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Preface

The Human Exploration and Operations Mission Directorate (HEOMD) and the Science Mission
Directorate (SMD) Chief Engineers (CEs) requested that the NASA Engineering and Safety
Center (NESC) assess the acrospace valve industrial base and NASA’s application of design and
construction (D&C) standards to identify risks and potential mitigation steps to avoid future
problems. This request was in response to the significant number of valve-component-related
issues experienced by NASA across multiple programs/projects and mission directorates.
Numerous valve-related anomalies within the HEOMD and SMD have led to this being tracked
by the Office of the Chief Engineer (OCE) as a crosscutting issue for NASA.

The key stakeholders for this assessment are Mr. John McManamen, HEOMD CE;
Mr. Joseph Pellicciotti, NASA Deputy CE (formerly SMD CE); and multiple other
programs/projects across HEOMD and SMD.
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Abstract

Based on some recent valve issues, it was requested that the NASA
Engineering and Safety Center (NESC) assess the aerospace valve
industrial base and NASA’s current acquisition practices to identify risks
and potential mitigation steps to avoid future problems. A three-pronged
approach was used for this assessment. First, questionnaires were sent to
NASA programs/projects across multiple NASA Centers. Next, valve
vendor data received as part of an independent 2017 Department of
Commerce study of the propulsion industry base were mined for issues
with the participating valve companies. Lastly, several valve vendors
were sent questionnaires to obtain feedback on supply issues they were
experiencing with NASA’s acquisition practices or valve design
requirements. Based on the survey data and subject matter expert
evaluations, although real problems were noted with a few aerospace
valve suppliers, the industry as a whole does not appear to be eroding or
in decline.

1.0 Executive Summary

NASA has recently experienced a significant number of valve-component-related issues
(discussed in Section 3.0) across multiple programs/projects and mission directorates. Numerous
valve-related* anomalies within the Human Exploration and Operations Mission Directorate
(HEOMD) and Science Mission Directorate (SMD) have led to this issue being tracked by the
Office of the Chief Engineer (OCE) as a crosscutting issue for NASA. The HEOMD and SMD
Chief Engineers (CEs) requested that the NASA Engineering and Safety Center (NESC) assess
the aerospace valve industrial base and NASA’s current acquisition practices to identify risks
and potential mitigation steps to avoid future problems.

The valve failures (e.g., leakage, maximum operating pressure, lifecycle) and the resulting
inability to meet performance requirements has led to the perception that there might be systemic
or chronic design/quality and handling issues from an eroding valve supply chain and/or system
integrators. Examples of fundamental design and quality issues exist with valves from multiple
suppliers used in flight hardware development across HEOMD and SMD programs/projects
(e.g., the Multi-Purpose Crew Vehicle (MPCV) Orion crew module (CM)/European service
module (ESM) and the Commercial Crew Program (CCP) launch vehicle and spacecraft).
Although most of the problems were identified during qualification and/or acceptance testing,
the sources of these issues must be determined and are currently being worked by individual
programs/projects. The problem is potentially compounded by NASA schedule pressures, which
often necessitate the use of commercial off-the-shelf (COTS) components and may discourage
the development and testing that was done for previous programs. The objective of this
assessment, however, was not to determine the root causes of the reported failures but rather to
determine the overall state of the valve industry and evaluate NASA’s application of design and
construction (D&C) requirements.

! For the purposes of this report, valve is defined as any related valve component (e.g., valve, regulator, propulsion
component, etc.).



A three-pronged approach was used for this assessment. First, questionnaires were sent to NASA
programs/projects across multiple NASA Centers. The questionnaire was developed by valve
subject matter experts (SMEs) to preclude biased results from respondents. The intent was to
identify the valve companies used by NASA programs, the issues the programs have with their
vendor base, and how the programs feel about NASA’s design, construction, and test
requirements. Next, valve vendor data received as part of an independent 2017 Department of
Commerce study of the propulsion industry base were mined for issues with the participating
valve companies. Lastly, several valve vendors were sent questionnaires to obtain feedback on
supply issues they were experiencing with NASA’s acquisition practices or valve design
requirements.

Based on the survey data and the SME evaluations, although real problems were noted with a
few aerospace valve suppliers, the industry as a whole does not appear to be eroding or in
decline. Companies or suppliers new to the aerospace industry appear to be prospering. Financial
data reviewed for the valve suppliers that participated in the Department of Commerce survey
showed growth, and there was no indication of decline across the industry. The valve-related
issues experienced by NASA programs may be attributed to multiple factors and should be
investigated beyond this assessment. For example, NASA is currently working multiple
programs in parallel through stages of program life requiring concurrent development,
qualification, and manufacturing of a large number of challenging and unique valve designs on a
compressed schedule. Coupled with other aerospace industry demands, this may have potentially
overwhelmed valve suppliers. Further, several newer aerospace companies are supplying valves
to NASA. Therefore, the issues may be the result of design and/or production difficulties for
these companies as they gain experience. Based on this assessment, the aerospace valve supplier
base appears to be growing.

2.0 Assessment Plan

The purpose of this assessment was to gain an understanding of the connection between valve
failures, the health of the valve industry, the current industry workload effects, and NASA’s
acquisition strategy or requirements. Although specific valve failures were assessed as part of
this exercise, direction to any supplier relating to ongoing issues being worked by a
program/project was not in scope, and assessment team members did not perform work toward a
resolution of any specific valve issue. The scope of this effort was limited to aerospace flight
valve components.

This assessment included the following activities:

1. Conduct program/project survey.

e Survey programs/projects to identify recent applicable valve component issues, resolution
efforts, and outcomes.

e Request list of vendors supporting each program/project element.
e Compile and analyze issues for common and systemic causes and potential solutions.
2. Conduct vendor/integrator survey.

¢ In parallel with program/project survey, conduct a survey of valve suppliers and project
integrators for feedback on NASA’s flow-down of performance and D&C requirements,
procurement strategy, workload, and schedule constraints.
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e Discuss the survey feedback, issues, and findings with vendor and program/project
representatives.

3. Conduct vendor deep dives.

e Based on the feedback from vendors and programs/projects, identify up to two vendors
(or sub-vendors) with which to conduct face-to-face meetings. The purpose of the
meetings was to determine if/how NASA’s procurement strategy played a role in the
specific failures observed.

4. Based on data gathered from steps 1 through 3, identify risks associated with different
valve/component requirements, technical issues, other issues, as well as potential mitigations.

5. Mine the results of an independent Department of Commerce study of the propulsion
industry base for issues with the participating valve companies. (This step was added to the
original assessment scope based on the timely availability of the Department of Commerce
survey data following the initial assessment plan acceptance by the NESC Review Board
(NRB).)

6. Document findings, observations, and NESC recommendations in an NESC final report and a
stakeholder briefing to the OCE.

3.0 Problem Description

NASA has experienced valve-component-related issues across multiple programs/projects and
mission directorates. Design/quality and handling issues within the valve supply chain and
system integrators are resulting in the inability to meet performance requirements (e.g., leakage,
maximum operating pressure, lifecycle). Numerous examples of fundamental design and quality
issues exist with valves from multiple suppliers used in flight hardware development across
HEOMD and SMD programs/projects. NASA has always had and will have component
problems related to design/process/quality at any given manufacturer. This is often driven by the
fact that NASA builds one-of-a-kind missions where we are always changing or tweaking the
requirements. All hardware manufacturers can experience issues if there are changes to heritage
designs without proper development testing, or if the design entity no longer has the original
designer or detailed knowledge of the design, leading to unexpected effects due to small changes
in the design. However, the number of high visibility or critical path valve issues are what
initiated the effort behind this report.

Issues have been and are currently being worked by individual programs/projects. The numbers
and types of fundamental design issues may indicate a more systemic issue of an eroding
supplier base for these component types. The problem is compounded by NASA schedule
pressures that result in the use of both COTS and unique components and may discourage
development and acceptance testing.

e Examples of recent valve component issues relevant to this study include:

e Geostationary Operational Environmental Satellite (GOES) check valves experienced
leakage likely caused by a process escape resulting in damage and particulate in the
valve.

e James Webb Space Telescope (JWST) leak rates were traced to degraded elastomeric
seals transferring material onto valve seats.



4.0 Survey Methodology

Three survey sources were used to obtain the input for this assessment:

e Initially, questionnaires were sent to NASA programs/projects located across multiple NASA
Centers to identify the valve companies used by the programs, issues these programs have
with their vendor base, and how they feel about NASA’s design, construction, and test
requirements.

e Secondly, valve vendor data received as part of an independent Department of Commerce
study of the propulsion industry base were mined for any issues with those valve companies
participated.

e Finally, specific valve vendors were asked to provide feedback on issues they have in general
or with NASA’s valve design requirements.

4.1  Program/Project Survey

Project/programs questionnaires were prepared and disseminated by the assessment team across
multiple NASA Centers. The intent of this questionnaire was to obtain feedback from program or
project offices regarding which vendors support program/project activities, issues they have
observed with those vendors, vendor pushback on NASA requirements, and how they
communicate with their vendors. Feedback was received from 26 programs/projects, and the
notable comments are discussed here.

Key or notable observations from the questionnaire feedback are:

e Twenty-four suppliers were identified as providing valves for NASA programs. In the
majority of instances reported, suppliers provided two or fewer unique designs for the
responding program. However, there were suppliers providing more than ten unique designs
for specific programs.

e The most commonly reported issue types observed by programs were “Manufacturing quality
issues” and “Process escapes leading to component/system operational issues.” Four other
issue types, “Inadequate acceptance test program,” “Inadequate design due to extremely
difficult to meet performance requirements,” “Inadequate resources,” and “Failure to meet
schedule,” were reported by a smaller but significant number of programs.

e The issues reported by the programs were not surprising and are systemic to all components.
This reinforces the need for a robust quality system with component-level checks (e.g.,
acceptance vibration testing).

o All other issue types proposed in the questionnaire were reported by at least one program.
There were issue types reported by programs in the “Other issues that you feel may indicate a
vendor is strained” category. Most notably, one program stated that issues were attributable
to a small and young engineering group that lacked knowledge transfer and technical skill to
oversee the quality of products.

o Nearly all projects stated they interact with their valve suppliers through an integrator.
Integrators do not manufacture individual components but instead put various component
manufacturers on contract to build that hardware. Some projects reported, for cases in which
the valve supplier is multiple sub-tiers (e.g., four levels in some cases) deep, that
communication is difficult, not timely, and sometimes resisted by the integrator.



In some cases, the integrator and valve supplier were the same entity. Instances of difficulty
resolving hardware issues were noted when working with a valve supplier through an
integrator or manufacturing prime.

e Program/project respondents indicated they felt they had little or no authority over or
input into technical decisions made by the valve supplier. Instead, the authority belonged
to the integrator.

e Others reported that they were made aware of significant valve supplier issues but felt
they may not be aware of minor or systemic issues.

e One notable response indicated that an integrator might choose to accept hardware prior
to NASA resolving hardware non-conformances. Understanding the risk or making
changes after that initial hardware acceptance by the integrator can result in cost or
schedule impacts. The integrator may also try to answer NASA’s questions regarding
issues without engaging the valve supplier, which can lead to schedule delays.

There were a significant number of positive responses stating that the program has regular
status meetings or technical interchange meetings with the valve supplier. In addition, two
programs noted that they were able to gain knowledge of their hardware from other
government customers who procured the same design.

Almost all programs levied D&C requirements on their contract. Roughly half reported
pushback from vendors on those requirements.

e Four programs reported pushback on fracture control requirements in NASA-STD-5019
[ref. 1].

e Two programs reported pushback on NASA-STD-5017 (Mechanism Design) [ref. 2].

e Several programs reported pushback on a single requirement (e.g., government
mandatory inspection points (GMIPs), number of seals of hazardous propellants, bellows
fracture control, bellows best practices guidelines, and materials and processes (M&P)
requirements).

All programs reported flowing qualification and acceptance test requirements on their
contract.

e Several programs indicated tailoring of standards, which enabled elimination of non-
value-added testing. In some cases, test elimination was based on a risk-based assessment
driven by cost or schedule impacts.

e The most commonly noted test valve suppliers objected to was acceptance vibration
testing.

There were a significant number of respondents that stated design, construction, and test
requirements are needed to minimize or eliminate risk and that these should be flowed to
designs regardless of vendor pushback.

A significant number of respondents indicated they felt their valve suppliers had issues
related to limited personnel resources (e.g., skilled technicians, key personnel, engineering
support, workload, etc.). This may be a result of the loss of expertise due to competition,
retirement, or lack of bandwidth for difficult and intricate designs.

One respondent stated, “The Orion, Space Launch System, and Commercial Crew Programs
are utilizing the same vendors. The design and manufacturing demands on the valve vendors



to meet programs’ schedules may be reaching such a pace that leads to more manufacturing
mistakes.” It can be inferred from this statement that one reason the number of observed
valve issues seems higher than normal is that NASA is doing more concurrent design,
development, and qualification across multiple parallel programs. Issues are more likely to
occur during these design phases than in an operational mode (e.g., Space Shuttle and
Expendable Launch Vehicle Programs).

e A significant number of programs reported utilizing “heritage” hardware or hardware with
design aspects that could be considered “heritage.” Multiple programs reported the use of
heritage designs, but only after requalification for new environments. Note: NASA builds
one-of-a-kind missions but does not often want to develop new hardware. NASA/vendors
often take a heritage design and makes small changes without assessing the impact.

4.2 Department of Commerce Survey

The Department of Commerce completed a thorough survey of the propulsion community in
2017. This was a mandatory government survey for data covering the previous 5 years and was
very thorough. The survey topics covered were organizational information, facilities, mergers,
acquisitions, joint ventures, propulsion-related products or services, United States (U.S.)
government customers, supply chain and sub-tier suppliers, employment, sales, propulsion
customer base, research and development spending, financial information, standards/
certifications, additive manufacturing capabilities, capital expenditures, U.S. government
contract information, competitiveness/long-term viability, and cyber security. Initially, the
survey was sent to approximately 150 companies known to supply propulsion-related products to
the U.S. government. A second wave of surveys was then sent to the companies that were
identified as sub-tier or major suppliers to the original list of companies. The data are stored on a
government computer in the possession of The Aerospace Corporation. Only The Aerospace
Corporation has access to the data; thus, retrieving information on the valve vendors required
their time and cooperation. The Department of Commerce survey can be viewed in Appendix A.
Note that the restrictive notice included in the Survey is used for protection of data entered in a
completed form and is not a restriction for the uncompleted form.

The Aerospace Corporation was given the list of approximately 25 vendors that were noted as
part of the NASA program/project questionnaire as valve suppliers. This list was broken into two
groups: “integrators” and “valve suppliers.” A cross-reference exercise was completed,
and 11 companies listed as “valve suppliers” participated in the Department of Commerce
survey. Almost all companies noted as “integrators” participated in the Department of
Commerce survey. Approximately 30 companies stated as part of the Department of Commerce
survey that they supplied valves to the U.S. government. The assessment team reviewed the
list and noted that several companies were effectively sub-tier suppliers to valve suppliers (e.g.,
machine shops, plating housings, forging houses, etc.). The team did not review the data from
these companies in detail.

The assessment team prioritized specific questions on the Department of Commerce survey, and
The Aerospace Corporation extracted the data. In many cases, the data for the valve suppliers or
integrators were compared with the overall propulsion supply base that participated in the
survey. This aggregate comparison consisted of approximately 350 companies. Key
takeaways from the data reviews were:

e Of the approximately 350 respondents to the Department of Commerce survey, more than
200 reported providing direct or indirect support to NASA.
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In terms of support to the U.S. government, valve suppliers noted indirect and direct
contracts with NASA.

In general, for valve vendors, propulsion-related customers make up less than 25% of their
total U.S. customer base and generally less than 25% of their total U.S. sales.

The valve suppliers showed a similar increase in employment numbers compared with the
aggregate of all propulsion-related suppliers from 2013 to 2015, but showed a larger increase
than the aggregate in 2016.

The valve vendor employment distribution was similar to the aggregate in terms of age and
education level.

In terms of hiring, the valve vendors noted difficulty with finding engineers with the required
skill set.

In terms of overall sales for the time period from 2013 to 2016:

e Integrators reported ~25% increase in propulsion-related sales.

e Integrators reported ~3% increase in NASA sales.

e On average, NASA as a customer represented ~8 to 12% for the integrators.

e Valve vendors’ propulsion-related sales were generally flat for this time period.

e On average, NASA as a customer represented ~2% of total sales for the valve suppliers.
Note that, for all the numbers, “NASA sales” may not necessarily mean valve-related
sales.

Regarding the top-rated issues reported by the valve suppliers, the nine most negatively
reported impacts were:

e “Government acquisition practices”

o “Access to USG [U.S. government] R&D [research and development] funding”
e “Aging equipment, facilities or infrastructure”

e “Competition - domestic”

e “Labor skills”

e “Government regulatory burden”

e “Labor availability”

e “Government purchasing volatility”

“Skills retention and availability of capital”

The list of explanations supplied by the valve vendors for their issue rankings was varied.
Roughly 100 were reviewed by the assessment team. Notable comments were:

“Can’t plan more than a year out.”

e “Funding profiles, starts, stops, changes, slips, make predicting and managing expenses
difficult.”

e “Startup Space companies are willing to lose significant money while taking market share
is difficult to combat while being an established public company.”

e “Extremely difficult to find qualified personnel.”
e “Testing costs can be very expensive, and if there are changes, there are added costs.”



4.3

e “The U.S. Government needs to bridge propulsion-related products designed within SBIR
[Small Business Innovation Research] through development of TRL9 [technology
readiness level 9] producible products.”

e “Incumbents hold majority of funding; no on-ramps for new, maturing competition;
government demands high TRL with flight history, but few chances to mature into flight
demonstration.”

e “The Government favors legacy cost-plus engine companies over commercial entrants.”
e “Gov’t acquisition process is complex, and correspondingly slow.”

Vendor Questionnaire

A list of questions specifically for valve suppliers was generated by the assessment team and
compiled in a questionnaire. The questionnaire was disseminated to nine suppliers noted in the
program surveys as supplying the most valves to NASA. Questionnaire participation by the
vendors was low, with only two vendors providing feedback at the writing of this report. Most
promised feedback verbally but never followed through, even though there was significant
follow-up communication. One vendor stated they wanted to help, but were concerned there
would be retaliation for any negative feedback. Despite this, there was notable feedback in the
two responses received. A copy of the questionnaire is provided in Appendix B. Notable
feedback included:

Competition for skilled engineers and technicians make finding and hiring talent difficult.
Top issues/barriers to providing aerospace hardware on schedule and budget were:
e Requirement iterations (e.g., changing, interpretation, clarification, etc.).

e Changing performance requirements and timeliness of this adjudication process when
there are disagreements between the supplier, the integrator, and NASA SMEs.

e Technician skill level, coupled with increased engineering oversight from NASA.

e Contractual requirements. One example noted by vendors was flowing an entire standard
as a requirement for earned value management accounting.

e Timely contractual documentation approval. For example, integrators may require NASA
approval for all test procedure and drawing changes, which can stall the design or build
process.

NASA is emphasizing schedule, which can lead to cost, quality, and performance issues.

When asked whether NASA or integrators are providing inexperienced personnel for
program insight or oversight and whether that leads to reduced quality or performance,
multiple respondents stated they deal with inexperienced NASA personnel. In general, the
larger the project, the more prevalent this response. The impact is not in the quality or
performance of the hardware, but rather in the cost and schedule for the product. This is due
to having to provide additional data for understanding, feedback on the implications of
requirements, or explanations of design aspects prior to receiving approval to proceed.

The vendors supplied recommendations on how NASA could improve the way it does
business. Those recommendations were:

e Ease contractual requirements and flow downs for small programs. Typically, NASA
flows the same standards and requirements to vendors, regardless of program size.



e Improve requirements definition at the project inception. In many cases, NASA flows
entire documents as requirements, and it is up to the vendor to create compliance
matrices for third-, fourth-, or fifth-tier requirements that all may require tailoring
specifically for a valve. The military does a better job of defining requirements for new
hardware. There does not appear to be much difference in defining requirements from
Center to Center. NASA does a better job of defining requirements for heritage hardware
than for new designs.

e Multiple respondents noted concern with NASA’s handling of Intellectual Property. One
company stated they require personal nondisclosure agreements (civil servant or support
contractor) or they will not share detailed design data with NASA. Another stated that
detailed design information often ends up in American Institute of Aeronautics and
Astronautics (AIAA) or Joint Army-Navy-NASA-Air Force (JANNAF) papers without the
consent of the valve supplier. Consent may not have been pursued to any level, or the
integrator may have granted consent without requesting permission from the valve vendor.

e Multiple respondents noted that research and development (R&D) is driven primarily by
sales.

5.0 Conclusions

Although strain was noted by several aerospace valve suppliers, the industry as a whole does not
appear to be in decline. Newer companies and suppliers new to aerospace applications appear to
be prospering. Financial data reviewed for the valve suppliers that participated in the Department
of Commerce survey indicated growth. The recent valve-component-related issues experienced
on NASA programs may be attributed to multiple factors. First, NASA is developing multiple
programs in parallel through stages of program life requiring concurrent development,
qualification, manufacturing, and proper application of a large number of unique valve designs.
This industry was primarily dormant with respect to NASA’s needs during the last years of the
Space Shuttle Program. However, since 2011, NASA and the aerospace propulsion industry have
inundated the market with work in support of new programs. Valve issues at these stages of the
development cycle are more likely and may seem excessive in number, especially when
compared with the rates observed near the end of the Space Shuttle Program while NASA was in
a sustaining engineering mode for similar hardware. Further, new aerospace companies are
supplying valves to NASA, and these emerging companies may be experiencing issues as they
establish their design base and manufacturing processes to meet NASA valve requirements.
From the assessment team’s perspective, the aerospace valve supplier base appears to be
growing.

The Department of Commerce survey collected data on a significant number of propulsion
hardware suppliers. Valves are the first category of specific hardware for which a deep dive was
performed using this data. Prior to this activity, the data were only viewed as the aggregate of all
propulsion hardware suppliers. The data are extremely thorough, covering 2013 to 2016.
However, this date has a finite shelf life.

A common issue noted in the program survey was the number of sub-tiers between NASA
program management and valve suppliers. Typically, integrators are used for NASA programs,
and valve suppliers may be several contractual layers removed from NASA. This may be
unavoidable, but it was evident that this structure is a major source of frustration, cost and



schedule effects, and, in some cases, added or unknown program risks. Several respondents
indicated this structure, if not controlled by the program, can result in the integrator having sole
knowledge and control over valve-component-related issues.

All programs flow test requirements for valves to their suppliers. In most cases, tailoring of the
requirements was required. The program/project survey indicated that the most pushback for any
single type of test was in regard to acceptance vibration testing. Vendors and NASA disagree on
the validity of acceptance vibration testing as a workmanship screen. The program survey
indicated in most cases that engineering support felt the test was value-added for a majority of
valve types or designs. This pushback may be due to the cost and lead time of vibration testing.

Programs reported pushback from valve vendors on D&C requirements. NASA-STD-5019,
NASA-STD-5017, and SMC-S-016 [refs. 1-3] were the only standards specifically identified.
However, other specifications and standards are suspected by NASA to be of vender concern.
Vendor feedback indicated that NASA could do a better job specifying requirements in
performance standards so that the intent is clarified at program inception.

6.0 Findings, Observations, and NESC Recommendations

6.1  Findings
The following findings were identified:

F-1.  Although problems were noted with a few aerospace valve suppliers, the industry as a
whole does not appear to be in decline. In fact, newer companies, or suppliers new to
aerospace applications, appear to be prospering.

F-2.  Some of the recent NASA valve-component-related issues can be attributed to NASA and
other organizations fielding a large number of new flight systems requiring the
simultaneous development, qualification, manufacture, and proper application of many
unique valve designs on a compressed schedule.

F-3.  Sub-tier separation between NASA and valve-component suppliers can result in
increased cost, delayed schedule, delivery, and unrecognized risks.

F-4.  System integrators, who often have sole knowledge and control over valve-component-
related issues, may not be communicating these issues and resolutions to NASA
programs/projects.

F-5.  NASA and many vendors disagree on the validity of acceptance vibration testing as a
workmanship screen.

F-6. Programs report pushback from valve-component vendors on D&C requirements.

F-7.  Multiple vendor respondents noted concern with NASA’s handling of intellectual
property.

F-8.  Component suppliers are having issues finding qualified personnel to design, build, and
test the designs required for NASA’s challenging missions.

F-9.  The valve suppliers showed a similar increase in employment numbers compared with
the aggregate of all propulsion-related suppliers from 2013 to 2015, but showed a larger
increase than the aggregate in 2016.

10



6.2

Observations

The following observations were identified:

O-1.

0-2.

6.3

The Department of Commerce survey collected data on a significant number of
propulsion hardware suppliers from 2013 to 2016.

One vendor stated they wanted to help, but did not reply to the NASA questionnaire
because they were concerned there could be retaliation for negative feedback.

NESC Recommendations

The following NESC recommendations are directed to the OCE:

R-1.

R-2.

R-3.

7.0

Determine the applicability of acceptance vibration testing for valve-component designs.
(F-5)

Assess the need for a valve-specific D&C standard. (F-5)

Mine the Department of Commerce survey data for any other specific component types
(e.g., bellows or COPVs) for which there is a concern that the supplier base is in decline
or is limited to a small number of companies. (O-1)

Lessons Learned

The following lessons learned during this assessment are more broadly applicable and will be
entered into the NASA Lessons Learned Information System (LLIS).

8.0

Conduct any future vendor surveys through an intermediary to address vendor concerns
regarding retaliation for providing negative feedback.

Review program/project contractual language to address the perceived lack of
communication between NASA and sub-tier vendors.

Recommendations for NASA Standards and Specifications

Assess the need to develop a valve-specific NASA D&C standard.

9.0

Definition of Terms

Corrective Actions  Changes to design processes, work instructions, workmanship practices,

training, inspections, tests, procedures, specifications, drawings, tools,
equipment, facilities, resources, or material that result in preventing,
minimizing, or limiting the potential for recurrence of a problem.

Finding A relevant factual conclusion and/or issue that is within the assessment

scope and that the team has rigorously based on data from their
independent analyses, tests, inspections, and/or reviews of technical
documentation.

Lessons Learned Knowledge, understanding, or conclusive insight gained by experience

that may benefit other current or future NASA programs and projects. The

11



Observation

Problem
Proximate Cause

Recommendation

Root Cause

Supporting Narrative

10.0 References

experience may be positive, as in a successful test or mission, or negative,
as in a mishap or failure.

A noteworthy fact, issue, and/or risk, which may not be directly within the
assessment scope, but could generate a separate issue or concern if not
addressed. Alternatively, an observation can be a positive
acknowledgement of a Center/Program/Project/Organization’s operational
structure, tools, and/or support provided.

The subject of the independent technical assessment.

The event(s) that occurred, including any condition(s) that existed
immediately before the undesired outcome, directly resulted in its
occurrence and, if eliminated or modified, would have prevented the
undesired outcome.

A proposed measurable stakeholder action directly supported by specific
Finding(s) and/or Observation(s) that will correct or mitigate an identified
issue or risk.

One of multiple factors (events, conditions, or organizational factors) that
contributed to or created the proximate cause and subsequent undesired
outcome and, if eliminated or modified, would have prevented the
undesired outcome. Typically, multiple root causes contribute to an
undesired outcome.

A paragraph, or section, in an NESC final report that provides the detailed
explanation of a succinctly worded finding or observation. For example,
the logical deduction that led to a finding or observation; descriptions of
assumptions, exceptions, clarifications, and boundary conditions.

1. “Fracture Control Requirements for Spaceflight Hardware,” NASA-STD-5019, Revision A
with Change 2, March 29, 2018.

2. “Design and Development Requirements for Mechanisms,” NASA-STD-5017, Revision A
with Change 1, May 31, 2016.

3. Air Force Space Command, “Space and Missile Systems Center Standard: Test Requirements
for Launch, Upper-Stage and Space Vehicles,” SMC-S-016, September 5, 2014.
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Appendix A. Department of Commerce Propulsion Industry
Base Survey

NOTE: The restrictive notice included in the Survey is used for protection of data entered in a completed form and is
not a restriction for the uncompleted form.

OMB Control Number: 0694-0119|
Expiration Date: 12/31/2017|

U.S. ROCKET PROPULSION INDUSTRIAL BASE ASSESSMENT:
Propulsion Survey

SCOPE OF ASSESSMENT

The U.S. Department of Commerce, Bureau of Industry and Security (BIS), Office of Technology Evaluation, in coordination with the National Aeronautics and Space Administration
(NASA) and U.S. Department of Defense co-chaired Joint Army, Navy, NASA, Air Force Interagency Propulsion Committee (JANNAF) is conducting a survey and assessment of
lorganizations responsible for researching, designing, engineering, developing, manufacturing, testing, and integrating of rocket propulsion-related products, and services. The principal
lgoal of this assessment is to gain an understanding of the intricate supply chain network supporting the development, production, and sustainment of products and services across both
the U.S. Government and commercial propulsion-related sectors. With the data collected in this survey, U.S. Government agencies will be better informed and able to develop targeted
planning, acquisition, and investment strategies to ensure industry's ability to support critical defense and civil missions and programs.

RESPONSE TO THIS SURVEY IS REQUIRED BY LAW

A response to this survey is required by law (50 U.S.C. App. Sec. 2155). Failure to respond can result in a maximum fine of $10,000, imprisonment of up to one year, or both.
Information fumished herewith is deemed confidential and will not be published or disclosed except in accordance with Section 705 of the Defense Production Act of 1950, as amended
(50 U.S.C App. Sec. 2155). Section 705 prohibits the publication or disclosure of this information unless the President determines that its withholding is contrary to the national defense.
Information will not be shared with any non-govemment entity, other than in aggregate form. The information will be protected pursuant to the appropnate exemptions from disclosure
under the Freedom of Information Act (FOIA), should it be the subject of a FOIA request.

Motwithstanding any other provision of law, no person is required to respond to, nor shall a person be subject to a penalty for failure to comply with a collection of information subject to
the requirements of the Paperwork Reduction Act unless that collection of information displays a currently valid OMB Control Number

BURDEN ESTIMATE AND REQUEST FOR COMMENT

Public reporting burden for this collection of information is estimated to average 14 hours per response, including the time for reviewing instructions, searching existing data sources,
lgathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this
collection of information to BIS Information Collection Officer, Room 6883, Bureau of Industry and Security, U.S. Department of Commerce, Washington, D.C. 20230, and to the Office
lof Management and Budget, Paperwork Reduction Project (OMB Control No. 0694-0119), Washington, D.C. 20503.

BUSINESS CONFIDENTIAL - Per Section 705(d) of the Defense Production Act
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Definitions

Organizational Information
Facilities
Mergers, Acquisitions, Divestitures, and Joint Ventures

Propulsion-related Products and Services
Support of U.S. Government (USG)
Propulsion-related Suppliers
Propulsion-related Supply Chain
Employment

Sales

Customers

Research, Development, Test, and Evaluation (RDT&E)
Financial Information
Standards/Certifications

Additive Manufacturing (A.M.)/3-D Printing
Capital Expenditures/Capacity

LU.S. Government Contract Information
Competitiveness/Long-Term VYiability
Cyber Security

Qutreach Information

Certification

Important Note:
The drop-down menus in several sections are
based on your responses in earlier sections, or
earlier parts of the same section.

In order for all menus to work properly, the
survey should be completed in order. If a drop-
down menu appears to be empty, confirm that

you have filled out the relevant prior sections of
the survey.

BUSINESS CONFIDENTIAL - Per Section 705(d) of the Defense Production Act
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Section I: General Instructions

Your organization is required to complete this survey using an Excel template, which can be downloaded from the U.S. Department of
Commerce Census Bureau Survey Portal. For your convenience, a PDF version of the survey is available to aid your internal data collection|

A DO NOT submit the PDF version of your organization's response to the U.S. Department of Commerce, Bureau of Industry and Security
(BIS). To access the Survey Portal, visit:

hitps:/iwww bis doc.gov/propulsion

Each survey section should be completed consistently at the same reporting level (Corporate/Whole Organization or Business Unit/Division)

i If you have any questions regarding the level of your organization's response, call (202) 482-3808.
Respond to every question. Surveys that are not fully completed will be returned for completion. Use the comment boxes, as necessary, to
supplement any responses to the individual survey questions. Make sure to record a complete answer in the cell provided, even if the cell
does not appear to expand to fit all the information.

C.
DO NOT CUT AND PASTE RESPONSES WITHIN THIS SURVEY. Survey inputs must be entered by typing in responses or by using a
drop-down menu. The use of cut and paste can corrupt the survey template. If your survey response is corrupted as a result of cut and pasts
responses, a new survey can be downloaded from the Census Bureau Survey Portal for immediate completion.

D. DO NOT disclose any classified information in this survey form.

E Estimates are often acceptable, but in sections that do not explicitly allow estimates you must contact BIS survey support staff before

including estimates.

Questions related to this Excel survey should be directed to:
F. PropulsionSurvey@bis.doc.gov
You may also speak with a member of BIS survey support staff by calling (202) 482-3808.
After completing, reviewing, and certifying the Excel survey, submit the survey via our Census Bureau Survey Portal, available via the BIS
survey website:
hitps//www_bis_doc.gov/propulsion
DO NOT submit the survey via email.
For questions related to the overall scope of this Defense Industrial Base assessment, contact:

Brad Botwin, Director, Industrial Studies
Office of Technology Evaluation, Room 1093
U.S. Department of Commerce

1401 Constitution Avenue, NW

Washington, DC 20230

PropulsionSurvey@bis.doc.gov
DO NOT submit completed surveys to Mr. Botwin's postal or e-mail address. All surveys must be submitted electronically via the Census

Bureau Survey Porial, available via the BIS website:
https:/fwww bis.doc.gov/propulsion

BUSINESS CONFIDENTIAL - Per Section 705(d) of the Defense Production Act
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Section ll: Definitions

See definitions below. Extended definitions are available at hitps:/frespond. census.gow'static’nasaPropulsion-Esxtended-Glossany_pdf.

Term

Applied Research

Authorizing Official

Basic Research

Commencial and Government Entity (CAGE) Code
Commercially Sensitive Information (CS1)
Counterfieit

Customer

Cyber Security

Data Universal Numbering System (DUNS)

Electric Propuision

Facility
Full Time Equivalent (FTE) Employees.
Large Liquid Propulsion
Large Solid Rocket Maotor

Morth American Industry Classification System (MNAICS)
Code

Product’Process Development

Program Technology Transfer Activity

Table of Contents Mext P,

Definition

A systematic study to gain knowledge or understanding necessary to determine the means by which a recognized and specific need may be met. This activity includes work leading to the: production
of us=ful materials, devices, and systems or metheds, including design, development, and improvement of prototypes and new processes.
An executive officer of the crganization or business unit or other individual who has the authority to execute this survey on behalf of the organization.

A systemnatic, scientific study directed towand greater knowledge or understanding of the fundamental aspects of phenomena and of cbservable facts.
A numbering system that identifies companies deing or wishing to do business with the L5, Federal Government. The code is used to support mechanized govemnment systems and provides a
standardized method of identifying a given facility at a specific location.

Find CAGE codes at: hitos-Veage dla milisearch/

Privileged or proprietary information which, if compromised through alternation. comuption, loss, misuse, or unauthorzed disclosure, could cause senous harm to the organization owning it. This
includes customer/client information, financial information and records, human resources information, intellectual property information, internal communications, manufacturing and production line
information, patent and trademark information, reseanch and development information, regulatonycompliance information, and supplier/supply chain information.

For the purpose of this survey, a counterfeit is a part, material, or other product that is not genuine because it 1) is an unauthorized copy; 2} does not conform to original design, model, and'or
performance standards; 3) is not produced by the original manufacturer or is produced by unauthorized confractors: 4) is off-specification, defective, or used product sold as "new” or working; or 5)
has incomect or false markings and/or documentation.

An entity to which an arganization directly delivers the product or senvice that the fadility produces. A customer may be another company or another facility owned by the same parent organization.
The customer may be the end user for the item but often will be an intermediate link in the supply chain, adding additional value before transfemring the item fo yet ancther customer.

The body of technologies, processes, and practices designed to protect networks, computers, programs, and data from attack, damage, or unauthorized access.

A nime-digit numbering systemn that umiquety identifies an individual business.
Find DUMNS numbers at hitps-\iupdate. dnb. comilUpdateviewillpdateHome. htm

Propulsion Industrial Base Segment including: electric propulsion systems with unigue applications with low thrusts, low accelerations, and trajectories exclusively in space, high specific impulse,
long aperating times, and generally a relatively massive power supply system, organized into three basic types, electro themal rocket propulsion (resembles the chemical rocket units), electrostatic
or ion propulsion engine, and the electromagnetic or magneto plasma engine. Includes TRL & and above.

A building or the minimum complex of buildings or parts of buildings in which a company operates to serve a paricular function, producing revenue, and incurming costs for the company. A facility
may produce an item of tangible or intangible property or may perform a service. [t may encompass a floor or group of fioors within a building, a single building, or a group of buildings or structures.
Often, a facility is a group of related locations at which company employees work, together constituting a profit-and-loss center for the company. and it may be identified by a unigue DUNS number.

Employees who work for 40 hours in a normal work week. Convert part-time employees into "full time equivalents® by taking their work hours as a fraction of 40 hours.

Propulsion Industrial Base Segment including: larger chemical liquid propulsion systems and all engines with turbopurmnps (not induding structural tanks, but including the features of the main
propulsion system that reside in the tanks, as well as booster stages, upper stages, in-space transit stages, propellant, and pressurant). Includes TRL 8 and above.

Propulsion Industrial Base Segment including: salid rocket motors that are typically characterized by large diameter (e.g. 407 and larger) requiring mere than one mix to cast a single mator and
relatively limited production rate. Includes TRL 6 and above.
Mumbering system that identifies the categary of product(s) or service(s) provided by an organization.
Find MAICS codes at: hitp:/fwaww.census.gow'epediwwaw/naics. him|
Conceptualization and development of a product prior to the production of the product for customers.

Agency and program initiatives to manage technology throughout the agency, program, and/or outside organizations. For example, the NS4 Technology Transfer Program transfers NSA-developed
technology to industry, academia, and other research organizations, benefitiing the economy and the Agency mission. The program has an extensive portfolio of patented technologies across
muliiple technology areas. Another example includes the DHS Science & Technology - Technology Transfer Program Office, which serves as the centralized office to manage technology transfer
throwghout DHS and the DHS laboratory network. Technologies developed and evaluated within the department can have tremendous potential for commercial applications throughout the nation,
enhance the compsiitivensss of individual small businesses, as well as expand areas of exploration and cooperation for all non-federal pariners.

wiw. nsa gowviwhat-we-doiresearchitechnology-transfers

Find more information about NSA's program at: b A
henwewr. dhis. gowl'science-and-technologytechnology-transfer-program

Find more information about DHS' program at: hitps://
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Amy actvitylcomponent’subsysternitest/product’senvice that contributes to LS. Govemment or Commercial propulsion systems (incleding the propulsion of a launch wehicle, missile, and in-

£ space spacecraft propulsion). The acthity'component/subsystem/testiproduct'service does not have to be specifically intended to support propulsicn applications.

All efforts of scientific study and experimentation, theoretical work, and oniginal investigation undertaken primarity to acquire new knowledge or understanding of the underying foundations of

Research & Development (RED) phenomena and obsenvable facts, induding the creative and systematic application of knowledge with specific practical aim or objective or the production of useful materials, devices, and systems
or methods. Comprises such efforts at all levels (basic, applied, design, etc), induding the design, development, and improvement of prototypes and new processes to meet specific requirements.

Science and Technology (S&T) Propulsion Indusirial Base Segment including: all propulsion-related S&T research & development activities at TRL 5 and below (induding engineering senvices).

Sen An intangible product (contrasted o a good, which is a tangible product). Services typically cannot be stored or transported, are instantly perishable, and come into existence at the time they are
bouwght and consumed.
Single & An organization that is designated as the only accepted source for the supply of parts, components, materials, or services, even though other sources with equivalent technical know-how and

production capability may exist.

Small Business Innovation Research (SBIR) Contracts

A highly competitive program that encourages domestic small businesses to engage in Federal ResearchiReseanch and Development (RIRED) that has the potential for commersialization. Through
a competitive swards-basad program, SBIR enables small businesses to explore their technological potential and provides the incentive to profit from its commercialization. By including qualified
small businesses in the nation's R&D arena, high-tech innovation is stimulated and the United States gains entrepreneurial spint as it meests its specific ressarch and development neads.

Find more information about SBIR at: httos e shir gowv'about’about-shir

Small Business Technology Transfer (STTR) Contracts:

A program that expands funding cpportunities in the federal inmovation research and development (R&D]) arena. Central to the program is expansion of the public/private sector partnership to
include the joint venture opportunities for small businesses and nonprofit research institutions. The unique feature of the STTR program is the requirement for the small business to formally
collaborate with a research institution in Phase | and Phase |l STTR's most important mole is to bridge the gap beteeen performance of basic science and commercialization of resulting innowvations |

Find more information about STTR at: https:www. sbir. gow'about! sbout-stirfthree

Propulsion Industrial Base Segment including: small chemical liguid propulsion systems, pressure-fed engines, and spacecraft propulsion (including the entire propulsion system, o include

— pressurant and propellant tanks, flow-control components, dedicated sensors, and engines). Includes TRL 6 and above.
Senall Solid Rocket M Propulsion Industrial Base Segment including: solid rocket motors typically characterized by small diameter (e.g. 407 and smaller} allowing casting of multiple motors from a single mie and relatively
limited production rate). Incudes TRL & and above.
Sole Source An organization that is the only source for the supply of parts, components, materials, or services. Mo altemative U.S. or non-U.5. based suppliers exist other than the current supplier.
STEM STEM is the acronym for Science, Technology, Engineering and Mathematics.
= e An entity from which your organization cbiains imputs. A supplier may be another erganization with which you have a confractual relationship, or it may be ancther facility owned by the same parent
organizafion. The inputs may be goods or senvices.
T Each level esiimates the maturity of technology of a program during the acquisition process. TRL 1, for example, indicates the transibion from scientific research to applied research and TRL @
EEi e e e L indicates a fully intsgrated product with operational hardwars/softwans systems. Full deseriptions of sach TRL are located here: htips:/lesto.nasa gowfilesi_dsfiniions.pdf
Test and Evalustion (TEE) Propulsion Industrial Base Segment including: govermment and non-governmental test faciliies and test capabiliies applied to specfic enginefmotor compenents, enginefmotor subsystems, and the
entire stage (engines, propellant tanks, avionics, etc.). Covering test and evaluation of activities TRL § and above.
United States “The "United States” or "LLS." includes the 50 states, Puerto Rico, the District of Columbia, the island of Guam, the Trust Temitories, and the ULS. Virgin Islands.
Hiization R The percent of an organization's potential output that is actually being used in current production, where potential output is based on a 7 day-a-week, 3x8-hour shift production schedule. Mote: 1009

utilizafion rate equals no downtime with full employment.

BUSINESS CONFIDENTIAL - Per Section 703(d) of the Defense Production Act
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(CorporateWhole Organization or an individual Business Unit/Division.

This survey has been distributed on & Carporate/Whole Organization basis or a Business Unit/Division basis and should be
completed at the requested level. The entire survey document should be completed consistently at the same level (Corporate/Whole

(Crganization or Business Unit/Division). In the box to the right, confirm whether this survey represents a response for your

Corporate/Whole Organization
Business Unit/Division

Organization Mame
Business Unit'Division Mame (if applicable)
Street Address
City
State
Zip Code
Website
A Phone Number
Primary Data Universal Mumbering System (DUNS) Code (associated with
the response level) (https:(iupdate. dnb_comfilUpdatefviewilpdateHome. htm)
Primary CAGE Code (associated with the responss level)
Is your organization publicly traded or privately held?
If your crganization is publicly traded, identify its stock ticker symbaol:
Percent of business equity owned by a non-L_5. entity:

Primary Mon-LLS. Cwnership Entity Mame:
Secondary Mon-ULS. Ownership Entity Mame:

Provide the following information for your organization (at the level of reporting). If not applicable, write "MN/A"

Publicly Traded L

Dioes your organization have a parent company?

Privately Held -
Country: Percent:
Country: Percent:
If yes, provide the following information for your parent

|* | organization(s)
Parent Orglanization 1

Parent Organization 2

Parent Organization Mame

Street Address

Yes

City

No

State/Province

" |ZipfPostal Code

Country

Phicne Mumber

Primary DUNS Code

Primary CAGE Code (If not applicable, write MIA)

Yes

Is your parent crganization(s) publicly traded or privately held?

If parent is publicly iraded. identify its siock ticker symbol.

Country in which your organization is headquartered:

Yes
Mo |__{Yes

€. | U.5. subsidiary of a non-U.5. parent company:
Business unit or division of a U.5. parent company or organzation:

T___
L

No |—|Yes
Mo

Dipes your organization qualify as any of the following business types?

A small business enterprise (as defined by the Small Business Administration)
An Bia) Firm (as defined by the Small Business Administration).
" | A historically underutiized business zone (HUBZone)
A minority-owned business
A woman-owned business
A veteran-owned or service-dizabled veteran owned business

711

If yes, indigate which types:
ra

Yes H
No |

Yes

[, |No
¥

Point of Contact regarding this survey:
E. MName Title

Phomne Number

E-mail Address Siate

Comments:

BUSINESS CONFIDENTIAL - Per Section 705(d) of the Defense Production Act
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Section 1b: Organization Information (Cont.)

Provide the following propulsion-related identification codes for your organization, as applicable. If your organization has additional codes to report, ensure that the primary codes are entered in the boxes
provided and include the additional codes in the Comments box at the bottom of this section.

Product and Service Code(g) (PSC) are federal supply codes used by the United States Government to describe the products, services, and research and
development purchased by the government. NOTE: If your organization has govermment relationships that appear on Tabs 5a or 16, PSCs are required here.

Propulsion-related

PSC Codes Find PSC Code(s) at-

https:fwww acquisition.gow/PSC Manual

The Harmanized Tariff Schedule (HTS) is the primary resource for determining tanff (customs duties) classifications for goods imported into the United States. NOTE:
If your organization has foreign relationships that appear on Tabs 9 or 10, HTS codes are required here. If your organization has exports which are not propulsion-
related, please explain in the comment ko,

Propulsion-related
HTS (10-digit) The 10-digit HTS eodes can be found in the "HTS Online Rescurce Tool" located under "Research Tools" at:

code(s)

hitps:/ihis usitc.gow/

MNorth American Industry Classification System (MAICS) codes identify the category of product{s) or service(s) provided by your company. Find MAICS codes at:

Propulsion-related
NAICS (6-digit)
Code(s)

hitps:ifwww.census.govieos/iwww/naics/

For all the categories that describe your organization's business type(s), indicate "Primary” for your primary business type or "Additional” for any other business types, based on current revenue
contribution. Then indicate whether or not your participation in each selected business type is in a propulsion-related capacity and explain. This part must be completed before Section 1c, Part A.

Business Type Participation Propulsion-related? Explain
Distributor "
Holding Company 7\ 7N
B Laboratory

© | Manufacturer -
Non-profit —[Primary [ [|Propulsion
Prototype Manufacturer | |Additional | Non-propulsion
Research and Development Both
Service Provider .
Testing Facility Not Applicable
Other (specify) [ |

Comments: ‘

BUSINESS CONFIDENTIAL - Per Section 705(d) of the Defense Production Act
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Section 1c: Organization Information (Cont.)

For your organization's propulsion-related business lines, select your primary involvement for each propulsion industrial base business category. Drop-down menu options are based on the answers provided
in Section 1b, Part B. Include all selected business types from Section 1b, Part B below. If "Other” propulsion industrial base business category is selected, explain in the comments box.

Mote: A blank entry means no participation.

Propulsion-Related Business Line

Composite matenals

Composite matenals processing

Electrical systems

Engineenng services

Fabrication, (sub)system assembly
Instrumentation, sensors, transducers
Insulation

Interconnects, fasteners, standards, seals
Launch services

Liguid propellant matenal

_ IMachining
Maintenance/aftermarketirepairrefurbishing services
Material preparation (casting, forming, molding,
forging, additive manufacturing, etc.)

Material processing/finishing (coating, plating, heat
treating, etc.)

Mechanical controls

Ordnance/lgnition components or systems
Prototyping

Raw matenal provider

Research and development

Solid propellant matenal

System integration

Test equipment

Testing services

Table of Contents

Propulsion Industnal Base Business Category
Large Liquid Small Liquid Large Solid Small Solid /N\Science and
Propulsion Propulsion Rocket Motor Rocket Motor Technology

Test and
Evaluation

Electric

. Other
Propulsion

Drop-down list based on

responses in 1b, Part B:

Distributor

Holding Company

Laboratory
Manufacturer

Non-profit

Prototype Manufacturer

Research and Development

Service Provider

Testing Facility

Other

Other (specify)

Other (specify)

Other (specify)

Comments:

BUSIN_ESS CONFIDENTIAL - Per Section 705(d) of t&e Defense Production Act
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Saclion 7 Facttti

Fiacord both the numier of overall and propulsion-related faciities (see Definitions ta) contained Within your organization {L.e. intemal faciliies). m";‘mg Rg:“;,‘m“;,',’,’;"’;‘;?n;

Mote: If you Indicated In Saction 1a that your orgar -0 Is at the business 1 keved this section only bushess level data. | | |

Igentify your organization's U.S. and non-U.5. Taciitias with propuision-neated operations by name, DUNS, and CAGE, I appicable. Then provide the comesponding |ocation, operations, and ousook (2017-3020) Information, and explaln.

InfsmaliOwned Facilites
Location Cperations ‘Outiook (2017-2020)
- Pencant of Propulsion- Primary Propulsion
Propusion-relaiad Primary DUNS | Primary CAGE - Facility Primary
e ] == Gy State ([TU.S.) Country == nﬂa:ebi; ;aD?BInrresanele?w Industrial Base Business | Primary Anticipated mzngeh Expiain

i i\

2 5\ X

3 1Y 7% M| =

4 ) L |
" — -

5 - =

5 ' Large L_|qu_|d Propuls_lon What do you plan to do with this

¢ HEnter names your — Small Liquid Propulsion facility? (2017-2020)

5 Drop-down list is based acility

Large Solid Rocket Motor
Small Solid Rocket Motor

organization would use

) ; ) Close/Shutdown Facility
internally to differentiate one

Expand Operations

on answers from 1b,

1 . Part B i

= facility from another Science and Technology Move Operations

1 Test and Evaluation Reduce Operations
= Electric Propulsion Other

[ Other

No anticipated change

=
I}

‘Overall Numper of Extemal | Mumber of Extemal Propulsion-
Record both the numider of pverall and propulsion-related exiemal faclities used by your organizasion. These may consist of locations/areas of use maintained by any enity other than your n, 2.9 . K owned Faclities Used Raiated Fadilities Used
and operatad [E0oratones, launch providers, ete. | | |

Idkenitfy the extemal faclifia LSad by your organtzation for propulsion-relaiad pUrposes by name. Then provids the comesponding location, opertions, and cwnarship INformaton, and expiain.

Location Operations Faciity Cwnershig (L5, Govemmen andior Company) Information
Propussion-reted
Extamal Faciity Name cry State (TS Country F’“"‘*m Lhe Faciity Type . OwnenEntity Mame Expiain
FIN N

Name of facility you do
not own/lease yet use

Wl m o ke k|

for propulsion-related Distributor
purposes Holding Company
o Laboratory
Comments: [ Manufacturer
Non-profit prosuctd ACademic Institution
Prototype Manufacturer Launch Provider
Research and Development Launch Services
Serv_me Proy!der Non-U.S. Government Test & Evaluation Facility
Testing Facility Non-U.S. Government Lab
Other U.S. Government Lab
U.S. Government Test & Evaluation Facility
Other




Previous Page Table of Contents Mext Page
Section 3: Mergers, Acquisitions, Divestitures, and Joint Ventures

Mergers, Acquisitions, Divestitures
From 2013-present, record the total number of mergers, acquisitions, and divestitures (both U.5_-based, and non-U.5. based) in which your organization has been involved. |
Identify your organization's 10 most recent mergers, acquisitions, and divestitures.
Organization Mame FI‘:;.I'T'?Q Type of Activity Country Year Propulsion-related? Primary Objective Explain
| — h— R
A |73 ! ! \
: Propulsion \
: Merger N puE . \\
2 Acquisition on-propulsion \
7 Divesture Both \
8 Not Applicable \
9 r r A
10 | | kY
Joint Ventures
From 2013-present, record the total number of joint ventures, including public/private R&D partnerships, in which your organization participated. I:
Identify your organization's 10 most recent joint venture relationships, including public/private R&D partnerships.
— - Primary - Year - X - - . _
Organization/Entity Name DUNS Country Year Initiated Terminated Propulsion-related? Primary Purpose of Relationship Explain
4 = =
i [ pd AY
B. [ 2 | ) \
3 2013 — pd |
4 U,l []Propulsion I
s 2014 [|Non-propulsion Access to government contracts
2 2015 HBoth Access to intellectual property
g 20 JI 6 [ INot Applicable |~ Bankruptcy restructuring
: 2017 i —— Broaden customer base
. " Ongoing Develop new capabilities
omments: / Overcome market entry barrier/Geopolitical concerns
R&D access/coordination
BUSINESS CONFIDENTISE - Per Section 705(d) of the Defense Produy Reduce costs

Access to financial resources
Access to suppliers

Access to technological resources
Broaden customer base

Creation of new technologies
Improved access to foreign markets
Improved access to U.S. markets
Product improvements]

Reduced costs

Reduced lead times

Risk sharing

Shared/improved technology or skills
Other objective/purpose (explain)

Tax-related
Vertical integration
Other objective (Explain)

22
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Section 4a: Propulsion-related Products and Services

For each general propulsion-related product and service category, indicate whether or not your organization currently participates.

This broad category listing contains links to specific product and service types in Section 4b. Product and Service Category selections in
Section 4a must reconcile with propulsion-related Product and Service Type declarations recorded in Section 4b.

Indicate all general categories associated with your organization's propulsion-related products and services.

Part Product and Service Category Participation
A Electrical. Ignition, and Control A
B |Manufactured Components |
(E Production Technigues
l\’es No
D Propellants and Other Materials
E Systems and Services
F Other
Comments:

BUSINESS CONFIDENTIAL - Per Section 705(d) of the Defense Production Act
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56 |Ducts, butwng, and hoses
E7_|Fairngs and skis

52 Fastensrs, gasests, o-rngs, memn
59 |Mmwies

540 |Freszure veszeisimor cases
211 | Feguistors

|12 | Aotating machinery componsriz.
B13 |Sprngs

514 | Spun meml domes

B15 | St

B45 | Thnust chamber
E17 | Tubopump
B48 |Vaives

Large Solid Rocket Motaor
Small Solid Rocket Maotor
Science and Technology
Test and Evaluation
Electric Propulsion

Other

Yes - Manufacturing
No
Not Applicable

Tabée of Conents
E%. sion-relaind Produots and Servioss [Co
For mach of the Propuision-neiatsd Product and Sandce Types In which your oranizstion provides 3 pmduct o sendcs (incuding FAD, Test and Evaluation, =i ), recond S fliowing Infsration” Type of Farticpation, Primary associated Propulsion industal Bass Susiness Catgory, Primary sssociated Facity, Daseription of prodfct
andior senvice provided, Primany Business Type Tor proguct or senvice, (Tab b, Part 5}, whether or not Additive Manufaciring2-0 Printing is invoived, whefher ornot you conduct any relsted RAD, and Primary End-Use.
Nofe: Services Include RAD, Test and Evaluation, eir.
Mot svery possibis prpuision-miabed poduct and sarvice Bas been incudsd. If 3 productisandce type ComRsponding B0 YOUT operations In not I5ed N parts A-F, designate your capabilty by Lsing the “Ofnec Ines Under Fe most nssyant Ccategony o F Ao caisgory | availabis then i part 5, Other.
A Elooirionl, ignifion, and Conirol
B H_'“;zmm Farticipation Type H‘.:cursm;:;‘rd?aﬂ Primary Facily Product'Sendice Descripton Frimary Business Type Mﬂ'léﬂ;r:;,ﬂ'm Conduct RED" Primary End-Use:
:; Mrn:\cmﬂ—edam SN ’ﬁ\ 7% A
A3 | Awtorics (subjTystems and componants.
AL | Sameries
A5 Ecrcal syems and compeneniz Yes
= Product No
== raduc
e i v s e Service [H[Based on S No, but did between
e e R —Hanswers to ropdown IS based on 2013 and 2016
A2 Fower secrmnc: Section 2. Parts answers to tab 1b,
nta B e o gtk oeclon £ Farts Section B
i e Aand B
AlS | Transducers
A5 | Omer specty) [
AIT | Oter [zpecty) |
A1 | Omer (specty)
Fropuizion-reiated Primary Use of hadite
B ana Servics Type Farticipation Type H‘.l:xgmwd?ﬁ: Primary Facily ProductSenvice Description Frimary Business Type an':“::g'm Conduct REDT Primary
= e .S, Government Defense
e Large Liquid Propulsion - o
N arge Liquid Fropuis! Yes-R&D U.S. Government Non-Defense
e Small Liguid Propulsion Yes - Prototyping

U.S. Commercial Defense

U.S. Commercial Non-Defense
Non-U.S. Government Defense
Non-U.S. Government Non-Defense

Non-U.S. Commercial Defense

Non-U.S. Commercial Non-Defense

Unkown

515 | Omer spectty) [

B20 | omer (specty) |

Propuision-retaied
Frocuct and Senice Type

C1_| Additve manutackring
c2 |Brmmng

c3 |Castng

C4 |Comtng

CE | Fabricaton

CE | Fiow tarming
C7_|Forgng

€3 |Farming

CS |Featieatng

©H0 |Large machining

©11 | Metsl jointng

€12 |Mokiing

©13 | Pateg

1G4 | Precision mactining
1215 | Shest meb fabnication
G5 | Smal machining

«©17 | Trbopumn machining

mary
Farticipation Type | Fropulsion industnal Sacssl  Primary Facliy

FroguciEenice Descrpton

Frimary Business Type:

Wise of Additee
Marutaciung3-0

Prrting

B21 | Omer [spectty)

Concuct RED? Frimary EncHise

518 | Omer (zpecty) |

©13 | Omer [speactty) |

20 | Omer [specty) |

24



el Primary Use of Addithee
i Farticipaton Type | Proputsion industnsl Sase] Primary Faciiy FroductSendos Descripton Primary Bushess Typs | Manufactung'3-0 Conauct REDT Frimary Er
. v Business Categary Prrting

D4 | Composiie materals (nchuding casmhon)
D5 Fusis (induding RP-1 and RP-2)

D& | HC polymer

07 |Insatation

Df | Liguid propsiiant andior matenas

D9 |PEHNER nabber

D | Dwicrer

D1 |Polymer

D2 | Pressurant

Faw materials (incuding Addifve:
Manufachring Sock]

D4 | Rayon

D15 | Saild rocket liner maierial

(05 | Sl rocset propedant matena

DT | e wire:
D8 | Diher [specify)
DS | Diher [specify)
D20 | Dither [specify)

D3

Primary Uise of Andite
Propuision Indusirial Sase Primary FacdlEy ProductiSenvice Description Primary Business Type Manufacturing3-0 Conduct REDT Primary Er
Busimezs CEEDONT Printing

Primary Use of Additree
Propuision Indusirial Sase Primary FaclEy ProductiSenvios Descripton Primary Business Type Marufachring3-D Conduct RED7 Primarny Er
Business Cal=pory Printing

BUMKES S CONFIDENTIAL Per Ssotion TS{d) of the Defence Produckion Aot

Same drop down menus
as pg. 12
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Section 5a: Support of U.S. Government (USG) - Agencies

Indicate all U.S. Government departments and agencies your organization has supported, directly or indirectly, from 2013-2017 (including all affiliated laboratories). Then indicate if the support is
propulsion-related, non-propulsion-related, or both, and the primary propulsion industrial base business category associated with your support.

Primary Propulsion Industrial

ion- 2
Agency Name Support SlLElaETiE Base Business Category

A

U.S. AIr Force (USAF) 7N 7S

U.S. Army
U.S. Department of Energy (DOE)

U.S. Department of Homeland Security (DHS)

U_S. Department of State Siroct
U.S. intell elr?::ee(:o%ﬁ:j; gznwc{m N)GA NRO, NSA, DNI, etc Both Bott PP Small Liquid Propulsion
A us. Marini- ComS(USMC;Y( -g. CIA, NGA, NRO, NSA, DN, etc.) None N?}t]ﬁpplimble Large Solid Rocket Motor
= - - Small Solid Rocket Motor
National Aeronautics and Space Administration (NASA) Unknown

Science and Technology

U-S. Navy Test and Evaluation

National Oceanic and Atmospheric Administration (NOAA, U S. Department of Commerce) L )
Electric Propulsion

Other Agency

Other Agency Other

Other Agency

Unlisted Agency (specify)
Unlisted Agency (specify)
Unlisted Agency (specify)

Comments:

BUSINESS CONFIDENTIAL - Per Section T05(d) of the Defense Production Act
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Fravicus Fg:. Table of Contents hext Pand

[Recor the toial rllea'cl‘unllpe wgmmnmmﬂmngmmm}magmmnaswumms Note: do not It your fesponsas to govement
support If none, enter zera In the bax 19 the right and proceed o

ety 3Ny EUpPort provided Sne2 2013 for e3en u‘lmhlomngengnesanunms. For any unlisiad engines and motors (nciuding thiusters), make Use of the Sppropriats A-E Ofher (spectty).

Fecard the "y y dce Typess (by 2016 niribution) and poncing faciities. Expialn your response.
Primary ProductiSenice Primary Facity Secondary Product’Sanice Type Sacondary Facilty =
Type Assoclated Associed Associed Assoclated E

EnginaMotor Nama Partcipaton

Small Solids : 'lFI- :
530k Brant- Black BV [Fird 5308
NASA Oriole Rocket Motor (s2cond stage) | | >,
NASA Perzqrine Army Mator

Yes

1
I
I

=

515 Jeseon Voir No, but supported I Drond is based
s " : ropdown is based on
Traent - rarmaeeavome ——|Petween 2013-2016  Hpropdown is based on answers in tab 4b
Trdent DS - Launcher Systam Motors . 1
T P e None —{answers in tab 4b, S octions A-F
Tidert D2~ Vecir Covire Metors Sections A-F -
Omer (spectty) | m—mvm—l—m—rﬂm—lmmsemmwm
EnginaMotor Nama Partcipation “Tyns Associated i Expiain
mum
. [ Dropdown iS based on Dropdown is based on
Tz answers in tab 2, answers in tab 2,
Wirgin Galacsc NewtornThes N . PR
O‘:?e:l'[ c; o Sections A and B Sections A and B
T e e e
Englnaiotor Hama Partcipaton mmﬂm PE&M Associaed = Associated ==
Sollds

OrDital ATK Ca3stor 30 (A, B, andior XL)
Orbital AT GEM 63xL

Dbl ATK GEM B0

Orbital ATK 5LS Boosier

2]

Primary Procus SEnice Primary Faciy Secondary ProfUct Sanice Type Secondary Facy

EnginaMotor Nama Partcipaton z o= A —— . Expiain

3K
jet Fiocketdyne RL10 (A, B, andor C)
Asrojet Rockstdyne RS-25
Aerofet Rocketiyne R5-68 (Including A)

eyl e Torary Faaly e FroaTSe e Type—— Seanaary Facly
EnginsMotor Nama Partcipaton s 5 . 7= . Expian

Other (Hybrid, Elsciric, stc.] (writedn]

Comments:

BUSINESS CONFIDENTIAL - Per Section T05{d) of the Defense Producton Act
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Based on the product and service categories in which your arganization has participated, indicate the total number of propulsion-related
programs/systems your erganization supported from 2013-2017. If none, enter zero in the box to the right and proceed o Section G.

i For each programisystem supported by your organization from 2013-2017 (incleding rocket families and stages), identify the associated Product/Senvice Type and facility (both primary and secondary). Then record the primary Engine/Motor associated with

your support (if applicable). Explain your resp

e Primary Product/Service Primary Facility Secondary Product'Service Secondary Facility Primary Engine/Motor .
Program/System Associated Associated Associated Associated {if applicable} Explain
Antares
Antares Bi-Propellant Third Stage (BTS) AN 7N N
Atlas V'

Atias V - Centaur

Atizs V- Common Core Booster

Black Brant

Blue Orign New Glenn

Blue Orign New Shepard

CST-100 Starliner

Delta W

Delta IV - Heawy

Deita IV - Commaon Booster Core

Delta Cryogenic Secand Stage (DCS5)
Vulean

Space Launch System {SL3) - Booster System

Space Launch System (3LS) - Exploration Upper Stage (EUS)

Space Launch System (5L5) - Intenm Cryogenic Propulsion
Stage {ICPS)
Space Launch System (3LS) - Orion MPCW
Crricle
Advanced Medium-Range Air-to-Air Missie [AMRAAM)
AGM-114 Helffire
Evolved Expendable Launch Vehicle (EELV)
Evolved Seasparmow Missile (ESSM) - Blk 1
Ewolved Seasparmow Missile (ESSM) - Blk 2
SpaceX - Dragon
SpaceX - Dragon V2/Dragon 2
SpaceX - Fakon 9
- | SpaceX - Falcon 8 Full Thrust
SpaceX - Falcon 0 Heawy (Booster)
SpaceX - ITS Launch Vehicle
GMDVGBI - Orion
GMDVGBI - REWV
GRIFFIN
JAVELIN
MZ270 Multiple Launch Rocket System (M270 MLRS)
MGM-140 Army Tactical Missile System {ATacMS)
Minuteman 11l
Patriot Advanced Capability (PAC-3)
Patriot Advanced Capability (PAC-3) - MSE
RAM
RAM - Blk 2
RIM-174 Standard Extended Range Active Missie
(ERAM)iStandard Missile 6 {SM-6)
Sidewinder/AIM 8X
Standard Missile 3 (SM-3)
Standard Missile 3 (SM-3) - Block 1A
Standard Missile-2 {SM-2)
Star 43BY
Star 48 Upper Stage
Tactical Tomahawk
Terminal High Altitude Area Defense [THAAD)
TOW
Trident D5

Dropdown is based on
answers in tab 4b,
Sections A-F T

Dropdown is based on
answers in tab 4b,
Sections A-F

Dropdown is based on

Dropdown is based on
answers in tab 2,
Sections A and B

answers in tab 5b,

Sections A-E

answers in tab 2,
Sections Aand B

Dropdown is based on

Other (spec

Comments:

BUSINESS CONFIDENTIAL - Per Saction 705{d) of the Defense Production Act
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Erevious Fage Tabie of Contentz

From 2013-2017, record the number of suppliers from which your purchased props fices (exciuding , fuets, onidizers, and pressurants). _
idenify your organizafion’s 20 key/critical propulsion-refated suppllers (exciuding suppliers of propeliants, fueis, cxidzers, and pressurants). Make sure o ldentl'y suppliers St only support izt y (in Section 4],
¥ an Individual supplier provides more han one procduct/seryice ares, recond the Suppdler INAORTATON 0N T (OF MOre) Separate rows and alter the product/senvice area (and nelated iRformadon ) accordingsy.
Pm:;‘s:n-c: b(n::im Input Description -'mlmu:mmwn'l"\:cm Supplier State Single'Sole Source  Primary EnginefMofior | Primary ProgramSystem

e e s et o productiservics purchased) et Catmaery i Sy Suppiertams Sumpier City % anpicasie) S G u i apizane) 1 appiicabie)
: /N
3
- Dropdown is based on .
5 Drgpdgwn is based on |answers in tab 4b, Dropdown 15 Ea;’ed on

« _flanswers in tab 4b, Sections A-F ein_-.‘;yers 'g tab >c,

- |Sections A-F —Dropdown is based on Sections
10 answers in tab 4a,
= Sections A-F
13 =
= Dropdown is based on
1= answers in tab 5b,
:j Sections A-E
18
13

From 2013-2017, record the nu'll:\er!unﬂl!'s from which your organtzation has purchased propeiiants, fusis, oxidzers, and pressurants. T none, procesd i Secton 7. _

idenify your organizafion’s Rrop fuels, oxddizers, andior pressurants suppliers. Make sure to kdeniify supplers that only g 3] Identifed earfier In the survey (in Section 51

I an Individual supplier provides mons Tan one product hpe, necond the supplier NfoMmation On o (0r more) sep and aber type (and 1) accondingly.

P B (ml!-zﬂﬁ:’::::“::‘;nuuﬂ:mtumuwml i Bupper Ciy S(‘n‘?p::—:;e AR Cery Ss.‘ul::::e F“":;’-’Lpalg‘:-;w P“m;:.fm:l:[m

1 7N

3

5 - "

Liquid Propellant -

1solid Propellant Dropdown is based on

«[s|Fuel answers in tab 5b,
- Sections A-E

H|Oxidizer 2 |

u|Pressurant | _

2 Dropdown is based on

= answers in fab 5c,

14 )

e Sections B

16

17

18

13

20

Comments-

BULINE2E CONFIDENTIAL - Per Zsotion 705(d) of the Defancs Frodustion Act
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From 20113-2017. has your organization experienced any supply chain disruptions which impacted your organization's ability to provide adequate propulsion-related products and services?

=~

If yes, by magnitude of impact, ideniify the propulsion-related Input and Supplier associated with the disruption. Then indicate the length of disruption (in days), source of the disruption (by country), primary reason for disrupion, primary resclution outcome. Explain your respn\nih]

If yes, by magnitude of negative impact, identify the imported propulsion-related pre il
impacts include longer lead times/schedule delays, higher costs, compromised QAMQC standards, lost customers, ete.

Propellant, Fuel, Owidizer, Pressurant Type - Product Mame/Spec - Supplier Mame

and supplier. Then indicate

Direct Country Source

Primary Original Source Country

direct country source, primary original source country, and pri

Primary Transportation Method

- - L of - .
A (selectl m ;m:z;f;ffg;’g::m 8A4) D%Eiﬂ;m Sour?:i?:;"puo" F‘rima.ry‘Reasm for Disruption Primary Resclution Explain Yeg

1 7~ A ~ No [
2 I | |

3 Drop-down is based on | |

; responses in Section 6, A !f El

I
From 20113-2017. has your organization experienced any negative impacts from importing p fuels, andlor pr

ry transportation method. Explain the impact and resclution. Examples of

Explain

B {select from dropdown populated by Section 68) (if known) (Impact and Resolution}
; 78 ] 7
2| = L | |
5 [|Prop-down is based on i Ral [
] . ) . ai
4 | responses in Section 6, B | i
5 ] Truck T
From 20113-2017. did your crganization adopt any inventory and/or supply chain management practices for your propulsion-related produgls and services? Plpe | Ine
Ship
Select the supply chain management practices, methodologies, and systems that your organization utilized from 2012-2017 for its propulsion-related products and services.
Type Use Type Usa Type Use Type Use
=
1 | Advanced Planning System (APS) \ g8 Justin Time (JIT} / 15 Retums Management 22 Use of Extenal Consultants
- | Manufacturing Resources Routinely Perform Supply Chain ‘Wendor Managed Inventory
cl? EEEE | [Ves . Planning (MRFII) e ing = [\
Codified Supply Chain Materials Requirements Subco - Vertical | _
2 Management Plan | [No e Flanning (MRF) 17 e 24 ‘ertical Integration
- - . - Supplier Relationships Management Warshouse Management

4 | Decision Support System (DSS) | Not Sure 11 Multiple Sourcing / 18 (SRM) 25 System (WMS)
5 | Electronic Data Interchange (£D) | |NOt Applicable| 12 ";ﬂxfmc / 10 Theory of Constraints (TOC) 28 Other (spacify)
7| FiErEE REEES;;;“E (R ETIOE 12 Outsourcing / 20 Third Party Logistics (3PL) ol Other (specify)

Full Time Supply Chain Manager Radio Frequency }{ Use of Customer Relationship . L
’ Goveming Council i Identification (RFID) 2 Mangement (CEM) Tools = ey (specity)

Comments:

[

\

Customer Issues
Duties

BUSINESS CONFID E!!FL - Per Section 705{(d) of the Defense Production Act

Captive Capability
Designed-out Input
Identified Another Supplier

Inadequate Logistics Support
Natural Disaster

Ports Issues

Supplier Financial Distress
Trade Dispute
Transportation Issues

Other

30

Legal Recourse

Long Term Vendor Contracts
Stockpiling

Substituted Input

Waited Until Disruption Passed
Other

Naone




mployment
Friam 20132018 e yor

ard conracions. Lasty, eatimata the

 record o

FTE 8 LIE and nen ) 8. ctiven

st FIE
o by S v Mon-LLE: cAivars. Mote: Thase empkymes de fol have o be

e
‘shely forumad on propuision-ekted aciviies i be counted hare. &0, count empioyess wonking offsie. Nel: f your organintion declared in Section 1a thel this survey e Business
orty Buainass UnbCihisic | dets

L& based Oparations

arvel reaporee, this secton shoukd contsin

5 E10S
Plen il & Crans B Chiens | Wondl & Clirers

LS Cagars LS Capars MenUE Clzans Us Capara hond) & Clirerm
Totsl FTE Employses/Contracton (A]
Total Propulsion-relsted FTE EmploysesContrecton (B}
1 | Enginean (e o % of B}
2 | information Technslogy Professionals (s & % of )
5 | Producton Line Workers as & % of B)
4 olE)
5 , O, & Buuppert Techricars (a8 4 % of B)
] [
7 |
& [Ofer |spety)
Tiokal of 18 roed nol equal 100% 0% 0% 0% 0% [ [ Y Y
b e Totwi Ful Tumervat e pat yoat
23 W s El )
Totwl (UE and honll & cikam) Totml {UE and Nonll & cikam) Total |US and Mon-LiE chirem) Total (UE and hondl & cizana)
§ | Crwwend [ I
i) i I I T
Exglain
FReacord your 1l time g 1!
ETEM degran wnd nen L& [E—— y
ezt e i
Cosrant STEM
o Current STEM degres Propulsion-related FTEs P o FTEs
BABS Mantera/ Professonst D Assccustes and Beow
Total (U S and Non-U & Citeens). Total {UE and Non-U8. Clizens) Total {UE and Nen-U8. Clizens) Total {UE and Non-LUL8. Clitens)
1 Uredar 25
2 a5
5 s
4 455
5 Eod
L] B
1% Won- 8. Citizen FTEa
By visa typa, recond e numer of nen-US. cititen FTE smpliysss and contreciors cuently amployed ol you orgenisaton
BB e v —-— oA -
ST Bapleyaas [ I I I I I ]
FTE Conmastan [ | | | | | | |
thanthe US) your & ctizan FTE whiat | Loty ona
)
F-1 Prievary Propulsion-| Prisaty Progulsion
Country H-1B HE Eidant Vise 1A Cther l‘-dfll::m EIM.,\Ih. .
i
2
5
3
5
L]
T
[]
o
0
Exzan
For mach oty e , Pumber of ., wewrage J L i fer Fiy E
e purse Yes
origs Lt of No
Py s rern Crer n Ci Murmbrer of Unfilesd ey = Prievmey R Bl
s CrrgmBn Camgary Difteuty b T Fiadsnt o il Vicancias N -
Joronan [ [ T]
2 flshematon Tachnokogy Profasiens Inability to hire foreign nationals due to export control laws
8 JPredtcten L Weskars T Lack of ability to train applicants
bl il Reta?ning Lack of applicants with relevant degrees
5 [Tasting Oparston, Gy Comrel & Buppent Tachaicta Lack of applicants with requisite security clearances
Py T e— Both - 3 = h
gty No Difficulty Lack of applicants with requisite skill sets
7 | (et - - Lack of promotion potential for applicants
& |0t (et [ | Lack of experienced applicants
Crmm—" Location/relocation issues

BUSINESS CONFIDENTIAL - Pee

Environmental or safety risk concemns for applicants

Unable to provide competitive compensation due to federal contracts
Unable to provide competitive compensation for commercial work
Unsure/Lack of response to vacancy announcements

Other (specify)
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Section 9: Sales

?a ble of Contents

From 2013-2016, record your organization's total sales information to U.S. and non-U.S. customers.

In Part B, indicate your total propulsion-related sales (including commercial and government sales).
In Part C, indicate your total NASA-related sales (including commercial and government sales).

In Part D, indicate your total defense-related sales (including commercial, govemment, and foreign military sales).

Mote: If your organization declared in Section 1a that this survey is a business unit/division-level response, this section should

MNote: "UL.S." means U.S. domestic sales; "Mon-U.S." means export sales from U.S. locations.

A. Total sales, all customers (in )

Next Page|

Calender Year

Fiscal Year
ntain only business unit/division-level data.

Corporate/\Whole Organization
i - .
Source of Sales Data:[ , 7 = Business Unit
Reporting Schedule:| *~ |
Record in $ Thousands, e.g. $12,000.00 = survey input $12
2013 2014 2015 2016
us. Non-U.S. USs. Non-U.S. Uus. Non-U.S. Uus. Non-U.S.

Lines B-D need not sum to 100%. Estimates are acceptable. E

nsure you complete lines B-

D

for all years with sales.

B. |Total propulsion-related sales (as a % of A)

C. |Total NASA-related sales (as a % of A)

D. |Total defense-related sales (as a % of A)

Comments:

BUSINESS CONFIDENTIAL - Per Section T05(d) of the Defense Production Act
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Previous

Mewxt Page|

Top U.5.-Based Customers

_ . ) _ Total Mumber of Direct LS. N”ngel;d“f;_'m;”ub'sm'
From 2013-2018, record the number of direct U.5.-based customers and propulsion-related direct .5 -based customers. Customers (2013-2018) = irect LS.

A Direct customers are the immediate entity to which you sell your products or services and may include intemal customers (e.g. Cusiomers (2013-2018)
business units, divisions) within your parent crganization.
From 2013-2017 and in descending order by revenue, identify your organization’s 10 leading propulsion-related direct U.5.-based customers. Each field must be completed for each reconded customer.
_ - X X Primary Engine/Maotor Primary Propulsion
u E;ti?;’:g":;g:;ﬁ';fdm CusﬁTrirbErUNS Type of Customer Customer City Customer State anary::\?:gﬁemw Involeed Industrial Base
o (if kmown, if applicable) Business Category
] A
2
3
4 — Drop-down based on
B. . U.S. Government Defense resp?onfef‘ to Drop-down based on
I, 585
. U.S. Government Non-Defense Section 4b responses to
- U.S. Commercial Defense Section 5¢, B
. U.S. Commercial Non-Defense
a
10
Top Non-U.5 -Based Customers
_ | Number of Fropulsion-
From 2013-2018, record the number of direct non-U.5 -based customers and propulsion-related direct non-U.5 -based customers. Total Number of Dirsct Nan Related Direct Non-U.5.
c| i " " = . X _ U.5. Customers (2012-2018)
Direct customers are the immediate entity to which you sell your products or services and may include intemal o {e.g. Customers (2013-3016
business wnits, divisions) within your parent crganization.
From 2013-2017 and in descending erder by revenue, identify your organization’s 10 leading propulsion-related direct mon-1U_5 -based customers. Each field must be completed for each recorded customer.
_ - X X Primary Engine/Mator Primary Propulsion
Nonﬂrescszr:;u!;f:;:‘l::ﬁam CusﬁT:lrbE'UNS Type of Customer Customer City Customer Country anary:::du::ﬁemne Involved Industrial Base
o (if known, if applicable) Business Category
LE ) T -
1 /
2 \
2 \
o * |
s Non-U.S. Government Defense Drop-down based on
8 Non-U.S. Government Non-Defense Drop-down based on responses to
- Non-U.S. Commercial Defense responses to Section 5¢, B [ |
z Non-U.S. Commercial Non-Defense Section 4b ]
a
10
Comments:

BUSINESS CONFIDENTIAL - Per Section 705(d) of the Defense Production Act
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Ereyigus Fags

Esofion 11a: ROTAE - Recsarsh and Dawslopmant Yes
Does your organization conduct Rezzarch and Deweiopment (RAD)? RAD herein |s not imied to contract RAD but rather Includes 4

" |51 RAD az reported In your ncome statement in Sechon 12, line fem D. If o, procesd o Section 114, o MNo

From 20132018, recond your organization's toeal and propulsion-r=isizd RAD dollar expendiiurss. Then record he RAD component sxpenditures on a

percentage bass.

Source of RAD daks:{ ~
F=partng Schedule:| -

R=oord § In Thousande, a.g. §12,000.00 = curvey Input of §12 % |
2043 014 2015 0%

T ot R20 o wHR GAAF Corporate/\WVhole Organization

2 |Basic Ressarch ias a % of B1)

= = i
3 |Applisd Research (32 3 % of B1) Business Unit
4 |ProductiProcess Development (as a % of B1)
6 |Totsl of 2 - 4 (muct equal 106%) (2] 0% % "

8 | Totsl Propuiclon-reiated RED

T TNAGAveiated RED fa: 3 % o5 Calender Year

8 |DOD-reiated RAD (asa % of B5) H

9 |Other USG-reisted RAD (as a % of BE) Flsoa | year

10 |Non-U3G-related RAD (as a % of B5)
11 Total of 7 - 10 (must squal 180%) " 0% 0% L]

From 2013-2016, record your crganization's ttsl RAD dalar funding. Than recor the RAD component funding SUFee(s) on 8 pamentsge basis

2013 014 015 2016

4 [Total RAD Funding Souroes
2 |IntemalBei-Funded/IRAD (a3 a % of C1)
3 |Tokal U.3. Govemment (UZG) (as a % of C 1)
3 [NASA j2s a % of C3)
5 |DOD s 2 % of 3}
5 _|Cther USG (a3 8 % of G3)
7 |Total State and Local Government (36 3 % of G11
.| 8 |Universities - Pubilc and Privabe (as 2 % of G1)
5 [U.8. Indusiry, Wenture Capital, Non-Frafit (as 2 % of C1)
10 |Non-U.8. Non-govemiment Invesoms (a5 3 % of G1)
11 [Nor-U.8. Govenments (a5 2 % of 1)
12 joeher ispectty)
13 [Total 012 - 3, 7 - 12 imust squal 180%) o 0% [ %

14 Totsl RAD Expen. by the U_3. Government
15 Propaision-related iz a % of £14)
16 DOD reimburssd (2= 2 % of C14]
17 _NASA reimbursed (a3 a % of C14)

Does your crganizytion utiize the RAD Tax Credit?

Hf yes, what percentage of this credk applies to your propuision-related RAD? |

Dioes your organization’s de’snze-reisted RAD shape the develcpment of your commercial propuision-relate@roduct ines? | € Ye S—Fede ﬁ'—_'il R&D ta)( Cred It Only

| | Yes-State R&D tax credit only

Does your organization’s NAZA-reated RAD shape the development of pour commercial propuision-reiated product lines? .
= = = == E Yes-Both Federal and State R&D tax credits

Explain :|
3 Yes N
Examatz the degre af fasa ) your prop RAD and your non-praga Rapz | No o
| Unsure
Essmate the degree of sz ) your FRA&D and your DOD-eiated RADT | Unsure
| Not Applicable
Fram 2013-2016, recard the total rumber of funding prizes awanied o yaur organizasion. If nore, proceed ko Section 115,

From 2013-2016, record detalls of your organization’s fve leading prize awards by dodlar value (n descending order), Including year awarded, funding prize
‘tiie, dolar amount awarded, fundng source category, and sponsontunderwriter.

Dolar Amoent | e
|| s AT e | ™ gy g S Internal/Self-Funded/IRAD

1 USG - NASA

: —|USG - DOD

Other USG

: Total State and Local

Comments: Universities - Public and Private

U_S. Industry, Venture Capital, Non-Profit
Non-U_S. Non-government Investors
Non-U_S. Governments

Other

BUSINEZE CONFIDENTIAL - Per 3eotion T06{d) of the Defence Frodustion Aot
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Frevious

Seobion 11b:

Fa

ge
: ROTAE - Ressaroh and Development (Cont )

perarmed adopts any Addltve Manufacturng'2-D Prioing, i additen tv e prmary funding seurce, primary funding agency, primary %anding vehice, and primary propulsion ndustrial base business caizgory. EiRlain your response.

wluln|=

W m

9
10
1"
12
13
1
15
18
Al
18
12
m
F4l
=
=
-1
=
=
£
=
=
0
3
g
22

Fropuisicn-related RED Applcation Aras

Analyscal modeing
Boosters

Casings

Combustion chambers
ElCiic propusioniockess
Enviranmentally friendly propedlanttuel
Fusl alls

Gas turbines
High-temperaturs matertals
Hybnd rockets
Hydropropuision
Hypersonic

Inert propeliants

In-space propuiksion

Large liguid rockets

Large sold rockets

Laser eieciric propulsion
Laser thermal rockets
Liquid propeiiamt and fuek
Misslies - liquids

Misslies - solds

Nozzies

Nuciear thermalinuciear fusicn propeision
Prope lant tanks
Retropropulsion

Satelite tethers

Sensors

Small llquid rockess

Small ikl rockets

Solid propelant and fusis
Storabie oxkizers
Superzonic refropropuision

Themal rockets

Use of Additive

Frimary

Paricipatian ‘_:r:::"d Frimary DOD 28T Ackity Level | Marstacturing/3-D =m:;':':;'_“ Funding Agency Funding Vehicie P""'""';ﬁ:::g;fﬂ";:‘" Eaz= Expiain
[ Prinsng {f appiicable, from Sa) (f appicable) ;—

: AN ' ! = Large Liquid Propulsion

l \\ \\ \\ Small Liquid Propulsion
Yes ~ N\ ~ Large Solid Rocket Motor
AN AN N Small Solid Rocket Motor
No, but supported between \ N, __|Science and Technology

2013 and 2016 AN I ~

None

N Yes

N No

N [Not App

]

Test and Evaluation

Drop-down is based on

AN

licable N

responses to Section

AN

Sa, A

Electric Propulsion

Other

\

N\

]

)

]

Basic Research 6.1

TRL 1
TRL 2
TRL 3
TRL 4
TRL S5
TRL 6
TRL7
TRL 8
TRL9

Not Applicable

Applied Research 6.2

Advanced Technology

Development 6.3

Demonstration and

Validation 6.4

Engineering and

Manufacturing

Development 6.5

RDT&E Management and

Support 6.6

Operational System

Development 6.7

Not Applicable

[|USG-NASA
| JUSG-DOD
HOther USG

[ |[Non-Profit

Investors

| |Government
HUniversities-Public and Private
U.S. Industry, Venture Capital,

1
Hinternal/Self-Funded/IRAD

[|Total State and Local

| |[Non-U.S. Non-Government

MNon-U.S. Government

1
Not Applicable

DPA Title Ill

DOD S&T Funding

Other Transactional
Authority (OTA)
DARPA

SBIR

STTR
Space Act Agreements
Other

34 [Trrusters

35 Cther (3pexify hers:

35 [Ceher (apecity hers

37 |ceher (3pexify hers:
Comments:

BUSIMESS CONFIDENTIAL - Par Ssoblon 708{d) of the Defence Frodusiicn Act
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Yes
No v
es
Unsure N 24
. o
Not Applicable
. J Significantly
Tabie of Contente Nexdt Eage]
Moderately
A |From 2013-2017, has your recatved any prop resarch and B2viggment (RAD) hunding (det ar ndrect? Little
e - | {No impact
From 2013-2015, have your organizaton's RAD actvis pacted by any se) | o ‘ ‘ é‘/ Not Sure
propuslon-related spending praciioes? If yes, mmmpﬂmyrammmanegmelnpaﬁmmﬁ&n }
actvies, 35 wel 3 the degree of Impact. Not Applicable
I Impacted, record the actions your organtzation has tsken from 20132018 (or plans for 2017-2021) to mitkgate the negative Impact of any changes In USG propus! Then Indicate or not the source of e USG propulsion-reiated
‘=pending changes In 2013-2015 s ether NASA-reiated and'or DOD-relted. EXpian your response.
e Action Action Taken? NASA-felated? \uomemau? Explain
1 Codicensald) with other organizatons Y Ky
Fl Decreased) RED achities FAAN \
3 Delay(ed) Invesiment | A
[ Elminate(d) RAD actvilies I A
5 {d) &0 acvizes to non-U S -based locatons I AN T
3 Cutsource(d) RED actvizes io omer LS -based locations L A 1
7 Parner|ed) with non-LLS. erties.
B Fiarver{ it iVl Secioe companies —Yes Yes \\ Yes
] Sarnerfed) with universities No A
10 ‘Substiuied) with omer typels) of D) fund No A No
11 Cmer [specty) I—ﬁg T N
From 2013-2015, newmmenmwn‘pmpulsuuuaeﬂsrnalBtsﬂessTe@WTm[S'l'rR}mmumlnmmm{sﬁlﬁ]mmmmmmmw\
If nane, proceed 1o Part D

From 2013-2016, by both U.S. Govemment agency and phase, record the number of STTR andior SEIR contracts your organtzation received. Then salect the primary propulsion Indusirial PIB) blsiness catagory ass0cated with e awaris). Sxplan your
50058,
Phase | Phase I Phase Il

Proputsion-related Contracts Number Primary PIE Business. Number Primary PIE Business Mumider Primary PIS Business Explain

of Conracts Categary of Contracts Categary of Contracts

U.S. Air Force (USAF)

US. Depariment of Defense /1\ \ U.S. Army
gl [ } U.S. Department of Energy (DOE)
=T um 3 g -
e —|Large Liquid Propulsion Contract Type HIU.S. pepartment of Homeland Security
et seence Fansmen. || SMall Liquid Propulsion Decreased Spending I (DHS)
Us beammeniotagmire || arge Solid Rocket Motor Fluctuation/Erratic Spending [|U-S- Department of State
G mone renee o sonimse. | |Small Solid Rocket Motor Inadequate Guidance/Outreach/Notification DABPA o
ﬂ'u:%;.‘?me";ﬁm”‘“ wosmess-[—|Science and Technology Inadequate Budget 1|U-S- DOD Missile Defense Agency (MDA)
simosnere arinsaten | {Test and Evaluation Program Cancellations | {U-S- Intelligence Community (CIA, NGA,
- #2===_| lElectric Propulsion Domestic Sourcing/Buying America/Set | [NRO, NSA, DNI, efc.)
U pepemmENHENSA | | Sther Asides | [U.S. Marine Comps
us. of Energy == )
= e Reliance on Prime Contractors H[NASA
STt ot et Revision of Requirements H|U-S. Navy
. No/Limited R&D Reimbursement || INOAA (U.S. Department of Commerce)
U5, Environmental Protecion Other H DOD Other .
e U.S. Department of Agriculture
U.S. Department of Commerce (excluding
Natonal Science Foundation
From 2013-2016, record the number of propulsion-reiated program technology Transfer Inwhich y NOAA) X
N P ey T v e o sy ey et oy e e araD U.S. Department of Transportation
D. i m.,,mmnawnesmzmmls B e T e e e e T Ry e s el Te e e e e F e Sea s Nuclear Regulatory Commission
e STt i e S Classified
Program Technology Transfer Activty I I _I_____________ Other

Comments:

BUSINESS CONFIDENTIAL - Par Section 705(d) of the Defense Production Act ““‘-—-———-________________J
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Yes

Yes

Ves, Past

Yes, Past
ies, gultﬁre Yes, Future 25
Nes, o Yes, Both
o No

Ability to support virtual presence for test planning,

execution, and other requirements
Ability to tailor facility, instrumentation, and special test

equipment to meet requirements

Access to a wide range of ancillary services such as

laboratories and machine shops

Access to test project management information (cost to

Clear and effective Communications

Close proximity to your company operations

Compliance with govemment regulations (environment,

Fase of administrative and business processes

Ease of personnel visit access to NASA facilities

[
Tt Toe iy | poomtarn | S | Sigies | e g N M e et

o — . — K ] S —

R e <305 Ty I N H I

Pt s o i e ms Yes. Past “~~—Yes Leased Facilities H

i Engine @SH-90% Ls Thousty ? AN — L

e e (i s Yes, Future [ fyes Past \1 No Company-owned Facilities i

e s G i i . . —

o e o = ey Yes Both ves Future t T External Industry Facilities H
Aeece Eng=a (05K Lk Tty ? —] = 1 I P 1
ey |:NO Hves, Both HYes, Initiate NASA Facilities o H
e | No Hves, Increase Non—vaernmenl FOCI|I.tl_eS H
:mn;wc-’= INo Other Government Facilities u
Lo | Other H
St {npmaty) | |
Dt mcty) I | |
Tt (sgmaty) [ I 1

= e p—— N
. )
= — - —
e — [

oty e L) LN
e e = 3

e ¥ crine shops 1
e e e e i
oo ey e — Yes, Owned

W — e H1 - No/Minimal Yes, Leased
Rl
Care 2w o sunemn N2 - Moderately Low []Yes, Both
:.r_L‘MM'_,:_ .m:.. — H3 - Average iNo date, schedule status, etc.)
e i H4 - Moderately High
e H5 - Very High
e i s ; Ves

= & safety, etc.)
= i No Cost of testing
- - Pl - T Ny e “™Cycle time test processes
AN Drop-down is based \
. on Section B above - S -
N High reliability of capability

Foo ey e

T Tmr

Exsie pour eapmme.

Importance of customer being able to control safety and
quality in testing activities

Quality and accuracy of collected test data

Quality of post testing data and summary packages

Reliable information security

Responsive to changing requirements and objectives

PDF FOR REFERENCE
SUBMIT EXCEL VERSION ONLY
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during testing

Support from test personnel

Test facility capability matches or exceeds requirements
Timeliness for test entry




Previous Page Table of Contents Next Page

Section 12: Financial Information

Report line items from your organization's financial statements for years 2013-2016.
MNote: If your organization declared in Section 1a that this survey is a Business Unit/Division-level response, this segfion should contain only Business Unit/Division-level
data
Source of Financial Line Items: = Calender Year
Reporting Schedule: < Fiscal Year
Business Type:
. Record in $ Thousands, e.g. $12,00000= input of $12
Income Statement (Select Line ltems) 2013 2014 5015

A Net Sales (and other revenue)

B Cost of Goods Sold Corporation

C Selling, General, and Administrative Expense Limited Liability Company

D Research and Development Expense Partnership

E Total Operating Income (Loss) S Corporation

F |Eamings Before Interest and Taxes Sole Proprietorship

G |Interest Expense Other

H |Net Income _

- Record in $ Thousands, e.g. $12,000.00 = survey input of $12
Balance Sheet (Select Line ltems) 5013 2014 g 5015 yinp 5016

A Cash and Cash Equivalents

B Inventory

C Accounts Receivable

D |Goodwill and Intangibles

E |Current Assets

F Total Assets

G |Accounts Payable

H | Current Liabilities

| | Total Liabilities

J |Retained Earnings

K | Total Owner's Equity™
*Taotal Owner's Equity (line K in the Balance Sheet) should equal Total Assets (line F in the Balance Sheet) less Total Liabilities (line | in the Balance Sheet)
Use the space provided fo qualify with narrative any anomalies, transactions, or non-recurring events reflected in your financial statement line items, e g. reporting
restatement, merger and acquisition, Chapter 11, SEC investigation, etc.

Comments:

BUSINESS CONFIDENTIAL - Per Section 705(d) of the Defense Production Act
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Identify the certifications andlor standards that your crganzation currently hold or are working to obtain. If none, explain in the comments. box below.

Estimated Average Cost Estmated Average Time

Type of Standard/Certification Maintained/Pursuing Type of StandardiCertification Maintained/Pursuing Type of Standarc ion Maintained/Pursuing

1 |AMS (specify) | 16 150 8001 31 | Qualtfied Bidders List
2 |ANSIASQC Z1.4 fIN 17 | 1S0 10012-1 7N 32 | Qualtfied Products List
3 |ANSI/ESD 52020 18 150 14000 33 | Qualified List
4 |ANSINSONEC 17025 10 | 150 14001 34 | Other {specify)

5 |ASE003 —— | 20 IS0 TS16848 Currently Hold 35 | Other (specify)

5 AS8003a Currently Hold 21 Independentintemal certifcations from customers In P Y P . 36 | Other (speciy)

A | T |ASE100 cof i [ | 22 |+-sTD-001D5 N Frocess/FUursuing | a7 | other (specify)

B ASB1000 In Process/Pursuing [ 73 miL-a-03s8 No 38 | Other (specify)

3 |AS8120 Mo [ |22 MILSTD45062 & 38 | Other (specify)

10 | Capabiity Maturity Model Integration (CMMI) . [ ] 25| NADCAP (zpecify) Mot Applicable 40 | Other (specify)

11 | DoD 5000 Not Applicable 56 [NASA STD 5012 PP 41 | Other (specify)

12 | DMEA Trusted 27 [NABA 5TD 5010 42 | Other (specify)

13 |FAA Certified 28 |MASA 5TD 6016 43 | Other [specify)

14 150 23000 20 MNASA STD 6D16A 44 | Other (specify)

15 150 0000 30 INCLS {5 45 Other (specify)
Has your organization had any issues in cbtaining any of the above certifications or meeting any of the above standards?

B.
Explain:

From 2013-2018. recerd the number of times youwr crganization had to requalify for propulsion-related purposes. if none, proceed to Part D.
Record the number of propulsion-related suppliers your organization had to requalify from 2013-20167

From 2013-2018, describe five of your organization’s most relevant propulsion-related requalifications. Record the type of requalification, requalification/qualification name. explanation of requalification and purpose, primary reason requalification occurred, primary challenge, frequency of
requalification in 2013-2016, estimated requalification cost (if multiphe then average cost), estimated requalification duration (in weeks on average), and primary organizational ngative impact (if any).

T S S Primary Reason of Primary Challenge of d Number of F Som: ot Fication (a Primary Negative
Type of Requalification Requalification Mame Pumpose of Requalification ey S ; of Requalification of Requalification (in —
Requalification Requalification (2013-2018) (i thou of §) —— Organizational Impact
c.
1] i 7~
|
Internal/Organization
Supplier
Other
|
Explain:
Dioes your onganization have any suggestions to improve the requalification process for your organization and'or suppliers?®
If yes, document your onganization's leading three types of requalifications in which you have suggestions for imp Explain your resp
D. Type Requalification Name Recommendation Type Explain
1
2 T
3
Comments:
BUSINESS CONFIDENTI] Act Business Interruption

Business Interruption

Internal/Organization
Supplier
Other

Process Improvement
Cost Reduction
Paperwork/Documentation
Audit Function

Other

Cost

FAR/DFAR Rules
Inadequate Guidance
Limited Visibility into
Technical Engineering
Long Lead Time
Unclear Requirements
Other

None
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that Require Qualification
Increase Costs of Associated
Products/Services

Products/Services

Discontinuation of Products/Services

Increase Lead Time of Associated




Previ

ous Page

Section 14: Addifive Manufacturing (A_M_)3-D Printing

Table of Contents

Next Page

QOvercoming Previous Engineering Limitations

]

Drop-down is based

on responses to

Section C above

" |Integration into systems and/or subsystems

A_M_/3-D Design (as a product/service)
A_M_/3-D Design (to outsource)

Other

None

Material Jetting

A_M./3-D Design (to outsource)

A. | Indicate your organization’s level of involvement in A.M_i3-D printing technology. if none or not applicable, proceed to Section 15a.
adum;ed and 5 being the least. Explain your response.
Application Area F'aniciEﬁunﬁ\ Rank Top 1-5 Explain
1 | Direct Manufacturing e .
2 |Prototyping I Drop-down is Drop-downis  HDrop-down is
3 |Research and Development =i based on e
5.| 4 TosiingMachining —{Propulsion based on s based on
5| Integration into systems andlor subsystems Non-Propulsion - responses to [{responses to
6 |A.M.i3-D Design [as a productiservice) responses to Section 5¢, B = i
7 |AM.2-D Design (to outsource) Both Section 4b 2L, Section 5b
B | Other (specify) |
0 |Other {specify) No . ]
10 | Other (specify) Not Applicable 7
From 2013-2018 and by process type, select the ion type best ibing your jon's adoption of A.M_i3-D printing technologis in its operations. Then record the comesponding primary application ared (from Section 14, Part B). primary
propulsi lated F i i primary product end-use, primary Prog y . primary Engine/Motor, and primary benefitf
Pri Jicati Primary \I/ Pri Prod Primary \ Pri . 1
AMJ2-D Printing Process Type Participation ""“"“’A"g e300 | prsducySenice '";‘rg = U Proge ""‘I.;”' - ¥ Primary Benefit .
i e < il !
1_|3-D Welding AN M| I [
2 |Binder Jetting I | | | M
3 |Cominuous Liuid Interface Produetion AN U.S. Government Defense '
4 |Directed Energy Deposition e "
c. 5 | Machiyinstiog AMJS-D Products U.S. Government Non-Defense Customized Parts
| xtrusion . o i -
7 | Material Jetting y U.S. Commercial Defense Cost-effectiveness
& | Powder Bed Fuss ~ . Npa: .. - -
o |Shest Laminaton U.S. Commercial Non-Defense Mobile Pricing Capability
e P otop oty merizaion Non-U.S. Government Defense Low Volume Production B
12 JOthec {spey) Non-U_S. Government Non-Defense [/Increased Innovation Opportunities
= Non-U.S. Commercial Defense
Explain:
From 2013-2018, estimate the dollars invested into prop lated AM.3-D (i facilities, ialists, efc.) in your NOH_U S Commermal NOn—DefenSe :(Jlght\l\;?@ ht F{r({)ﬂu?s P rt
Record § in Thousands, e.g. $12,000.00 = survey input of $12 UnkOWn ._Ore CC.Ura e/Uniorm Farts
2013 2014 2015 2016 Time Savings
Estimated dollars invested [ | Other
By of use, list your s leading five A.M./3-D machines.
MName of Machine Brand Supplier Supplier Country Year Obtained A.M_i2-D Printing Process Type (from Part C above) <
1
2
3 ™~
D ~
5
During the next five years, does your crganization intend to invest in A.M_3-D technology andfor capabilites?
If yes, select the primary application area and primary process type cormesponding to your organization’s leading three areas for A.M./3-D adoption. Explain your response
Primary Application Area A Primary A.M_/3-D Printing Process Type D Weldlng plain Direct Manufa Cturing
1] 1t I N - h i [
2| [ | aw Binder Jetting Prototyping o
Direct Manufacturing \ Continuous Liquid Interface Production Resear?hl and Development B
HPrototyping Directed Energy Deposition Tooling/Machining f =
| |Research and Development \ Machining/finishing A.M./3-D Products "“EQTE‘:'O” into systems and/or | |
Toolina/Machinin “Material Extrusion subsystems
9 g pUSINESS CONY AM./3-D Design (as a product/ H

Powder Bed Fusion service)
Sheet Lamination

VAT Photopolymerization Other
Other None
AL TLIIVIT T A e VI T WITTY T
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From 2013-2018, record your organization’s capital expenditures comesponding o the select categories.

Corporate/WWhole Organization
Mote: If your organization declared in Section 1a that this survey is a Business Unit/Division-level response. this section should contain only Business Unit/Division-level data, Business Unit/Division

Source of Capital Expenditure Data: | = |

Capital Expenditure Reporting Schedule: | H‘
Record in § Thousands, e.g. $12,000.00 = survey input of $12

Capital Expenditure Category -
2013 2014 2015 2018 Calender Year

a._Total Capital Expenditures Fiscal Year
Machinery, Equipment, and Vehicles [as a % of a]

A

1
2 |IT. Computers, and Software [as a % of a]

3 |Land, Buildings. and Leasehold Improvements [as a % of a]
4

5

Other |specify) = || =
Other (specify) | Yes Yes Yes
[Lines 1 through 5 must sum to 100%) % " ;

8 | Propulsion-related capital expenditures [as a % of a] | | -I |

— —_—
From 2013-2018, wers your organization's overall and propulsion-related capital expenditures ad by imp d by reductions in U.5. L-.._______ 291 3-2018 L-______ 2017-2020 /
Government spending? From 2017-2020, does your organization anticipate these same expenditures will be adverse impacted by Overall | | _“"ﬂ

B. reductionsfuctuations in U.5. Government spending? Propulsion-related | ?‘

Explain:

Record your erganization's utilization rates. For purposes of this survey, "utilization” is the fraction of an erganization’s potential output that is actually being used in,
a-week, 3x8-hour shift preduction schedule.
Maote: 100% wuiilization rate equals no downtime with full employment. YeS

No

rrent production, where potential output is based on a 7 day-

Overall Propulsion-related?

For 2018, record your organization's average ufilization rate for both overall and propulsion-related operations

In the event of a surge in demand, how many weeks would it take your organization to raise both its overall and propulsion-related utilization rates to 100 percent?

Explain:

Based on the list of constraint types, describe the specific constraints your organization would face in meeting a surge in demand for propulsion-related products. Provide a brief description of each constraint as applied to
your organization. Leave blank those areas for which no constraint exists.

Type of Constraint Explain

Capital: Equipment, Facilities, Infrastructurs
Funding: Access to Adequate Funding
Inventory: Availability of Input Materials
Quality Control: Evaluation/Testing/Validation

Workforce: Labor Availability, Costs
Orther SSEECiE}

From 2013-2018, has your organization owned or leased any machinery or tooling specifically for U.5. Government propulsion-related productsiservices? i YeS

Record your erganization's 10 most key/critical machinery and tooling (including A.M.f3-D machines) used for U.5. Government propulsion-related products and services. For each machine/toc! identified by name, document its — N o
use/purpose, level of ownership, system/program use (specified in Section 5¢), and current status. Explain your response. N ot App| icab|e

Machine/Tool Use/Purpose Level of Ownership System/Program Use Current Status Explain
1 M N
2 AY ] Idle
= \ —{Mothballed
g ]I il In-use
7 - T 1|Re-tooled/rebuilt for
1 Drop-down is T ~ ) )
Owned - Non-USG products/services
] [ |based on | Other
"(': - Leased L—responses to
ommen GFE |_|Section 5¢, B

Combination CONFIDENTIAL - Per Section 705(d) of the Defense Production Act
Other
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Fredlous Fage

T o

Saction 150 Capiial Expenditurea/Capacity

From 2013-2016, by Cost Sharing

Amangement
I your orgarization does not pariicipate in Cost Sharing Arrangemenis, explain In the comments box below and proceed to Section 16,

Propuision-reiated Cost Sharing
Type

LS. Gwemrrent—spmsmd
Uni

Type, Indicate your Fariicipation, Fubure Faricipation, and Primary Purpose. Explaln your response.

Fariicipation Future Participation
(2013-20181 (2017-2020) e

L~

Explain

Mext Page|

N

il A3

Yes Yes

R AT S
g
I g

Omer (specty) |

No No

10| Omer (specty) |

From 2013-2015, have any Tactors desemed your nn;mlzanmn'nrn panicipating In propulsion-relatad cost shaning amangements? For each deteming factor In the
regpanze.

amrmative, s=iect the prmary propulskol
Detemng Facor

1 Legal Costs
7 Legal Time/Surden

3 | Requiatory Gurden

4| Financial Concems

5 _ Intellectual Property Conceme
g

7

]

[

r-related co5t SNanng aTangement ype. EXplain your

YesN redated Cost Shanng
Amangement Type

Explain

Reduce Risk

Reduce Capital Investment Needed per Participant
Utilize Different Talent and Skill Sets

Tax Benefits

RDT&E

Other

Do both ihe Fageral Acquisiion Reguial

beneficial cost-Eharing contracts? Explain your response.

tions (FAR) and Defense Federal Acquistion Reguiations (DFAR) adequately enadi/promete Me estanlshment of

Explain: |

WTI'TH'TEZ|

BUSINESS CONFIDENTIAL - P Section T05{d) of the Defenss Production Act

U.5. Government-sponsored
University-sponsored

Inter-agency cooperation

Public private partnerships
Partnership with subcontractor
Partnership with subsidiary
Partnership with downstream suppliers
Other
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Best Value

Cost Reimbursement
Fixed Price

Incentive

Table of Contents

Section 16: U.S. Government (USG) Contract Information

A From 2013-2016, record the number of propulsion-related U.S. Government (USG) prime contracts and Prime Contracts

Lowest Price Technically Acceptable
Time and Materials
Other

cubcontracts your organization received. If none, proceed to Part E (below). | |

Not applicable

From 2013-2016, record the 10 leading USG contracts in which your organization participated, in descending order by total contract awa Drop-down is based on
3 ; EIT i i i responses to Section 4b
Contract ID Number Contract Type Industnial Base [Ty Prod_ucifSemce FERTITY Prc_)ducHSemce P
Program/System Busi ciated Associated d |
" usiness Category [
1 7
2 (
B.[3 |
g Drop-down is Large Liquid Propulsion
6 based on ¢ Small Liquid Propulsion
responses to " . .
g Set?tion:"ic 5 Drop-down is based on Large Solid Rocket Motor
9 — responses to Section 4b Small Solid Rocket Motor
[;0 rticula tract types inhibit/di l' tion's ability t i lsion-related products and/ ices to the science and Technology
o an cular conf inhibit/discoul r organization's ability to ide propulsion-r ucts andlor services to .
us. gﬁ;mmt? fage yeurerg R F Test and Evaluation
If yes, in descending order of difficulty, identify the leading contract vehicles of concern. Explain your responses. Electric Propulsion
Other
C. Contfract Type Explain
1
2
3 Help
— " - - ) " Hinder
Have recent efforts to reform USG acquisition helped or hindered your propulsion-related business lines? Explain your response. ‘ Neitl
D. either
Explain: ‘ Not Applicable
Does your organization consider itself dependent on the USG for its continued viability? ‘ =
1 Yes
Explain: ‘
B X No
Record the total number of rated orders (DO or DX) your organization received from 2013-2016 from a USG agency and/or affiliated contractor. A rated order means Unsure
E prime contract, subcontract, or purchase order in support of an approved program issued in accordance with the provisions of the Defense Priorities and Allocation Not Applicable
System (DPAS) regulations (15 CFR part 700).
2
Overall Propulsion-related
DO
DX
Comments:
BUSINESS CONFIDENTIAL - Per Section 705(d) of the Defense Production Act
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kssue

Access to USG RED Funding
Aging Equipment, Facdities, or Infrastruciure
Awalability of Capital
Barriers to Eniry in the Commercial Space Market
Buy American Act Waivers
Competition - Domestic
Competition - Foreign
Counterfeit Parts
Cyber Secamity Breaches
Difficulty Presenting New. Innovative Products to the U.S. Government
DMSMS Design-out’Substitution
Enwvironmental RegulationsiRemediation
Export ControlsATAR Regulations
Gowemment Acquisition Process
Gowemnment Purchasing Volatdity
Gowemment Regulatory Bunden
Healthcare
High Fixed Costs
Import Restrictions/Tariffs
Inabdity to Adopt Mew Production Methods
Labor Avaidabiity
Labor Costs
Labor Skils
Material Avaiability - Mon-U.5.

A, |Material Avaiability - US.
Material Price Volatility
Mon-U.S. Subsidies
Pension Costs
Physical Security Breaches
Program/System Cancellation
Proximity to Customers
Proximity to Suppliers
QAT requirements {costs, lead time, standand implementation, etc.)
Quality of Inputs
Reduction in U.5. Government Demand
RequalificationRecertification
Research and Development Costs
Sequestration
Skills Retention
Software Assurance
Supplier Reliability - Non-U_S.
Supplier Relibility - U.5.
Taxes
Tesfing (intemal)
Testing (procured) - Commercial Site
Testing (procured) - US Govemment Sie
Transportation of End-product
Transportation of Supplies
U.5. Patent Infringement by Non-U.S. Actors
U.5. Patent Infringement by U.5. Actors

ldentify the issues negatively impacting your organization’s propulsion-related operations. Then rank the five issues most negatvely impacting your organization (1 = most negative impact) by writing in numbers 1-5 next
to only the five most negatively impactful issues. Each number should be recorded only once. Explain each of your five most negatively impactful issues.

Negative Impact Rank (Top 1-5) Explain
7%
Yes
HNo

[Not Applicable

Cther (specdy)

Other (speciy)

Other (specify)

‘Comments:

BUSINESS CONFIDENTIAL - Per Section 703(d) of the Defense Production Act
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Drop-down based ITAR Yes - ITAR

on responses to EAR Yes Yes - EAR

[_ Section 4b r Both No 'Yes - Both
— No

————T | INot Applcabie
e A=) " lUnsure
T e, elertity the ey Trme affoctmt I
rebiing poce paricpaton. Expei e reapon: \ U F
avorable
Connry Primery -y Expliin
P | T | Unfavorable
E I I I I . No Effect
o it = o) EETe—=— | & |Not Sure
PR e e e e
Ecplain
s L8, mspent (g % o organ <
idartity the tylmUE e prmay Explain pout gy
e
- Espet Cond upiatin Epun
prep——
i et = ITAR
s e EAR
ncenieits ron-Ul S compation o provie “TAR FREE” subalitte propulsion-sleled prodich Boih
Lecuteiwocnte RAD ecl s cutie T Unted States
Catat japaciy] |
Catat (apaciy] |
] |
G yous ity o, =
v
— I S T Tile I Prare T Emad
a T s . [rp—
pare, compenants, matail, and asheres:
Tiacerd ¥ T Vocuwinds, o SEBSIDU Sureey Wp ST §TE
Tt Eon i i
£l Total DMEMEAtaceecencs Expendium [ T T T
T HAkArwieied GRS [ I I T
R —— T — <
Gt | PutComperart Har e [r— - pr——— Suppiar Cortry | PR A0 TH O | ey Programyan
urit Pt _
T —
Direct Yes-Stifling
o Indirect innovation
Both Yes-deterring future
None — investment
Unknown zgs—Both
1
[S— of ascess ICESl? Unsure
= W T
ardier Seterting e investrent? Exchan por respoime 5 %‘
Exlan
E [intionts yosr VN skt #va LS. AlrForen s sivs i, incheace, Both, Hons, e Linkaiswn. Explain yous responas.
T Expan
1 | [ Yes
! 5.-&1 | Mo
[ror— Bection J— | = Unsure
F. |Expa [s——
Hew many of al pout crganizalion’s patents reghimied with LU & Palen! and Trademed I nene,
LIC T
| has your organgaton PR
I s, ware yos b 1o |dantify e source of ha niinga el T
If s, wire yins b 1o fenchve B issue 19 your satilecton?
. 8 ey tarcen o [op— . imary
o o e e e e o e, Erpi ot enprie
y o Pyt Pranry Aticd | "I IEE | e o et Explain
; A
2
: [\ [Alleged
it 2t \ Confirmed
e \
Commares |
EUSINESS CONFIDENTIAL - P Saction TU8() st the Cateste Prciustion §t

Drop-down is based on L
responses to Section 4b PNDFE FOR RFFFRENCE

responses to Section 5c, B

Drop-down based on ‘
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Internal IT Department
Internal IT department and
external U.S. service provider
Internal IT Department and
external Non-U.S. service
provider

Only U.S. external service
provider

Only Non-U_S. external
service provider

Both U.S. and Non-U.S.
service providers

Not Applicable

Calender Year
Fiscal Year

]

LR

Yes

No

Unsure

Not Applicable

2

5
In storage (at

Losd.mil'd

Reporting Schedule:

What group is responsible for administering your
organization’s computer networks™

rest)

Informiation, inancial Infomation and reconds, human resources Infarmation,
reseana

Table of Contenis

Estimate your organization's spending on physical and cyber security. in thousands of dollars: ri

Mext Pagel|

-

Record $ in Thousands, e.g. $12 000.00 = survey input of $12

idars/dfars/htmlicument/252 204, hirT

2m3 2014 M5
\

\N

———Iptenal Hetwork External Network——

3 | Estimate the percentage of your organization's CSI stored with external datalcloud storage provider(s):
e 4 | Does your organization either restrict or prohibit your estemial data/cloud storage provider(s) from storing CSl outside of the US.?
Indicate whether your organization typically encrypts CSl data in each of the following states:

Transmitted across intemal
networks

“Privileged or proprietary Information which, If compromised through alierafion, cormuption,, loss, misuse, of unauthorized disclosure, could cause s2rious harm to the organization owning it This Includes customericlientt
, Infellecaual proparty Informatie, Intemnal communications, manutactung and production ne Infarmation, patent and trademank Information,
chain

and

. reg ¥

mpian and

Is the computer or computer network that houses your organization's Commercially Sensitive Information” (CSI) connected to the Internet, either
directly or via an intermediary network or senver?

Transmitted cutside your
organization's networks

E—

Yes
No I
Unsure

Yes

No

Unsure

Not Applicable

Account Monitoring

Data Protection

| __1Cther (spectfy)

and Control

Application Software Securil
=

Continuous Vulnerability Assessment
p. | Controlled Access Based on Meed to Know
Controlled Use of Administrative Privileges

Data Recovery Capability
Incident Response and Management
Inventory of AuthorizedUnauthorized Devices

Indicate the security measures your organization currently has in place:

Inventory of AuthorizedUnauthorized Software

Limitation/Control of Network Ports and Services

Maint=nance, Monitoring, & Analysis of Audit Logs

Malware Defenses

Penetration Tests and Red Team Exercises

Secure C Hard

ions on b
Secure ions of Metwork Devices

Secure Metwork Engineering

Security Skills Assessments and Training

(Wireless Access Control

34

Internal IT Department
Internal IT department and
external U.S. service provider
Internal IT Department and
external Non-U.S_ service
provider

Only U.S. external service
provider

HOnly Non-U_.S. external

service provider

Both U.S_ and Non-U.S.
service providers

MNot Applicable

Cther (specify) [

2
Explai

E IT downtime

. Costs from damage asses

1 |Is your organization able to detect the theft of, or v
Dioes your organization have defined, written protocols in place for responding to a cyber security breach?

access fo, C:

ially Sensitive Information by cyber means?

in: |

Impacts Experienced

Osiness intermuption

Exfiltration of CSl data
Damage to IT infrastructure

Identify any impacts or actions resulting from malicicus cyber activity from 2013-2016:

Actions Ur

Revised approach to international partnerships

Significant change in R&D strategy

Exit from foreign markets or market segments

Exit from product or business line

Major new investment in cyber security

Damage to production capabilities or systems. Other |specify here)
Theft of software andor source code Other (specify here)
Other (specify here) | Other (specify here)

contacts can be identifi

point of contact.

d at hitp:!fwww. fbi

[Mote: The FBI encourages recipients to report infiormation concemning suspicious or criminal activity to their local FBI field office or the FBI's 24/7 Cyber Watch (CyWatch). Field office
ffield. CyWatch can be contacted by phone at 855-2082-3837 or e-mail at CyWatch@ic fbi.gov. When available, each report
submitted should include the date, time, location, type of acivity, number of people, and type of equipment used for the activity, the name of the submitiing organization, and a designated

Comments:

BUSIMESS CONFIDENTIAL - Per Section 705(d) of the Defense Production Act
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No
Restrict
Prohibit
Unknown

Yes

No

Unsure

Not Applicable




Table of Contents i Fags

Thiers ane many federal and state govermipent programs. and ssrvices avallable o assist your organization to better compete in the global marketplace. i your organtzation wouid ke information regarding
these govemment programs, sekect the spRcific areas of Interest below. The U.2. Department of Commerce wil follow-up with your crganizabion regarding your ssiectons.

Continuous Improvemeant!

Lean Manwtscturing

Export Assistance

Frofohming Techrology Acceieration

Cybersecurity Expori Lkensing {ITAREAR] Qualky Management and Confrol WendorMakzral Sourcing
- § Research and Development (RED) S

Design for Assembiy Govemment Procurement Guldelines Aesisinncr nesd Faxincrship Cther specty here)
EZmall Business Inrovation Research

Dhesign #or Manufacturab ity Kari=t Expansion/Business Growth (281R) and Small Business Technology Cther specEy here)
Transfer (BTTR) contracts

El d Ervll Ealy G lous)

M:""’" ::m"g R Product Dexign Supply Chain Spdmization Dther specity here)

Commengs:

EUEINELE CONFIDENTIAL - Per S3satlon TOE{d]) of the Dafence Froduston Aot
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Section 20: Certification

The undersigned certifies that the information herein supplied in response to this questionnaire is complete and correct to the best of his/her knowledge. It is a criminal offense to
willfully make a false statement or representation to any department or agency of the United States Government as to any matter within its junsdiction (18 U.S.C.A. 1001 (1984 &
SUPP. 1197)).

Once your organization has completed this survey, save a copy and submit it via the Census portal. Be sure to retain your survey for your records and to facilitate any necessary
edits or clarifications.

BIS Survey Website https-/iwww bis doc gov/propulsion

Organization Name

Organization's Internet Address

Name of Authorizing Official

Title of Authonzing Official

E-mail Address

Phone Number and Extension

Date Certified

In the box below, provide any additional comments or any other information you wish to include regarding this survey assessment.

Please
answer

How many hours did it take to complete this survey? |

BUSINESS CONFIDENTIAL - Per Section 705(d) of the Defense Production Act
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Appendix B. Vendor Questionnaire

August 1, 2019

NESC-EE04L-C104

To Whom It May Concern:

As we, at NASA, continually strive to improve ourselves as an organization, we are seeking
feedback from our aerospace valve suppliers and system integrators on how we conduct
business. We would like to understand how we can improve the aspects of valve development or
procurement processes without compromising the quality of the hardware needed for our unique
missions.

Representatives from NASA would like to speak with you regarding improvements that could be
made in the acquisition practices, how valve development is pursed, the requirements levied on
the design, fabrication and testing of valves, and other issues that your company faces that affect
the delivery of flight hardware.

Listed below are a series of questions which represent the types of issues that we wish to work
on to better understand the vendor’s point of view. We would like to know of any issues that you
have had so that we may change our practices to better support your needs and requirements.

If possible, we wish to speak with a company representative. The meeting would be
approximately 1 hour. However, if a meeting is not possible, we gladly accept written responses.

The questions are as follows:
1. Overall Aerospace Valve Business:

a. Inthe past 5 years, has your company experienced any major increases or decreases
in its overall workload? If so, please describe any issues the change have caused in
terms of being able to deliver aerospace hardware.

b. Has the lack of steady orders from NASA created problems?

c. Please describe your company’s approach to research and development.

d. Is there a high turnover rate at your company or your sub tier suppliers, and has it
affected your ability to supply hardware?

e. Has there been an “age-out” of qualified personnel in your facility?

f.  What are the top three challenges that affect your ability to provide top-quality
hardware on schedule and on a budget?

49



2. NASA-Specific Business:

a.

Are there design and construction requirements that NASA levies on flight programs
that you feel are non-value added or that do not improve the quality of your product?

Is NASA accepting “heritage” designs without thoroughly assessing their relevance to
new requirements?

3. NASA as a Customer: What can we do to improve?

a.

Do you have any recommendations on how NASA could improve the way it currently
conducts business or specific requirements for aerospace components?

Do you have any issues or concerns regarding control of intellectual property on
NASA related contracts?

Is NASA pushing you to economize scheduling; therefore, leading to reduced quality
or performance?

Is NASA or their integrators, to whom they provide hardware, providing
inexperienced personnel for insight or oversite; therefore, leading to reduced quality
and performance?

If there are other topics that would produce better feedback beyond what is listed above, please
let me know. Overall, we wish to improve our processes and communication.

Please email all responses to David Eddleman at David.E.Eddleman@nasa.gov, or contact him
by phone at 256-544-6410.

Daniel J. Dorney, Ph.D.
NASA Technical Fellow for Propulsion

CC:

HQ/Office of the Chief Engineer/Mr. Roe
NESC/102/Mr. Wilson
NESC/EEQ4L-C104/Dr. Dorney
MSFC/ER33/Mr. Eddleman
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