal
relief request memo (per
standard template.) PPA Manager
MSFC Chief Engineer’s Office/Systems Engineering Office (SE) l
PPA Records
Repository

Notes:
1. SE Maintains list of HQ POCs
2. SE assists in obtaining approval
of the proper Agency authorities

Figure 6. Agency "'Relief Request™ Approval Process

There are limited situations in which NASA Headquarters approval is required, and these
instances are specified within the Compliance Matrix generated via the Customization Tool.
Within the Compliance Matrix, there is a column titled “Approvals Required for Tailoring” which
specifies any approvals required by displaying the name of the approving organization for each
requirement. In most cases, this field indicates “CD” for Center Director. In some cases it
specifies “OCE,” indicating that approval by the Headquarters Office of the CE is required for
tailoring that requirement. In a few cases, “OSMA,” indicating that the Office of Safety and
Mission Assurance must approve tailoring of the requirement. There may occasionally be a
Headquarters Directorate specified, indicating that a particular Directorate’s approval is required
for tailoring a specific requirement, but those are rare. Typically, this column indicates one of the
following: CD, OCE, or OSMA.

For assistance with understanding and obtaining the necessary approvals, please contact the
Systems Engineering Office.
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2.1.7 Conclusion

MSFC's evolving systems engineering and PPA management culture is intended to promote an
integrated and streamlined approach which should preserve valuable resources and increase
efficiency. Although a new philosophy and culture of streamlining and tailoring has emerged,
MSFC management remains sensitive to risk-based decision-making. As each PPA team develops
its unique tailoring approach and presents the proposal to MSFC management for approval, it is
essential that the MSFC governance authorities receive adequate information in order to gain the
necessary insight and oversight for decision-making that ensure mission success.

2.2 Technical Authority Overview

Within NASA, Technical Authority (TA) is a fundamental aspect of NASA’s governance
structure, which utilizes a system of checks and balances between Programmatic Authorities and
Institutional Authorities to ensure mission success by balancing the need for cost and schedule
efficiency with appropriate emphasis on availability of workforce/infrastructure, technical rigor,
and compliance with applicable requirements from Agency/Center policy and technical standards.
TA is a primary component of Institutional Authority. TA provides for independently funded
oversight of PPAs in support of safety and mission success. TA flows down from the
Administrator, through the NASA CE and the NASA Chief Safety & Mission Assurance Officer,
to the Center Directors. At MSFC, SMA TA flows to the SMA Director, and Engineering
Technical Authority (ETA) flows to the Engineering Director (refer to MCP 8070.2, (MSFC)
Technical Authority Implementation Plan for additional details). Below the level of the
Engineering Director, ETA splits into two parallel paths; 1) system level ETA flows through the
MSFC CE to the applicable CE for the PPA to which they are assigned, and 2) discipline level
ETA flows down through the Engineering line managers for the disciplines in their respective
organizations.

The CE coordinates with the PPA manager and integrates the involved technical disciplines and
SMA to ensure proper strategic direction and scope-of-work is established for each PPA. It is the
CE’s responsibility to ensure that MSFC utilizes technically sound engineering practices,
develops technically sound solutions, and that PPA management is aware of all technical risks
associated with PPA implementation throughout the life-cycle. The CE executes ETA by
establishing the Engineering position (in coordination with the involved disciplines) for PPA
technical decisions and resolution of any technical issues. The CE works with Engineering
Department/Laboratory/Division/Branch management and PPA management to ensure that the
appropriate engineering position is established and represented for all PPA issues and decisions.
Often the CE performs the role of mediator when disagreements arise between technical
disciplines or between technical disciplines and the PPA Offices. Any disagreements, alternate
opinions, or disputes are resolved at the lowest possible level utilizing the dissenting opinion
process (refer to MCP 8070.2 for additional details). Any disputes that cannot be resolved
between CE and discipline management are elevated to the EMC for adjudication and decision by
the Engineering Director. Likewise, any disputes that cannot be resolved between Engineering
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and PPA management are elevated to the Center Management Council (CMC) for adjudication
and decision by the Center Director.

The CE also works closely with the LSE for day-to-day coordination, communication, and
integration of technical direction with the various disciplines. The LSE is sometimes supported
by other systems engineers who handle lower level integration, reviewing technical information,
and making appropriate recommendations to the LSE and CE.

The CE works technical details with the LSE and supporting engineers as the situation
necessitates. The CE integrates the output from the LSE, Systems Engineering, engineering
disciplines, SMA, PPA office, and support contractors. The CE, the LSE, and the systems
engineer work in close coordination to ensure that for each decision the perspective of all
stakeholders are considered and all relevant technical issues are addressed; keeping the PPA
management informed of any risks or technical issues as appropriate. However, since the LSE
and the systems engineers do not have formal ETA, the CE makes the final decision when
reviewing technical recommendations from the LSE/systems engineers and reporting to the PPA
Manager.

The CE works with the PPA Manager to define the roles and responsibilities for technical support
within the PPA. In some small PPAs with limited workforce allocation, there may not be a
dedicated CE for each PPA, but there is always one individual designated to perform the CE
function, although they may also support other small PPAs. In addition, the CE may perform the
duties of the LSE and/or systems engineer, if an LSE or systems engineer is not assigned for that
particular PPA. The MSFC model for ETA and technical support is very flexible with many
options for customizing how the designated roles are filled and how day-to-day operations are
performed, as long as the final technical decisions are made by those within the formal ETA
delegation chain.

2.3  Systems Engineering Matrix to Quality Management System

Table 1, below, illustrates the relationship between an AS9100D Quality Management System
(QMS), and the systems engineering processes. The QMS supports implementation of the systems
engineering processes throughout the life-cycle, and serves to ensure quality of the products and
effectiveness of the processes. AS9100 compliance is required both in-house at MSFC and by the
prime contractors for flight projects. ISO quality standards which are tailored for suppliers are
flowed down as applicable.
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Table 1. AS9100D and Systems Engineering

SE PROCLESS AS9100D REQUIREMENT
Stakeholder Needs and Expectations of Interested Parties; Customer
Expectations Focus; Customer Communication

Technical Requirements
Definition

Requirements for Products and Services

Logical Decomposition

Design and Development Planning/Inputs

Design Solution
Definition

Design and Development Outputs; Resources;
Organizational Knowledge

Product Implementation

Design and Development Controls; Control of Production
and Service Provision

Product Integration Control of Externally Provided Processes, Products and
Services

Product Verification Design and Development Controls: Verification Activities

Product Validation Design and Development Controls: Validation Activities

Product Transition Release of Products and Services; Post Delivery Activities

Technical Planning

Operational and Planning Control

Requirements
Management

Design and Development Planning/Inputs; Control of
Externally Provided Processes, Products and Services

Interface Management

Control of Externally Provided Processes, Products and
Services

Technical Risk Actions to Address Risks and Opportunities

Management

Configuration Design and Development Changes; Changes to

Management Requirements; Identification and Traceability; Control of
Changes; Conirol of Nonconforming Outputs

Technical Data Documented Information; Control of Documented

Management Information; Control of Changes

Technical Assessment

Performance Evaluation; Monitoring, Measurement,
analysis and Evaluation; Internal Audits

Decision Analysis

Measurement Review
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3. SYSTEMS ENGINEERING

Systems engineering is an engineering approach that systematically considers all aspects of a PPA
in making system design choices. Systems engineering as a methodology is applicable to all
levels of a PPA, and to all levels of a design (i.e., system, subsystem, and component). The
success of complex space vehicles and space vehicle PPAs is highly dependent upon the systems
engineering process being properly exercised at all levels of design and management. More
specifically, systems engineering is the application of scientific and engineering efforts to:

a. Transform an operational need into a description of system performance parameters
and a system configuration through the use of an iterative process of definition, synthesis,
analysis, design, test, and evaluation;

b. Integrate related technical parameters and assure compatibility of all physical,
functional, and program interfaces in a manner which optimizes the total system definition and
design

c. Integrate reliability, maintainability, operability, safety, survivability, human aspects,
and other such functions into the total engineering effort.

d. Assist the PPA manager in assessing risks and identifying mitigations. Proper PPA
planning will then strive to mitigate the identified risks.

A systems engineering function is needed on every development and operational PPA. The
planned systems engineering and integration activities for a PPA are normally described in a
Systems Engineering Management Plan (SEMP) that is used in managing the systems engineering
functions. (A SEMP is normally not required for small, research type PPAs.) Systems engineering
is responsible for ensuring the top PPA system requirements are ultimately met and the system
performs as required.

In addition to the overall systems engineering management (as discussed above) the development
of each subsystem is also managed. As the system requirements are defined, the subsystem
requirements are flowed down from the system requirements. Subsystem examples include
structures, thermal, propulsion, attitude control, electrical power, guidance and navigation,
communications, and instrumentation. The PPA ensures the subsystem risks are identified, risk
mitigation is executed, and the subsystem requirements are achieved within budget and schedule.
This includes development of subsystem design documentation to support scheduled design
reviews, and the planning and conducting subsystem fabrication and verification activities.

Analysis of the integration of the subsystem into the overall system ensures functional and

physical compatibility. Subsystem technical issues are evaluated for system level impacts and
resolution.
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The integration of components/subsystems and their verification at planned levels are critical to
final system acceptance. The PPA ensures that all assembly and integration activities and support
are identified, planned, scheduled, and executed to support the overall PPA mission schedule.

The system level testing is the key activity that verifies, to the extent possible, in the Earth
environment, that the total integrated system will fulfill its requirements and perform on-orbit as
intended. The PPA ensures testing facilities are developed and verified and ready to support the
PPA schedule. Identifying any special test equipment early ensures its availability. The PPA
ensures the development of all system level test procedures, conduction of Test Readiness
Reviews (TRRs), and conduction of the tests, as well as ensuring the test data collected meets the
success criteria as defined by the test requirements. After completion of system testing, the testing
results are documented in a test report.

The development of this guidance was based on the following assumptions:

a. The NASA Systems Engineering Engine (see Figure 7) represents a set of integrated
systems engineering processes.

b. The scope and level of activity associated with each systems engineering process is
dependent on the context of the system life-cycle.

c. Each systems engineering process applies to all levels of the system architecture.

d. The recursive and iterative application of the system design processes is necessary to
derive and develop the detailed design of the system or product.

The NASA Systems Engineering Engine establishes an integrated set of 17 individual systems
engineering processes. This manual describes the integration of these processes by showing how
the work products or outputs from a particular process are mapped to the inputs of another or
other systems engineering processes. This integration ensures that the work associated with each
process is valued added and shows how the downstream processes are dependent on the
successful accomplishment of this work.

The three main process areas in systems engineering are: System Design Processes, Technical
Management Processes and the Product Realization Processes. Each of these groupings is broken
out into lower level processes to make up the total of 17 required processes. See Figure 7, The
NASA Systems Engineering Engine.

Within the NASA Systems Engineering Engine, the System Design Processes consist
collectively of the Stakeholders Expectations Definition (SED) Process, the Technical
Requirements Definition (TRD) Process, the Logical Decomposition (LD) Process and the Design
Solution Definition (DSD) Process.
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The level of activity associated with the Systems Design Processes is high during the early system
design and development phases and tapers off during the ensuing life-cycle phases.

Within the NASA Systems Engineering Engine, the Technical Management Processes consist
collectively of the Technical Planning Process, the Requirements Management Process, the
Interface Management Process, the Technical Risk Management (TRM) Process, the
Configuration Management (CM) Process, the Technical Data Management (TDM) Process, the
Technical Assessment Process, and the Decision Analysis Process.

The Technical Management Processes connects PPA management with the technical team. The
integration of the eight crosscutting technical management processes allows the design solution to
be realized. Each member of the technical team relies on the eight processes to meet the PPA’s
objectives. The PPA management team also uses the eight technical management processes to
execute PPA control.

The level of activity associated with Technical Management Processes is somewhat the same
during the various phases of the life-cycle with peaks of effort around technical assessment
milestones.

Within the NASA Systems Engineering Engine, the Design Realization Processes consist
collectively of the Product Transition Process, the Product Verification Process, the Product
Validation Process, the Product Implementation Process and the Product Integration Process. The
Product Implementation Process is used to generate a specified product of a WBS model through
buying, making, or reusing in a form consistent with the product-line life-cycle phase exit criteria
and that satisfies the technical requirements and specifications for that particular product. The
Product Integration Process is used to assemble and integrate lower level, validated system
elements, subsystems, and components.

The level of activity associated with Product Realization Processes is a low level of activity
initially, but then ramps up considerably during the later phases of the life-cycle.
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Figure 7. The NASA Systems Engineering Engine

The System Design Processes employ a “top down” design of each product in the system
structure. The System Design Processes include SED, TRD, LD, and design solution processes.

The Product Realization Processes employ a “bottoms up” realization of each product in the
system structure. The Product Realization Processes include the product implementation,
product integration, product verification, product validation, and product transition processes.

The Technical Management Processes are used for planning, assessing, and controlling the
implementation of the system design and product realization processes and to guide the technical
decision making (decision analysis). The Technical Management Processes include the technical
planning, requirements management, interface management, TRM, CM, TDM, technical
assessment, and decision analysis processes.

The NASA Systems Engineering Handbook, NASA/SP-6105 Systems Engineering Handbook

states the system structure (e.g., program, project, system, segment, subsystem, etc.) comprises
the Product Breakdown Structure (PBS). As defined by MPR 7123.1, the WBS M-del consists of
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the PBS, the supporting or enabling products (for development; fabrication, assembly, integration,
and test; operations; sustainment; and end-of-life product disposal or recycling), and any other
work products (plans, baselines) required for the development of the system.

As depicted in Figure 8, the System Design Processes are four interdependent, highly iterative,
and recursive processes, resulting in a validated set of requirements and a validated design
solution that satisfies a set of stakeholder expectations.

Stakeholder
Expectations

Trade Studies and iterative Design Loop

Mission
Objectives & /-\
ma Start Constraints
w ¥ Derived and
+ Design and Allocated
—>»| |Operational + | High-Level BPrOkc:juct TeFt'q:;l]I::::::‘e:l'lts
Objectives ”"|Requirements| / reakdown Erin
Structure erformance
® Interface
+ = Operational
= “llities”
Mission

Success

No — Next Level

Legend:

Stakeholder Expectations Definition

Rebaseline : Select

Technical Requirements Definition Ves ~requirements? Baseline

Logical Decomposition

Design Solution Definition

OREEO

Decision Analysis

Figure 8. Interrelationships Among the System Design Processes

The System Design Processes are primarily applied in the Pre-Phase A and continue through
Phase C. Each iteration through the System Design Processes provides additional refinement and
detail in the design and development of the system and its components.

All the process groups have some relationship with each other. All these processes are
continuous and iterative in nature. The System Design Processes and Product Realization
Processes (as seen in Figure 8) have much more of a serial relationship with one another. In the
Technical Management Processes the relationship is much more parallel in nature.
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3.1 Systems Design Processes
3.1.1 Requirements Definition Processes

3.1.1.1  Stakeholder Expectation Definition

The Stakeholder Expectations Definition (SED) Process is the initial process within the systems
engineering engine that establishes the foundation from which the system is designed and the
product is realized. The stakeholder expectations are typically captured in a PPA Plan and/or
SEMP. Stakeholder expectations that are formally received from the Agency can be done so or
may be provided via a FAD, through an Agency generated Needs, Goals, and Objectives (NGOs)
Document, or through documentation capturing DRMs. In this case, the PPA Plan and/or SEMP
will point to this higher-level Agency documentation for the capturing the stakeholder
expectations. The stakeholder SED process is used to elicit and define use cases, scenarios,
concept of operations (ConOps), and stakeholder expectations for the applicable product-line life-
cycle phases and WBS model. Examples of such use cases, scenarios, and expectations that are
sought during this process and will eventually evolve into requirements include the following:

a. Operational end products and life-cycle enabling products of the WBS model.
b. Expected skills and capabilities of operators or users.

c. Expected number of simultaneous users.

d. System and human performance criteria.

e. TA, standards, regulations, and laws.

f. Factors such as safety, quality, security, context of use by humans, reliability,
availability, maintainability, electromagnetic compatibility (EMC), interoperability, testability,
transportability, supportability, usability, and disposability.

g. Local management constraints on how work will be done (e.g., operating procedures).

During the application of the SED Process, activities from other processes of the systems
engineering engine and to repeatedly execute the activities performed within the SED Process in
order to arrive at an acceptable set of stakeholder expectations.

Once the stakeholder expectations have been approved and baselined, the stakeholder
expectations are used for validation of the WBS model end product during product realization. It
is vital to have baselined stakeholder expectations, to demonstrate when scope has been changed
and to show why schedule and possibly budget may be impacted. Validation of the WBS model
end product is obtaining confirmation from the stakeholders that the right product was built to
meet their expected needs. The SED process is tightly linked to the TRD, LD and Design Solution
Processes. This linkage is important since some requirements will become fully defined only
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through system decomposition at later stages of development. All three of these processes deal
with the development and refinement of various types of requirements.

Enabling products at all levels of the WBS model are to be considered during the SED process.
For example, a launch pad is an enabling product for a launch vehicle system, which is likely to
impose constraints on the launch vehicle that needs to be identified early in the system life-cycle.
Key stakeholders may impose an expectation in the form of a constraint that the development of
the launch vehicle use existing launch pad infrastructure with little to no modification.

The following are key inputs and outputs to the SED Process.

Key Inputs and Sources:

a. Customer expectations (from users and PPA).

b. Other stakeholder expectations (from PPA and/or other interested parties of the WBS
model products recursive loop).

c. Customer flow-down requirements from previous level WBS model products (from
DSD Process recursive loop and Requirements Management and Interface Management
Processes).

NOTE: This would include requirements for initiating enabling product development to provide
appropriate life-cycle support products and services to the mission, operational, or research end
product of the WBS model.

Key Outputs and Destinations:

a. List of stakeholders with Point of Contact (POC) name, organization, contact
information, and brief description of stakeholder’s involvement in the program (to TDM Process).

b. Set of validated stakeholder expectations, including interface requirements (to TRD,
Requirements Management, and Interface Management Processes).

c. Baseline ConOps (to TRD Process and CM Processes).

d. Measures of Effectiveness (MOES) (to TRD Process and TDM Process).
3.1.1.1.1  Stakeholder List
Advocacy for new PPAs may originate in many organizations within the space community.

These organizations are commonly referred to as stakeholders. A stakeholder is a group or
individual who is affected by or is in some way accountable for the outcome of an undertaking.

CHECK THE MASTER LIST - VERIFY THAT THIS IS THE CORRECT VERSION BEFORE USE




Downloaded from http://www.everyspec.com

MSFC Technical Standard

EE10
Title: Systems Engineering Document No.: MSFC-HDBK-3173 Revision: C
Handbook Effective Date: November 9, 2018 Page 35 of 277

Stakeholders can be classified as customers and other interested parties. Customers are those who
will receive the goods or services and are the direct beneficiaries of the work.

Other interested parties are those who affect the PPA by providing broad, overarching constraints
within which the customers’ needs are to be achieved. These parties may be affected by the
resulting product, the manner in which the product is used, or have a responsibility for providing
life-cycle support services.

A comprehensive list of stakeholders is compiled early in the SED process. The stakeholder list
is updated and maintained throughout the life-cycle. Once the role and involvement of the
stakeholder is understood, the stakeholder list serves as the basis for identifying communication
needs across the PPA.

The following tasks and steps are provided to assist with satisfying the requirements contained in
MPR 7123.1.

Tasks Steps
Task 1 a. ldentify stakeholders (e.g., acquirers, users, operators, etc.) who
Identify Stakeholders will have input to the operational capabilities and requirements for the system.
Number so it can be Examples include Congress, NASA Headquarters, NASA Centers, NASA
referenced. advisory committees, the National Academy of Sciences, the National Space

Council, scientists, PPA managers, and subsystems engineers and many other
groups in the science and space communities.

b. Identify other interested parties who will be impacted by or will
impact the development and use of the system. Examples include the PPA
manager, Engineering, Safety and Mission Assurance, Facilities, Logistics,
Test, Operations, Procurement, Contractors, Vendors, etc.

Capture and compile a. For each stakeholder, capture the following information:
stakeholder list (1) Organization.

(2) A short description of the stakeholder relative to PPA interest.
(3) POC name and contact information.

(4) Life-cycle Phase(s) of interest.

(5) Organize by level of involvement.

Manage and maintain a. Maintain stakeholder list throughout the life-cycle.
stakeholder list (1) Update as necessary.

Examples
International Council on Systems Engineering Provides methodology to identify stakeholder.

(INCOSE) Systems Engineering Handbook
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Stakeholder List Example

A stakeholder list provides stakeholder contact information and a description of their role and
level of involvement. Stakeholders are initially identified at an organizational level. This will
ensure organizational involvement is maintained even if there is a turnover of personnel.

A compiled stakeholder list includes information on the stakeholder’s roles and their level of
involvement during the system life-cycle. This information can then be used to assist with the
development of working group charters and membership on other programmatic and technical
boards. A stakeholders list can assist with communication planning and management by
identifying stakeholder information needs in terms of status reports or other PPA deliverables.

Typically, the stakeholder list will be contained in the SEMP. A separate stakeholder roster can
be maintained with stakeholder contact information and updated on a regular basis.

An example of a stakeholder list is provided in the table below.

Example of Notional Stakeholder List

Stakeholder
Scope and
Involvement

Stakeholder Stakeholder Stakeholder Stakeholder e- Stakeholder
Organization Name Title mail phone

3.1.1.1.2  Documenting Validated Stakeholder Expectations

Stakeholder expectations are the basis for developing functional and performance requirements
for the system of interest or product. Therefore, stakeholder expectations need to be developed
properly to ensure proper bi-directional traceability between the stakeholder expectations and the
system’s technical requirements.

Stakeholder expectations are developed using different means, techniques, and from a variety of
sources. Stakeholder expectations can be received formally after receipt of a FAD or through an
Agency generated NGOs Document. Stakeholder expectations can also be elicited informally
through an interview process or working group/ IPT approach.

Stakeholder expectations are defined in individual and complete sentences where the expectation
is clear and concise. The following are characteristics of stakeholder expectation statements.

a. Individual Stakeholder Expectation statements:

(1) Stated in a qualitative or quantitative manner. A qualitative expectation example
would be that crew capsule will comfortably seat a crew of 4 astronauts. A
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quantitative expectation example would state that the launch vehicle will deliver a
25-metric ton payload to low earth orbit (LEO).

(2) Stated in manner that is feasible to satisfy. An expectation may not be technically
feasible outright or, if technically feasible, it may not be feasible within the
constraints of cost and schedule.

(3) Stated in a manner that will ensure the right system gets built to satisfy the needs
of the user or customer.

(4) Stated in a manner that is not misleading or lends itself to multiple interpretations.

b. Multiple Stakeholder Expectation statements (in pairs or as a set)

(1) Stated without redundancy or without stating the same expectation across multiple
expectation statements.

(2) Stated using consistent terms and terminology. A rocket and launch vehicle may
be synonymous, however, one term needs to be selected and used consistently
throughout.

(3) Stated without being in conflict with other stakeholder expectation statement(s).

(4) Stated without invoking questionable utility. Stating an expectation that the crew
living quarters needs to provide a quiet and relaxing environment may initially
appear to be of questionable utility, but it may turn out to be a reasonable
expectation for a long-duration space mission.

(5) Stated without invoking a risk of dissatisfaction. A design implementation is
likely to be based on decision made after considering different alternative designs.
If the customer or user is expecting toggle switches rather than push button
switches, then this expectation is captured to preclude a risk of satisfaction.

Stakeholder expectations are used to define and create use cases, scenarios, and operational
concepts. Stakeholder expectations can be provided as needs, wants, desires, capabilities,
external interfaces, and constraints.

Stakeholders are engaged at all levels of the system and their involvement will be instrumental to
the development of the ConOps. At higher levels of the system, engagement of the stakeholders
may be more formal using working groups or IPTs. At lower levels of the system, stakeholder
expectations may be elicited less formally through an interview process. Regardless, stakeholders
exist at all levels of the system and their engagement, participation and involvement throughout
the product life-cycle is critical overall mission success.
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At the system level, MOEs are defined in conjunction with the development of stakeholder

expectations.

The following tasks and steps are provided to assist with satisfying the requirements contained in
MPR 7123.1. They are provided for eliciting, compiling, prioritizing, and validating stakeholder

expectations.

Tasks

Steps

Identify sources of stakeholder expectations.

Identify sources of stakeholder expectations.
Agency NGOs.

FAD.

PPA Plan.

Statutory and Regulatory Requirements.
NASA Standards.

Industry Standards.

Higher level system requirements.

Se@rooooe

Engage and elicit stakeholder expectations.

a. Establish applicable working groups and IPT or
combination to engage stakeholders.

b. Schedule and conduct stakeholder engagement
meetings and/or interviews, as needed.

c. Track progress of planned vs. actual stakeholder
engagement meeting and/or interviews.

Compile and assemble list of candidate stakeholder
expectations.

a. Create stakeholder expectation statements.
(1) Needs, Goals and Objectives (see guidance
for writing expectations statements below).
(2) Ensure MOEs can be derived from
candidate stakeholder statements.
b. Develop and maintain a stakeholder
expectations database with necessary attributes.
(1) Create a unique-identifier (ID).
(2) NGO Description.
(3) Rationale.

Prioritize list of candidate stakeholder expectation
statements.

Collaborate with stakeholders to develop and maintain
expectation statements using a means to facilitate
prioritization.

Validate stakeholder expectation statements.

a. Confirm each stakeholder expectation statement
is understood, achievable, and complete.

b. Confirm the prioritized set of stakeholder
expectation statements is free of conflicts,
inconsistencies, inaccuracies, and contradictions.

Develop traceability matrix.

a. Develop and prepare bi-directional traceability
matrix.

b. Validate the bi-directional traceability of the
stakeholder expectations.

Prepare Stakeholder Expectations Document, or
equivalent.

Use the outline provided in the Stakeholder Expectations
Document template and include validated bi-directional
traceability matrix.

Submit Stakeholder Expectations Document, or
equivalent, for approval.

a. Obtain approval from the PPA set of
stakeholders that the Stakeholder Expectations Document
has achieved sufficient maturity to be baselined.
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Tasks

Steps

b. Obtain signature approval to baseline the
Stakeholder Expectations Document from the appropriate
Designated Governing Authority (DGA) or TA.

Manage and maintain Stakeholder Expectations
Document

The baselined Stakeholder Expectations Document is
placed under formal configuration control in accordance
with established CM procedures.

Examples

Expectations Prioritization Matrix

Prioritization will facilitate the decision making
process when conflicts and inconsistencies when
collecting and analyzing stakeholder expectations.

3.1.1.1.3 Measures of Effectiveness

MOE:s are the “operational” measures of success that, if met, indicate achievement of mission or
operational objectives in the intended operational environment. MOEs are intended to focus on
how well mission or operational objectives are achieved, not on how they are achieved, i.e.,
MOEs are independent of any particular solution. As such, MOEs are the standards against which
the “goodness” of each proposed solution may be assessed in trade studies and decision analyses.
Measuring or calculating MOEs not only makes it possible to compare alternative solutions
quantitatively, but sensitivities to key assumptions regarding operational environments and to any

underlying MOPs can also be investigated.

In the systems engineering process, MOEs are used to:

a. Define high-level operational requirements from the stakeholder viewpoint.

b. Compare and rank alternative solutions in trade studies.

c. Investigate the relative sensitivity of the projected mission or operational success to
key operational assumptions and performance parameters.

d. Determine that the mission or operational success quantitative objectives remain

achievable as system development proceeds.

Figure 9 below, shows the relationships of MOEs, MOPs, and Technical Performance Metrics
(TPMs). A set of mission critical MOEs may also be referred to as Key Performance Parameters
(KPPs). This set of mission critical MOEs or KPPs represents an expectation that is critical to the
success of the system, and failure to satisfy these measures will cause the stakeholder to deem the
system unacceptable. Examples of typical MOEs are weight, availability, mobility, user/operator
comfort, computer processing unit (CPU) capacity, and parameters associated with critical events
during operations. Whereas weight is generally stated in quantitative terms and can be easily
allocated to lower level system products, other MOEs may be qualitative or not easily allocated
and thus will need MOPs derived that can be used as design-to requirements. MOPs are derived

during the TRD process activities.
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MOE#1 . MOE #2

MOP#1 MOP#2 MOP#3 MOP#n

TPM #1 TPM#2 TPM#3 TPM#4 TPM#s TPM#k

MOEs Derived from stakeholder expectation statements;
deemed critical to mission or operational success of

the system

MOPs
ensuring meeting the associated MOEs

TPMs Critical mission success or performance attributes;
measurable; progress profile established, controlled,
and monitored

Broad physical and performance parameters; means of

Figure 9. Relationships of MOEs, MOPs, and TPMs

MOEs and KPPs are maintained at the system level and are used to validate the demonstrated
system performance against the stakeholder expectations or top-level requirements. They will
also be needed for test and evaluation planning purposes during the System Design phase. Test
and evaluation planning will use MOEs, MOPs and TPMs to derive and develop test objectives
and corresponding data measurement requirements. The data measurement requirements for the
developmental test flights will need to be considered as part of the design and development of the

system.

The following tasks and steps are provided to assist with satisfying the requirements contained in

MPR 7123.1.

Tasks

Steps

Identify a set of MOEs that are critical to the success of
the system

Identify as set of MOEs or KPPs that, if not satisfied,
will deem the system unacceptable.

Baseline MOEs

a. Obtain approval from the PPA set of
stakeholders that the MOESs have achieved sufficient
maturity to be baselined.

b. Baseline the MOEs in accordance with
established CM procedures.

Manage and maintain MOEs

The baselined MOEs are placed under formal
configuration control in accordance with established
CM procedures.

Resources / Examples for MOE Development

NASA Systems Engineering Handbook, NASA/SP
6105

Status Reporting and Assessment: Technical Measures
— MOEs, MOPs, and TPMs.

INCOSE Technical Measurement Guide, INCOSE-TP-
021-01

Selecting and Specifying MOEs.
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Defense Acquisition University Systems Engineering Metrics.
Fundamentals
DAU Test and Evaluation Management Guide, Fifth Evaluation.
Edition

3.1.1.14  Concept of Operations

A ConOps is a user-oriented document that describes system characteristics for a proposed system
from the users’ viewpoint. The ConOps is used to communicate system characteristics to the
user, buyer, developer, and other stakeholders.

A ConOps is developed for each product in the PBS. The system level ConOps is provided
during the concept studies phase and provided for the Mission Concept Review (MCR). The
ConOps supports the system requirements activity and be included in the SRR to bounce against
requirements.

Developing and baselining a thorough ConOps in the early phase of the PPA and refining it
through the requirements development and design phases is critical to precluding an unsuccessful
validation of the system of interest or product during the product realization phase.

The following information is captured in conjunction with the development of the ConOps.
Individual operational concepts are developed across the system life-cycle and compiled for
insertion into the system’s ConOps.

List all assumptions that were made while developing the operational concepts. An assumption
provides insight into what else has to be true for your operational concept to be true.

List all interfaces that were identified while developing the operational concepts. Additionally,
there may unique interfaces that are only used during one life-cycle, but not used during a
different life-cycle phase. An example would be identifying interface requirements for
Developmental Flight Instrumentation (DFI) which is not normally installed in production
hardware.

List all drivers and constraints that were identified while developing the operational concepts.
Again, there may be drivers and constraints that are used during one life-cycle, but not for a
different life-cycle phase. A key driving example would be developing a design for a crew
vehicle that accommodates six astronauts while being constrained by size and weight.

List any additional functionality beyond what is included in the current system of interest. Given
the realities of budget, schedule, and technical constraints, establishing priorities is fundamental
to the development of any PPA. The proposed capabilities are listed order of priority
(importance) in terms of meeting the stated NGOs of the system of interest and its parent.

List all issues, concerns, and risks that were identified during development of the operational
scenarios and ConOps. These can include areas of uncertainty, feasibility questions, and
inconsistencies or conflicts. Emerging technologies needed to get the performance that matches
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your expectations are identified. The current maturity level of these technologies is the basis for
quantifying the level of risk to the PPA.

The following MSFC Data Requirements Descriptions (DRDs) are applicable to the development
of this systems engineering process providing expectations as described:

STD/SE CONOPS Concept of Operations, provides additional content expectations for
developing a ConOps, to satisfy the requirements of MPR 7123.1. The ConOps specifies the
uses, capabilities, and functions of the system, from which requirements are developed. The
ConOps provides guidance to the system’s developers on how the system will be used, operated,
and maintained during all life-cycle phases so that their designs, development, integration, and
tests will accommodate the needs, goals, objectives, missions, and operational philosophy of the
stakeholders.

The following tasks and steps are provided to assist with satisfying the requirements contained in
MPR 7123.1.

Tasks Steps

Validate the mission scope and the system boundary. Identify, analyze, clarify and prioritize:
(1) End product uses.

(2) Operational profiles.

(3) Scenarios.

Develop description of the system. Develop description that includes:

(1) Operational environment.

(2) Constraints.

(3) Drivers.

(4) Users/operators and their roles and
characteristics.

Develop and document ConOps. Develop ConOps to include:

(1) Operational scenarios and/or DRM.
(2) Operational phases.

(3) Operational timeline.

(4) Command and Data Architecture.
(5) Facilities and logistics support.

(6) End-to-end communication strategy.
(7) Critical Events.

Synthesize, analyze, and assess key implementing (1) Identify strategies for development and
concepts for the system and its elements. integration, production, test, operations and
logistics.

(2) Identify, analyze and clarify constraints
resulting from these strategies.

Baseline the ConOps. (1) Obtain approval from the PPA set of
stakeholders that the ConOps has achieved
sufficient maturity to be baselined.

(2) Baseline the ConOps in accordance with
established CM procedures.

Manage and maintain ConOps. The baselined ConOps is placed under formal
configuration control in accordance with established
CM procedures.
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Resources / Examples for Con Ops Development

NASA Systems Engineering Handbook, NASA/SP-
6105

See Figure 10 End-to-end operational architecture.

NASA Systems Engineering Handbook, NASA/SP-
6105

Lunar sortie timeline.

NASA Systems Engineering Handbook, NASA/SP-
6105

See Figure 11 Lunar sortie DRM.

NASA Systems Engineering Handbook, NASA/SP-
6105

See Figure 12 Detailed, integrated timeline for a science
mission.

Guide for the Preparation of Operational Concept
Documents, ANSI/AIAA G-043-1992

A guide that describes a technique the Operational
Concept, which is used to support the definition,
development, and maintenance of a system. Its purpose
is also to provide practical guidelines regarding how to
apply this technique and recommends how to package
the results of this work into an Operational Concept
Document (OCD); a.k.a., ConOps.

IEEE Concept of Operations Document, IEEE-STD-
1362™

A guide prescribing the format and contents of the
ConOps document.
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Figure 10. Example of an Associated End-to-End Operational Architecture
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Figure 12. Example of a More Detailed, Integrated Timeline Later in the Life-Cycle for a
Science Mission

3.1.1.2  Technical Requirements Definition

The TRD Process transforms the baselined stakeholder expectations into unique, quantitative, and
measurable technical requirements used for defining a design solution for the end product.

TRD is a recursive and iterative process that develops the stakeholders’ requirements, product
requirements, and lower level requirements. These requirements enable the description of all
inputs, outputs, and required relationships between inputs and outputs. Requirements documents
are developed to organize and communicate requirements to the stakeholders. The TRD process
is applied to all levels of a system or product.

The following are key inputs and sources to the TRD process.

Key Inputs and Sources:

a. Baselined set of stakeholder expectations (from SED and CM Processes).
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b. Baselined ConOps (from SED and CM Processes).
c. Baselined Enabling Product Support Strategies (from SED and CM Processes).
d. Measures of Effectiveness (from SED and TDM Processes).

NOTE: Enabling product information supports the identification of functions and constraints
associated with a particular level of the system of interest. These functions and constraints are
used to develop technical requirements. The NASA Systems Engineering Engine is also
employed to develop and design enabling products for a system or product, which gives rise to
having baselined enabling support information available to support the execution of the TRD
process.

The following are key outputs and destinations from the TRD process.

Key Outputs and Destinations:

a. Set of baselined requirements that represents a reasonably complete description of the
problem to be solved, including interface requirements (to LD and Requirements and Interface
Management Processes).

b. Sets of MOPs that satisfy the MOEs to which a set is related to (LD and TDM
Processes).

c. Set of critical TPMs that if not met will put the PPA in cost, schedule, or performance
risk (to Technical Assessment Process).

3.1.1.2.1  Developing a Set of Technical Requirements

Collectively, the TRD process inputs consisting of the Stakeholder Expectations Document,
ConOps, and enabling product support strategies are used to identify functions that the system of
interest is expected to perform. These functions form the basis for developing a set of technical
requirements that are approved and baselined by the PPA stakeholders.

The LD process continues to further decompose and be allocated to lower levels of the system for
every level of the PBS that has requirements.

A set of technical requirements is developed and used for defining a design solution at each level
of the system of interest and corresponding set of enabling products.

The iterative and recursive nature of the system design processes will continually refine the

technical requirements that support the full definition of the system of interest or product.
Additional guidance on developing quality requirements can be found in Appendix C.
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As part of the requirements vetting process, it is important to focus not only on the requirements
but also on the verification method and associated activities for those requirements, to be
discussed at the same time. Such activities that involve analyses, and/or testing that are necessary
for verification need to be identified early in the requirements development process so they can be
assessed against allocated resources, budget and schedule. Linking requirements development
with verification methods will avoid potential cost-bearing and schedule problems later in the
PPA life-cycle.

The following MSFC DRDs are applicable to the development of this systems engineering
process providing expectations as described:

STD/SE-REQSPEC, Requirement Document/Specification, provides content expectations for
developing requirements documents and/or specifications, to satisfy the requirements of MPR
7123.1. Requirements documents specify "what™" must be achieved by a system of interest.
Specifications specify “how” design requirements are going to be achieved, or “how” an end item
IS going to be fabricated, and has more definition to the trade space. It includes functional and
performance requirements, operational environments, and interface requirements. Specifications
are usually implemented at lower levels of system definition where the end-item is ready for
Make/Buy/Code.

STD/SE-IRD Interface Requirements Document, provides content expectations for developing an
Interface Requirements Document (IRD), to satisfy the requirements of MPR 7123.1. The IRD
identifies basic functional and physical performance requirements which are the basis for
generating the design solutions found in the Interface Control Document (ICD). Interface
requirements may be captured as part of the PPA set of requirement documents or specifications
(See STD/SE-REQSPEC), but can also be contained in a separate IRD due to a complicated
interface or due to signature approvals between two or more parties.

The following tasks and steps are provided to assist with satisfying the requirements contained in
MPR 7123.1.

Tasks Steps

Prepare a context diagram for the system of interest. a. ldentify the system boundary.

b. ldentify external interfaces.

c. Describe interaction with external
interfaces.
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Perform functional analysis to identify specific a. Methods to perform functional analysis
functions called out in the ConOps. include:

(1) Functional Flow Block Diagrams
(FFBDs).

(2) Enhanced FFBDs.

(3) N-squared (N?) Diagrams.

(4) Timing Analysis.

b. Perform trade studies as needed to develop
performance parameters to populate technical
performance requirements.

c. Ensure each identified function is assigned
a unique-ID and categorized; e.g., derived interface
functions are categorized as interface functions to
support the development of interface requirements.

Define technical requirements that satisfy each of the a. Check each technical requirement against
identified functions. the following criteria:
(1) Clarity.

(2) Completeness.
(3) Consistency.
(4) Traceability.
(5) Feasibility.
(6) Functionality.
(7) Performance.
(8) Interfaces.
(9) Maintainability.
(10) Reliability.
(11) Verifiability.

b. Generate a requirements rationale statement
that explains how the specific requirement was derived
by referencing source material versus trying to justify
the requirement.

c. Generate a bi-directional traceability matrix
between the functions and operations performed by the
system of interest and the technical requirements.

d. Ensure derived technical requirements trace
back to a single parent requirement.

e. Ensure each derived technical requirement
is assigned a unique -1D and categorized; e.g., derived
interface requirements are categorized as interface
requirements to support interface design activities.

Validate technical requirements. a. Vetasubset or complete set of technical
requirements with the appropriate stakeholders to
obtain their concurrence
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b. Maintain a requirements health chart that
monitors each requirements status against the
aforementioned criteria:

(1) Passes: green.
(2) Fails: red.
(3) Pending Analysis: yellow.
(4) Notapplicable: white.
c. Prepare and manage action items to resolve

any requirement validation issues.

Consolidate and prepare Technical Requirements
Document.

Refer to DRD (STD/SE-REQSPEC) “Requirement
Document/Specification” (REQSPEC),” for a
description on preparing the requirement document or
specification for a specific Configuration Item (CI).

Submit the completed set of technical requirements for a.

approval.

Obtain approval from the PPA set of
stakeholders that the set of technical requirements has
achieved sufficient maturity to be baselined.

b. Obtain signature approval to baseline the set
of technical requirements from the appropriate TA.

Manage and maintain the set of technical requirements.

The baselined set of technical requirements document is
placed under formal configuration control in
accordance with established CM procedures.

Examples

NASA Systems Engineering Handbook, NASA/SP-

See Figure 13 Example of a Functional Flow Block
Diagram (FFBD) Flow Down

NASA Systems Engineering Handbook, NASA/SP-
6105

See Figure 14 Example of an N? Diagram

NASA Systems Engineering Handbook, NASA/SP-
6105

See Figure 15 Example of a Timing Diagram

NASA Systems Engineering Handbook, NASA/SP-
6105

Figure 16 Example of The Flow Down of Requirements

NASA Systems Engineering Handbook, NASA/SP-
6105

Trade Studies

NASA Systems Engineering Handbook, NASA/SP-
6105

See Figure 17 Example of a Requirements Allocation
Sheet

Requirements Analysis Metrics

Appendix C

MIL-HDBK-520 (USAF), Systems Requirements
Document Guidance

Systems Requirement Document guidance, based on
MIL-STD-961D, Department of Defense (DoD) Standard
Practice Defense and Program-Unique Specifications
Format and Content, and Data Item Description (DID)
DI-IPSC-81413A, System/Subsystem Specification
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Figure 13. Example of a Functional Flow Block Diagram (FFBD) Flow down
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Figure 14. N? Diagram for Orbital Equipment
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Figure 15. Example of a Timing Diagram
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Figure 16. Example of Flow Down of Requirements
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TRACED
ID | DESCRIPTION REQUIREMENT EROM PERFORMANCE MARGIN COMMENTS REF
M1 [Mission Orbit 575 +/-15 km Sun-synchronous dawn-dusk orbit $3,511,P3 Complies NA Pegasus XL with HAPS F.2c
provides required launch
injection dispersion accuracy
M2 |Launch Vehicle Pegasus XL with HAPS P2,P4 Complies NA F.2c
M3 |Observatory Mass  [The observatory total mass shall not exceed M1, M2 1925kg 25.20% FSb
241 kg
M4 | Data Acquisition The mission shall deliver 95% data with P1 Complies NA Standard margins and k.7
Quality better than 1 in 100,000 BER systems baselined; formal
system analysis to be
completed by PDR
M5 |Communication The mission shall use S-band SQPSK at 5 Mbps for S12,P4 Complies NA See SC27, 528, and G1,G2 F3f,
Band spacecraft downlink and 2 kbps uplink F7
M7 | Tracking MOC shall use NORAD two-line elements for P4 Complies NA F.7
observatory tracking
Ms | Data Latency Data latency shall be less than 72 hours P12 Complies NA F.7
M9 | Daily Data Volume | Accommodate average daily raw science data P1,512 Complies 12% Margin based on funded Fle,
volume of 10.8 Gbits ground contacts F.7
M10| Ground Station The mission shall be compatible with the 4! Complies NA F.7
Rutherford Appleton Laboratory Ground Station
and the Poker Flat Ground Station
M11|Orbital Debris Design observatory for demise upon P3 1/51,000 400%  |See Orbital Debris Analysisin | F.2.e,
(Casualty Area) reentry with <1/10,000 probability of injury Appendix M-6 App6
M12| Orbital Debris Design observatory for reentry <25 years P2 <10 years 15years |See Orbital Debris Analysisin | F.2.e,
(Lifetime) after end of mission Appendix M-6 App.6
Figure 17. Example of a Requirements Allocation Sheet
3.1.1.22  Measures of Performance

MOPs are derived from MOEs. Each MOPs contains a specific quantitative parameter that can be
measured. Collectively, MOPs are the measures that characterize the physical or functional
attributes relating to the system. Monitoring and tracking MOPs during the design and
development phase will ensure adequate progress is being made in reducing overall PPA risk.

Examples of MOPs are contained in the NASA Systems Engineering Handbook, NASA/SP-6105.

The following tasks and steps are provided to assist with satisfying the requirements contained in
MPR 7123.1.

Tasks Steps

a. Decompose MOEs to derive MOPs.

b. Ensure each derived MOPs can be used as a
measure of actual performance to support system test
and evaluation planning and execution.

Derive and compile a list of MOPs.

The baselined MOPs are placed under configuration
control in accordance with established CM procedures.

Manage and maintain MOPs.

Examples
NASA Systems Engineering Handbook, NASA/SP- Status Reporting and Assessment: Technical Measures
6105 — MOEs, MOPs, and TPMs.
INCOSE Technical Measurement Guide, INCOSE-TP- | Selecting and Specifying MOPs.
021-01
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3.1.1.2.3 Technical Performance Measures

TPMs are typically derived from the defined set of MOEs and MOPs. Significant time and effort
could potentially be spent monitoring and tracking TPMs during the system design phase. To
preclude this, scrutiny of candidate TPMs will ensure a minimal set is selected to accurately
reflect the projected technical performance of the system of interest.

TPMs are monitored collectively because they interact with other TPMs. Any significant changes
to one TPM are likely to impact one or more other TPMs. For example, if the overall mass of the
system is increasing, there is likely to be a corresponding impact to system performance
parameters such as velocity, acceleration, and payload capability.

The following tasks and steps are provided to assist with satisfying the requirements contained in
MPR 7123.1.

Tasks Steps
Develop TPM hierarchy. Decompose MOEs and MOPs to derive TPMs.
Manage and maintain TPMs. The baselined TPMs are placed under formal

configuration control in accordance with established
CM procedures.

Status and Report TPMs. Prepare and submit TPM status reports in accordance
with PPA communication requirements.

Examples
NASA Systems Engineering Handbook, NASA/SP- Status Reporting and Assessment: Technical Measures
6105 — MOEs, MOPs, and TPMs

INCOSE Technical Measurement Guide, INCOSE-TP- | Selecting and Specifying TPMs
021-01

3.1.2 Technical Solution Definition Processes

3.1.21 Logical Decomposition

LD is the process for creating the detailed functional requirements that enable NASA PPAs to
meet stakeholders’ expectations. The LD process identifies “what” will be achieved by the
system at each level to enable a successful PPA. LD utilizes functional analysis to create a
system architecture and to decompose top-level (or parent) requirements and allocate them to the
desired level of the PPA.

The LD process is used to:

a. Improve the understanding of the defined technical requirements and the relationships
among the requirements.
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b. Decompose the parent requirements into a set of LD models and their associated sets
of derived technical requirements for input to the DSD Process.

Inputs and Sources:

a. The baselined set of validated technical requirements, including interface requirements
(from TRD and CM Processes).

b. The defined MOPs (from TRD and TDM Processes).

Outputs and Sources:

a. Set of validated derived technical requirements, including interface requirements (to
DSD and Requirements and Interface Management Processes).

b. The set of LD models (to DSD and CM Processes).
c. LD work products (to TDM Processes).

For each product in the PBS, the LD process begins by taking the top-level (parent) requirements
and identifying functions that achieve a desired system objective (or stakeholder need). At each
level, the LD process begins with the requirements that have been allocated to that product and
defines the functions necessary to meet those requirements. These functions are used to derive
functional requirements for the product, define interfaces, and start the system architecture for the
next level of the PBS. These partitioned functions are organized and constitute the functional
architecture for a specific level of the system. The constituted functional architecture is then used
to derive a set of corresponding technical requirements. This process is repeated until the
partitioned functions contain enough detail to begin the DSD process.

The partitioned functions and derived technical requirements need to be consistent with the
MOPs.

The LD process interacts significantly with the Requirements Management, Interface
Management, TDM and CM processes.

Any derived technical requirements will need to be managed per the RM process. A description
of the RM process is normally contained in the PPA SEMP. Interface requirements that are
identified will be managed using the IM process. Similarly, a description of the IM process is
normally contained in the PPA SEMP.

The LD process employs similar tools and techniques that were used to perform the TRD process.
These LD work products need to be captured and maintained in a repository using the TDM
process. Thereby, the LD work products are readily available to support the information needs of
the Decision Analysis and Technical Assessment (TA) processes.
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Information produced by the LD process is primarily used to derive requirements and support the
major technical reviews that are conducted during Pre-Phase A through Phase C. The LD models
and corresponding sets of derived technical requirements are developed, baselined and refined
during this phase of the overall system life-cycle. During the Product Realization Process, these
models are used to validate that the system being designed performs all the necessary functions
and therefore meets the stakeholders’ expectations, needs, objectives, and goals.

3.1.2.1.1  System Architecture

The system architecture lays out the elements of the system or product hierarchy so that the
components, sub-systems, systems functional and physical relationships, dependencies, and
interfaces can be clearly defined and understood as shown in Figure 18 below. This may also be
used to assess influences that may be made to a dependent component, sub-system, or system
when a design or function modification is made.

Tier0 Spa!ce
Transportation System
|
|
[ I , 1
Tier 3 External Orbiter | Solid
i Tank |Rocket Booster
| I
[ v ‘ =
Tier2 ‘A‘ [B‘ ‘cHn‘[A‘ [3| cHn‘ A‘ ‘B‘
| | | | | |
— "ma; | ; ]
Tiers [ e |[Ab ][ 8a |[ 8o |[ca || [Aa|[Ab][Ba [ 86 |[callcn| |Aa] ab] e Bn]
Tier 4 Aba |[Abb| | Caa | Cab| | Aaa | Aab || Baa| Bab || Caa |/ Cab| | Aaa | Aab | Bba || Bbb |
Tiers Caba| | Cabb| [Baaa |[Baab| [Cabal[cabb) [Bbaa | Bbbb]
Tier6 Baaba;iBaa;‘H

Figure 18. Product Hierarchy: Complete Pass Through System Design Processes
Side of the Systems Engineering Engine

Defining the system architecture is recursive and iterative and continues until all desired levels of
the architecture/system have been analyzed, defined, and baselined.

The following MSFC DRD is applicable to the development of this systems engineering process
providing expectations as described:

STD/SE SARCH System Architecture, provides content expectations for developing a System
Architecture, to satisfy the requirements of MPR 7123.1. The System Architecture describes the
organization of a system (i.e. “system of interest””) composed of hardware and/or software items
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along with each items’ function(s), use(s), intra-dependencies within the system, and inter-
dependencies with external items.

The following tasks and steps are provided to assist with satisfying the requirements captured in
MPR 7123.1.

Tasks Steps

Define system architecture model. a. Define the structure and relationships of hardware, software,
communications, operations, etc.
b. Typically identified in a PBS.

Manage and maintain depiction and The baselined system architecture model is placed under formal
description of the system architecture configuration control in accordance with established CM procedures.
model.

Examples

NASA Systems Engineering Handbook, NASA/SP- See Figure 19 Example of a PBS.
6105
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Figure 19. Example of a Product Breakdown Structure
3.1.2.1.2 Decomposed and Allocated Set of Derived Technical Requirements

As the system architecture is defined, the top-level system requirements (defined in the TRD
Process) can be decomposed through LD and allocated to the products of the PBS within the
system architecture. The requirements that have been decomposed then become the basis for
developing derived Technical Requirements.

The tools and methods described here are similar to those used in the TRD process.

The following tasks and steps are provided to assist with satisfying the requirements captured in

MPR 7123.1.
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Tasks

Steps

Decompose and analyze previously defined
technical requirements.

Decompose and analyze by:
Functions

Time

Behavior

Data Flow

Obijects

States and Modes

Failure Modes and Effects

@ +ro o0 o

Allocate decomposed functions to the
System Architecture Model.

Assign a specific function or set of decomposed functions to a
specific element of the system architecture.

Perform functional analysis to identify
specific functions

a. Methods to perform functional analysis include:
(1) FFBDs.
(2) Enhanced FFBDs.
(3) N2 Diagrams.
(4) Timing Analysis.

b. Perform trade studies as needed to develop performance
parameters to populate technical performance requirements.

c. Ensure each identified function is assigned a unique -1D
and categorized; e.g., derived interface functions are categorized as
interface functions to support the development of interface
requirements.

Define a set of derived technical
requirements that satisfy each of the
identified functions.

a. Follow the guidance on writing good technical
requirements contained in NASA Systems Engineering Handbook,
NASA/SP-6105, and Appendix C of this Handbook.

b. Check each technical requirement against the following
criteria:

(1) Clarity.

(2)  Completeness.
(3)  Consistency.
(4)  Traceability.
(5)  Feasibility.

(6)  Functionality.
(7)  Performance.
(8) Interfaces.

(9) Maintainability.
(10) Reliability.
(11)  Verifiability.

c. Generate a requirements rationale statement that explains
how the specific requirement was derived by referencing source
material versus trying to justify the requirement.

d. Generate a bi-directional traceability matrix between the
functions and operations performed by the system of interest and the
technical requirements.

e. Ensure derived technical requirements trace back to a
parent requirement(s).

f.  Ensure each derived technical requirement is assigned a
unique-1D and categorized; e.g., derived interface requirements are
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categorized as interface requirements to support interface design
activities.

Validate the set of derived technical
requirements.

a. Vet asubset or complete set of technical requirements with
the appropriate stakeholders to obtain their concurrence.

b. Maintain a requirements health chart that monitors each
requirements status against the aforementioned criteria:

(1) Passes: green.

(2) Fails: red.

(3) Pending Analysis: yellow.

(4) Not applicable: white.

Prepare and manage action items to resolve any

requirement validation issues.

Refer to Appendix C: How to Write a Good Requirement.

Submit the completed set of derived

Obtain approval from the PPA set of stakeholders that the

technical requirements for approval. set of technical requirements has achieved sufficient maturity to be
baselined.

Obtain signature approval to baseline the set of derived

technical requirements from the appropriate TA.

Manage and maintain a set of derived The baselined set of derived technical requirements are placed under
technical requirements formal configuration control with established CM procedures.
Examples

NASA Systems Engineering Handbook, NASA/SP-
6105

See Figure 13 Example of a Functional Flow Block
Diagram (FFBD)

NASA Systems Engineering Handbook, NASA/SP-
6105

See Figure 14 Example of an N? Diagram

NASA Systems Engineering Handbook, NASA/SP-
6105

See Figure 15 Example of a Timing Diagram

NASA Systems Engineering Handbook, NASA/SP-
6105

See Figure 16 Example of The flow down of requirements

NASA Systems Engineering Handbook, NASA/SP-
6105

Trade Studies

NASA Systems Engineering Handbook, NASA/SP-
6105

See Figure 17 Example of a Requirements Allocation
Sheet

MIL-HDBK-520 (USAF), Systems Requirements
Document Guidance

Systems Requirement Document guidance, based on MIL-
STD-961D, Department of Defense (DoD) Standard
Practice Defense and Program-Unique Specifications
Format and Content, and DID DI-IPSC-81413A,
System/Subsystem Specification

System Requirements Document template

STD/SE-REQSPEC

3.1.2.2  Design Solution Definition

The DSD process translates high-level requirements derived from stakeholder expectations and
the outputs of the LD process into a design solution. The process involves transforming the
defined LD models and their associated derived technical requirements into alternative solutions,
which are then analyzed through detailed trade studies. A preferred alternative is selected and is
then defined into a final design solution that satisfies the technical requirements. The DSD is
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used to generate the end product specifications that will be used to produce the product and to
conduct product verification and validation (V&V). This process may be further refined
depending on whether there are additional subsystems or enabling products that need to be
defined.

The following are key inputs and outputs to the DSD process.

Inputs and Sources:

a. A baselined set of LD models (from LD and CM Processes).

b. A baseline set of derived technical requirements including interface requirements
(from LD and CM Processes).

Outputs and Sources:

a. A WBS model DSD set of requirements for the system, including specification
configuration documentation and external interface specification (to Requirements and Interface
Management Processes).

b. A baseline set of “analyze-to,” “make-to,” “buy-to,” reuse-to,” or set of “assemble and
integrate-to” specified requirements (specifications and configuration documents) for the desired
end product of the WBS model, including interface specifications (to Requirements and Interface
Management Processes).

c. The initial specifications for WBS model subsystems for flow down to the next
applicable lower level WBS models, including interface specifications (to SED, and
Requirements and Interface Management Processes).

d. The requirements for enabling products that will be needed to provide life-cycle
support to the end products, including interface requirements (to SED Process for development of
enabling products or to Product Implementation Process for acquisition of existing enabling
products, and Requirements and Interface Management Processes).

e. A product V&YV plan that will be used to define the activities to show the product
complies with physical and functional performance requirements to meet PPA objectives.

f. Baseline operate-to and logistics procedures (to TDM Process).

The System Design Processes are primarily applied in the Pre-Phase A and continue through
Phase C. The System Design Processes recursively applies the Stakeholder Expectations, TRD,
LD, and DSD processes to select a preferred design solution at the PDR and a final design
solution that satisfies the technical requirements at the Critical Design Review (CDR).
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The SE community often makes reference to a series of technical baselines that correlate with the
major technical reviews contained in MPR 7123.1. The evolution of a system’s technical baseline
is based on iteratively and recursively refining the detailed design in sufficient detail to support
the production and manufacturing of the end product. Table 2 lists and correlates the maturation
of the technical baseline with the corresponding technical design review.

Table 2. Evolution of the Technical Baseline

Technical Baseline Technical Design Review
Functional Baseline SRR
“Design-to” or Allocated Baseline PDR
“Build-to” or Product Baseline CDR
“As-built” (or “coded-to”) Baseline SAR
“As-deployed” Baseline ORR

The technical data package (TDP) will continue to evolve as additional artifacts are generated to
support the production and manufacturing of the end product. The complete TDP, as defined by
MIL-STD-31000, is usually provided in conjunction with the acceptance and delivery of the end
product to the customer.

Figure 20 and Figure 21 illustrate the recursive and iterative nature of the system design
processes. As each level of the system is decomposed, enabling products and external interfaces
are identified. The identified enabling products may become standalone PPAs in and of
themselves and the Systems Engineering Engine is once again applied to realize a design solution
that satisfies the technical requirements specific to a particular enabling product. As an example,
while performing the LD Process, special handling requirements were identified as part of
transporting a rocket segment of a notional launch vehicle system.

These special handling requirements are needed in order to properly and safely transport the
rocket segment from the manufacturing site to other locations to support testing and launch
operations. The enabling products to transport this particular rocket segment by barge, airplane,
or truck would likely result in managing these enabling products as separate and distinct PPAs.
Meanwhile, the Integrated Logistics Support Plan (ILSP) would provide a conceptual description
of the different transportation methods envisioned for transporting the system.
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Figure 20. Recursively Applying System Design Processes
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Figure 21. Iteratively Applying the System Design Processes

Transportation specific interface requirements for transporting the system would be contained in
the IRD. Based on these IRD requirements, an ICD would be prepared in order to define and
document the design solution between the system and the enabling product that will transport the
system. Additionally, the DSD process is employed to develop the selected interface design
solution that is contained in the ICD.

Internal system interfaces between two subsystems will similarly require the preparation of an
IRD and/or ICD.

With each iteration through the System Design Processes, additional refinement and detail in the
design and development of the system and its components is realized.

31221 Developing a Design Solution Definition

The DSD process is an iterative process that is performed concurrently with SED, TRD, and LD
processes.

As noted earlier, the result of the successive refinement will support the development of all of the
Cls that collectively comprise the PBS.

DSD outputs occur throughout the iterative process, but they vary in scope and detail based on the
PPA’s position with the product life-cycle.

A sample of DSD metrics include the following:
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a. Trade Study Satisfaction Assessment.
b. For approved engineering problem reports:
(1) Quantity, by type of problem report.
(2) Cycle time from disposition to incorporation of change into released engineering
documents, by type of report.
c. Technical Performance Measurements: objective versus achieved values.
d. Number of approved engineering changes: by product, type, and life-cycle phase.

e. Documents/drawings submitted for engineering release:

(1) Unacceptable submittals.
(2) Total submittals.

f.  Number of technical action items identified during reviews and audits.

. Design efficiency metrics, such as weight, required power, and envelope dimensions
(volume).

h. Cost and schedule variance for completion of the DSD steps.

i. System requirements not met.

j. Number or percent of system requirements verified by system analyses.

k. Number of items yet to be determined within the system architecture or design.
I.  Number of interface issues not resolved.

m. Percent of identified system elements that have been defined.

n. Prioritization, Impacts to Cost and Schedule and associated risks.

The following tasks and steps are provided to assist with satisfying the requirements contained in
MPR 7123.1.

Tasks Steps
Assemble and organize all data and a. Review technical requirements and functional architecture.
define objectives to support the b. Establish design objectives.
development of a specific design (1) Performance.
solution. ) Reliability.
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(3) Compatibility.
(4) Design flexibility to adapt to changing environment.
(5) Extensibility to be used in new or multiple
applications.
(6) Cost.
(7) Schedule.
c. Prioritize objectives and prepare an objectives hierarchy.
Identify and define alternative design a. Develop alternative design solutions for each of the
solutions. functional elements that perform the needed functions and adhere to
the technical requirements for that functional area.
b. Identify technology requirements and assess the
availability and risk.
c. ldentify potential off-the-shelf solutions.
d. Integrate with Specialty Engineering.
(1) Safety and Reliability.
(2) Quality Assurance (QA).
(3) Software Assurance.
(4) Integrated Logistics Support (ILS).
(5) Maintainability.
(6) Producibility.
(7) Human Factors Engineering.

Analyze each alternative design a. Perform trade studies and effectiveness analyses.
solution. b. Initiate requirements feedback if a viable design
alternative cannot satisfy a specific functional area under
consideration.

c. Initiate design feedback if promising physical solution
or open-system opportunities have different functional
characteristics than those foreseen by initial functional architecture
requirements.

d. Assess Failure Modes and Effects.

e. Assess Testability Needs.

f. Assess Standardization opportunities to use design
elements that implement commercial or international standards.

g. Assess life-cycle factors.

Select the best design solution a. Evaluate each alternative in terms of MOEs and system
alternative. cost by employing the DA process.
b. Rank the alternatives according to appropriate selection
criteria.

c. Drop less promising alternatives and proceed with the
next level of resolution of the design.

Fully describe and document the Scope and content of the full design description depends on what is

selected design solution. appropriate for the product life-cycle, life-cycle phase, the phase
success criteria, and the product position within the PBS and may
include:

(1) Diagrams.
(2) Schematics
(3) Concept drawings.
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(4) Tabular data.

(5) Narrative reports.

Verify the design solution. a. Verify the design solution by means of a peer review
per the guidelines contained in this Handbook.

b. Report any concerns raised by the peer review that
may have design and verification impacts to other system elements.
Validate the design solution. a. Validate the design solution against the set of
stakeholder expectations.

b. Continue with design solution validation until there is
consistency between the system architecture, ConOps, and technical
requirements.

Identify enabling products. As enabling products are identified, initiate the acquisition or
development of those enabling products.
Baseline the design solution. a. To support the recursive nature of successive

refinement that is employed to derive the physical architecture.
b. Avoid baselining too early to preclude stifling
innovative and creative ideas, concepts and implementations.

References: MSFC-HDBK-3701 MSFC Integrated Engineering Principles Handbook

3.1.2.2.2  Logistics and Operate-to Procedures

The applicable logistics and operate-to procedures for the system describe such things as
handling, transportation, maintenance, long-term storage, and operational considerations for the
particular design solution.

ILS activities ensure that the product system is supported during development and operations in a
cost-effective manner. ILS is primarily accomplished by early, concurrent consideration of
supportability characteristics; performing trade studies on alternative system and ILS concepts;
quantifying resource requirements for each ILS element; and acquiring the support items
associated with each ILS element. During operations, ILS activities support the system while
seeking improvements in cost-effectiveness by conducting analyses in response to actual
operational conditions. These analyses continually reshape the ILS system and its resource
requirements.

An ILSP is developed and documented early in the PPA life-cycle. It addresses the elements in
the tasks and steps provided below and include how they will be considered, conducted, and
integrated into the systems engineering process needs.

The following MSFC DRD is applicable to the development of this systems engineering process
providing expectations as described:

STD/LS-ILSP Integrated Logistics Support Plan, provides content expectations for developing an

ILSP, to satisfy the requirements of MPR 7120.1. The ILSP is used by space flight PPAs to
describe life-cycle support concepts, requirements, plans for supportability, logistics support
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analyses, and management of logistics support resources, to provide sustainable and affordable
PPA:s.

The following tasks and steps are provided to assist with satisfying the requirements contained in
MPR 7123.1.

Tasks Steps
Develop logistics and operate-to Develop procedures with consideration to:
procedures. (1) Maintenance support planning.

(2) Design interface.

(3) Technical data and technical publications.

(4) Training.

(5) Supply support.

(6) Test and support equipment.

(7) Packaging, handling, storage, and transportation.
(8) Personnel.

(9) Logistics facilities.

(10) Computer resources support.

Review the draft logistics and operate- | Conduct review of the draft logistics and operate-to procedures.
to procedures.

Submit for approval. Submit the final logistics and operate-to procedures for approval to
the proper DGA.

Maintain the logistics and operate-to Update the logistics and operate-to procedures, as required.

procedures. a.  Major program milestone review.

b.  Major technical review.

3.2 Product Realization Processes
3.2.1 Design Realization Processes

3211 Product Implementation

The formulation of the product implementation approach is done in conjunction with the
development of the PPA’s SEMP. Development and subsequent revisions to the PPA’s compiled
SEMP are undertaken and performed as part of the Technical Planning process. The overall
scope of the PPA will ultimately determine the resources and schedule needed to complete the
PPA within its prescribed constraints of cost and schedule. Similarly, the scope of the technical
effort will be based on the development, preparation, and approval of the work products needed to
support the product implementation process. If the scope of the product implementation effort is
significant, then the PPA may elect to develop a subordinate product implementation management
plan.

The product implementation planning effort is a concerted effort by the technical team and
participatory stakeholder collaboration.
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The purpose of this planning activity is to lay out the approach that will be used to support the
decision-making process of deciding whether to make, buy, or reuse a product that will satisfy
and meet the technical and design-to requirements.

Preparing the Product Implementation Approach also includes an awareness of the specific details
for each of the technical performance and non-technical selection factors that will be used to
support the decision-making process on whether to purchase, buy, or make the product. The
planning effort considers each of these factors and estimates the work that will need to be done in
order to develop the supporting information needed. The selection factors include:

a. Technical Performance Factors

(1) Hardware configuration.
(2) Software configuration.
(3) Standards.

(4) Functionality.

(5) Usability.

(6) Supportability.

(7) Interoperability.

(8) Reliability.

(9) Performance

(10) Adaptability/Flexibility
(11) Applicability.

(12) Manufacturability.
(13) Affordability.

(14) Maintainability.

(15) Evolvability.

(16) Accessibility.

b. Non-technical Selection Factors
(1) Vendor characteristics.
(2) Product characteristics.
(3) Documentation.

(4) Training.
(5) Licenses.

The NASA Cost Estimating Handbook provides details on preparing a credible and realistic cost
analysis as part of the design alternative(s) evaluation and assessment to support the make, buy, or
reuse decision-making process.

The following tasks and steps are provided to assist with satisfying the requirements contained in
MPR 7123.1.

Tasks Steps
Analyze the scope of developing, a. Assemble and review the list of work products required to support
preparing, and maintaining the the product implementation approach.
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Product Implementation
Approach.

b. Review Stakeholder NGOs
(1) FAD.
(2) PCA.
(3) PPAPIan.
c. Review DRL and corresponding DRDs.

d. Obtain information on availability and skills of personnel needed to
conduct implementation.
e. Obtain information on availability of any raw materials, enabling
products, or special services.
f.  Conduct stakeholder interviews
(1) Assess roles and their level of involvement during the
development of the product implementation approach.
(2) Obtain tailoring guidance, if needed.

Develop a schedule for preparing
the Product Implementation
Approach..

a. Annotate due dates for draft and final inputs from planning team
and other key stakeholders.

b. Recognize iterative nature of the approach development effort.

c. ldentify timelines for development of parallel management plans, if
required.

d. Incorporate resource requirements and update, as required.

Conduct Product Implementation
Approach kick-off meeting.

a. Provide an overview on the scope of the PPA’s product
implementation strategy and approach.

b. Provide an overview on how the planning team is organized and
description of R&R.

c. Provide an overview on the schedule needed to develop the product
implementation planning information to include specific deliverables, major
milestones and due dates.

Conduct specialized training for
personnel supporting the product
implementation approach.

a. ldentify specialized training and level of proficiency needs by
personnel job category.

b. Prepare and obtain approval of the specialized training.

c. Conduct the specialized training.

d. Upon successful completion of the specialized training, evaluate the
level of proficiency of trained personnel.

Co-develop and capture IMS
inputs and updates

Support concurrent effort of developing technical schedule inputs based on the
product implementation strategy and approach

Review the draft Product
Implementation Approach

Conduct review of draft Product Implementation planning information with the
planning team and corresponding PPA stakeholders.

Submit for concurrence and/or
approval

Submit the final product implementation planning information for concurrence
and/or approval to the proper DGA.

Maintain the Product
Implementation Approach

Update the product implementation strategy and approach, as required, based
on:

a. Major program milestone review.
b. Major technical reviews.
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32111 Make, Buy, or Reuse Product Implementation Decision Recommendation

Applying the Product Implementation approach for each system element under consideration, an
evaluation and accompanying recommendation will be conducted and prepared to support the
decision-making process to buy an existing product, to reuse an existing product currently in the

government inventory, or to make the product.

The following tasks and steps are provided to assist with satisfying the requirements contained in

MPR 7123.1.

Tasks

Steps

Evaluate and assess approaches
and options for make, buy, or reuse
products that will comply with the
technical and design-to
requirements.

a. Perform required trade studies and analyses needed to
support the evaluation and assessment effort.

b. Conduct and prepare an evaluation and assessment
report to include a recommendation that supports the decision-
making process.

Obtain make, buy, or reuse
decision from designated decision
authority.

a. Prepare necessary presentation materials along with
supporting back-up information; e.g., technical risk, technical
feasibility, credible and realistic cost analysis.

b. Present the evaluation and assessment results along with
a recommendation to the designated decision authority.

Proceed with the make, buy, or
reuse product implementation
decision obtained from the
designated decision authority.

a. Proceed with the approved product implementation
decision.

b. Manage, monitor, and control the product
implementation decision in order to meet the cost and schedule
constraints and technical performance and design-to requirements.

Capture work products associated
with the approved product
implementation decision.

Capture, manage, and maintain process implementation work
product in accordance with the approved TDM process; to include:

a. Design drawings.

b. Design documentation.

C. Code listings.

d. Model descriptions.

€. Implementation procedures.
f. Operator manuals.

0. Maintenance manuals.

h. etc.

3.2.1.1.2 Data Requirements Description

The following MSFC DRDs are applicable to the product Implementation Process:

+ STD/SE-IP Integration Plan

+ STD/DE-DRMAD Design Reference Mission Analysis Document

+ STD/DE-ISPA Integrated System Performance Analysis
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+ STD/CM-EIDAL Electrical Integration Drawings and Associated Lists

+ STD/DE-CSAS Radio Frequency Communications System Analysis and Studies

+ STD/DE-DHSA Data Handling & Software Systems Analysis

+ STD/DE-EISA Electrical Integration System Analyses

+ STD/DE-MFEM Mission and Fault Management (M&FM) Design, Analysis, and Test

+ STD/DE-MPCP Mass Properties Control Plan

+ STD/DE-MPR Mass Properties Report

+ STD/DE-SED Space Environment Definition

+ STD/DE-SFS End-to-End System Functional Schematics

+ STD/MA-IMS Integrated Master Schedule

+ STD/MP-MP Manufacturing and Assembly Plan

+ STD/QE-COQ Certificate of Qualification (COQ)

3.2.1.2  Product Integration

The planning activity associated with the development of the Product Integration approach is part
of the broader technical planning effort. Based on the overall level of technical risk, time-phased
resource requirements will need to be compiled to support product integration across the product
life-cycle.

A description of the Product Integration approach will likely be incorporated into the PPA SEMP.
For smaller PPAs, the PPA SEMP may be used to fully describe how the system will be
assembled, integrated, and verified.

The following MSFC DRDs are applicable to the development of this systems engineering
process providing expectations as described:

The integration plan defines the integration and verification strategies for a PPA interface with the

system design and decomposition into the lower level elements. MSFC DRD STD/SE-IP
Integration Plan, defines the integration strategies for product/system integration.
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The Manufacturing and Assembly Plan (MAP), DRD STD/Materials and Processes (MP)-
Manufacturing and Assembly Plan (MAP), can be used to scope the entire magnitude of the task
to be accomplished and provide technically sound, efficient, and cost effective plan of action to
ensure projected schedules can be maintained. The MAP defines the objective, methods and
procedures to be used in the manufacture and assembly of the deliverable hardware per NASA-
STD-6016, Standard Materials and Processes Requirements for Spacecraft.

STD/SE-IP INTEGRATION PLAN, provides content expectations for developing an Integration
Plan, to satisfy the requirements of MPR 7123.1. An Integration Plan defines the integration
strategies for product/system integration.

The following tasks and steps are provided to assist with satisfying the requirements contained in
MPR 7123.1.

Tasks Steps
Analyze the scope of developing, a. Assemble and review the list of work products required
preparing, and maintaining the Product to support the product integration approach.
Integration Approach. b. Review Stakeholder NGOs.
(1) FAD.
(2) PCA.
(3) PPA Plan.

c. Review DRL and corresponding DRDs.
d.  Obtain information on availability and skills of
personnel needed to conduct integration.
e.  Obtain information on availability of any raw
materials, enabling products, or special services.
f.  Conduct stakeholder interviews.
(1) Assess roles and their level of involvement during
the development of the product integration approach.
(2) Obtain tailoring guidance, if needed.

Develop a schedule for preparing the a. Annotate due dates for draft and final inputs from
Product Integration Approach. planning team and other key stakeholders.

b. Recognize the iterative nature associated with
developing a workable approach to product integration.

c. ldentify timelines for development of parallel
management plans, if required.

d. Incorporate resource requirements and update, as
required.

Conduct Product Integration Approach a. Provide an overview on the scope of the PPA’s product
kick-off meeting. integration strategy and approach.

b. Provide an overview on how the planning team is
organized and description of R&R.

¢. Provide an overview on the schedule needed to develop
the product integration planning information to include specific
deliverables, major milestones and due dates.
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Conduct specialized training for
personnel supporting the product
integration approach.

a. ldentify specialized training and level of proficiency
needs by personnel job category.

b. Prepare and obtain approval of the specialized training.

¢. Conduct the specialized training.

d.  Upon successful completion of the specialized training,
evaluate the level of proficiency of trained personnel.

Co-develop and capture IMS inputs and
updates.

Support concurrent effort of developing technical schedule inputs
based on the product integration strategy and approach.

Review the draft Product Integration
Approach.

Conduct review of draft Product Integration planning information
with the planning team and corresponding PPA stakeholders.

Submit for concurrence and/or approval.

Submit the final product integration planning information for
concurrence and/or approval to the proper DGA.

Maintain the Product Integration
Approach.

Update the product integration strategy and approach, as required,
based on:

a. Major program milestone review.
b. Major technical reviews.

3.2.1.2.1  Assemble and Integrate End Product

The focus of this effort is to successfully assemble, integrate, and verify the PPA interface.
Appendix F, Decision Analysis Methods, contains additional guidance on technical analyses,
assessments, and technical/analytic integration.

System integration is both an analytical and physical process and encompasses all elements
associated with the PPA, including the flight system, software, ground systems, associated launch
interfaces, and mission operations. The analytical integration process consists of the design
integration analyses that ensure the various components, subsystems, and associated external
systems interface and function together, as required. The physical integration process is the
assembly of all piece parts, components, subassemblies, and subsystems into a functional entity.
The following are examples of physical integration:

a. Integrated Ground and Flight Test Objectives (FTOs)

b. Ground objectives

(1) Final requirements verification and closeout.

(2) Stacking flow.
(3) Operability.

(4) Off-nominal processing.

(5) Supportability.
(6) Human factors.
(7) Etc.

c. Flight objectives

(1) Vehicle performance verification.

(2) Aborts.
(3) DFI verification.
(4) Etc.
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Integration of the complete system can be quite extensive. Performing detailed planning in
advance will ensure there is sufficient lead-time to budget and procure the necessary resources
and enabling products to support product integration.

If the potential and currently assessed schedule and technical risk is deemed acceptable, then
opportunities to combine and conduct product integration activities in conjunction with other
product V&YV activities are pursued as a means to potentially compress schedule and reduce costs.

The following tasks and steps are provided to assist with satisfying the requirements contained in
MPR 7123.1.

Tasks Steps
Monitor and control preparations for the a. Track the completion and approval of the integration
SIR for a specific product integration plans and procedures required to support a specific product
activity. integration activity.

b.  Track the progress of required resources and enabling
products needed to support a specific product integration activity.

Conduct the SIR in accordance with a. Refer to the Technical Assessment section of this
Tech_mcal Assessment process document for a description of tasks and steps needed to conduct a
requirements. successful technical review.

b. Obtain approval to proceed with the specific product
integration activity by meeting all of the SIR success criteria and
resolving any issues and/or assigned actions.

Conduct and perform the specific product a. Follow the approved product integration plan and
integration activity. procedures to perform product integration.

b. Formally track and obtain approval to adapt or modify
the product integration plan or procedures, if needed.

c.  Conduct out-brief upon the completion of the specific
product integration activity by reporting out preliminary results and
identifying any additional product integration requirements or needs.
Prepare a formal report on the results of a. Prepare a formal integration or exception report on the
the specific product integration activity. results and conclusions from the specific product integration activity.

b.  Capture and compile the product integration work
products in accordance with TDM process requirements.

3.2.1.2.2  Product Support Documentation

The focus of this effort is to develop and prepare supporting documentation that may be needed to
support product integration. As noted earlier, there may be opportunities to combine and conduct
product verification and product validation in conjunction with assembling and integrating the
end product.

Accordingly, the development of support documentation for product verification and product

validation is discussed in the Product Verification and Product Validation Processes section of
this document.

CHECK THE MASTER LIST - VERIFY THAT THIS IS THE CORRECT VERSION BEFORE USE




Downloaded from http://www.everyspec.com

MSFC Technical Standard

EE10
Title: Systems Engineering Document No.: MSFC-HDBK-3173 Revision: C
Handbook Effective Date: November 9, 2018 Page 77 of 277

3.2.2 Evaluation Processes

3.2.21 Product Verification and Product Validation

The Product Verification process is used to provide objective evidence that an end product
conforms to its specifications/requirements and design description documentation generated from
the system design processes. The Product Validation process is used to confirm that a verified
end product fulfills its intended use when placed in its intended environment. In other words,
verification provides objective evidence that every” requirement was met, whereas validation
provides objective evidence that stakeholders’ expectations were met.

Product Verification and Product Validation can be accomplished by the following methods:

a. Analysis: The use of mathematical modeling and analytical techniques to predict the
suitability of a design to stakeholder expectations based on calculated data or data derived from
lower system structure end product verifications/validations. Analysis is generally used when a
prototype, engineering model, or fabricated, assembled, and integrated product is not available.
Analysis includes the use of modeling and simulation as analytical tools. A model is a
mathematical representation of reality. A simulation is the manipulation of a model.

b. Demonstration: Showing that the use of an end product achieves the individual
specified requirements/specifications (verification) and the stakeholder expectations (validation).
It is a basic confirmation of performance capability, differentiated from testing by the lack of
detailed data gathering. Demonstrations can involve the use of physical models or mockups. A
demonstration could also be the actual operation of the end product.

c. Inspection: The visual examination of a realized end product. Inspection is generally
used to verify/validate physical design features or specific manufacturer identification.

d. Test: The use of an end product to obtain detailed data needed to verify/validate
performance, or provide sufficient information to verify/validate performance through further
analysis. Testing can be conducted on final end products, breadboards, brass boards or
prototypes. Testing produces data at discrete points for each specified requirement under
controlled conditions and is the most resource-intensive verification technique. Testing is the
detailed quantifying method of both V&V but it is required in order to validate final end products
to be produced and deployed. Testing may include functional testing, environmental testing,
combined environments testing, flight testing, and integrated systems testing.

e. Validation of Records: The use of vendor-, element-, discipline-, or interfacing PPA-
furnished verification data or manufacturing or processing records to ensure the requirements(s)
have been incorporated or met. Validation of records can be used as the method to satisfy
incorporation of requirements for such items as commercial off-the-shelf products, products
purchased to standards, or closure of allocated requirements.
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f. Similarity: The process of assessing prior data, configuration, processes, or
applications and concluding that the item under assessment is similar or identical to another item
that has previously been verified to equivalent or more stringent specifications or validated to an
equivalent use or function. Similarity may only be used when each of the following criteria is
met:

(1) Engineering evaluation(s) reveals that design configurations between the item under
assessment and the similar item would produce the same results if the
verification/validation activity was performed on the item under assessment.

(2) The similar item was designed for and verified/validated to equal or higher
environmental (e.g., thermal, stress) levels than those required for the item under
assessment.

(3) The item under assessment was built by the same manufacturer using the same
manufacturing processes and the same quality control procedures as the similar
item.

(4) Similarity assessment will undergo an independent evaluation by a technically
qualified person or group other than the person(s) performing the assessment.
Similarity will not be used when either of the following conditions exists:

A. The similar item used in the assessment was itself verified/validated using
similarity as the method.

B. Items whose criticality is 1 or 1R (i.e., items whose failure or malfunction could
result in loss of vehicle, life, or serious injury). For additional information on
criticality definition, see Organizational Work Instruction, QD-R-001.

From a process perspective, Product Verification and Product Validation are similar in
nature, but the objectives are fundamentally different. It is essential to confirm that the realized
product is in conformance with its specifications and design description. However, from a
stakeholder viewpoint, the interest is in whether the end product will do what the stakeholder
intended within its operational environment. When cost effective and warranted by analysis, the
expense of validation testing can be mitigated by combining tests to perform V&V
simultaneously.

The outcomes of the Product Verification and Product Validation processes are confirmation that
the “as-realized product” conforms to its specified requirements and meets the stakeholders’
expectations.

The following are key inputs and outputs to the Product Verification process.

Inputs and Sources:
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a. End product to be verified (from Product Implementation Process or Product
Integration Process).

b. End product specification and configuration baselines, including interface
specifications, to which the product being verified was generated (from TDM Process).

c. Product verification approach (from DSD Definition Process and Technical Planning
Process).

d. Product verification enabling products (from existing resources or Product Transition
Process for enabling product realization).

Outputs and Destinations:

a. A verified end product (to Product Validation Process).
b. Product verification results (to Technical Assessment Process).
c. Completed verification report to include for each specified requirement:

(1) The source paragraph references from the baseline documents for derived
technical requirements, technical requirements, and stakeholder expectations.

(2) Bidirectional traceability among these sources.

(3) Verification type(s) to be used in performing verification of the specified
requirement.

(4) Reference to any special equipment, conditions, or procedures for performing the
verification.

(5) Results of verification conducted.

(6) Variations, anomalies, or out-of-compliance results.

(7) Corrective actions taken.

(8) Results of corrective actions (to TDM Process).

d. Product verification work products needed to provide reports, records, and
undeliverable outcomes of process activities (to TDM Process).

The following are key inputs and outputs to the Product Validation process.

Inputs and Sources:

a. End product to be validated (from Product Verification Process).
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b. Baselined stakeholder expectations (from CM Process).
c. Product validation approach (from DSD Process and Technical Planning Process).

d. Product validation enabling products (from existing resources or Product Transition
Process for enabling product realization).

Outputs and Destinations:

a. A validated end product (to Product Transition Process).
b. Product validation results (to Technical Assessment Process).

c. Completed validation report for each stakeholder expectation or subset of stakeholder
expectations involved with the validation, for example:

(1) The source requirement paragraph reference from the stakeholder expectations
baseline.

(2) Validation type(s) to be used in establishing compliance with selected set of
stakeholder expectations and match with each source expectation referenced.

(3) Identification of any special equipment, conditions, or procedures for performing
the validation, which includes referenced expectation.

(4) Results of validation conducted with respect to the referenced expectation.
(5) Deficiency findings (variations, anomalies, or out-of-compliance results).
(6) Corrective actions taken.

(7) Results of corrective actions (to TDM Process).

d. Product validation work products needed to provide reports, records, and
undeliverable outcomes of process activities (to TDM Process).

Successful V&V will lead into qualification of the final hardware/software (HW/SW) design.
3.2.2.1.1  Product Verification/Product Validation Requirements
Product Verification/Product Validation requirements provide the basis for V&V planning

covered in Section 4.2.2.1.2. These product V&YV requirements are compiled with the set of PPA
requirements per DRD STD/SE-VVREQ, Verification/Validation Requirements. V&V
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requirements identify “what” is required to satisfy each of the technical requirements or
stakeholder expectation statements respectively.

The Product Verification/Product Validation Requirements are prepared to support the SRR and
are baselined as part of the SRR success criteria.

In addition to baselining of the V&V requirements at the SRR, it may be necessary at this time for
some PPAs to begin detailed planning for new or modified test and launch facilities, test article
fabrication, test article/facility interface requirements, or other long lead items.

The following tasks and steps are provided to assist with satisfying the requirements contained in
MPR 7123.1.

Tasks Steps
Define verification/validation a. Define the method by which the requirement is to be verified.
requirements. (1) Test.
(2) Analysis.

(3) Inspection.
(4) Demonstration.
(5) Validation of Records.
(6) Similarity.
b. Define the level at which the verification/validation will occur.
(1) System.
(2) Subsystem.

(3) Component.
c. Define the phase or purpose of the verification/validation activity
to be performed.

(1) Development.
(2) Qualification.
(3) Acceptance.
(4) Pre-launch.

(5) Flight/Mission.
(6) Post-flight.

(7) Disposal.
Manage and maintain the a. Manage and maintain verification/validation requirements.
verification/validation requirements. b. Update as necessary in accordance with established data

management requirement.

Reference: MSFC-HDKB-2221, VVolume | and VVolume 11
3.2.2.1.2  Product Verification/Product Validation Planning

The Product Verification/Product Validation requirements are the basis to begin defining the
scope and begin the planning effort to describe the Product Verification/Product Validation
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program. The Product Verification/Product Validation planning information provides a
description of the product verification/product validation program and is prepared per DRD
STD/SE-VVPLAN, Verification/Validation Planning. The Product Verification/Product
Validation planning information also provides a detailed description of the overall approach and
organizational structure for implementing the verification/validation program. The scope of the
activities and tasks by verification/validation phase for flight hardware and software needs to be
fully described in the Product Verification/Product Validation planning information.

NASA-STD-7009, Standard for Models and Simulations (M&S), provides requirements and
recommendations for the development and maintenance of models, the operation of simulations,
the analysis of the results, training, recommended practices, the assessment of the M&S
credibility, and the reporting of M&S results. Other key features included in this standard include
requirements and recommendations for verification, validation, uncertainty quantification,
training, credibility assessment, and reporting to decision makers (DM)s.

Test Like You Fly (TLYF) is a pre-launch V&YV approach that examines all applicable mission
and flight characteristics within the intended operational environment and determines the fullest
practical extent to which those characteristics can be applied in testing. The application of this
philosophy is intended to avoid experiencing any environmental conditions or operations for the
first time on orbit and to discover anomalous behavior under those conditions validate end-to-end
operability and performance of the item under test. TLYF criteria is designed to understand the
limitation of the ground test program and includes: review of the mission scenario, critical events,
their verification and identification of tests in support of those verifications; assessment of flight
test configuration traceability to flight design; application (combination) of environments as seen
in flight; and test procedure correlation to operational procedures. A TLYF exception is an
instance in which testing cannot be performed in a like you fly manner due to physical or
programmatic constraints (schedule cost, safety, etc.) that prevent creation of the flight
environment/configuration during testing. A TLYF exception mitigation is a mitigation plan is
required for risks that impact mission assurance and operational capability as a result of not
verifying or validating in a test in a like-you-fly manner. Flight tests may be deemed as acceptable
mitigation for TLYF. Development testing is not considered as a TLYF assessment. Four major
components of TLYF philosophy are: criticality; mission scenario assessment, definition of
critical events and functions and their verifications; configuration; qualification test (or
demonstration) hardware and software will be of the same configuration and manufacturer, and be
manufactured under the same production processes as the flight hardware and software;
environments - application of the natural and induced environments to testing; and operation -
integration of test article, as it represents flight HW/SW, with the way it is intended to be operated
in flight.

The Product Verification/Product Validation planning information is prepared to support the SRR
and is baselined after the System PDR.

The following tasks and steps are provided to assist with satisfying the requirements contained in
MPR 7123.1.
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Tasks

Steps

Develop and prepare the Product
Verification/Product Validation planning
information,

a. Define and document the detailed description of each
verification/validation activity based on the verification/validation
requirements,

b. Define and document the organizational R&R for each
verification/validation activity,

c. Define the verification/validation approach,
methodology, and organization structure to process and implement
the verification/validation program,

d. Identify and describe modeling and simulation needs
and requirements.

(1) Models required.
(2) Model development.

(3) Model verification, validation, and accreditation
requirements.

(4) Scope of simulation activities.
e. Define and document the verification environment.
(1) Facilities.
(2) Ground support equipment (GSE).
(3) Software.
(4) Tools.
(5) Simulations.
(6) Personnel.

(7) Operational conditions.
f.  Document the timeline for the sequence of

verification/validation activities.

g. Identify the documentation necessary to support the
verification/validation effort.

(1) Requirements matrix.
(2) Specifications.
(3) Interface documents.

(4) Test plans.
h.  Define and document the compliance data review and

approval process.

i Define and document safety and reliability assessment
derived safety verifications (e.g., hazard reports, Failure Mode
and Effect Analysis(FMEA)/Critical Items List (CIL),
reliability prediction including PRA, as applicable,
verification).

Submit the completed Product
Verification/Product Validation planning
information for approval.

a. Obtain approval from the PPA team that the Product
Verification/Product Validation planning information has
achieved sufficient maturity to be baselined.

b. The Product Verification/Product Validation planning
information is placed under formal configuration control in
accordance with established CM procedures.
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Manage and maintain the Product a. Manage and maintain the Product Verification/Product
Verification/Product Validation planning Validation planning information in accordance with guidance
information. contained in the PPA SEMP.

b. The Product Verification/Product Validation planning
information is placed under formal configuration control in
accordance with established CM procedures.

3.22.1.3 Product Verification/Product Validation Success Criteria

The Product Verification/Product Validation success criteria provide the detail and specific
criteria, which determine successful accomplishment of the verification/validation planning
activities. The Product Verification/Product Validation success criteria are prepared in
accordance with DRD STD/SE-VVSC, Verification/Validation Success Criteria.

The Product Verification/Product Validation success criteria are submitted as part of the PDR
data package and baselined at least 90 days prior to the start of the verification/validation activity
to provide sufficient time to develop and publish the procedures.

The following tasks and steps are provided to assist with satisfying the requirements contained in
MPR 7123.1.

Tasks Steps

Define verification/validation | Develop success criteria based on the following considerations:
success criteria. Performance criteria.

Environment test limits.

Tolerances.

Margins.

Specifications.

Constraints.

Inspection points.
Effectivity and location.

Te@hPoo0oTe

Submit the completed Product a. Obtain approval from the PPA team that the Product

Verification/Product Verification/Product Validation Success Criteria has achieved sufficient maturity
Validation Success Criteria for | 5 pe paselined.

approval. b. The Product Verification/Product Validation Success Criteria is placed
under formal configuration control in accordance with established CM
procedures.

Manage and maintain the a. Manage and maintain the Product Verification/Product Validation

Product Verification/Product | Success Criteria in accordance with guidance contained in the PPA SEMP and/or

Validation Success Criteria. | ppa verification/Validation planning information.

b. The baselined Product Verification/Product Validation Success Criteria
is placed under formal configuration control in accordance with established CM
procedures.
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3.2214 Product Verification/Product Validation Procedures

Product Verification and Product Validation procedures outline the instructions for performing
verification/validation activities.

The Product Verification/Product Validation procedures are prepared in accordance with DRD
STD/SE-VVPROC, Verification/Validation Procedures and Models.

The Product Verification/Product Validation procedures are initially submitted at least 90 days
and then baselined at least 30 days prior to the start of the related verification/validation activity.

The following tasks and steps are provided to assist with satisfying the requirements contained in
MPR 7123.1.

Tasks Steps
Prepare and document Provide a description for each of the following areas or items:
verification/validation procedures. a. ldentify item/article being subjected to test, demonstration,

inspection, or analysis.

b. Identify the objectives established for the verification/validation
activity.

C. ldentify the characteristics and criteria to be verified (including
values and tolerances) for acceptance or rejection and traceability back to the
applicable success criteria, traceability to PPA safety and reliability
verification requirements (e.g., hazard reports, FMEA/ CIL, reliability
prediction including PRA (as applicable).

d. Describe the sequence of steps and operations to be performed.
€. Identify measuring and recording equipment to be used.

(1) Type.

(2) Range.

(3) Accuracy.

(4) Operating instructions.
f.  Confirm that required support equipment has been calibrated and its

certification is valid.

g. Confirm that support equipment has been verified prior to use.

h. Document layouts, schematics, or diagrams that show
identification, location, and interconnection of item/article, support
equipment, and measuring equipment.

i. Document test article configuration and identify software loads,
GSE vs. flight.

j.  Identify hazardous situations and operations

k. Document safety precautions and instructions.

I.  Document environmental and other conditions to be maintained
with tolerances.

m. Document data storage and translation requirements

n. Document constraints
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Tasks Steps

0. Document instructions for handling non-conformances and
anomalous occurrences.

p. Document the R&R for executing the verification/validation
procedures

g. Document hardware, software, and/or GSE that is reused,
refurbished, or reflown for a new particular use, function, or mission.

Submit the completed Product a. Obtain approval from the PPA team that the Product
Verification/Product Validation Verification/Product Validation Procedures have achieved sufficient
Procedures for approval. maturity to be baselined.

b. The Product Verification/Product Validation Procedures are
placed under formal configuration control in accordance with established
CM procedures.

Manage and maintain the Product a. Manage and maintain the Product Verification/Product Validation
Verification/Product Validation Procedures in accordance with guidance contained in the PPA SEMP and/or
Procedures. PPA Verification/Validation planning information.

b. The baselined Product Verification/Product Validation
Procedures are placed under formal configuration control in accordance with
established CM procedures.

3.22.15 Product Verification/Product Validation Reports and Compliance

Product Verification and Product Validation reports provide a record of the results of the
verification/validation activity.

Demonstrating Product Verification and Product Validation compliance involves the evaluation,
tracking and statusing of submitted reports against the design input requirements.

The Product Verification/Product Validation reports are prepared in accordance with DRD
STD/SE-VVRC, Verification/Validation Reports and Compliance.

The Product Verification/Product Validation reports and compliance information are initially
submitted when the first verification/validation report is approved. Subsequent reports and
compliance information are continued to be provided throughout the PPA and submitted as
needed until full compliance is achieved.

The following MSFC DRDs are applicable to the development of this systems engineering
process providing expectations as described:

STD/SE-VVC Verification/Validation Compliance, provides content expectations for developing
a Verification/Validation Compliance Assessment, to satisfy the requirements of MPR 7123.1.
The Verification/Validation Compliance Assessment is used to identify, assess, and correlate the
submitted verification/validation reports against the requirements.
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STD/SE-VVREP Verification/Validation Reports, provides content expectations for developing
Verification/Validation Reports, in order to satisfy the requirements of MPR 7123.1.
Verification/Validation Reports are used to report the results of the individual
verification/validation activities.

The following tasks and steps are provided to assist with satisfying the requirements contained in

MPR 7123.1.

Tasks

Steps

Document the results of the
verification/validation activity in a
report.

Provide a description for each of the following areas or items:
a. Conclusions. Recommendations.

Deviations/waivers.

Plots.

Pictures.

As recorded results.

Procedures that were used.

Traceability to the verification/validation success criteria.

Additional independent assessment (1A) (i.e., “second set of
eyes”) of the compliance data on a case by-case basis taking into account the
criticality and fidelity of the hardware or software and the
verification/validation method.

S@ o a0 T

Provide compliance of the
verification/validation to the
technical requirements.

a. Obtain approval of the Product Verification/Product Validation
Reports via the verification/validation data approval process outlined in the
PPA SEMP and/or Product Verification/Product Validation Plan.

b. Complete or provide the following information:

(1) Traceability to requirements and/or stakeholder expectations.
(2) Traceability to success criteria.

(3) Compliance data point of contact (responsible party).

(4) Non-conformance tracking.

(5) Status (i.e., open, closed).

Submit the completed Product
Verification/Product Validation
Reports and Compliance
information for approval.

Obtain approval of the Product Verification/Product Reports via the
verification/validation data approval process outlined in the PPA SEMP
and/or Product Verification/Product Validation planning information.

Manage and maintain the Product
Verification/Product Validation
Reports and Compliance

a. Manage and maintain the Product Verification/Product Validation
Reports and Compliance in accordance with guidance contained in the PPA
SEMP and/or PPA.

b. Verification/Validation planning information.

c. The baselined Product Verification/Product Validation Reports
and Compliance are placed under formal configuration control in accordance

with established CM procedures.

3.2.2.1.6  Product Testing

Testing can occur in the development laboratories (i.e. those contained in the developing
engineering departments and laboratories) or involve larger capabilities contained by the MSFC
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Test Laboratory. Tests conducted in the MSFC Test Areas and MSFC Test Area laboratories are
coordinated with test conductors and planning is essential to ensure schedule and budget properly
incorporate test planning. Based on schedules and capabilities, testing may be performed at other
Centers or at the suppliers. Tests include both development testing and qualification testing
leading to product V&YV discussed in section 4.2.2.1. Development testing are tests conducted to
support design understanding and decisions in developing the system. Qualification testing
involves testing the system beyond the defined operational limits to ensure that it will work
reliably in the specific mission environment. These qualification tests are used in the
determination of the Certificate of Qualification (COQ) and Certificate of Flight Readiness
(CoFR). Often the results in development and qualification testing are used as evidence in system
verification.

Special integration facilities are often developed to support integrated HW/SW testing and
human/system interaction testing. This is discussed more in the section D. Hardware, Software,
and Human System Integration, below.

Test planning is done early in the life-cycle and major testing should be known by the first
requirements review. Testing in development laboratories should be defined early as well to
ensure the proper test equipment is known and available to support the testing.

TLYF is a testing philosophy that examines all applicable mission, operational, and flight
characteristics within the intended operational environment and determines the fullest extent to
which those characteristics can be applied in testing.

Testing can occur at any point in the PPA life-cycle, or may be performed for research purposes
independent of a PPA. During Phase A, for example, concept development testing may occur in
order to develop data and rationale for design reviews. Early testing may occur to mitigate risk,
down select designs, screen materials, advance the Technology Readiness Level (TRL), develop
new processes, certify personnel and equipment, or qualify suppliers. For a long-term PPA such
as the Space Shulttle, testing can occur throughout the operational phase to support sustaining
engineering, and for the reasons listed here. Testing is done at any level from piece part,
component, subassembly or subsystem, system and integrated systems, including HW/SW
integration, in order to develop, verify and validate, qualify or accept the manufactured product.

Testing takes place to support troubleshooting and failure investigations, in order to duplicate the
failure under controlled conditions, and subsequently to qualify a new design or process, or
develop a repair. It is important for all levels of testing that the configuration of the test article is
traceable to the test data.

Some development tests can be expensive and involve some level of technical and/or program
risk. Testing of new design turbo pumps on the Space Shuttle Main Engine (SSME) is a good
example. During development testing, the SSME Project Office specified flight requirements
compliance in all development operations, including QA. This was an expensive test with some
risk to the project, and the SSME was considered to be flight hardware. Any engine component
had to be available for launch on a flight engine if needed. Another examples is sub-scale solid
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rocket motor testing which was performed for the Redesigned Solid Rocket Motor (RSRM).
These tests were also expensive, and material selection decisions were made, based on the data,
for an eventual full scale qualification test. In similar cases, there is a role for QA
insight/oversight as a risk mitigation. Inspections can also be considered test data, since
measurements of erosion or excessive wear, for example, can be a significant part of the design
process.

NASA and MSFC have developed a number of test standards and handbooks as listed in Table 3,
NASA and MSFC Testing Standards, for a few specific types of testing. The handbooks provide
guidance, best practices, and lessons learned for test planning, and promote consistency across the
agency for launch vehicles, spacecraft and payloads. The standards provide agency requirements
in support of design, V&V, qualification and acceptance. The handbooks and standards also
support the TLYF approach. Systems Engineering Processes implemented by the Test Service
Provider

Table 3. NASA and MSFC Testing Standards

Document Number [Title

NASA-HDBK-7004  [Force Limited Vibration Testing
NASA-HDBK-7005 [Dynamic Environmental Criteria
NASA-HDBK-7008 [Spacecraft Dynamic Environments Testing

NASA Handbook for Models and Simulations: an Implementation
Guide for NASA STD 7009

NASA-HDBK-7010 [Direct Field Acoustic Testing (DFAT)
NASA-STD-7001 Payload Vibroacoustic Test Criteria
NASA-STD-7002 Payload Test Requirements
NASA-STD-7003 Pyroshock Test Criteria
NASA-STD-7009 Standard for Models and Simulations

General Environmental Test Guidelines (GETG) for Protoflight
Instruments and Experiments

NASA-HDBK-7009

MSFC HDBK 670

MSFC STD 3676 Development of Vibroacoustic and Shock Design and Test Criteria

Reference: Shepherd, C., “A Systems Engineering Approach to Quality Assurance for Aerospace
Testing”, ASQ World Conference, 2015.

The test organizations, such as MSFC Test Laboratory, will assist PPAs and system engineers in
the establishment and development of test plans and requirements. The complexity of the
processes will depend upon the PPA life-cycle phase (e.g., research vs. qualification), the level of
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the test article and/or software (e.g., component vs. system), the type of test (e.g., materials test
vs. integrated stage test or launch), and other factors such as the use of heritage hardware, or
repeated testing at the same test location.

The PPA system engineer, based on the established stakeholder expectations and technical
requirements works with the test organization to establish the test requirements and parameters.
Once the decision is made that testing is required the test organization should be contacted as
soon as feasible to determine the optimum location for the test, and to begin the planning process.
However, information at this point is often preliminary, and the test organization may need to
participate in this process very early in the life-cycle, especially if new or modified facilities
and/or hardware are needed. In the interest of maintaining a schedule, this entire process can be
iterative, often with final test requirements and as-built drawings being completed in time for the
Test Readiness Review. Therefore, the test PPA needs some level of work tracking and constraint
checks to confirm readiness in coordination with the test organization. See ED-OWI-004, Test
Program Control.

The test team performs a LD process with the customer's Test Requirements Document
(TRD/Test Plan) in order to thoroughly understand the required parameters and derived
requirements. A template example for the TRD can be found in ET01-PRO-OWI-001, Test
Program Documentation and CM Plan (CMP). The test team must begin the process of
identifying test equipment, test facilities, support equipment, fixtures, software needs, and
instrumentation. This is closely followed by design of equipment, fixtures, new facilities or
modifications, data channels, and coding of software.

The test team and the customer must coordinate activities, agreements and schedules throughout
test planning process. Depending on the magnitude of the effort, this could be an iterative process
that could take many months. For example, testing in a wind tunnel, or vacuum chamber, will
involve understanding the customer's requirements, acquiring the necessary support equipment,
programming of the test environment profile, installing instrumentation, pre-test checkouts,
preparing or modifying a test procedure, and performing the test, all of which may take place in a
matter of weeks. Testing a rocket engine, or a stage may necessitate extensive modifications to an
existing facility or construction of a new test stand, which could take 2-3 years, depending on: the
acquisition process; designs; construction; assembly and checkout of structure and special test
equipment (STE); installation, checkout and certification of pressure systems; installation and
programming of data and control systems; and modification or installation of control rooms.
Transportation of the test article may be a significant effort involving the Super Guppy, barges,
railcars, specially designed transporters, cranes, and GSE.

Technical requirements, trade studies, cost, schedule, safety, QA, environmental regulations,
logistics, calibration, procurements, workforce staffing and training, permits and certifications,
codes and standards must be identified, managed implemented and tracked. Requirements
changes from the customer must be factored in and schedule adjustment may be necessary,
depending upon the timing and magnitude. Interfaces are an important part of the test planning
processing, since test article-to-equipment interfaces must be identified and tracked, as well as
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each interface at the facility, equipment, and fixture level. Depending on the complexity of the
test and test