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This Amendment makes the following changes to the solicitation:

Cover Page:
Proposal Package Due Date and Time changed,
From: March 10, 2025 — 5:00 p.m. ET

To: May 21, 2025 - 5:00 p.m. ET

Page 1:
In the section “Notable Changes in the 2025 Phase | solicitation:”, the following bullet has been

removed,

* Note that being registered under the NAICS code 541713 or 541715 as a small business is required at time
of proposal submission, not proposal selection.

Page 2:
First paragraph, last sentence of Section 1.2 Purpose and Priorities has been changed,
From: You must submit completed proposal packages by Monday, March 10, 2025, 5:00 p.m. Eastern.

To: You must submit completed proposal packages by Wednesday, May 21, 2025, 5:00 p.m. Eastern.

Page 8:
Third paragraph, Section 1.12.1 Questions About This Solicitation and Means of Contacting NASA SBIR

Program, has been changed,

From: The Help Desk will not guarantee a timely answer to questions received after March 3, 2025, at
5:00 p.m. ET.

To: The Help Desk will not guarantee a timely answer to questions received after May 20, 2025, at 5:00
p.m. ET.

Page 9:

Second paragraph of Section 2.2 System for Award Management (SAM) Registration, the following
sentence has been changed,

From: To be eligible for SBIR awards, you must have an active SAM registration under North American
Industry Classification System (NAICS) code 541713 or 541715 as a small business at the time of proposal
submission.
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To: To be eligible for SBIR awards, you must have an active SAM registration at time of proposal
submission. You must be registered under North American Industry Classification System (NAICS) code
541713 or 541715 as a small business at the time of contract award.

Page 26:
Section 5.1 Requirements for Negotiations, bullet numbered “2” has been changed,

From: Your SBC is registered with System for Award Management (SAM) under the required NAICS codes
(section 2.2).

To: Your SBC is registered with System for Award Management (SAM) (section 2.2).

Page 31:
First paragraph, Section 6.1.2 Deadline for Phase 1 Proposal Package, has been changed:

From: NASA must receive your proposal package for Phase | no later than 5:00 p.m. ET on Monday,
March 10, 2025, via the ProSAMS.

To: NASA must receive your proposal package for Phase | no later than 5:00 p.m. ET on Wednesday, May
21, 2025, via the ProSAMS.

Page 32:
Second Paragraph, Section 6.1.6, Service of Protests, Contracting Officer has been changed:
From: Kenneth Albright

To: Charles Bridges

Page 35:
Last bullet, Section 8.1 SBIR Phase | Checklist, is changed,

From: Confirm you received an acknowledgment of submission email before 5:00 p.m. ET on March 10,
2025 (section 6.1.4).

To: Confirm you received an acknowledgment of submission email before 5:00 p.m. ET on May 21, 2025
(section 6.1.4).
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Fiscal Year 2025 SBIR Phase | Solicitation

Executive Summary

This solicitation sets the requirements for you, the offeror, to submit a proposal to NASA for Small Business
Innovation Research (SBIR) Program Phase | projects in fiscal year (FY) 2025. Chapters 1-8 contain the objectives,
deadlines, funding information, eligibility criteria, and instructions to submit a proposal package. Chapter 9 contains
research and technology topics, categorized by Mission Directorate and subtopics.

The NASA SBIR program supports small businesses to create innovative, disruptive technologies that benefit
society and may be used in NASA programs and missions, other government agencies, and/or sold in commercial
markets. Different from most investors, the NASA SBIR Program provides equity-free funding for early or "seed"
stage research and development.

Important considerations:

Ensure you have the following registrations complete and up to date. If you are not registered, NASA recommends
you start immediately.

¢ SAM.gov registration at https://sam.gov/. You must have a unique Entity Identifier (UEI)

¢ Registration with the SBIR Firm Registry at https://www.sbir.gov/registration

You must use the Proposal Submissions and Award Management System (ProSAMS) to submit a proposal package.
ProSAMS requires firm registration and login and provides a secure connection. To access ProSAMS, go to
https://prosams.nasa.gov/.

Agencies must assess the security risks presented by offerors with financial ties or obligations to certain foreign
countries. SBIR programs may not make awards to businesses with certain connections to foreign entities. See
sections 1.1.1 Due Diligence Program to Assess Security Risks and 2.3.1 Disclosures of Foreign Affiliation or
Relationships to Foreign Countries for additional details.

Notable changes in the 2025 SBIR Phase | solicitation:

e The maximum number of submissions to the 2025 SBIR Phase | solicitation per firm was reduced from 10
to 5 (see section 3.2)

e The maximum number of 2025 SBIR Phase | awards per firms was reduced from 5 to 3 (see section 1.4)

e The length of the technical proposal was reduced from 19 pages to 15 pages, and the requirement for a
table of contents was removed (see section 3.1.2)

e The technical evaluation criteria and scoring and weighting have changed (see sections 4.1.3, 4.2, and

Appendix A) o
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1. Program Description

1.1 Legislative Authority and Background

Congress created the Small Business Innovation Research (SBIR) program to support scientific excellence and
technological innovation through the investment of federal research funds. The purpose of this investment is to build
a strong national economy, strengthen the role of small business in meeting federal research and development needs,
increase the commercial application of research results, and foster and encourage participation by socially and
economically disadvantaged and women-owned small businesses.

The Small Business Administration (SBA) provides policy through the combined Small Business Innovation
Research (SBIR) and Small Business Technology Transfer (STTR) programs. The SBIR and STTR Extension Act
of 2022 amended the Small Business Act (15 U.S.C. 638) to extend the SBIR and STTR programs until September
30, 2025.

1.1.1 Due Diligence Program to Assess Security Risks

The SBIR and STTR Extension Act of 2022 requires NASA, in coordination with the SBA, to establish and
implement a due diligence program to assess security risks presented by offerors seeking a federally funded award.
As noted above, the NASA SBIR/STTR Programs follow the policies and practices of the SBA SBIR/STTR Policy
Directive. Revisions to the Policy Directive are in effect as of May 3, 2023, and can be viewed through the Federal
Register Notice. This revision is incorporated into this solicitation, including Appendix III, “Disclosures of Foreign
Affiliations or Relationships to Foreign Countries” as reflected in the Disclosures of Foreign Affiliations or
Relationships to Foreign Countries form (see section 2.3.1).

In accordance with Section 4 of the SBIR and STTR Extension Act of 2022, NASA will review all proposals
submitted in response to this solicitation to assess security risks presented by offerors seeking an SBIR or STTR
award. NASA will use information provided by the offeror in response to the Disclosures of Foreign Affiliations or
Relationships to Foreign Countries form and the proposal to conduct a risk-based due diligence review on the
cybersecurity practices, patent analysis, employee analysis, and foreign ownership of a small business concern,
including the financial ties and obligations (which shall include surety, equity, and debt obligations) of the offeror
and its employees to a foreign country, foreign person, or foreign entity.

1.2 Purpose and Priorities

This solicitation sets the requirements for you, the offeror, to submit a proposal to NASA for Small Business
Innovation Research (SBIR) Program Phase I projects in fiscal year (FY) 2025. NASA will release its FY 2025
Phase | SBIR solicitation on January 7, 2025. You must submit completed proposal packages by Wednesday,
May 21, 2025, 5:00 p.m. Eastern Time.

The Space Technology Mission Directorate (STMD) directs implementation of the NASA SBIR and STTR
programs. The NASA SBIR/STTR Program Management Office (PMO), hosted at the NASA Ames Research
Center, operates the programs together with NASA mission directorates and centers. The NASA Shared Services
Center (NSSC) manages SBIR and STTR procurements.

Each year NASA mission directorates, programs, and projects identify the research problems and technology needs
that the SBIR program will solicit. The range of problems and technologies is broad, and the list of research
subtopics varies from year to year to maintain alignment with current interests.

For details on the research subtopic descriptions by Technology Taxonomy, see chapter 9.
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1.3 Three-Phase Program

NASA SBIR projects advance through three phases and are described in detail on the NASA SBIR/STTR website:
https://www.nasa.gov/shir_sttr/.

Phase |

Phase | projects should demonstrate technical feasibility of the proposed innovation and the potential for use in a
NASA program or mission and/or the commercial market. The NASA SBIR Program does not make awards solely
directed toward system studies, market research, routine engineering, development of existing product(s), proven
concepts, or modifications of existing products without substantive innovation.

Maximum value and period of performance (POP) for Phase I:

Phase | Contracts SBIR
Maximum Contract Value | $150,000
Period of Performance 6 months

Phase 11

Phase Il proposals continue the research and development started in Phase | to bring the innovation closer to use in a
NASA program or mission and/or the commercial market. Phase Il requires a more detailed proposal of the
technical effort and commercialization strategy. Only Phase | awardees are eligible to submit a Phase 11 proposal at
the conclusion of the Phase | contract. NASA will publish a separate solicitation for Phase Il proposals.

Phase Il Contracts SBIR
Maximum Contract Value $850,000
Maximum Period of Performance | 24 months

Post-Phase 11 Opportunities for Continued Technology Development

Phase | and Il awards may not be sufficient in either dollars or time to prepare the project for government or
commercial use. Therefore, NASA supports small businesses beyond Phase | and Il awards with several Post Phase
Il initiatives. Please refer to the NASA SBIR/STTR website for eligibility, application deadlines, matching
requirements and further information.

Phase 111

SBIR awardees are eligible to receive sole-source Phase 11 contracts any time after award of their Phase | contracts.
In Phase 11, customers outside the SBIR and STTR programs—including NASA programs, other government
agencies, or the private sector—fund the further development or use of innovative technologies, products, and
services resulting from either a Phase | or Phase Il award. Please refer to the NASA SBIR/STTR website for Phase
I11 information.

1.4 Availability of Funds

NASA does not commit to fund any proposal or to make a specific number of awards. NASA may elect to make
several or no awards in any specific research subtopic. NASA will determine the number of awards based on the
level of appropriated funding provided to the program in FY 2025.

NASA will not accept more than five (5) proposal packages from any one offeror. NASA does not plan to award
more than three (3) SBIR contracts to any offeror. See sections 3.2 and 4.
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1.5 Eligibility Requirements

1.5.1 Small Business Concern (SBC)

You must submit a certification stating that the SBC meet the size, ownership, and other requirements of the SBIR
program at the time of proposal package submission, award, and at any other time set forth in SBA’s regulations at
13 CFR 88 121.701-121.705. NASA encourages socially and economically disadvantaged and women-owned SBCs
to propose.

1.5.2 SBC Size
You, combined with affiliates, must not have more than 500 employees.

1.5.3 SBIR Restrictions on Level of Small Business Participation

You must be the primary performer of the proposed research effort. To be awarded an SBIR Phase | contract, you
must perform at least two-thirds or 67% of the effort, and subcontractors or consultants may perform up to one-third
or 33% of the effort. See section 3.1.3.4.

1.5.4 Place of Performance and American-made Products and Equipment

Congress intends that the awardee of a Funding Agreement under the SBIR/STTR program should, when purchasing
any equipment or a product with funds provided through the Funding Agreement, purchase only American-made
equipment and products, to the extent possible, in keeping with the overall purposes of this program.

If a rare and unique circumstance exists (for example, if a supply, material, equipment, product, subcontractor/
consultant, or project requirement is not available in the United States), NASA requires you to provide justification
by completing the Foreign Vendor Form. This form must be submitted within the Proposal Budget Form, see section
3.1.3.4. NASA will consider a deviation request during contract negotiation and either approve or decline before
award.

If a foreign vendor is proposed, the Phase | contract may be delayed or not awarded.
NASA will not approve purchases from or work with countries that appear on the Designated Country list. For
reference, please see https://www.nasa.gov/oiir/export-control.

1.5.5 Principal Investigator (P1) Employment Requirement

Requirements SBIR

Primary Employment | Principal investigator must be primarily employed with the SBC

Employment For Phase 1, the principal investigator must be primarily employed with the SBC
Certification at the time of award and during the conduct of the proposed project. Primary

employment means that more than one-half of the PI employment time is spent
in the employ of the SBC, based on a 40-hour workweek. NASA considers a
19.9-hour or more workweek elsewhere to conflict with this rule.

Co-Pls Not allowed

Deviation Request NASA will review any deviation requests during negotiation and either approve
or decline before award.

Misrepresentation of If you mispresent qualifications, NASA will decline the proposal package or
Qualifications terminate the contract.

Substitution of Pls To substitute Pls, you must request approval from NASA after award

1.5.6 Restrictions on Venture-Capital-Owned Businesses

Small businesses owned in majority part by multiple venture capital operating companies, hedge funds, or private
equity firms are not eligible to submit a proposal to this solicitation.
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1.5.7 Joint Ventures or Limited Partnerships

Both joint ventures and limited partnerships are permitted, provided the entity created qualifies as an SBC as defined
in 1.5.1. Include in the proposal package a copy or summary of the joint venture or partnership agreement that
includes, at a minimum, a statement of how the workload will be distributed, managed, and charged. See definitions
for Joint Ventures along with examples at 13 CFR 121.103(h).

1.5.8 Required Benchmark Transition Rate

More experienced firms (SBCs with 21 or more Phase | awards) must meet performance benchmark requirements to
continue participating in SBIR and STTR programs. The purpose of these benchmarks is to ensure that Phase |
offerors that have won multiple prior SBIR and STTR awards are progressing towards commercialization. SBA will
notify companies failing the benchmarks as well as the relevant officials at participating agencies like NASA.

Please refer to https://www.shir.gov/performance-benchmarks for more information.

1.6 NASA Technology Available (TAV) for SBIR Use

You may use technology developed by NASA, or Technology Available (TAV), on SBIR projects. NASA has over
1,400 patents available for licensing, including many patents related to sensors and materials, and over 1,000
available software applications/tools in the Portfolio and Software Catalog via the NASA Technology Transfer
Portal, http://technology.nasa.gov.

NASA provides these technologies "as is™ and makes no representation or guarantee that additional effort will result
in infusion or commercial viability. Whether or not an offeror proposes the use of a NASA patent or computer
software within its proposed effort will not in any way be a factor in the selection for award.

1.6.1 Use of NASA Software

If you intend to use NASA software, a Software Usage Agreement (SUA), on a nonexclusive, royalty-free basis, is
necessary, and the clause at 48 C.F.R. 1852.227-88, Government-Furnished Computer Software and Related
Technical Data, will apply to the contract. Awardees will request the SUA from the appropriate NASA Center
Software Release Authority (SRA) after contract award.

1.6.2 Use of NASA Patent

If you intend to use a NASA patent, you must apply for a nonexclusive, royalty-free evaluation license prior to
submitting a proposal. After you have identified a patent to license in the NASA patent portfolio
(http://technology.nasa.gov), click the link on the patent webpage (“Apply to License”) to NASA’s Automated
Licensing System (ATLAS) to finalize your license with the appropriate field center technology transfer office. You
must provide the completed evaluation license application with the proposal following the directions in section
3.1.3.7.

Inventor Knowledge Transfer

An SBIR awardee that has been granted a nonexclusive, royalty-free evaluation license to use a NASA patent under
the SBIR award may, if available and on a noninterference basis, also have access to NASA personnel
knowledgeable about the NASA patent. Licensing executives located at the appropriate NASA field center will be
available to assist awardees with this request; however, access to the inventor for the purpose of knowledge transfer
will require the requestor to enter into a non-disclosure agreement (NDA) or other agreement, such as a Space Act
Agreement. The awardee may also be required to reimburse NASA for knowledge transfer activities. Preparation
of the agreements for knowledge transfer may require a significant amount of time to complete; therefore,
NASA does not recommend pursuing inventor access for Phase | projects.

1.7 I-Corps™

NASA partners with the National Science Foundation (NSF) to give Phase | awardees the opportunity to participate
in the NSF Innovation Corps (1-Corps™) program. I-Corps enables you to conduct customer discovery to learn your
customers' needs, to obtain a better understanding of your company's value proposition, and to develop an outline of
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a business plan for moving forward. This training is designed to lower the market risk inherent in bringing a product
or innovation to market, thereby improving the chances for a viable business. For more information on the NASA |-
Corps program, visit the NASA SBIR/STTR website.

If you are selected for Phase | contract negotiations, you will be provided the opportunity to opt into and participate
in the NASA SBIR/STTR I-Corps program as indicated in section 3.1.3.9.

The amount of funding is up to $10,000 to support participation in the shortened I-Corps version for SBIR awardees.
I-Corps awards will be made separately with a modification for the Phase | contract.

1.8 Technical and Business Assistance (TABA)

Under the Small Business Act, you may request a Technical and Business Assistance (TABA) supplement up to
$6,500 above the award amount of the Phase | contract. You may request a TABA supplement up to $50,000 at
Phase Il. For more information on this opportunity, see https://legacy.www.sbir.gov/node/2088581.

If your project is selected for award and the TABA supplement is approved, you must use the TABA supplement to
contract with one or more vendors to assist in:

e Making better technical decisions concerning your SBIR project

e Solving technical problems that arise during the conduct of your SBIR project

e Minimizing technical risks associated with your SBIR project

e Developing and commercializing new products and processes resulting from your SBIR project

e Business-related services aimed at improving commercialization success

TABA can be used for:
e  Assistance with product sales
o Intellectual property (IP) protections
e  Market research and/or validation
e Market validation
e Development of regulatory and/or manufacturing plans
e Access to technical and business literature available through online databases
e Access to a network of non-NASA scientists and engineers
For additional approved and restricted uses of TABA funding, see https://www.nasa.gov/sbir_sttr/taba/.

TABA vendors may include private commercialization assistance or business development service providers,
public-private partnerships, other entrepreneurial support organizations (ESOs), and attorneys or other IP or
licensing professionals. TABA funds may not be used to fund activities conducted internally by the small business
awardee. NASA does not guarantee approval of requests for a TABA supplement. Awardees who receive a TABA
supplement must deliver a description of services obtained and results at the completion of their Phase | contract.

For information on requesting a TABA supplement at Phase |, please see section 3.1.3.8.

1.9 Small Business Administration (SBA) Applicant Resources

The SBA works with several local partners of various organizational types to train and support potential
SBIR/STTR applicants around the country from proposal assistance to SAM registration, and commercialization
support to industry connections. To find local assistance visit: https://www.sbir.gov/local-assistance.

To find out more information on the specific types of SBA federal resources available, visit:
https://www.sbir.gov/resources.
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1.10 Fraud, Waste and Abuse and False Statements

Fraud is “any false representation about a material fact or any intentional deception designed to deprive the United
States unlawfully of something of value or to secure from the United States a benefit, privilege, allowance, or
consideration to which an individual or business is not entitled.”

NASA reserves the right to decline any proposal packages that include plagiarism and false claims. Further,
knowingly and willfully making any false, fictitious, or fraudulent statements or representations may be a
felony under the Federal Criminal False Statement Act (18 U.S.C., section 1001), punishable by a fine and
imprisonment of up to 5 years in prison. The Office of the Inspector General (OIG) has full access to all
proposal packages submitted to NASA.

Pursuant to NASA policy, any company representative who observes crime, fraud, waste, abuse, or mismanagement
or receives an allegation of crime, fraud, waste, abuse, or mismanagement from a federal employee, contractor,
grantee, contractor, grantee employee, or any other source will report such observation or allegation to the OIG.
NASA contractor employees and other individuals are also encouraged to report crime, fraud, waste, and
mismanagement in NASA's programs to the OIG. The OIG offers several ways to report a complaint:

NASA OIG Hotline: 1-800-424-9183 (TDD: 1-800-535-8134)

NASA OIG Cyber Hotline: https://oigforms.nasa.gov/wp_cyberhotline.html

Or by mail:

NASA Office of Inspector General
P.O. Box 23089

L'Enfant Plaza Station
Washington, DC 20026

1.11 NASA Procurement Ombudsman Program

The NASA Procurement Ombudsman Program is available under this solicitation as a procedure for addressing
concerns and disagreements concerning the terms of the solicitation, the processes used for evaluation of proposal
packages, or any other aspect of the SBIR procurement. The clause at NASA Federal Acquisition Regulation (FAR)
Supplement (NFS) 1852.215-84 (“Ombudsman”) is incorporated into this solicitation.

The cognizant ombudsman is:

Marvin Horne, Procurement Ombudsman

Office of Procurement

NASA Headquarters

Washington, DC 20546-0001

Telephone: 202-358-4483

Email: nhg-dl-op-comp-advocate-vendor-engagement@mail.nasa.gov

The ombudsman does not participate in any way with the evaluation of proposal packages, the source selection
process, or the adjudication of formal contract disputes. Therefore, before consulting with the ombudsman, you must
first address your concerns, issues, disagreements, and/or recommendations to the Contracting Officer for resolution.
The process set forth in this solicitation provision does not change your right to file a bid protest or the period in
which to timely file a protest.
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1.12 General Information

1.12.1 Questions About This Solicitation and Means of Contacting NASA SBIR Program

To ensure fairness, NASA will not answer questions about the intent and/or content of research subtopics in this
solicitation during the open solicitation period.

If you have questions requesting clarification of proposal package instructions and administrative matters, refer to
the NASA SBIR/STTR website or contact the NASA SBIR/STTR Help Desk.

The Help Desk will not guarantee a timely answer to questions received after May 20, 2025, at 5:00 p.m.
ET.
1. NASA SBIR/STTR Website: https://www.nasa.gov/sbir_sttr/
2. Help Desk:
a. Email: agency-shir@mail.nasa.gov
b. You must provide the name and telephone number of the person to contact, the organization name and
address, and the specific questions or requests.

1.13 Definitions

NASA strongly encourages you to review the list of definitions available at https://www.nasa.gov/sbir_sttr/program-
definitions/. These definitions include those from the combined SBIR/STTR Policy Directives as well as terms
specific to NASA.
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2. Registrations, Certifications and Other Information

2.1 Small Business Administration (SBA) Company Registry

You must register with SBA’s Company Registry and update your commercialization status. See
https://www.shir.gov/registration. You must provide your unique SBC Control ID (assigned by SBA upon
completion of the Company Registry registration) and upload a PDF copy of the SBA Company Registry
registration with the Firm Certification From.

2.2 System for Award Management (SAM) Registration

SAM, maintained by the GSA’s Federal Acquisition Service, is the primary repository for contractor information
required to conduct business with NASA. To be registered in SAM, all mandatory information, including the Unique
Entity Identifier (UEI) and a Commercial and Government Entity (CAGE) code, must be validated in SAM. You
may obtain information on SAM registration and annual confirmation requirements at https://sam.gov/content/home
or by calling 866-606-8220.

Per FAR 4.1102(a) “Offerors and quoters are required to be registered in SAM at the time an offer or quotation is
submitted in order to comply with the annual representations and certifications...” To be eligible for SBIR awards,
you must have an active SAM registration at time of proposal submission. You must be registered under North
American Industry Classification System (NAICS) 541713 or 541715 as a small business at the time of contract
award. Note that SAM registration must remain active through entire process from proposal submission to contract
performance.

If you are not registered, apply for registration immediately upon receipt of this solicitation. Typically, SAM
registration and updates to SAM registration take several weeks. In order to receive an SBIR/STTR award from
NASA, purpose of registration must be listed as "All Awards™ on your SAM Registration.

Note that your SAM registration Doing Business As (DBA) name will appear on all contract documents.

2.3 Certifications

You must complete the Firm and Proposal Certifications by answering “Yes” or “No” to certifications as applicable
in the Proposal Submissions and Award Management System (ProSAMS). Carefully read each of the certification
statements. The Federal Government relies on the information to determine whether you are eligible for a SBIR
program award. ProSAMS requires firm registration and login. To access ProSAMS, go to https://prosams.nasa.gov.

NASA uses a similar certification to ensure continued compliance with specific program requirements at time of
award and at the time of final payment. The definitions for the terms used in this certification are set forth in the
Small Business Act, SBA regulations (13 CFR Part 121), the SBIR/STTR Policy Directives, and any statutory and
regulatory provisions referenced in those authorities.

For Phase | awards, in addition to invoice certifications and as a condition for payment, a life cycle
certification shall be completed in ProSAMS. The life cycle certification shall be completed along with the
final invoice certification before uploading the final invoice in the Department of Treasury’s Invoice
Processing Platform (IPP).

If the Contracting Officer believes that you may not meet certain eligibility requirements for award, they may
request you provide clarification or additional supporting documentation. If the Contracting Officer still believes
you are not eligible, you must file a size protest with the SBA, who will determine eligibility.

2.3.1 Disclosures of Foreign Affiliation or Relationships to Foreign Countries

You must complete the “Disclosures of Foreign Affiliations or Relationships to Foreign Countries” form as part of
your proposal submission. Even if you do not have any foreign relationships, you must complete this form to
represent that such relationships do not exist. If you do not submit this form, NASA will decline your proposal
during the administrative screening process, and it will not be evaluated. Foreign involvement or investment does


ccbridge
Highlight

ccbridge
Highlight

ccbridge
Highlight

ccbridge
Highlight

ccbridge
Highlight

ccbridge
Highlight

ccbridge
Highlight


Fiscal Year 2025 SBIR Phase | Solicitation

not independently disqualify you but failing to disclose such affiliations or relationships may result in denial of an
award.

The disclosures require the following information:

(A) the identity of all owners and covered individuals of the small business concern who are a party to any
foreign talent recruitment program of any foreign country of concern, including the People’s Republic of
China;

(B) the existence of any joint venture or subsidiary of the small business concern that is based in, funded by, or
has a foreign affiliation with any foreign country of concern, including the People’s Republic of China;

(C) any current or pending contractual or financial obligation or other agreement specific to a business
arrangement, or joint venture-like arrangement with an enterprise owned by a foreign state or any foreign
entity;

(D) whether the small business concern is wholly owned in the People’s Republic of China or another foreign
country of concern;

(E) the percentage, if any, of venture capital or institutional investment by an entity that has a general partner
or individual holding a leadership role in such entity who has a foreign affiliation with any foreign country
of concern, including the People’s Republic of China;

(F) any technology licensing or intellectual property sales to a foreign country of concern, including the
People’s Republic of China, during the five-year period preceding submission of the proposal; and

(G) any foreign entity, offshore entity, or entity outside the United States related to the small business concern.

After reviewing the above listed disclosures, and if determined appropriate by NASA, the program may ask you to
provide true copies of any contractual or financial obligation or other agreement specific to a business arrangement
or joint venture-like arrangement with an enterprise owned by a foreign state or any foreign entity in effect during
the five-year period before proposal submission.

During award, you must regularly report to NASA as stated in your contract any changes to a required disclosure.

2.4 Federal Acquisition Regulation (FAR) and NASA Certifications and Clauses

SAM contains required certifications that you may access at https://www.acquisition.gov/browsefar as part of the
required registration (see FAR 4.1102). You must complete these certifications to be eligible for award. You must
provide representations and certifications electronically via the website and update the representations and
certifications as necessary, and at least annually, to keep them current, accurate, and complete. NASA will not enter
any contract if you do not comply with these requirements.

In addition, you will need to be aware of the clauses that will be included in the contract if selected for a contract.
For a complete list of FAR and NASA clauses see Appendix D.

2.5 Software Development Standards

If you are proposing projects involving the development of software, you may be required to comply with NASA
Procedural Requirements (NPR) 7150.2D, NASA Software Engineering Requirements, available online at
https://nodis3.gsfc.nasa.gov/npg_img/N_PR_7150 002D _/N_PR_7150 002D _Preface.pdf.

2.6 Human and/or Animal Subject

NASA requires a protocol approved by a NASA review board if proposed work includes human or animal subjects.
Due to the complexity of the approval process, NASA does not allow use of human and/or animal subjects for
Phase | projects. Reference 14 CFR 1230 and 1232.

2.7 Flight Safety Standards

If you are proposing projects involving the delivery of a spacecraft, you must comply with NASA Procedural
Requirements (NPR) 8079.1, NASA Spacecraft Conjunction Analysis and Collision Avoidance for Space
Environment Protection, available online at https://nodis3.gsfc.nasa.gov/displayDir.cfm?t=NPR&c=8079&s=1.

10



Fiscal Year 2025 SBIR Phase | Solicitation

2.8 Commercial Air Service and NASA Airworthiness Requirements

Any desired flight elements or flight activities under the SBIR program are subject to Commercial Air Service
(CAS) and NASA Airworthiness reviews, per AFOP-7900.3-027, AFOP-7900.3D-023 and NPR 7900.3. These
review requirements may preclude SBIR Phase-1 flight activities due to their short contractual period, combined
with ongoing NASA flight project reviews and staffing availability.

2.9 Homeland Security Presidential Directive 12

If your project is selected for award and requires access to federally controlled facilities or access to a federal
information system (as defined in FAR 2.101(b)(2)) for 6 consecutive months or more, you must apply for and
receive appropriate Personal Identify Verification (PIV) credentials.

FAR clause 52.204-9, Personal Identity Verification of Contractor Personnel, states in part that the contractor must
ensure that individuals needing such access provide the personal background and biographical information requested
by NASA. See https://nvlpubs.nist.gov/nistpubs/FIPS/NIST.FIPS.201-3.pdf.

11
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3. Proposal Preparation Instructions and Requirements
3.1 Requirements to Submit a Phase | Proposal Package

3.1.1 General Requirements

NASA will be using ProSAMS for the submission of these proposal packages. This solicitation guides firms through
the steps for submitting a complete proposal package. All submissions will be completed through the secure
ProSAMS URL and most communication between NASA and the firm is through email. To access ProSAMS, go to
https://prosams.nasa.gov.

Proposal packages contain a Technical Proposal as described in section 3.1.3.5 below. A Technical Proposal must
clearly and concisely:

1. Describe the proposed innovation relative to the current state of the art;

2. Address the scientific, technical, and commercial merit and feasibility of the proposed innovation as well as
its relevance and significance to NASA interests as described in chapter 9 of this solicitation; and

3. Provide a preliminary strategy that addresses key technical, market, and business factors pertinent to the
successful development and demonstration of the proposed innovation and its transition into products and
services for NASA missions and/or programs, commercial markets, and other potential markets and
customers.

Be thoughtful in selecting a subtopic to ensure the proposal is responsive to the subtopic. NASA will not move a
proposal between subtopics or programs.

Classified Information
NASA will decline any proposal package that contains classified information.

3.1.2 Format Requirements

NASA administratively screens all elements of a proposal package for compliance with format requirements. At its
discretion, NASA may decline any proposal package or disregard specific proposal content that exceeds the stated
limits when adjusted to comply with format requirements.

Required Page Limits and Suggested Page Lengths
A Phase | technical proposal—all 9 parts including all graphics—must not exceed a total of 15 standard letter size
(8.5- by 11-inch or 21.6- by 27.9-cm) pages.

NASA will not accept technical proposal uploads with any page(s) over the 15-page limit. The additional forms
required for proposal package submission do not count against the 15-page limit.

As a guideline to help you address each part of the technical proposal within the 15-page limit, NASA suggests a
page length for each of the 9 parts.

Technical Proposal Part Suggested
Number of Pages

Part 1: Identification and Significance of Innovation 3.5 pages

Part 2: Technical Objectives 1 page

Part 3: Work Plan 3 pages

Part 4: Related R/R&D 1 page

Part 5: Key Personnel and Bibliography of Directly Related Work 2.5 pages

12
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Part 6: The Market Opportunity 1 page

Part 7: Facilities/Equipment 1 page

Part 8: Subcontractors and Consultants 1 page

Part 9: Related, Essentially Equivalent, and Duplicate Proposals and Award 1 page
Margins

Use 1.0-inch (2.5 cm) margins.

Type Size
Use type size 10 point or larger for text or tables, except as legends on reduced drawings.

Header/Footer Requirements

Include the SBC name, proposal number, and project title in the header on each page of the proposal. Include the
page number and proprietary legend (see section 3.4), if applicable in the footer on each page of the proposal. You
may use margins for header/footer information.

Project Title
The proposal project title must be concise and descriptive of the proposed effort. Do not use the NASA research
subtopic title, acronyms, or words like "development of" or "study of."”

3.1.3 Proposal Package

Each proposal package must contain the following items:
1. Proposal Contact Information
Proposal Certifications, electronically endorsed
Proposal Summary (must not contain proprietary data)
Proposal Budget (including letters of commitment for government resources, subcontractors/consultants, and
Foreign Vendor Form, if applicable)
Technical Proposal
Briefing Chart (must not contain proprietary data)
NASA Evaluation License Application, only if NASA Technology Available (TAV) is being proposed
Technical and Business Assistance (TABA) request (optional)
I-Corps Interest Form
10. SBC-Level Forms (completed once for all proposals submitted to a single solicitation)

Awn

©o~No G

a. Firm Information

b. Firm Certifications

¢. Audit Information

d. Disclosures of Foreign Affiliations or Relationships to Foreign Countries Audit Information
e. Prior Awards Addendum

f.  Commercial Metrics Report (CMR)

11. Electronic Endorsement by the designated small business representative and principal investigator (PI) is
completed before the deadline

For many of the required forms, offerors can view sample forms located in the NASA SBIR/STTR Resources
website: https://www.nasa.gov/sbir_sttr/firms_library/.

What Not to Include

NASA will not consider the following items during evaluation:
e Letters of interest, support, or funding commitment
e Technical papers

13
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e  Product samples

e Videos

e Slides

e  PowerPoint slide decks
e  Other ancillary items

However, all submitted content other than the required forms designated in 1-11 above will count against the
proposal page limit.

3.1.3.1 Proposal Contact Information Form

You must provide complete information for each contact person and submit the form as required. Contact
Information is public information and may be disclosed.

3.1.3.2 Proposal Certifications Form
You must provide complete information for each question in the form and certify its accuracy as required.

3.1.3.3 Proposal Summary Form

You must provide complete information for each section of the form as required. The Proposal Summary,
including the technical abstract, is public information and may be disclosed.

3.1.3.4 Proposal Budget Form

You must complete the Proposal Budget form following the instructions provided. See 5.5 Profit for Fee and 5.6
Cost Sharing. The total requested funding for the Phase | effort must not exceed $150,000 or $156,500 (if requesting
$6,500 for Technical and Business Assistance (TABA), see section 1.8 and 3.1.3.8 for more information on the
TABA opportunity).

Note that if the Principal Investigator is working less hours than other proposed direct labor elements or if there are
individuals listed as direct labor that are not employees of your firm, it shall be explained in your proposal.

Provide documentation, such as a quote, previous purchase order, published price lists, etc. for all proposed costs.
NASA is not responsible for any monies you expend for proposal preparation and submission.

In addition, submit the following information in the Proposal Budget form, as applicable:

e Justification for submitted rates. Submit one of the following in order to justify the submitted rates
for your proposal:
o 1. Approved rate agreement or provisional rate agreement with DCAA
o 2. Mathematical cost basis of estimate on how rates were developed
(You can use your own template, or you can utilize the DCAA ICE Template found at
https://www.dcaa.mil/Checklists-Tools/ICE-Model/ )

e Use of a Foreign Vendor. If you are requesting to purchase products and equipment from a foreign
vendor, you must complete the Foreign Vendor Form (see section 1.5.4 for more information).

e Use of Government Resources. If you plan to use government resources (such as, services, equipment,
facilities, laboratories, etc.), as described in Part 7 of the technical proposal instructions, you must provide
the following:

1. Statement, signed by the appropriate Federal department or agency official, verifying that the
resources are available during the proposed period of performance, authorizing their use, and if
applicable, including the associated cost.

2. Signed letter on your company letterhead explaining why your SBIR research project requires the
use of government resources. Include data that verifies the absence of non-federal facilities or
personnel capable of supporting the research effort, and, if applicable, the associated cost
estimate.

14
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Due to the complexity and length of time for the approval process, NASA strongly discourages you from
requesting the use of government resources during the performance of a Phase I. Approval for the use of
government resources for a Phase | technical proposal requires a strong justification at the time of
submission and will require approval by the Contracting Officer during negotiations if selected for award.

e Use of Subcontractors and Consultants. You may establish business arrangements with other entities or
individuals to perform some of the proposed R/R&D effort, within the limits in section 1.5.3 and below.
Subcontractors' and consultants' work must also be performed in the United States (see section 1.5.4 for
more information).

If you propose using subcontractors or consultants, submit the following with your proposal:
1. List of consultants by name with the number of hours and hourly costs identified for each
consultant.
2. Subcontractor (to include universities) budget that aligns with your Proposal Budget form and
includes direct labor, other direct costs, and profit, as well as indirect rate agreements.
3. A letter of commitment for each subcontractor and/or consultant, dated and signed by the
appropriate person with contact information.
a. Ifauniversity is proposed as a subcontractor, the signed letter must be on the university
letterhead from the Office of Sponsored Programs.
b. If an independent consultant is proposed, the signed letter must not be on university
letterhead.

Failure to submit this documentation could lead to delays in the processing/negotiation of your contract and
could ultimately result in proposal selection being withdrawn by NASA and no contract awarded to your
firm.

The proposed subcontracted business arrangements, including consultants, must not exceed 33
percent of the research and/or analytical work. To calculate this percentage, divide the total cost of the
proposed subcontracting effort including applicable indirect rates such as overhead and G&A by the total
price proposed less profit.

Percentage of subcontracting effort = (Subcontractor cost + G&A) / (Total price — Profit)

Example:
Total price including profit $150,000
Profit $15,000
Total price less profit $150,000 - $15,000 = $135,000
Subcontractor cost $40,000
G&A 7%
G&A on subcontractor cost $40,000 x 7% = $2,800
Subcontractor cost plus G&A $40,000+ $2,800 = $42,800
Percentage of subcontracting effort $42,800/$135,000 = 31.7%

For an SBIR Phase I, this is acceptable because it is below the limitation of 33 percent.

Occasionally, deviations from this requirement may occur, and must be approved in writing by the Contracting
Officer after consultation with the NASA SBIR PMO.

See Part 9 of the Technical Proposal for additional information on the use of subcontractors and consultants.
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Travel in Phase |

Due to the intent and short period of performance of the Phase | contracts, along with a limited budget, NASA
strongly discourages travel during the Phase | contract. If the purpose of the meeting cannot be accomplished via
videoconference or teleconference, you must justify the trip in the Proposal Budget form. The Contracting Officer
and Technical Monitor will review travel requests to determine if they are necessary to complete the proposed effort.

3.1.3.5 Technical Proposal

The technical proposal must contain all 9 parts in order, number, and title as listed below. NASA will decline any
proposal package that does not have all 9 parts, and it will not be evaluated. If a part is not applicable to your
proposed effort, you must include the part and mark it “Not applicable.” Do not include any budget data in the
technical proposal.

Part 1: Identification and Significance of the Proposed Innovation (Suggested page limit — 3.5 pages)
Succinctly describe:
e The proposed innovation.
e The relevance and significance of the proposed innovation to an interest, need, or needs, within a subtopic
described in chapter 9.
e The proposed innovation relative to the current state of the art.

Part 2: Technical Objectives (Suggested page limit — 1 page)
State the specific objectives of the Phase | R/R&D effort as it relates to the problem statement(s) posed in the
subtopic description and the types of innovations being requested.

Indicate the proposed deliverables at the end of the Phase | effort and how these align with the proposed subtopic
deliverables described within a subtopic found in chapter 9.

Address any technical risks and potential mitigations. Use data to support your claims and provide references as
appropriate.

If you plan to use NASA TAYV including Intellectual Property (IP), you must describe planned developments with
the IP. Add the NASA Evaluation License Application as an attachment in the Proposal Certifications form (see
section 1.6).

Part 3: Work Plan (Suggested page limit — 3 pages)
Include a detailed plan to meet the Phase | technical objectives. The plan must include:
o Detailed task descriptions, that is, what will be done, where it will be done, and the methods you will use to
do it
e  Schedules
e Resource allocations
e Estimated task hours for each key personnel that match hours reported in the Proposal Budget Form
e Planned accomplishments (including project milestones)
o If the offeror is a joint venture or limited partnership, a statement of how the workload will be distributed,
managed, and charged

Part 4: Related R/R&D (Suggested page limit — 1 page)

Describe significant existing R/R&D that is directly related to the technical proposal including any conducted by the
Pl or by the company. Describe how it relates to the proposed effort and any planned coordination with outside
sources. You must demonstrate awareness of key recent R/R&D conducted by others in the specific subject area.
Include any pertinent references or publications.
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Part 5: Key Personnel and Bibliography of Directly Related Work (Suggested page limit — 2.5 pages)

Identify all personnel involved in Phase | activities whose expertise and functions are essential to the success of the
project. Provide biographical information, including directly related education and experience. Where the
resume/vitae are extensive, you may summarize the most relevant experience or publications. If any team ability
gaps exist, provide any plans to address those gaps if possible.

The Pl is key to the success of the effort. The following applies:

e Functions: The PI plans and directs the project, leading it technically and making substantial personal
contributions during its implementation. The Pl also serves as the primary contact with NASA on the
project and ensures that work proceeds according to contract agreements. Competent management of Pl
functions is essential to project success. You must describe the nature of the PI's activities and the amount
of time that the P1 will personally apply to the project. The amount of time the PI proposes to spend on the
project must be acceptable to the Contracting Officer.

e Qualifications: You must clearly present the qualifications and capabilities of the proposed PI and the
basis for Pl selection. NASA has the sole right to accept or decline a Pl based on factors such as education,
experience, demonstrated ability and competence, and any other evidence related to the specific
assignment.

o Eligibility: You must establish and confirm the eligibility of the Pl and indicate if existing projects and
other proposals recently submitted or planned commit the time of the Pl concurrently with this proposed
project. NASA will decline your proposal if you try to circumvent the restriction on Pls working more than
half time for an academic or a nonprofit organization by substituting an ineligible PI.

Part 6: The Market Opportunity (Suggested page limit — 1 page)

Describe the potential commercialization approach for the innovation by addressing the following:
e The potential economic benefits associated with your innovation.
e The potential customers and basic go-to-market strategy.
e The potential risks in bringing your innovation to market.

The SBIR program is mandated to move funded innovations into federal and private sector commercial markets.
Companies that address market opportunities early are better positioned to apply for and receive follow-on SBIR
contracts, and to commercialize their innovations. NASA encourages you to use TABA and I-Corps, to help you
address market opportunities. See sections 3.1.3.8 for how to request TABA and 3.1.3.9 for opting into I-
Corps.

Part 7: Facilities/Equipment (Suggested page limit — 1 page)

Describe the types, location, and availability of equipment necessary to carry out the work proposed. You must
justify any proposed equipment purchase. When purchasing equipment or a product under the SBIR contract,
you should purchase only American-made products or equipment.

Although use of government-furnished laboratory equipment, facilities, or services (collectively, “government
resources”) is strongly discouraged in Phase | proposals, describe in this part why the use of such government
resources is necessary and not reasonably available from the private sector if applicable. See sections 3.1.3.4 and
5.13 for additional requirements when proposing use of such government resources. The narrative description of
resources should support the proposed approach and documentation in the Proposal Budget form.

If you plan to use a federal laboratory/facility during a follow-on Phase Il contract, please state this intent in your
Phase | proposal.
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Part 8: Subcontractors and Consultants (Suggested page limit — 1 page)

Describe all subcontracting or other business arrangements, including who they are with and for what expertise,
functions, services, and number of hours. You must ensure that all organizations and individuals are available for the
time periods proposed. The narrative description of subcontractors and consultants in the technical proposal should
support the proposed approach and documentation in the Proposal Budget form, section 3.1.3.4. If partnering is not
required to successfully mature your technology, please explain why.

Part 9: Related, Essentially Equivalent, and Duplicate Proposals and Awards (Suggested page limit — 1 page)
WARNING: Itis illegal to enter into multiple funding agreements for essentially equivalent work. While you may
submit similar or identical proposals to multiple solicitations, it is risky. You must notify the agencies in advance
and resolve the matter prior to award.

If you choose to submit identical proposals or proposals containing a significant amount of essentially equivalent
work under other federal program solicitations, you must include a statement in each proposal containing:
1. The name and address of the agencies to which proposals were submitted or from which awards were
received.
Date of proposal submission or date of award.
Title, number, and date of solicitations under which proposals were submitted or awards received.
The specific applicable research subtopics for each proposal submitted or award received.
Titles of research projects.
Name and title of principal investigator or project manager for each proposal submitted or award received.

oA~ wN

A summary of essentially equivalent work information, as well as related research and development on proposals
and awards, is also required on the Proposal Certifications form (if applicable).

3.1.3.6 Briefing Chart
The briefing chart information is required and will be used by evaluators to assist in the ranking of technical
proposals prior to selection. Summarize the following on the provided electronic form:

¢ Identification and Significance of Innovation

e Technical Objectives and Proposed Deliverables

e NASA Applications

e Non-NASA Applications

e Graphic

The briefing chart is public information and may be disclosed. Do not include proprietary information or
International Traffic in Arms Regulation (ITAR)-restricted data. For more information on ITAR see
https://www.sbir.gov/tutorials/itar/.

3.1.3.7 NASA Evaluation License Application, only if TAV is being proposed

If you applied for TAV by following the instructions found at http://technology.nasa.gov, upload the application
with your proposal package.

3.1.3.8 Request for Technical and Business Assistance (TABA) Supplement at Phase |

NASA encourages you to request the TABA supplement of up to $6,500 at Phase I. You will choose your own
TABA vendor. NASA cannot direct you to any specific TABA vendor or website. See Section 1.8 for more
information on this opportunity.

If you request the Phase | TABA supplement, you must do so in the proposal package submission. You are not
required to request TABA at Phase I. TABA at Phase Il eligibility is not dependent on Phase | TABA participation.
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TABA requests must be made within the Proposal Budget form in ProSAMS. You must provide a quote that
includes the following from each vendor on their letterhead:
- Contact information of the vendor (name, address, phone number, email address, and website)
- Itemized list of services and associated cost for each service the TABA vendor will provide. This includes the
number of hours and hourly cost for each service, when appropriate.
- Description of the deliverable(s) the TABA vendor will provide for each service summarizing the outcome of
the TABA services.
- Description of vendor(s) expertise and knowledge of providing the desired TABA services

All TABA vendors must be legal businesses in the United States. NASA will consider TABA requests that are
missing any requested TABA information as incomplete and will not review the TABA request or provide TABA
approval under the award.

The TABA supplement is in addition to the Phase | contract award value, is not subject to any profit or fee by
the requesting offeror and cannot be used in the calculation of indirect cost rates or general and
administrative expenses (G&A). The TABA cost(s) and service(s) to be provided by each vendor will be based on
the original Phase | period of performance. NASA will not consider requests for TABA funding outside of the Phase
I period of performance or after a proposal package submission.

NASA encourages you to use the limited amount of $6,500 Phase | TABA funds for:

1. Development of a Phase Il TABA Needs Assessment — If you plan to request a TABA supplement at Phase
11, you should secure a TABA vendor at Phase | to support the development of a Phase Il TABA needs
assessment. The goal of the TABA Needs Assessment is to determine and define the types of TABA services
and costs you would need if the project was selected for a future Phase Il award. Phase 11 TABA supplements
may be up to $50,000.

2. Development of a Phase 1| Commercialization and Business Plan — If you are planning to submit a future
proposal for Phase Il funding, you will be required to submit a commercialization and business plan that
meets the requirements of that future Phase 11 solicitation. NASA encourages you to use a Phase | TABA
supplement to secure a TABA vendor to help develop the commercialization and business plan. The goal of
the commercialization and business plan is to allow NASA to evaluate your ability to commercialize the
innovation and provide a level of confidence regarding your future and financial viability.

3.1.3.9 I-Corps Interest Form

You will complete a short I-Corps interest form as part of your proposal package submission. NASA uses this form
to determine the level of interest from Phase | offerors to participate in the NASA I-Corps program. See section 1.7.

Based on the initial level of interest in the I-Corps program, NASA plans to open the opportunity to all Phase |
awardees to ensure a successful cohort of teams participate in the program. Phase | awardees will receive a Call for
I-Corps Proposal from the SBIR PMO during contract negotiations describing the process to provide a 5-page
proposal to participate in the I-Corps program. NASA will provide directions for completing the proposal including
due dates, training dates, and available funding by email. NASA reserves the right to limit the number of offerors to
participate in the I-Corps program based on the assessment of the I-Corps proposals and funding availability.

3.1.3.10 SBC Level Forms

You must complete all SBC level forms electronically within ProSAMS. The SBC level forms do not count toward
the 15-page limit for the technical proposal. To access ProSAMS, go to https://prosams.nasa.gov.

A. Firm Information

You must complete the SBC identifying information. The information provided will be applied to all
proposals you submit to this solicitation.
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Firm Certifications

You must complete the Firm Certifications section by answering “Yes” or “No” as applicable. An example
of the certifications can be found in the NASA SBIR/STTR Resources website:
https://www.nasa.gov/sbir_sttr/firms_library.

Audit Information

Although you are not required to have an approved accounting system, it is easier for NASA to determine
that your rates are fair and reasonable if you have an approved accounting system. To assist NASA, you
must complete the questions in the Audit Information form regarding your rates and upload the Federal
agency audit report or related information that is available from the last audit. There is a separate Audit
Information section in the Proposal Budget form that you must also complete. If you have never been
audited by a federal agency, then answer "No" to the first question, and you do not need to complete the
remainder of the form. An electronic form will be provided during the submissions process. The
Contracting Officer uses this Audit Information to assist with negotiations if the proposal package is
selected for award. The Contracting Officer will advise you what is required to determine reasonable cost
and/or rates in the event the Audit Information is not adequate. Please refer to section 3.1.3.4 in regard to
what information can be submitted to justify proposed rates.

Disclosures of Foreign Affiliations or Relationships to Foreign Countries

Each offeror is required to complete the Disclosures of Foreign Affiliations or Relationships to Foreign
Countries form as required in ProSAMS. See section 2.3.1 for additional information on these disclosures.
You must answer “Yes” or “No” as applicable and provide the requested information related to each “yes”
response.

Please note that even if you do not have any foreign relationships, you must complete the "Disclosures of
Foreign Affiliations or Relationships to Foreign Countries form" to represent that such relationships do not
exist. Failure to complete and include this form will result in the declination of your application during the
administrative screening.

Prior Awards Addendum

If you have received more than 15 Phase Il awards in the prior 5 fiscal years, submit the name of the
awarding agency, solicitation year, phase, date of award, funding agreement/contract number, and subtopic
title for each Phase Il. If you have received any SBIR or STTR Phase Il awards, even if fewer than 15 in
the last 5 years, NASA still recommends that you complete this form as the information will be useful to
you when completing the Commercialization Metrics Report (CMR).

Commercialization Metrics Report (CMR)

NASA uses a commercialization report/data-gathering process to track the overall commercialization
success of its SBIR and STTR programs. You must complete the Commercialization Metrics Report or
update an existing report if applicable, via https://www.sbir.gov (the report is available in the “My
Dashboard” section of your company’s sbir.gov profile) as part of the proposal package submissions
process. Companies with no SBIR/STTR awards or awards within the last 3 to 5 years will not be penalized
under past performance for the lack of past SBIR/STTR commercialization.

If you have received any Phase 111 awards resulting from work on any NASA SBIR or STTR awards,
provide the related Phase I or Phase Il contract number, name of Phase |1l awarding agency, date of award,
Funding Agreement number, amount, project title, and period of performance. The report will also ask you
to provide financial, sales, and ownership information, as well as any commercialization success you have
had because of SBIR or STTR awards. You must update this information annually during proposal package
submission via ProSAMS.

CMR input is kept confidential and will not be made public except in broad aggregate, with no
company-specific attribution. Do not submit password protected documents.
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3.2 Multiple Proposal Submissions

Each proposal must be based on a unique innovation, limited in scope to just one subtopic, and submitted only under
that one subtopic within each program. You may not submit more than 5 proposals to the SBIR program. You
may submit more than one unique proposal to the same subtopic; however, you must not submit the same (or
substantially equivalent) proposal to more than one subtopic. If you submit substantially equivalent proposals to
several subtopics, NASA may decline all such proposals.

3.3 Understanding the Patent Landscape

You should indicate in the proposal that a comprehensive patent review has been completed to ensure that there is
no existing patent or perceived patent infringement based on the innovation proposed. The U.S. Patent and Trade
Office (USPTO) has an online patent search tool that can found at https://www.uspto.gov/patents-application-
process/search-patents.

3.4 Proprietary Information in the Proposal Submission
Limit proprietary information to only that information that is essential to your proposal. Information contained in
unsuccessful proposals remains your property. The Federal Government may, however, retain copies of all
proposals. Public release of information in any proposal submitted will be subject to existing statutory and
regulatory requirements. If proprietary information is provided in a proposal, which constitutes a trade secret,
commercial or financial information, it will be treated in confidence, to the extent permitted by law, provided that
the proposal is clearly marked as follows:
(A) The following “italicized” legend must appear on the title page of the proposal:
This proposal contains information that shall not be disclosed outside the Federal Government and
shall not be duplicated, used, or disclosed in whole or in part for any purpose other than evaluation of
this proposal, unless authorized by law. The Government shall have the right to duplicate, use, or
disclose the data to the extent provided in the resulting contract if award is made as a result of the
submission of this proposal. The information subject to these restrictions is contained on all pages of
the proposal except for pages [insert page numbers or other identification of pages that contain no
restricted information]. (End of Legend); and
(B) The following legend must appear on each page of the proposal that contains information you wish to
protect:
Use or disclosure of information contained on this sheet is subject to the restriction on the title page of
this proposal.

3.5 Release of Certain Proposal Information

In submitting a proposal, you agree to permit the government to disclose publicly the information contained in the
Contact Information form and Proposal Summary form, which includes the Technical Abstract and Briefing Chart.
Other proposal data is your property, and NASA will protect it from public disclosure to the extent permitted by law,
including requests submitted under the Freedom of Information Act (FOIA).
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4. Method of Selection and Evaluation Criteria

4.1 Phase | Selection Process and Evaluation Criteria
NASA conducts a multi-stage review process of all proposal packages:
1. Administrative review for compliance with Chapters 3 and 6 of the solicitation
2. Initial screening for responsiveness to the subtopic
Technical evaluation on a competitive basis (as an “other competitive procedure” in accordance with FAR
6.102(d)(2) and FAR 35.016), using the criteria and procedures set forth within this solicitation
Price evaluation
Scoring and weighting to determine rating
Prioritization
Selection
Determination of cost/price reasonableness and responsibility

N o A

Do not assume that evaluators are acquainted with your company, key individuals, or with any experiments
or other information. NASA will judge each proposal on its own merit and will not conduct any tradeoff
analyses between or among competed proposals.

4.1.1 Administrative Review

NASA will review all proposal packages received by the published deadline to determine if the proposal package
meets the requirements found in chapters 3 and 6. NASA may decline and not evaluate a proposal package that is
not compliant with the requirements in chapters 3 and 6. NASA will notify you of its decision to eliminate the
proposal package from consideration and the reason(s) for the decision.

4.1.2 Technical Responsiveness

NASA will screen proposal packages that pass the administrative review to determine technical responsiveness to
the subtopic of this solicitation. Proposal packages that are not responsive to the subtopic will be declined and not
evaluated. NASA will notify you of its decision to eliminate the proposal package from consideration and the
reason(s) for the decision. Ensure your technical proposal is responsive to the subtopic. NASA will NOT
evaluate a technical proposal under a subtopic other than the one you select.

4.1.3 Technical Evaluation Criteria

NASA will evaluate proposal packages that comply with administrative requirements and are technically responsive
to the subtopic of this solicitation. Subject matter experts will determine the most promising technical and scientific
approaches based on the following criteria:

o NASA Benefits
- The value and benefits of the technology and how the technology addresses NASA’s needs
- Alignment of the technology to the subtopic’s priorities
- Expected impact of the technology on the subtopic need
e Technical Risk
- Technical feasibility of the technology with respect to scientific and/or engineering principles
- Technical risks and mitigation plans
- Quality of the data used to support your technical claims
e SBIR Project Plan
- Comprehensiveness of the work plan including the timeline, milestones, and deliverables
- Feasibility of achieving the proposed schedule given the available resources and labor
e Team Ability
Qualifications of the proposed principal investigator/project manager, supporting staff and consultants
and subcontractors, if any. Alignment of qualifications and experience to the research effort and
personnel’s degree of commitment and availability.
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e Advancing the State of the Art
How your technology improves on the state of the art
e  Commercial Potential
- Differentiation in the commercial market (your competitive edge)
- Qualifications and/or experience of the business personnel
e  Submission Quality
Indication that care was taken to prepare the proposal including clean appearance, content free of
typographical errors that could impact understanding, and clear presentation of concepts

For more details about these criteria, please refer to Appendix A where the evaluation criteria, weighting, and
definitions are provided. Please review the rubric to ensure your submission addresses all areas being evaluated.

4.1.4 Price Evaluation

Utilizing the procedures set forth in FAR 15.404-1, NASA will evaluate the budget proposal form to determine
whether the proposed pricing is fair and reasonable. NASA will only make an award when the price is fair and
reasonable and approved by the NASA Contracting Officer.

If a proposal is selected for award, the Contracting Officer will review all the evaluations for the proposal and will
address any pricing issues identified during negotiation of the final award.

4.2 Scoring and Weighting to Determine the Most Highly Rated Proposals
NASA will score each criterion numerically. Numerical scores are then weighted and summed to reach the proposal
rating. The most highly rated proposals are eligible for prioritization.

Evaluation Criterion Weight
NASA Benefits 30%
Technical Risk 20%
SBIR Project Plan 15%
Team Ability 15%
Advancing the State of the Art 10%
Commercial Potential 5%
Submission Quality 5%

4.3 Prioritization

For the most highly rated proposals, NASA will prioritize those proposals that offer the best solutions to the
technical needs as defined in the subtopics to make recommendations to the Source Selection Official (SSO). NASA
may consider a variety of additional programmatic balance factors such as portfolio balance across NASA programs,
centers and mission directorates, available funding, first-time awardees/participants, historically underrepresented
communities including minority and women-owned small businesses, and/or geographic distribution when making
recommendations.

4.4 Selection

The SSO makes the final decisions to determine the proposals that will enter contract negotiations. The SSO may
consider the additional programmatic balance factors identified in section 4.3 along with the technical merit and
commercial potential.

After the SSO selection has been finalized, NASA will post the list of proposals selected for negotiation on the

NASA SBIR/STTR website. All SBCs selected by the SSO will receive a formal notification letter. NASA will
evaluate each proposal selected for negotiation for cost/price reasonableness. After completion of evaluation for
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cost/price reasonableness and a determination of responsibility, the Contracting Officer will negotiate and award an
appropriate contract to be signed by both parties before work begins.

4.5 I-Corps Evaluation Process
For awardees that submit an I-Corps proposal pursuant to sections 1.7 and 3.1.3.9, NASA will provide a
programmatic assessment based on the following criteria:
e Proposed team members demonstrate a commitment to the requirements of the 1-Corps program.
e The proposed team includes the proper composition and roles as described in the I-Corps proposal
requirements.
e The I-Corps proposal demonstrates that there is potential for commercialization in both NASA and
commercial markets.

Based on the assessment of the above criteria the NASA SBIR/STTR PMO will provide a recommendation to the
SSO of I-Corps proposals to receive funding. The SSO will make the final selections. NASA anticipates selecting
approximately 28 SBIR SBCs for participation in the I-Corps program for Phase I.

4.6 Technical and Business Assistance (TABA)

NASA conducts a separate review of all Phase | requests for TABA after the SSO makes the final selection of
projects to enter negotiation for a Phase | contract. The SBIR/STTR PMO conducts the evaluation of the TABA
request and informs the Contracting Officer of the final determination to allow TABA funding under the contract.
NASA will notify you of the approval or denial of TABA funding prior to TABA award.

During this review, NASA will consider:
e If request meets the requirements found in section 3.1.3.8.

4.7. Access to Proprietary Data by Non-NASA Personnel

4.7.1 Non-NASA Reviewers

In addition to utilizing government personnel in the review process, NASA, at its discretion and in accordance with
1815.207-71 of the NASA FAR Supplement, may utilize individuals from outside the government with highly
specialized expertise not found in the government. Qualified experts outside of NASA (including industry,
academia, and other government agencies) may assist in performing evaluations as required to determine or verify
the merit of a proposal package. In deciding to obtain an outside evaluation, NASA will take into consideration
requirements for the avoidance of organizational or personal conflicts of interest and any competitive relationship
between the prospective contractor or subcontractor(s) and the prospective outside evaluator. Outside evaluators will
certify that the information (data) contained in the proposal package is for evaluation purposes and will not be
further disclosed.

4.7.2 Non-NASA Access to Confidential Business Information

In the conduct of proposal package processing and potential contract administration, NASA may need to provide
access to the proposal package to other NASA contractor and subcontractor personnel. NASA will provide access to
such data only under contracts that contain an appropriate NFS 1852.237-72 Access to Sensitive Information clause
that requires the contractors to fully protect the information from unauthorized use or disclosure.

4.8 Notification and Feedback to Offerors
After Phase | selections for negotiation have been made, NASA will send a notification to the designated small
business representative identified in the proposal package according to the processes described below.
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Due to the competitive nature of the program and limited funding, recommendations to fund or not fund a
proposal package are final. NASA will not reconsider selection decisions or provide additional information
regarding the final decision. Offerors are encouraged to use the written feedback to understand the outcome
and review of their proposal package and to develop plans to strengthen future proposals.

4.8.1 Phase | Feedback
NASA uses a two-stage process to notify Phase | offerors of the outcome of their proposal package.

1. At the time of the public selection announcement, NASA will send an email to the designated small
business representative indicating the outcome of the proposal package.

2. NASA will automatically email proposal feedback to the designated small business representative within
60 days of the announcement of selection for negotiation. If you have not received your feedback within 60
days after the announcement, contact the NASA SBIR/STTR Program Support Office at agency-
shir@mail.nasa.gov. Due to the sensitivity of this feedback, NASA will only provide feedback to the
designated small business representative and not to any other parties.
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5. Considerations for Contracting and Additional Information

5.1 Requirements for Negotiations
To simplify making contract awards and to reduce processing time, all contractors selected for Phase | contracts will
ensure that:

1. All information in your proposal package is current (e.g., your address has not changed, the proposed Pl is the
same, etc.). If changes have occurred since submittal of your proposal package, notify the Contracting Officer
immediately.

. Your SBC is registered with System for Award Management (SAM) (section 2.2).

3. Your SBC complies with the FAR 52.222-37 Employment Reports on Special Disabled Veterans, Veterans of
the Vietnam Era, and Other Eligible Veterans (VETS-4212) requirement (See Appendix D).

4. Your SBC HAS NOT proposed a co-principal investigator.

5. Your SBC will provide timely responses to all communications from the NSSC Contracting Officer. Failure
to respond in a timely manner to the NSSC Contracting Officer may result in your firm’s selection
being cancelled and no contract award.

Proposed costs are supported with documentation, such as a quote, previous purchase order, published price
lists, etc.

Failure to submit this documentation could lead to delays in the processing/negotiation of your contract and could
ultimately result in proposal selection being withdrawn by NASA and no contract awarded to your firm.

Costs incurred prior to and in anticipation of award of a contract are entirely the risk of the contractor. A
notification of selection for negotiation is not to be misconstrued as an award notification to commence work.

5.1.1 Requirements for Contracting

Awardees are required to make certain legal commitments through acceptance of numerous clauses in their Phase |
contracts. This list is not a complete list of clauses to be included in Phase I contracts and is not the specific wording
of such clauses. Copies of complete terms and conditions are available by following the links in Appendix D.

(1) Standards of Work. Work performed under the contract must conform to high professional standards.

(2) Inspection. Work performed under the contract is subject to government inspection and evaluation at all
times.

(3) Examination of Records. The Comptroller General (or a duly authorized representative) must have the right
to examine any pertinent records of the awardee involving transactions related to this contract.

(4) Default. The Federal Government may terminate the contract if the contractor fails to perform the work
contracted.

(5) Termination for Convenience. The contract may be terminated at any time by the Federal Government if it
deems termination to be in its best interest, in which case the awardee will be compensated for work
performed and for reasonable termination costs.

(6) Disputes. Any dispute concerning the contract that cannot be resolved by agreement must be decided by the
Contracting Officer with right of appeal.

(7) Contract Work Hours. The awardee may not require an employee to work more than 8 hours a day or 40
hours a week unless the employee is compensated accordingly (for example, overtime pay).

(8) Equal Opportunity. The awardee will not discriminate against any employee or applicant for employment
because of race, color, religion, sex, or national origin.

(9) Equal Opportunity for Veterans. The awardee will not discriminate against any employee or application for
employment because he or she is a disabled veteran or veteran of the Vietnam era.

(10) Equal Opportunity for People with Disabilities. The awardee will not discriminate against any employee or
applicant for employment because he or she is physically or intellectually disabled.
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(11) Officials Not to Benefit. No Federal Government official may benefit personally from the SBIR/STTR
contract.

(12) Covenant Against Contingent Fees. No person or agency has been employed to solicit or secure the
contract upon an understanding for compensation except bona fide employees or commercial agencies
maintained by the awardee for the purpose of securing business.

(13) Gratuities. The contract may be terminated by the Federal Government if any gratuities have been offered
to any representative of the government to secure the award.

(14) Patent Infringement. The awardee must report each notice or claim of patent infringement based on the
performance of the contract.

(15) American Made Equipment and Products. When purchasing equipment or a product under the SBIR/STTR
contract, purchase only American-made items whenever possible.

5.2 Awards

5.2.1 Anticipated Number of Awards

NASA does not estimate an exact number of anticipated Phase | contract awards; however, the table below reflects
the historical information for the program.

Year Number of SBIR Number of SBIR Percentage of S_BIR
Phase | Proposals Evaluated Phase | Selections Phase | Selection

2024 1,307 248 18.9%

2023 1,311 250 19.0%

2022 1,392 280 20.1%

5.2.2 Award Conditions
NASA awards are electronically signed by a NASA Contracting Officer and transmitted electronically to the
organization via email. NSSC will distribute the NASA SBIR Phase | award with the following items:
e SF26—Contract Cover Sheet
e Contract Terms and Conditions—to include reference to the proposal package and budget
e Attachment 1: Contract Distribution List
e Attachment 2: Template of the Final Summary Chart
e Attachment 3: IT Security Management Plan Template
e Attachment 4: Applicable Documents List
e Confirmation of Negotiation
e Phase | Frequently Asked Questions (FAQS)

5.2.3 Type of Contract
NASA SBIR Phase | awards are firm fixed price contracts.

5.2.4 Model Contracts

Examples of the NASA SBIR contracts can be found in the NASA SBIR/STTR Resources website:
https://www.nasa.gov/sbir_sttr/firms_library. Model contracts are subject to change.

5.3 Reporting and Required Deliverables

An IT Security Management Plan is required at the beginning of the contract. Contractors interested in doing
business with NASA and/or providing IT services or solutions to NASA should use the list found at the website of
the Office of the Chief Information Officer (OCIO) as a reference for information security requirements:
https://www.nasa.gov/content/security-requirements-policies. An example of an IT Security Management Plan can
be found in the NASA SBIR/STTR Resources website: https://www.nasa.gov/sbir_sttr/firms_library. For more
information, see NASA FAR Supplement clause 1852.204-76.
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All contracts require the delivery of technical reports that present (1) the work and results accomplished; (2) the
scientific, technical, and commercial merit and feasibility of the proposed innovation and project results; (3) the
proposed innovation’s relevance and significance to one or more NASA interests (chapter 9); and (4) the strategy for
development and transition of the proposed innovation and project results into products and services for NASA
mission programs and other potential customers. Deliverables may also include the demonstration of the proposed
innovation and/or the delivery of a prototype or test unit, product, or service for NASA testing and utilization if
requested under Phase 1.

You must provide to NASA all technical reports and other deliverables required by the contract. These reports must
document progress made on the project and activities required for completion. Periodic certification for payment is
required as stated in the contract. You must submit a final report to NASA upon completion of the Phase | R/IR&D
effort in accordance with applicable contract provisions.

A final New Technology Summary Report (NTSR) is due at the end of the contract, and New Technology Report(s)
(NTR) are required if the technology(ies) is/are developed under the award prior to submission of the final invoice.
For additional information on NTSR and NTR requirements and definitions, see section 5.9.

If you receive the TABA supplement, your Phase | contract requires TABA deliverable(s) that summarize the
outcome of the TABA services, description of the itemized technical and/or business services provided, and the
actual cost for each service.

5.4 Payment Schedule

The exact payment terms are included in the contract. Invoices are submitted electronically through the Department
of Treasury’s Invoice Processing Platform (IPP).

If you are approved to receive the TABA supplement under a Phase | award, you will submit an invoice for TABA
reimbursement at the end of the contract period of performance. You must submit TABA reimbursement per the
payment and deliverable report schedule in your contract. NASA will not reimburse any amounts incurred over the
TABA funding amount in your contract. Reimbursement must only be for actual services the TABA vendor(s)
provided to the SBC during the period of performance of the contract. NASA will not reimburse any amounts of
services that were not received by the SBC during the Phase | contract period of performance.

5.5 Profit or Fee

Contracts may include a reasonable profit. The reasonableness of proposed profit is determined by the Contracting
Officer during contract negotiations. Reference FAR 15.404-4.

5.6 Cost Sharing

Cost sharing is permitted for proposal packages under this program solicitation; however, cost sharing is not
required. Cost sharing will not be an evaluation factor in consideration of your proposal package and will not be
used in the determination of the percentage of Phase | work to be performed on the contract.

5.7 Rights in Data Developed Under SBIR Funding Agreements

The SBIR program provides specific rights for data developed under SBIR awards. Please review the full text at the
following FAR 52.227-20 Rights in Data-SBIR Program and PCD 21-02 FEDERAL ACQUISITION
REGULATION (FAR) CLASS DEVIATION — PROTECTION OF DATA UNDER THE SMALL BUSINESS
INNOVATIVE RESEARCH/SMALL TECHNOLOGY TRANSFER RESEARCH (SBIR/STTR) PROGRAM
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5.8 Copyrights

The contractor may copyright and publish (consistent with appropriate national security considerations, if any)
material developed with NASA support. NASA receives a royalty-free license for the Federal Government and
requires that each publication contain an appropriate acknowledgment and disclaimer statement.

5.9 Invention Reporting, Election of Title, Patent Application Filing, and Patents

Awardees must provide New Technology Reports (NTR) for any new subject inventions, and the New Technology
Summary Reports (NTSR) for the interim and final contract periods. Please review SBA SBIR/STTR Policy
Directive provided in section 1.1.1 to understand these requirements.

5.10 Government-Furnished and Contractor-Acquired Property

In accordance with the SBIR/STTR Policy Directive, the Federal Government may transfer title to property
provided by the SBIR participating agency to the awardee or acquired by the awardee for the purpose of fulfilling
the contract, where such transfer would be more cost effective than recovery of the property.

5.11 Essentially Equivalent Awards and Prior Work

Awardees must certify with every invoice that they have not previously been paid nor are currently being paid for
essentially equivalent work by any agency of the Federal Government. Failure to report essentially equivalent or
duplicate efforts can lead to the termination of contracts and/or civil or criminal penalties.

5.12 Additional Information

5.12.1 Precedence of Contract Over this Solicitation

This program solicitation reflects current planning. If there is any inconsistency between the information contained
herein and the terms of any resulting SBIR contract, the terms of the contract take precedence over the solicitation.

5.12.2 Evidence of Contractor Responsibility

The Government may request you submit certain organizational, management, personnel, and financial information
to establish contractor responsibility. Contractor responsibility includes all resources required for contractor
performance (e.g., financial capability, workforce, and facilities).

5.13 Use of Government Resources

Federal Departments and Agencies

Use of SBIR funding for unique federal/non-NASA resources from a federal department or agency that does not
meet the definition of a federal laboratory as defined by U.S. law and in the SBA Policy Directive on the SBIR
program requires a waiver from the SBA. Proposal packages requiring waivers must include an explanation of why
the waiver is appropriate. NASA will provide your request, along with an explanation to SBA, during the
negotiation process. NASA cannot guarantee that a waiver can be obtained from SBA. Specific instructions to
request use of government resources are in sections 3.1.3.4 of the solicitation. NASA facilities qualify as federal
laboratories.

Support Agreements for Use of Government Resources

All offerors selected for award who require and receive approval from the SBIR Program Executive for the use of
any federal facility must, within 20 business days of notification of selection for negotiations, provide to the NSSC
Contracting Officer an agreement by and between the contractor and the appropriate federal facility/laboratory,
executed by the government official authorized to approve such use. The agreement must delineate the terms of use,
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associated costs, and facility responsibilities and liabilities. Having a signed agreement for use of government
resources is a requirement for award.

For proposed use of NASA resources, a NASA SBIR/STTR Support Agreement template is available in the
Resources website (https://www.nasa.gov/sbir_sttr/firms_library) and must be executed before a contractor can use
NASA resources. NASA expects selected offerors to finalize and execute their NASA SBIR Support Agreement
during the negotiation period with the NSSC.

Contractor Responsibilities for Costs

In accordance with FAR Part 45, it is NASA’s policy not to provide services, equipment, or facilities (resources) for
the performance of work under SBIR contracts. Generally, any contractor will furnish its own resources to perform
the proposed work on the contract.

In all cases, the contractor is responsible for any costs associated with services, equipment, or facilities provided by
NASA or another Federal department or agency, and such costs will not increase the price of this contract.

5.14 Agency Recovery Authority and Ongoing Reporting
In accordance with Section 5 of the SBIR and STTR Extension Act of 2022, NASA will —

1) require a small business concern receiving an award under its SBIR program to repay all amounts received from
the Federal agency under the award if—
(A) the small business concern makes a material misstatement that the Federal agency determines poses a risk to
national security; or
(B) there is a change in ownership, change to entity structure, or other substantial change in circumstances of the
small business concern that the Federal agency determines poses a risk to national security; and
2) require a small business concern receiving an award under its SBIR program to regularly report to the Federal
agency and the SBA throughout the duration of the award on—
(A) any change to a disclosure required under subparagraphs (A) through (G) of section 2.3.1 above.
(B) any material misstatement made under section 5.14 paragraph (A) above; and
(C) any change described in section 5.14 paragraph (B) above.
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6. Submission of Proposals

6.1 How to Apply for SBIR Phase |
NASA uses electronically supported business processes for the SBIR program. You must have internet access and
an email address. NASA will not accept paper submissions.

To apply for a NASA SBIR Phase | contract, you must follow the steps found below.

6.1.1 Electronic Submission Requirements via the ProSAMS

NASA uses ProSAMS for the submission of these proposal packages. ProSAMS requires firm registration and
login. To access ProSAMS, go to https://prosams.nasa.gov/.

NASA recommends that an authorized small business representative be the person to register the firm and complete
the required firm level forms. They will be the only person allowed to edit the firm level forms.

For successful submission of a complete proposal package, you must complete all required and applicable forms,
and upload the required documents per the submission requirements indicated in ProSAMS.

6.1.2 Deadline for Phase | Proposal Package

NASA must receive your proposal package for Phase I no later than 5:00 p.m. ET on Wednesday, May 21,
2025, via the ProSAMS.

You are responsible for ensuring that all files constituting the proposal package are uploaded and endorsed prior to
the deadline. If a proposal package is not received by the 5:00 p.m. ET deadline, NASA will determine the
proposal package to be incomplete and will not evaluate it. Start the submission process early to allow sufficient
time to upload the complete proposal package.

If you wait to submit a proposal package near the deadline, you are at risk of not completing the required
uploads and endorsements by the required deadline, and NASA may decline the proposal package.

6.1.3 Proposal Package Submission

Upload all components of a proposal package using the Proposal Submissions module in ProSAMS. The designated
business representative and principal investigator must endorse the proposal package. All transactions via ProSAMS
are encrypted for security purposes.

Do not submit security/password-protected PDF files, as reviewers may not be able to open and read these
files. NASA will decline proposal packages containing security/password-protected PDF files and they will not
be evaluated.

You are responsible for virus checking all files prior to submission. NASA may decline any proposal package that
contains a file with a detected virus.

You may upload a proposal package multiple times, with each new upload replacing the previous version, but only
the final uploaded and electronically endorsed version will be considered for review. Embedded animation or video,
as well as reference technical papers for “further reading,” will not be considered for evaluation. NASA may
decline a proposal package that is missing the final endorsements.

6.1.4 Acknowledgment of a Proposal Package Receipt

NASA will acknowledge receipt of an electronically submitted proposal package by sending an email to the
designated Business Official’s email address as provided on the proposal package cover sheet. If you do not receive
a proposal package acknowledgment after submission, immediately contact the NASA SBIR/STTR Help
Desk at agency-shir@mail.nasa.gov.
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6.1.5 Withdrawal of Proposal Packages

Prior to the close of submissions, you may withdraw proposal packages. To withdraw a proposal package after the
deadline, the designated small business representative must send written notification via email to agency-
shir@mail.nasa.gov.

6.1.6 Service of Protests

Protests, as defined in section FAR 33.101 of the Federal Acquisition Regulation, that are filed directly with an
agency, and copies of any protests that are filed with the Government Accountability Office (GAQO), must be served
on the Contracting Officer (addressed as follows) by obtaining written and dated acknowledgment of receipt from:

Charles Bridges

NASA Shared Services Center

Building 1111, Jerry Hlass Road

Stennis Space Center, MS 39529
Agency-SBIR-STTRSolicitation@mail.nasa.gov

The copy of any protest must be received in the office designated above within one day of filing a protest with the
GAO.

6.2 SBIR Phase Il Information

If you are awarded a Phase | contract, you will be eligible to submit a proposal for an SBIR Phase Il follow-on
contract. NASA will send instructions directly to you with information on how to submit your Phase Il proposal(s).
You will receive details on the due date, content, and submission requirements for Phase Il proposals. The Phase 1l
proposal submission will open approximately 60 days prior to the end of your Phase | contract original period of
performance.

If you submit your Phase Il proposal outside of the timeframe specified by NASA, your proposal will be declined

without evaluation. Additional guidance can be found in your Phase | contract (Request for Proposal for Phase 11
Follow-on Contract).
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7. Proposal, Scientific and Technical Information Sources

7.1 NASA Organizational and Programmatic Information

General sources relating to organizational and programmatic information at NASA is available via the following

websites:

NASA Budget Documents, Strategic Plans, and Performance Reports:
http://www.nasa.gov/about/budget/index.html

NASA Organizational Structure: https://www.nasa.gov/organization/

NASA SBIR/STTR Programs: https://www.nasa.gov/sbir_sttr/

Information regarding NASA’s technology needs can be obtained at the following websites:

Office of Technology, Policy, and Strategy

2024 NASA Technology Taxonomy

| https://www.nasa.gov/otps/2024-nasa-technology-taxonomy/

NASA Mission Directorates

Aeronautics Research Mission Directorate
(ARMD)

http://www.aeronautics.nasa.gov/

Exploration Systems Development Mission
Directorate (ESDMD)

https://www.nasa.gov/directorates/exploration-systems-
development

Space Operations Mission Directorate
(SOMD)

https://www.nasa.gov/directorates/space-operations-mission-
directorate

Science Mission Directorate (SMD)

https://science.nasa.qov/

Space Technology Mission Directorate
(STMD)

http://www.nasa.gov/directorates/spacetech/home/index.html

NASA Centers

Ames Research Center (ARC)

https://www.nasa.gov/ames/

Armstrong Flight Research Center (AFRC)

https://www.nasa.gov/armstrong/

Glenn Research Center (GRC)

https://www.nasa.gov/glenn/

Goddard Space Flight Center (GSFC)

https://www.nasa.gov/goddard/

Jet Propulsion Laboratory (JPL)

https://www.jpl.nasa.qgov/

Johnson Space Center (JSC)

https://www.nasa.gov/johnson/

Kennedy Space Center (KSC)

https://www.nasa.gov/kennedy/

Langley Research Center (LaRC)

https://www.nasa.gov/langley/

Marshall Space Flight Center (MSFC)

https://www.nasa.gov/marshall/

Stennis Space Center (SSC)

https://www.nasa.gov/stennis/

NASA Shared Services Center (NSSC)

https://www.nasa.gov/nasa-shared-services-center/

STMD Civil Space Shortfalls

Background and Ranking | https://www.nasa.gov/spacetechpriorities/

7.2 United States Small Business Administration (SBA)

The SBA oversees the Federal SBIR and STTR programs. The SBA has resources that small businesses can use to
learn about the program and to get help for developing a proposal package to a Federal SBIR/STTR program. You
are encouraged to review the information that is provided at the following links: www.sbir.gov,
https://www.sba.gov/local-assistance, and at https://www.sbir.gov/apply.
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The SBA issues a SBIR/STTR Policy Directive which provides guidance to all Federal Agencies that have a
SBIR/STTR program. The Policy Directives for the SBIR/STTR programs may be obtained from the SBA at
https://www.shir.gov/about or at the following address:

U.S. Small Business Administration
Office of Technology — Mail Code 6470
409 Third Street, S.W.

Washington, DC 20416

Phone: 202-205-6450

7.3 National Technical Information Service

The National Technical Information Service (NTIS) is an agency of the Department of Commerce and is the Federal
Government's largest central resource for government-funded scientific, technical, engineering, and business-related
information. For information regarding various NTIS services and fees, email or write:

National Technical Information Service
5301 Shawnee Road

Alexandria, VA 22312

URL.: http://www.ntis.gov

E-mail: NTRLHelpDesk@ntis.gov
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8. Submission Forms
Previews of all forms and certifications are available via the NASA SBIR/STTR Resources website, located at
https://www.nasa.gov/sbir_sttr/firms_library.

8.1 SBIR Phase | Checklist
For assistance in completing your Phase | proposal package, use the following checklist:

O The technical proposal and innovation are submitted for one subtopic only.
O The entire proposal package is submitted consistent with the requirements outlined in chapter 3.

O Proposal Contact Information
O Proposal Certifications
O Proposal Summary
O Proposal Budget
O Including letters of commitment for government resources and subcontractors/consultants
(if applicable)
O Foreign Vendor form (if applicable)
Technical Proposal including all 9 parts in order as stated in section 3.1.3.5.
Briefing Chart

NASA Evaluation License Application, only if TAV is being proposed
I-Corps Interest Form

Technical and Business Assistance (TABA) Request, if applicable
SBC-Level Forms completed once for all proposal packages submitted to a single solicitation
O SBC Certifications
O Audit Information
O  Prior Awards Addendum
O Commercialization Metrics Report (CMR)
O Disclosure of Foreign Affiliations

I I I I By 0 R

O The technical proposal does not exceed a total of 15 standard 8.5- by 11-inch pages with one-inch margins
and follows the format requirements (section 3.1.2).

O All required letters/documentation are included.

O A letter of commitment from the appropriate government official if the research effort requires use
of government resources (sections 3.1.3.4 and 5.13).

O Letters of commitment from subcontractors/consultants.

O If the SBC is an eligible joint venture or a limited partnership, a copy or comprehensive summary
of the joint venture agreement or partnership agreement is included.

O NASA Evaluation License Application if proposing the use of NASA technology (TAV).
O Supporting documentation of budgeted costs.

O Proposed funding for the technical effort does not exceed $150,000 (section 1.3), and if requesting TABA,
the cost for TABA does not exceed $6,500 (sections 1.8 and 3.1.3.8).

O Proposed project duration does not exceed six (6) months (section 1.3).

O Confirm you received an acknowledgement of submission email before 5:00 p.m. ET on May 21, 2025
(section 6.1.4).
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9. Research Subtopics for SBIR

The SBIR subtopics are organized by NASA’s Mission Directorates and thus identify subtopics where your research
and development capabilities may be a good match. Appendix B contains a list of the subtopics as they align to the
2024 NASA Technology Taxonomy to help you identify subtopics based on technology areas.

In addition, there are some SBIR subtopics that may be closely aligned with the NASA STTR program. Consider
both programs when planning to apply.

NASA uses the same subtopic numbering convention for the SBIR program each year:

For SBIR Subtopics:

A — Aeronautics Research Mission Directorate (ARMD)

H — Exploration Systems Development Mission Directorate (ESDMD) and Space Operations Mission
Directorate (SOMD)

S — Science Mission Directorate (SMD)

Z — Space Technology Mission Directorate (STMD)

Think of the subtopic lead mission directorates and lead/participating centers as potential customers for your
technical proposals. Multiple mission directorates and centers may have interests across the subtopics within a
Technology Taxonomy area.

Guidance for Locating Subtopic Reference Materials

Each subtopic contains references that are intended to provide additional information about the technology

need. Some of those references include technical articles that may be available through NASA’s Technical Reports
Server (NTRS) or through other technical journals or sources.

NTRS (https://ntrs.nasa.gov/) provides access to publicly available scientific and technical documents, images and
videos created or funded by NASA.

While we work to only reference publicly available documents, if you find that referenced technical articles are
behind a paywall, please contact your local library to request assistance in obtaining access.

Subtopic Pointers
Related subtopic pointers are identified in some subtopic headers to assist you with identifying other subtopics that

seek related technologies for different customers or applications. It is your responsibility to select which subtopic to
propose.
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Aeronautics Research Mission Directorate (ARMD)

Aeronautics Research Mission Directorate (ARMD) maintains and advances U.S global leadership in aviation
through applications of new concepts and technologies pioneered by NASA and developed in partnership with U.S.
Industry that lead to transformative improvements in mobility, efficiency, and safety.

A1.02: Quiet Performance - Airframe Noise (SBIR)

Related Subtopic Pointers: T15.04
Lead Center: LaRC
Participating Center(s): GRC

Subtopic Introduction:

Innovative methods and technologies are necessary for the design and development of efficient and environmentally
acceptable aircraft. In particular, the impact of aircraft noise on communities around airports is the predominant
factor limiting the growth of the nation's air transportation system. Reductions in aircraft noise could improve
community acceptance, lower airline operating costs where noise quotas or fees are employed and increase the
potential for global air traffic growth. In support of the Advanced Air Vehicles Program (AAVP), Integrated
Aviation Systems Program (IASP), and Transformative Aeronautics Concepts Program (TACP), improvements in
noise prediction and noise control are needed to reduce the noise impact of commercial aviation transports on
communities near airports, including noise from vehicles that cruise at subsonic or supersonic speeds.

Scope Title: Airframe Noise Analysis and Characterization
Scope Description:

NASA is seeking fundamental and applied computational fluid dynamics techniques that can be used for
aeroacoustic analysis and can be adapted for design purposes. Example computational techniques of interest include
innovative source identification methods for airframe noise sources, such as noise generation mechanisms from the
landing gear and high-lift systems. Other examples include spatio-temporal turbulence details related to flow-
induced noise typical of separated flow regions, vortices, shear layers, or aerodynamic interactions between aircraft
components. Source identification techniques can target computational and/or experimental methods and data.
Novel instrumentation, facility concepts, or measurement techniques that enable improved source identification are
also sought.

Expected TRL or TRL Range at completion of the Project: 2t0 5
Primary Technology Taxonomy:

e Level 1: TX 15 Flight VVehicle Systems
o Level 2: TX 15.1 Aerosciences

Desired Deliverables of Phase | and Phase I1:

Research
Analysis
Prototype
Hardware
Software
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Desired Deliverables Description:

Concepts, technologies, and tools are sought that enable rapid assessment of the noise impact of novel
engine/airframe configurations and/or aid in the development and optimization of noise control approaches for
component noise sources that enable new aircraft configurations. Example Phase | deliverables include laboratory or
computational demonstrations of limited scope that establish proof of concept of novel noise source identification or
measurement techniques. Example Phase 11 deliverables include system or subsystem demonstrations concurrent
with the establishment of a realistic path to concept production or incorporation into an existing software or
measurement product.

State of the Art and Critical Gaps:

Solutions are sought to aid in the characterization and understanding of noise generation mechanisms of complex
aircraft configurations or engine/airframe integration. For example, efficient computational tools that enable rapid
evaluation of the noise impact of different aircraft configurations or engine/airframe configurations at the design
stage are lacking. Existing numerical methods to study complex engine/airframe configurations are complex and
difficult to leverage at the aircraft design stage where configuration details may be unspecified. Improvements to
numerical methods, measurement techniques, and analysis approaches for studying the noise aspects of advanced
airframe configurations, including engine integration, would ease consideration of acoustics in the design stage.

Relevance / Science Traceability:

AAVP: The Advanced Air Transport Technology (AATT) and Commercial Supersonic Technology (CST) Projects
would benefit from computational and measurement techniques to efficiently characterize the performance and noise
impacts of novel airframe configurations and engine installations. In addition, novel aircraft and propulsor
configurations such as the Truss-Braced Wing, small-core turbofan engines, and ultra-high-bypass ratio engines will
introduce new noise challenges that must be addressed to enable their successful deployment.

TACP: The Transformational Tools and Technologies (TTT) Project would benefit from tool developments to
enhance consideration of acoustics earlier in the aircraft design process.

References:

1. AAVP - Advanced Air Transport Technology (AATT) Project:
https://www.nasa.gov/aeroresearch/programs/aavp/aatt

2. AAVP - Commercial Supersonic Technology (CST) Project:
https://www.nasa.gov/aeroresearch/programs/aavp/cst

3. TACP - Transformational Tools and Technologies (TTT) Project:
https://www.nasa.gov/aeroresearch/programs/tacp/ttt

Scope Title: Airframe Noise-Prediction Technologies
Scope Description:

Numerical methods are sought to predict aerodynamic noise sources associated with the airframe, including those
due to conventional and novel airframe configurations such as the Truss-Braced Wing. Aerodynamic noise sources
of interest include interactions between the propulsors and the airframe and integration effects associated with novel
propulsion sources, such as open fans, ultra-high-bypass ratio fans, or small-core engines.

Improvements in system-level noise prediction methodologies are also sought for predicting the noise generated by
general landing and takeoff operations (as opposed to certification conditions) of subsonic or supersonic commercial
transports.
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Expected TRL or TRL Range at completion of the Project: 2to 5
Primary Technology Taxonomy:

e Level 1: TX 15 Flight Vehicle Systems
e Level 2: TX 15.1 Aerosciences

Desired Deliverables of Phase | and Phase I1:

e  Software
e Analysis
e Research

Desired Deliverables Description:

Numerical tools are sought that enable rapid assessment of the noise impact of novel airframe and engine-airframe
configurations, and/or aid in the development and optimization of noise control approaches for component noise
sources that enable new aircraft configurations. Example Phase | deliverables include applications of novel
computational tools with limited scope that demonstrate the potential for success on a larger scope. Example Phase
Il deliverables include incorporation of novel computational tools into existing modeling toolchains with validation
cases to document capabilities.

State of the Art and Critical Gaps:

Solutions are sought for noise problems associated with complex aircraft configurations or noise challenges due to
engine/airframe integration. For example, efficient computational tools that enable rapid evaluations of the noise of
aircraft configurations or engine/airframe configurations at the design stage are lacking. Existing numerical methods
to study complex engine/airframe configurations are complex and difficult to leverage at the aircraft design stage
where configuration details may be unspecified. Improvements to numerical methods and models for studying the
noise aspects of advanced airframe configurations, including engine integration, would ease consideration of
acoustics during the design stage, rather than leaving acoustics to the late design stage where noise control solutions
are costly and less effective. Improved tools would also enable more rapid evaluation and development of innovative
noise control approaches that may be needed for novel aircraft and propulsor configurations.

Relevance / Science Traceability:

AAVP: The Advanced Air Transport Technology (AATT) and Commercial Supersonic Technology (CST) Projects
would benefit from noise prediction methods that improve understanding of the aircraft noise footprint at landing
and takeoff. Configurations with novel engine placement, such as above the fuselage, can reduce the noise footprint,
but methodologies are needed to efficiently model the performance and noise impacts of these novel engine
installations. In addition, novel aircraft and propulsor configurations such as the Truss-Braced Wing, small-core
turbofan engines, and ultra-high-bypass ratio engines will introduce new noise modeling challenges that must be
addressed to enable their successful deployment.

TACP: The Transformational Tools and Technologies (TTT) Project would benefit from tool developments to
enhance consideration of acoustics earlier in the aircraft design process.

References:

1. AAVP - Advanced Air Transport Technology (AATT) Project:
https://www.nasa.gov/aeroresearch/programs/aavp/aatt
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2. AAVP - Commercial Supersonic Technology (CST) Project:
https://www.nasa.gov/aeroresearch/programs/aavp/cst

3. TACP - Transformational Tools and Technologies (TTT) Project:
https://www.nasa.gov/aeroresearch/programs/tacp/ttt

Scope Title: Airframe Noise Reduction
Scope Description:

Active or passive concepts are sought to reduce broadband aeroacoustic noise sources for subsonic and supersonic
transports. Technologies of interest include active or adaptive flow control, noise control for specific aircraft
configurations, advanced materials for noise control, structural concepts that reduce or enable control of airframe
noise sources, and control methodologies related to airframe-propulsion integration on a vehicle. Concepts of
interest also include active or passive acoustic liners and porous surfaces to reduce airframe noise and/or noise due
to propulsion-airframe interactions. However, applications of liners inside the engine nacelle are specifically
excluded from this solicitation.

Expected TRL or TRL Range at completion of the Project: 2t0 5
Primary Technology Taxonomy:

e Level 1: TX 15 Flight Vehicle Systems
e Level 2: TX 15.1 Aerosciences

Desired Deliverables of Phase | and Phase I1:

Research
Analysis
Prototype
Hardware

Desired Deliverables Description:

Concepts and technologies are sought that mitigate component noise issues associated with novel aircraft
configurations, and/or aid in the development and optimization of noise control approaches for component noise
sources that enable new aircraft configurations. Example Phase | deliverables include laboratory demonstrations that
establish proof of concept of noise reduction technologies. Example Phase Il deliverables include system or
subsystem demonstrations concurrent with the establishment of a realistic path to concept production.

State of the Art and Critical Gaps:

Solutions are sought that incorporate advanced material systems or adaptive mechanisms that can modify their
performance based on the noise state of the vehicle. This includes novel material systems that could be applied to
component noise sources on the aircraft, such as shape memory alloy actuators, or active or adaptive systems. Some
advanced material systems have been investigated for airframe noise control but are generally in their infancy,
especially in terms of certifiability and robustness. Solutions are also sought for noise problems of complex aircraft
configurations or noise challenges due to engine/airframe integration.

Relevance / Science Traceability:

AAVP: The Advanced Air Transport Technology (AATT) and Commercial Supersonic Technology (CST) Projects
would benefit from noise reduction technologies that reduce the aircraft noise footprint at landing and takeoff.
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Configurations with novel aircraft and propulsor configurations such as the Truss-Braced Wing, small-core turbofan
engines, and ultra-high-bypass ratio engines will introduce new noise challenges that must be addressed to enable
their successful deployment.

TACP: The Transformational Tools and Technologies (TTT) Project would benefit from the development and
demonstration of simple material systems, such as advanced liner concepts with reduced drag or adaptive materials
and/or structures that reduce noise, as these component technologies could have application in numerous vehicle
classes in the AAVP portfolio, including subsonic and supersonic transports as well as vertical lift vehicles.

References:

1. AAVP - Advanced Air Transport Technology (AATT) Project:
https://www.nasa.gov/aeroresearch/programs/aavp/aatt

2.  AAVP - Commercial Supersonic Technology (CST) Project:
https://www.nasa.gov/aeroresearch/programs/aavp/cst

3. TACP - Transformational Tools and Technologies (TTT) Project:
https://www.nasa.gov/aeroresearch/programs/tacp/ttt

A1.03: Propulsion Efficiency - Propulsion Materials and Structures (SBIR)

Lead Center: GRC
Participating Center(s): N/A

Subtopic Introduction:

Materials and structures research and development (R&D) contributes to NASA’s ability to achieve its long-term
aeronautics goals, including the development of advanced propulsion systems. Proposals are sought for advanced
materials and structures technologies that will be enabling for new propulsion systems for subsonic transport
vehicles with high levels of thermal, transmission, and propulsive efficiency. Integrated computational and
experimental approaches are needed that can reduce the time necessary for development, testing, and validation of
new materials systems and components. Advanced high-pressure-ratio compact gas turbine engines will include
components of sufficiently compact size that new approaches to processing and advanced manufacturing will be
needed. Temperature capability, thermomechanical performance, environmental durability, reliability, and cost-
effectiveness are important considerations. The increased use of various types of modeling (multiscale modeling,
machine learning, etc.) to improve R&D effectiveness and enable more rapid and revolutionary materials design has
been identified as critical. NASA recently sponsored a study to define a potential 25-year goal for integrated,
multiscale modeling of materials and systems to accelerate the pace and reduce the expense of innovation in future
aeronautical systems. Through a series of surveys, workshops, and validation exercises, this study identified critical
cultural changes and gaps facing the multiscale modeling community. The results of this study were published in a
NASA report, "Vision 2040: A Roadmap for Integrated, Multiscale Modeling and Simulation of Materials and
Systems". Some of the critical gaps identified in this report are: (1) under-development of physics-based models that
link length and time scales, (2) inability to conduct real-time characterization at appropriate length and time scales,
(3) lack of optimization methods that bridge scales, (4) lack of models that compute input sensitivities and propagate
uncertainties, and (5) lack of verification and validation methods and data.
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Scope Title: Advanced Materials and Structures Technologies Enabling New Highly
Efficient Propulsion Systems for Subsonic Transport Vehicles

Scope Description:

Materials and structures research and development (R&D) contributes to NASA’s ability to achieve its long-term
aeronautics goals, including the development of advanced propulsion systems. Proposals are sought for advanced
materials and structures technologies that will be enabling for new propulsion systems for subsonic transport
vehicles with high levels of thermal, transmission, and propulsive efficiency. Integrated computational and
experimental approaches are needed that can reduce the time necessary for development, testing, and validation of
new materials systems and components. Advanced high-pressure-ratio compact gas turbine engines will include
components of sufficiently compact size that new approaches to processing and advanced manufacturing will be
needed. Temperature capability, thermomechanical performance, environmental durability, reliability, and cost-
effectiveness are important considerations.

The increased use of various types of modeling to improve R&D effectiveness and enable more rapid and
revolutionary materials design has been identified as critical. NASA recently sponsored a study to define a potential
25-year goal for integrated, multiscale modeling of materials and systems to accelerate the pace and reduce the
expense of innovation in future aeronautical systems. Through a series of surveys, workshops, and validation
exercises, this study identified critical cultural changes and gaps facing the multiscale modeling community. The
results of this study were published in a NASA report, "Vision 2040: A Roadmap for Integrated, Multiscale
Modeling and Simulation of Materials and Systems" [Ref. 1]. Some of the critical gaps identified in this report are:
(1) under-development of physics-based models that link length and time scales, (2) inability to conduct real-time
characterization at appropriate length and time scales, (3) lack of optimization methods that bridge scales, (4) lack of
models that compute input sensitivities and propagate uncertainties, and (5) lack of verification and validation
methods and data.

Proposals emphasizing modeling (both physics-based and data driven) and materials informatics which shall address
gaps in that 2040 vision are encouraged. The range of topics could include data management [Ref 2], data analytics,
machine learning [ Ref 3], linkage and integration across spatiotemporal scales [Ref 4], and high through-put
experiments and characterization of materials over their lifecycle as well as model parameter estimation
methodologies [Ref 5]. Proposals may address any material class associated with aeronautics propulsion for
subsonic transport vehicles, multiscale modeling and measurements, multiscale optimization methods, and
verification and validation of models and methods. However, approaches should rely on iterative, predictive
methods that integrate experiments and simulations to describe the behavior and response of materials at various
length and time scales.

Technology areas of interest this year include:

Modeling

e Rapid characterization and validation of physics-based and data driven constitutive models (both
deformation and damage) utilizing high-throughput uniaxial and/or multiaxial experiments over a wide
range of temperatures.

e Computational materials and multiscale modeling tools, including methods to predict properties, and/or
durability of propulsion materials based upon chemistry and processing for conventional as well as
functionally graded, nanostructured, multifunctional, and adaptive materials.

e Robust and efficient methods/tools to design and model advanced propulsion system materials and
structures at all length scale, including approaches that are adaptable for a multiscale framework.
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e Multiscale design tools that integrate novel materials, mechanism design, and structural subcomponent
design into system level designs.

High-Temperature Materials

e Advancing technology for ceramic matrix composites (CMCs) and their environmental barrier coatings
(EBCs) for gas turbine engine components operating at 1,482 °C (2,700 °F) or higher. Focus areas
include increased thermomechanical durability, increased resistance to environmental interactions
(especially CMAS attack), cost-effectiveness of processing and manufacturing, and improved
approaches to component fabrication and integration. Computational tools and integrated
experimental/computational methods are sought, including models/tools to predict degradation and
failure mechanisms.

e Additive manufacturing and other advanced processing/manufacturing approaches for structural
components or materials to enable improved engine efficiency through decreasing weight and/or
improving component design, properties, and performance.

Digital Twin and Digital Thread [Ref 6]

e Integration toolsets that enable task automation of workflows associated with ICME (Integrated
Computational Materials Engineering), material science and structural engineering, concurrent material
and structural optimization, and model exploration/ characterization / validation.

e Integration of creating, training, and maintaining of AI/ML models and methods for establishing,
enhancing and rapid utilizing of digital twin and/or thread for propulsion materials and structures.

Expected TRL or TRL Range at completion of the Project: 1to 4
Primary Technology Taxonomy:

e Level 1: TX 12 Materials, Structures, Mechanical Systems, and Manufacturing
o Level 2: TX 12.1 Materials

Desired Deliverables of Phase | and Phase I1:

Research
Analysis
Prototype
Hardware
Software

Desired Deliverables Description:

NASA’s intent is to select proposals that have the potential to move a critical technology beyond Phase II SBIR
funding and transition it to Phase III, where NASA’s Aeronautics programs, another Government agency, or a
commercial entity in the aeronautics sector can fund further maturation as needed, leading to actual usage in an
enhanced propulsion system. The Phase | outcome should establish the scientific, technical, and commercial
feasibility of the proposed innovation in fulfillment of NASA needs. Phase | should demonstrate advancement of a
specific technology, supported by analytical and experimental studies that are documented in a final report. Phase Ils
could yield: (1) models supported with experimental data, (2) software related to a model that was developed, (3) a
material system or subcomponent that has been demonstrated to have better properties/performance (ability to
operate at a higher temperature, enhanced durability, carry more current, etc.), and (4) modeling tools for
incorporation in software, etc. that can be infused into a NASA project or lead to commercialization of the
technology. Consequently, Phase Il efforts are strengthened when they include a partnership with a potential end-
user of the technology. Phase | award recipients must be thinking about commercialization and which organizations
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will be able to use the technology following a Phase 11 effort. It is necessary to take that into account, rather than just
focusing on developing technology without putting a strong effort into developing a commercial partner or setting
the effort up for continued funding by teaming with an organization post-Phase I1.

State of the Art and Critical Gaps:

This subtopic would support R&D on advanced materials and structures technologies that will be enabling for new
propulsion systems for subsonic transport vehicles with high levels of thermal, transmission, and propulsive
efficiency. The needs are specified in the scope description. One of the major NASA Glenn Research Center core
competencies is Materials and Structures for Extreme Environments. This subtopic supports that type of research—
enabling materials and structures research that allows more efficient propulsion systems. In general, integrated
computational and experimental (ICE) approaches are needed that can reduce the time necessary for development,
testing, and validation of new materials systems and components. The increased use of various types of modeling to
improve R&D effectiveness and enable more rapid and revolutionary materials design has been identified as critical.
NASA recently conducted a study that identified critical cultural changes and gaps facing the multiscale modeling
community. Advanced high-pressure-ratio compact gas turbine engines will include components of sufficiently
compact size such that new approaches to processing and advanced manufacturing will be needed. Improvements in
temperature capability, thermomechanical performance, environmental durability, reliability, and cost-effectiveness
are important considerations.

Relevance / Science Traceability:

Aeronautics Research Mission Directorate (ARMD) projects that could support each of the specified areas of
interest are listed below, along with advocates for the technologies. The technologies would lead to improved
propulsion efficiencies for subsonic transport vehicles.

e Computational materials and multiscale modeling tools, including methods to predict properties, and/or
durability of propulsion materials based upon chemistry and processing for conventional as well as
functionally graded, nanostructured, multifunctional, and adaptive materials. Transformational Tools
and Technologies (TTT) Project.

e Robust and efficient methods/tools to design and model advanced propulsion system materials and
structures at all scale levels, including approaches that are adaptable for a multiscale framework. TTT
Project.

e Multiscale design tools that integrate novel materials, mechanism design, and structural subcomponent
design into system level designs. TTT Project.

e Advancing technology for CMCs and their EBCs for gas turbine engine components operating at 1,482
°C (2,700 °F) or higher. TTT and Advanced Air Transport Technology (AATT) Projects.

e Understanding and abating CMAS attack of EBCs.

e Additive manufacturing and other advanced processing/manufacturing approaches for structural
components or materials to enable improved engine efficiency through decreasing weight and/or
improving component design, properties, and performance. TTT Project.

References:

1. Vision 2040: A Roadmap for Integrated, Multiscale Modeling and Simulation of Materials and Systems,
NASA/CR-2018-219771, https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/20180002010.pdf

2. Hearley, B. L. and Arnold S.M.: “NASA GRC ICME Schema for Materials Data Management: An
Executive Summary”, NASA TM-20230018337

3. Stuckner, J., Harder, B., & Smith, T. M.; “Microstructure segmentation with deep learning encoders pre-
trained on a large microscopy dataset”, npj Computational Materials, 8(1), 2022.
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4. Hearley, B. L. and Arnold, S.M.; “Automation of the ICME Workflow Incorporating Material Digital
Twins at Different Length Scales Within a Robust Information Management System”, TMS 2025, 154
Annual Meeting & Exhibition, Las Vegas, NV, March 2025.

5. Saleeb, A.F., Gendy, A.S., and Wilt, T.E.; “Parameter Estimation Algorithms for Characterizing a Class
of Isotropic and Anisotropic Viscoplastic Material Models”, Mechanics of Time-Dependent Materials,
Vol. 6, pp 323-362, 2002.

6. Arnold, Cribb, French, Ganguli, Goodman, Hatakeyama, Lorang, Matlik, Fischer, Schindel, Taylor and
Wang; “Digital Thread: Definition, Value and Reference Model”, An AIAA, AIA, and NAFEMS
Position Paper, June 2023

A1.04: Novel Aircraft Configurations for Electrified Aircraft Propulsion
(SBIR)

Related Subtopic Pointers: T15.04
Lead Center: GRC
Participating Center(s): N/A

Subtopic Introduction:

The purpose of this subtopic is to stimulate near-term U.S. entrepreneurship in zero-emission electric aircraft for
1,500 to 5,000 Ibs. drones and piloted aircraft.

Configurations that will be considered are novel and enabled using electric propulsion. The scale of the prototype
can be as small as needed to fit in the budget while demonstrating many or all of the functions and integrations
expected in the full-scale aircraft. It should be supported by a design study showing that, at the size needed for 1,500
to 5,000 Ibs. aircraft, the system will use less total energy than current aircraft.

Scope Title: Electric Aircraft for Zero Emission
Scope Description:

For the purposes of this solicitation, zero-emission shall consider the aircraft boundary. Recharging these aircraft on
the ground should be compatible with existing infrastructure, chargers used by other industries, or identified
potential future infrastructure.

The key performance metrics of the aircraft are the payload, range, speed, energy use per mile, and in-flight
emissions per mile.

The outcome sought at the end of phase Il is a small, flying prototype, zero-emission electric aircraft. It should be
supported by a study showing how it is scalable to 1,500 to 5,000 Ibs. aircraft applications. The engine should be
able to produce both thrust and electric power. The ratio of the two outputs should align with the intended aircraft
application.

Strong proposals will have several characteristics.
e  One or more identified launch customers with letters of commitment.
o A focused effort to create an aircraft with a path to a Federal Aviation Administration (FAA)
certification date of 2030 or earlier must be shown. It is understood that this part of the effort would be
beyond Phase II.
e The payload, range, speed, energy use per mile, and in-flight emissions per mile should be matched to
the expected launch customer.
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e Proposals should support market introduction to the existing large unmanned aerial vehicle (UAV) or
the emerging electric and electric aircraft markets. The topic seeks solutions applicable for UAV,
aircraft, and electric vertical takeoff and landing (eVTOL) systems in the 1,500 to 5,000 Ibs. class or
larger electric aircraft with a near-term market entry on-ramp.

e A clear understanding of relevant FAA and/or military standards for engines and aviation electrical
systems must be demonstrated.

e An operational concept should describe the expected operation of the zero-emission aircraft over a
typical flight mission. What are the expected conditions and modes during the flight segments? What is
the concept for recharge of the aircraft?

o  Facilities to support development and testing in Phase | and Phase I1.

Note: This subtopic is for electric propulsion aircraft designs and not hybrid-electric aircraft engines. See subtopic
A1.09 Zero Emissions Technologies for Aircraft for electric aircraft engine-related proposals.

Expected TRL or TRL Range at completion of the Project: 1to 3
Primary Technology Taxonomy:

e Level 1: TX 01 Propulsion Systems
o Level 2: TX 01.3 Aero Propulsion

Desired Deliverables of Phase | and Phase I1:

Research
Analysis
Prototype
Hardware
Software

Desired Deliverables Description:

Phase | Deliverables:

1. Demonstrate a novel configuration, zero-emission electric aircraft for 1,500 to 5,000 Ibs. drones and
piloted aircraft through a design study showing that the system will use less total energy than current
aircraft of that size. The engine should be able to produce both thrust and electric power. The ratio of the
two outputs should align with the intended aircraft application.

2. Demonstrate that the design of the aircraft has a clear path to an FAA certification date of 2030 or
earlier. It is understood that this part of the effort would be beyond Phase II.

3. One or more identified launch customers with letters of commitment. The payload, range, speed, energy
use per mile, and in-flight emissions per mile should be matched to the expected launch customer.

4. A clear understanding of relevant FAA and/or military standards for engines and aviation electrical
systems must be demonstrated.

5. An operational concept should describe the expected operation of the zero-emission aircraft over a
typical flight mission. What are the expected conditions and modes during the flight segments? What is
the concept for recharge of the aircraft?

6. Facilities to support development and testing in Phase | and Phase I1.
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Phase Il Deliverables:

1. Asmall, flying prototype, zero-emission electric aircraft. It should be supported by the Phase | design
study showing how it is scalable to 1,500 to 5,000 Ibs. aircraft applications.

State of the Art and Critical Gaps:

Small electric aircraft are being created. This topic goes beyond what is available in industry because it focuses
specifically on the aircraft configurations enabled by electrified aircraft propulsion (EAP).

Relevance / Science Traceability:

Zero-emissions technology is an emerging focus of the NASA ARMD. This topic allows us to engage small
business in the activity with a potential path to further funding of ideas developed under this topic through the
ARMD projects mentioned above.

EAP is an area of strong and growing interest in the ARMD. There are emerging-vehicle-level efforts in urban on-
demand mobility and an ongoing technology development subproject to enable EAP for single-aisle aircraft.
Additionally, NASA is executing the Electrified Powertrain Flight Demonstration (EPFD) project to enable a
megawatt-class aircraft.

Key outcomes NASA intends to achieve in this area are:

e 2015 to 2025: Markets will begin to open for electrified small aircraft.

e 2025 to 2035: Certified small-aircraft fleets enabled by EAP will provide new mobility options. The
decade may also see initial application of EAP on large aircraft.

e  Post-2035: The prevalence of small-aircraft fleets with electrified propulsion will provide improved
economics, performance, safety, and environmental impact, while growth in fleet operations of large
aircraft with cleaner, more efficient alternative propulsion systems will substantially contribute to
carbon reduction.

Projects working in the vehicle aspects of EAP include:
e Advanced Air Vehicles Program (AAVP)/Advanced Air Transport Technology (AATT) Project.
e Integrated Aviation Systems Program (IASP)/Flight Demonstrations and Capabilities (FDC) Project.
e AAVP/Revolutionary Vertical Lift Technology (RVLT) Project.
e Transformative Aeronautics Concepts Program (TACP)/Convergent Aeronautics Solutions (CAS)
Project.
e TACP/Transformational Tools and Technologies (TTT) Project.

References:

1. EAPs called out as a key part of Thrust 3 in the ARMD Strategic Implementation Plan:
https://www.nasa.gov/wp-content/uploads/2021/04/sip-2023-final-508.pdf

2. Overview of NASA's EAP Research for Large Subsonic Aircraft:
https://ntrs.nasa.gov/search.jsp?R=20170006235

3. NASA X-57 Project:
https://www.nasa.gov/aeroresearch/X-57/technical/index.html

4. “High Efficiency Megawatt Motor Preliminary Design,” Jansen et al.:
https://ntrs.nasa.gov/citations/20190029589
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A1.06: Vertical Takeoff and Landing (VTOL) Vehicle Technologies - Vehicle
Design Tool & Electric Powertrain Test Capability (SBIR)

Related Subtopic Pointers: T15.04
Lead Center: GRC
Participating Center(s): AFRC, ARC, LaRC

Subtopic Introduction:

The expanding Urban Air Mobility (UAM) vehicle industry has generated a significant level of enthusiasm among
aviation designers and manufacturers, resulting in numerous vehicle configurations. The majority of the proposed
UAM vehicles have more than four rotors or propellers, have electric propulsion, carry two to six passengers, fly
more like a helicopter (vertical takeoff and landing) than a fixed-wing aircraft and will fly relatively close to the
ground and near buildings. There are many technical challenges facing industry’s development of safe, quiet,
reliable, affordable, comfortable, and certifiable UAM vehicles and vehicle operations. This SBIR subtopic focuses
on vehicle technologies associated with those challenges. The subtopic is also focused on the future generations of
UAM vehicles and the technologies that would extend the VTOL aircraft use for other missions. Each year, the
subtopic focuses on different technologies, areas, and/or applications for VTOL aircraft, such as propulsion,
handling qualities, structures, acoustics, weather tolerance, cabin environment, and other key vehicle technologies.
This year, the subtopic targets capability improvements in rotorcraft design tools and electric powertrain testing.

Scope Title: Technologies to Improve VTOL Vehicle Design Tools

Scope Description:

Rotorcraft Design Tool Airfoil Table Generator: Automated tool for preparing C81-formatted airfoil tables.

C81-format airfoil coefficient table files are used by rotorcraft prediction tools for keeping calculation resource cost
manageable. These tables are sets of airfoil coefficients (lift, drag, moment) over +180/-180 degrees of angle of
attack, and for a series of operating Mach numbers which cover the operating range of the rotor section. These C81
tables are usually generated by a combination of experimental and predicted values. Generating the C81 tables
typically requires some engineering judgment and is somewhat complicated and tedious because of the limitations of
legacy Fortran text files. For future aircraft, with novel operating conditions and novel rotor systems, the ability to
generate C81 tables using predicted coefficients will be even more important. Airfoils may have sharp or blunt
leading or trailing edges, have smoothly curved surfaces, and be made up of more than one enclosed shape element
(as in a slotted flap or slat). Multiple flap positions may be defined and recorded as separate C81 tables or as
augmented tables. Airfoils may operate from tens of thousands in chord Reynolds humber to tens of millions, and
Mach numbers may vary from nearly zero to greater than Mach 1. C81 tables will capture stall, post-stall, and
reversed flow, but not hysteresis install and reattachment, as there is a single value of coefficient for each angle of
attack-Mach pairing.

The desired solution can make use of multiple aerodynamic solvers for either speed of execution or because the
solvers are better suited to different aspects of a problem (for instance, accurately capturing stall versus
compressibility effects). For instance, the existing tool being used by NASA is capable of interfacing with
Massachusetts Institute of Technology’s xfoil or MSES, or NASA’s Overflow and then assembling results into a
single. Airfoil coordinates are typically specified as ordered coordinate pairs, and the tool should be able to take a
variety of airfoil coordinate input formats, generate computational grids as necessary, launch the solver(s), manage
failed cases, and read the results. The tool should be able to launch and manage multiple processes, on both a local
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and remote computational resource. The tool should be able to run via a graphical user interface or via command-
line interface. An application programming interface mode of operation via Python is desirable.

The tool should also merge the predicted airfoil coefficients with those from other sources, as is often used to blend
in NACA 0012 airfoil coefficients from a standard table for high angles of attack where solver accuracy is
questionable and perhaps airfoil specifics are less important.

Expected TRL or TRL Range at completion of the Project: 3to 5
Primary Technology Taxonomy:

e Level 1: TX 11 Software, Modeling, Simulation, and Information Processing
o Level 2: TX 11.2 Modeling

Desired Deliverables of Phase | and Phase I1:

e  Analysis
e Research
e  Prototype

Desired Deliverables Description:

Phase | of the SBIR should develop design concepts for specific technology advancements supported by analytical
studies including modeling and simulation. Phase | effort should establish Phase 11 goals and should quantify
projections of technology performance.

Phase 11 of the SBIR should further develop the technology designs and validate achievement of goals through
additional analysis, modeling, simulation, and product demonstration.

State of the Art and Critical Gaps:

C81-format airfoil coefficient table files are used by rotorcraft prediction tools for keeping calculation resource cost
manageable. For future aircraft, with novel operating conditions and novel rotor systems, the ability to generate C81
tables using predicted coefficients will be even more important to advance the vehicle design capability and vehicle
performance.

Relevance / Science Traceability:

This subtopic is relevant to the Aeronautics Research Mission Directorate (ARMD) Revolutionary Vertical Lift
Technology (RVLT) Project under the Advanced Air Vehicle Program. The goal of the RVLT Project is to develop
and validate tools, technologies, and concepts to overcome key barriers for vertical lift vehicles. The project scope
encompasses technologies that address noise, speed, mobility, payload, efficiency, environment, and safety for both
conventional and nonconventional vertical lift configurations. This subtopic directly aligns with the mission, goals,
and scope in addressing the Advanced Air Mobility mission objectives, and the Directorate Strategic
Implementation Plan's Strategic Thrust 4: Safe, Quiet, and Affordable Vertical Lift Air Vehicles.

References:

1. Kallstrom, K., Shirazi, D., "Airfoil Table Generation and Validation for the VR-12 and SSC-A09
Airfoils and Quadrotor Performance Prediction," Vertical Flight Society Sixth Decennial
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Aeromechanics Specialists' Conference, Santa Clara, CA, February 2024.
https://rotorcraft.arc.nasa.gov/Publications/files/\VFS_TVF_Kallstrom_Shirazi_VR12 SSCA09.pdf

2. Kallstrom, K., "Exploring Airfoil Table Generation using XFOIL and OVERFLOW," Presented at the
VFS Aeromechanics for Advanced Vertical Flight Technical Meeting, San Jose, CA, Jan 25-27, 2022.
https://rotorcraft.arc.nasa.gov/Publications/files/Kristin_Kallstrom_Final_Paper 18-Jan-2022.pdf

Scope Title: High Voltage eVTOL Powertrain Test EqQuipment
Scope Description:

NASA is developing electric-powered aircraft under both the Electrified Aircraft Propulsion Technologies (EAPT)
and RVLT projects, where testbeds are being used to investigate system interactions and power quality (PQ) to feed
associated standards for these classes of vehicles. NASA is also working with the Federal Aviation Administration
(FAA) to provide pertinent data for drafting of the certification processes. As part of the testbed development,
NASA needs electromagnetic interference (EMI) and performance qualification (PQ) test equipment for higher
voltage / higher power applications, which does not currently exist. The objective of this SBIR subtopic scope is to
develop EMI and PQ test equipment for eVTOL powertrain systems and ground testbeds. For RVLT applications,
the requirements are to develop EMI equipment (power amplifiers, isolation transformers, ripple and surge injection
units, etc.) and power equipment (power amplifiers, isolation transformers, fault injection units, dynamic load banks,
and wide bandwidth emulators/power supplies) capable of testing systems/loads with operating voltages of at least
650 Vdc (1 kV preferred), 150 A (300 A preferred), with minimum bandwidths of direct current (DC) to 250 kHz
(although may vary depending on application), and operating up to altitudes of 15,000 ft. The 250 kHz is of interest
for investigation of EMI noise.

Expected TRL or TRL Range at completion of the Project: 4 to 6
Primary Technology Taxonomy:

e Level 1: TX 13 Ground, Test, and Surface Systems
e Level 2: TX 13.2 Test and Qualification

Desired Deliverables of Phase | and Phase I1:

e Hardware
e Analysis

Desired Deliverables Description:

The desired deliverables for Phase | would be, at a minimum, detailed design and analysis of proposed equipment.
An added benefit would be the build of breadboard units to validate the proposed approach.

The desired deliverables for Phase 11 would be prototype hardware validated through test.

State of the Art and Critical Gaps:

Aircraft (VTOL and small conventional takeoff and landing (CTOL)) companies are designing and building aircraft
with electric propulsion systems. The power systems for these vehicles will be high voltage, kKW to MW power
systems. EMI and PQ test equipment for these higher voltage/higher power applications does not exist. With the
advent of electrified aircraft efforts, this type of test equipment will be critical in evaluating safety and system
interaction aspects for the myriad of designs being proposed for the urban air mobility market.
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Relevance / Science Traceability:

This subtopic is relevant to the ARMD RVLT Project under the Advanced Air Vehicle Program. The goal of the
RVLT Project is to develop and validate tools, technologies, and concepts to overcome key barriers for vertical lift
vehicles. The project scope encompasses technologies that address noise, speed, mobility, payload, efficiency,
environment, and safety for both conventional and nonconventional vertical lift configurations. This subtopic
directly aligns with the mission, goals, and scope in addressing the Advanced Air Mobility mission objectives, and
the Directorate Strategic Implementation Plan's Strategic Thrust 4: Safe, Quiet, and Affordable Vertical Lift Air
Vehicles.

References:

1. Silva, C., Johnson, W. R., Solis, E., Patterson, M. D., and Antcliff, K. R., “VTOL Urban Air Mobility
Concept Vehicles for Technology Development,” 2018 Aviation Technology, Integration, and
Operations Conference, American Institute of Aeronautics and Astronautics, 2018. [AIAA 2018-3847]
https://rotorcraft.arc.nasa.gov/Publications/files/vtol-urban-air-2.pdf

2. Johnson, W., Silva, C., and Solis, E., “Concept Vehicles for VTOL Air Taxi Operations,” AHS
Specialists’ Conference on Aeromechanics Design for Transformative Vertical Flight, San Francisco,
CA, 2018. https://ntrs.nasa.gov/api/citations/20180003381/downloads/20180003381.pdf

3. Dever, T., Collazo, X, Hanlon, P.,Hunker, K., Sadey, D., Theman, C., Malone, B., “Impedance
Measurements of Motor Drives and Supply in SPEED Testbed”, AIAA/IEEE Electric Aircraft
Technologies Symposium, 12-16 June 2023.

Microsoft PowerPoint - 2023 EATS SPEED Impedance Measurement v2.pptx (nasa.gov)

4. Hanlon, P., Sadey, D., Theman, C., Hunker, K. Fain, H., Nawash, N., Thomas, G., Nowak, P., Collazo
Fernandez, X., Rupp, T., Malone, B., Valco, M., “NASA Scaled Power Electrified Drivetrain”,
Preparation of Papers for AIAA Journals (nasa.gov)

5. Sadey, D., Hanlon, P., “NASA Advanced Reconfigurable Electrified Aircraft Laboratory (AREAL)”,
AIAA/IEEE Electric Aircraft Technologies Symposium, 12-16 June 2023 Microsoft PowerPoint - AIAA
EATS Presentation 2023 AREAL (nasa.gov)

A1.08: Aeronautics Ground Test and Measurement Technologies: Diagnostic
Systems for High-Speed Flows and Icing (SBIR)

Lead Center: LaRC
Participating Center(s): ARC, GRC

Subtopic Introduction:

NASA's aeroscience ground test facilities include wind tunnels, air-breathing engine test facilities, and simulation
and loads laboratories. They play an integral role in the design, development, evaluation, and analysis of advanced
aerospace technologies and vehicles. These facilities provide critical data and fundamental insight required to
understand complex phenomena and support the advancement of computational tools for modeling and simulation.
The primary objective of the Aeronautics Ground Test and Measurements Technologies subtopic is to develop
innovative tools and technologies that can be applied in NASA’s aeroscience ground test facilities to revolutionize
testing and measurement capabilities and improve utilization and efficiency. Of primary interest are technologies
that can be applied to NASA’s portfolio of large-scale ground test facilities.
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Scope Title: Miniaturized Flow Diagnostics for High-Speed Flows

Scope Description:

Spatially resolved flow-field measurement diagnostics are sought for application in high-speed wind tunnel flows
(transonic, supersonic, and hypersonic), in both combusting and noncombusting flows. Improved measurement
capabilities are needed for velocity, temperature, density, and/or species concentrations in harsh wind-tunnel
environments. Molecular-based diagnostics are appropriate for multiparameter measurement approaches.
Additionally, particle seeded or unseeded flow velocity measurement approaches are also of interest. Measurement
systems should be both reliable and robust and preferably able to be implemented in multiple wind-tunnel facilities
and facility types, including blowdown tunnels, combustion-heated tunnels, shock tubes, shock tunnels, and arc jets.
Linear or planar, spatially resolved measurement approaches are preferred for the particulate-based seeding
approaches. Molecular approaches can be point based; however, linear and/or planar measurement domains are not
discouraged. Ability to measure multiple parameters simultaneously is desirable. The ability to time-resolve
unsteady flow fields so that frequency spectra of the measured phenomena can be obtained is a secondary benefit
but not required.

The highest priority will be given to compact/miniaturized systems that could be installed inside a wind-tunnel test
article and/or systems capable of measuring temperature, water vapor concentrations, and velocity at the nozzle exit
of large hypersonic tunnels, such as the 8-ft High-Temperature Tunnel at NASA Langley Research Center (LaRC).

e For embeddable miniaturized measurement systems, external power, fiber optic, and/or data signal
connections can be used. An estimate of the volumetric requirements of the measurement head should
also be clearly stated, along with optical access requirements. Small planar windows are preferred over
large curved optical access ports, which are ultimately defined by the test application. Measurement
systems should be validated against accepted standards (thermocouples, calibration flames, etc.) to
determine measurement accuracy and precision. Proposals should project anticipated accuracies and
precisions of the proposed measurement system(s) based on prior cited or demonstrated work.

e Measurement diagnostics for the nozzle exit of large hypersonic tunnels will be used to quantify facility
performance and to determine test-article inflow conditions. Such flow fields may contain water
droplets; therefore, any diagnostic proposed for this environment must be insensitive to water droplets.
Measurements of the nozzle-exit flow field are desired at high repetition rates (tens of kilohertz) and
should be able to operate continuously or repeatedly for several minutes' duration to obtain an
appropriate amount of data to improve statistical error and provide detailed information about the time-
varying nature of these flow fields.

Expected TRL or TRL Range at completion of the Project: 4 to 7
Primary Technology Taxonomy:

e Level 1: TX 13 Ground, Test, and Surface Systems
e Level 2: TX 13.5 Surface Systems Technologies

Desired Deliverables of Phase | and Phase I1:

Hardware
Prototype
Research
Analysis
Software
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Desired Deliverables Description:

e Phase I: Research shall include proof of concept of proposed idea. The proposer must provide the design
for the comprehensive system that would be developed in Phase I, including detailed analysis of the
expected performance (consideration for beam steering, spatial resolution, time response, accuracy,
precision, etc.) A benchtop demonstration of the prototype in a company's lab is strongly encouraged.

e Phase Il: Production and delivery of a turnkey system with sufficient documentation for NASA researchers
to install and operate the measurement system in NASA’s facilities. NASA may choose, at its discretion, to
visit the contractor’s site prior to hardware delivery to observe system setup and operation (including
software). Any computer equipment or electronic systems included in the system must comply with the
government’s Section 889 certification requirements.

State of the Art and Critical Gaps:

There are very limited technologies for measuring gas velocity, temperature, and density simultaneously. The
techniques that are available are sensitive to background scattered light and tend to be point based. A planar-based
technique capable of simultaneously and accurately measuring gas velocity and state variables would be a large
advance in the state of the art. Another challenge is employing these optical diagnostic techniques in NASA’s large-
scale wind tunnels, where there may be limited optical access or large distances from a viewing window to the test
article in the tunnel. An alternative approach could be to implement miniaturized point, line, and/or planar
techniques for acquiring near-surface velocity measurements that are small enough to be integrated into the test
model or to be flown onboard aircraft for in-flight measurements. Single optical port access (or maximum of two
optical access ports) for obtaining near-surface (boundary layer) and short-standoff (several feet) measurement
capabilities would both be highly desirable.

There are also very limited technologies for measuring nozzle exit conditions in hypersonic facilities. Some systems
exist, but there have been very limited applications. A technology that can measure nozzle exit conditions could also
be used for engine inlet and outflow conditions. A promising technology was developed to study aircraft engine
outflow plumes using Air Force SBIR project support. This included using an array of laser beams to perform
absorption spectroscopy at the exit of a J-85 jet engine. Temperature and water vapor concentration was measured
over an area of ~1 m x 1 m. A gap in this technology is that the gas velocity, a highly desirable parameter, was not
measured. More consideration would be given to an approach that provides a full reconstruction of the velocity,
temperature, and water content across the entire face of the 8-ft tunnel exit diameter. Another gap that is needed by
the facility managers and customers at some of the larger combustion-heated hypersonic facilities at NASA is the
ability to measure water vapor droplet size and concentration (water droplets are an undesirable consequence of
combustion heating and can affect engine performance). The proposed instrument need not meet all of these
requirements but should show a viable path towards the desired spatially resolved facility characterization detailed
above.

Relevance / Science Traceability:

The target application of this technology is at NASA’s large-scale test facilities: the National Transonic Facility
(NTF) and Transonic Dynamics Tunnel (TDT) at Langley Research Center, the 8x6 Supersonic Wind Tunnel and
the 10x10 Abe Silverstein Supersonic Wind Tunnel at Glenn Research Center, and the Unitary Plan Wind Tunnels
at Ames Research Center. The technology could also be applied to measure in-flow and near-wall conditions in
other types of facilities like shock tubes and shock tunnels as well as conventional aeronautical testing facilities. The
ARMD/AETC-owned 8-ft High Temperature Tunnel at NASA Langley also benefits from this technology,
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particularly if designed to measure nozzle exit conditions. The technology also has other applications, such as to
measure inflow or outflow for engines being tested at NASA Glenn.

References:

1. ARMD Strategic Implementation Plan:
https://www.nasa.gov/wp-content/uploads/2021/04/sip-2023-final-508.pdf

Scope Title: Water Drop Temperature Measurements for Icing Wind Tunnel Facilities

Scope Description:

Current icing wind tunnel facilities have primarily been designed and calibrated for icing envelopes described in
Title 14 CFR Part 25 Appendix C [Ref. 1]. The investigation following the American Eagle Flight 4184 accident
identified that the probable cause of the accident was due to an encounter with icing conditions outside of the
existing Appendix C envelopes. Specifically, it was identified that the drop distribution encountered contained
significant water content in drops with large diameters. Compared with drops in more common icing clouds, these
supercooled large drops (SLD) interact differently with aircraft, causing impingement further aft on the wing than
would be expected with an encounter with the existing Appendix C envelopes. In response, Title 14 CFR Part 25
Appendix O [Ref. 2] was introduced in 2015, which expanded the icing certification requirements that aircraft
manufacturers must consider when designing and certifying future aircraft. These envelopes are (1) freezing drizzle
less than 40 pm mean volumetric diameter (MVD), (2) freezing drizzle greater than 40 pm MVD, (3) freezing rain
less than 40um MVD, and (4) freezing rain greater than 40 pm MVD.

Ground test facilities such as the Icing Research Tunnel (IRT) are looking to expand capabilities to simulate SLD
conditions. One area of concern is centered around the temperature of the larger drops in the test section. Water
drops are typically introduced into the flow via an atomizing spray bar system upstream of both the test section and
convergent nozzle of the wind tunnel. The water is introduced into the flow at above freezing temperatures to
prevent water freezeout in the spray bars. As the drops travel towards the test section, they begin to cool and ideally
are supercooled to the air temperature of the tunnel in the residence time available between the spray bar and the test
section. As the drop size increases, the ratio of surface area to the volume of the drop decreases, resulting in a need
for a larger residence time for the drop to cool to the air temperature. As such, there is uncertainty in whether the
water temperature of the cloud is equal to the air temperature. Additionally, if there is a temperature difference
between the cloud and the air temperature, it is important to know how that difference varies with drop diameter.
Therefore, it is desirable to be able to measure the water temperature as a function of drop diameter. Additionally,
due to limitations in the IRT, it is desirable for a measurement capability to work on deionized water (i.e., no
additives added to the water supply). NASA is seeking a measurement capability for the water temperature of
individual large drops within the cloud of a flowing wind tunnel for test conditions achievable within the IRT.

Expected TRL or TRL Range at completion of the Project: 4 to 6
Primary Technology Taxonomy:

e Level 1: TX 13 Ground, Test, and Surface Systems
o Level 2: TX 13.2 Test and Qualification

Desired Deliverables of Phase | and Phase I1:
e Research

e Prototype
e Hardware
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e Analysis
Desired Deliverables Description:

Desired deliverables for Phase | would be detailed design and analysis of proposed hardware, preliminary concept
demonstration, and a proposed path to system integration into the IRT facility. Demonstration of prototype
capability to measure the temperature of a non-stationary water drop via bench top testing is encouraged.

Desired deliverables for Phase Il would be prototype hardware that has been validated through test and traceable
metrics for hardware calibration and characterization. The prototype system will be configured to operate on/through
the window ports of the IRT facility or inside the IRT test section. Higher weighting will be given to
approaches/systems that are able to measure water temperature of individual large drops, especially larger than 500
um, to assess the potential variation of water temperature with drop diameter. The prototype hardware should be
delivered ready to install and use in the IRT facility with set-up and operational instructions. NASA may choose, at
its discretion, to visit the contractor’s site prior to hardware delivery to observe system setup and operation
(including software). Any computer equipment or electronic systems included in the system must comply with the
government’s Section 889 certification requirements.

State of the Art and Critical Gaps:

The NASA Glenn Icing Research Tunnel [Ref. 3] is a ground test facility for studying ice accretion on aircraft
component surfaces across a range of drop diameters and concentrations. Water drops are introduced into the
refrigerated flow using an array of over 500 spray nozzles. Water drops are cooled to temperatures ranging from 0 to
-35 °C. Some techniques in the literature include using a temperature-sensitive luminescent additive in the water
[Ref. 4], which is undesirable in the IRT due to restrictions on introducing additives into the water supply.
Additionally, light scattering techniques have been used to measure the bulk water temperature of the cloud [Ref. 5],
however, it is unclear if this method can measure the water temperature as a function of drop diameter. The goal of
the proposed work would be to supply a nonintrusive particle drop temperature measurement system that can be
mounted externally or internally in the IRT test section. Depending on the ultimate system design and configuration,
measurement approaches that could ultimately be made into a compact format for use in smaller scale wind tunnel
facilities, such as NASA’s Adaptive Icing Tunnel that has a one foot by one foot test section, would be given more
consideration [Ref. 6].

Relevance / Science Traceability:

NASA’s ARMD has a significant interest in vehicles that are transformative including commercial supersonics,
advanced air mobility, and sustainable aviation. While Title 14 CFR Part 25 Appendix O has an exemption for
vehicles with a maximum take-off weight over 60,000 pounds, it has been noted that novel vehicles may be subject
to a special condition, requiring compliance [Ref. 7]. Additionally, European Union Aviation Safety Agency
(EASA) regulations provide no such exemption for certification in Europe. For the Appendix O regime, the state of
the art of computational simulation tools and ground test facilities is likely not at a sufficient TRL to enable direct
compliance. While flight testing remains a technical option for direct compliance, it may not be a commercially
viable option due to cost. To enable market entry of these transformative vehicles, advancement in the TRL of
ground-based test capabilities is likely required.

References:

1. Title 14 CFR Part 25 Appendix C, Code of Federal Regulations: https://www.ecfr.gov/current/title-
14/chapter-1/subchapter-C/part-25/appendix-Appendix%20C%20t0%20Part%2025
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4. Tanaka, Mio, et al. "Time-resolved temperature distribution of icing process of supercooled water in
microscopic scale." 6th AIAA atmospheric and space environments conference. 201.:
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content/uploads/2020/03/ICLASS2018 No-227-Sawitree-Saengkaew Revised2.pdf

6. NASA Glenn Research Center Adaptive Icing Tunnel (AIT):
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Register: https://www.federalregister.gov/documents/2014/11/04/2014-25789/airplane-and-engine-
certification-requirements-in-supercooled-large-drop-mixed-phase-and-ice-crystal

A1.09: Zero-Emissions Technologies for Aircraft (SBIR)

Related Subtopic Pointers: Z-GO.01
Lead Center: GRC
Participating Center(s): N/A

Subtopic Introduction:

The purpose of this subtopic is to stimulate near-term U.S. entrepreneurship in the zero-emission hybrid electric
aircraft engines for drones and piloted aircraft weighing 1,500 to 5,000 pounds. We seek solutions that use liquid
natural gas, hydrogen, or other atypical aircraft fuels. This subtopic does not seek Jet-A or sustainable aviation fuel
solutions. The technologies proposed should have both a technical and business pathway for introduction into the air
fleet.

Scope Title: Zero-Emission Hybrid Electric Aircraft Engine
Scope Description:

For the purposes of this solicitation, the zero-emission hybrid electric engine shall be defined as an engine that
converts an atypical aviation fuel to a combination of thrust and electrical power. The input boundaries of the system
are the fuel connection and the air inlet. The output boundaries are the electrical connection and the exit port or
nozzle of the engine. The key performance metrics are the total output power (electrical + mechanical), the mass, the
thrust, and the electrical parameters (power and voltage).

The outcome sought at the end of Phase |1 is a lab-tested small prototype zero-emission hybrid electric engine. It
should be supported by a study showing how it can scale to 1,500 to 5,000 pounds for aircraft applications. The
engine should be able to produce both thrust and electric power. The ratio of the two outputs should align with the
intended aircraft application.

Strong proposals will have several characteristics:
e  One or more identified launch customers with letters of commitment.
e  Proposals should support market introduction to the existing large UAV or the emerging electric and
hybrid electric aircraft markets. The topic seeks solutions applicable for UAV aircraft and electric

59



Fiscal Year 2025 SBIR Phase | Solicitation

vertical takeoff and landing (eVTOL) systems in the 1,500- to 5,000-pound size class or larger hybrid
electric aircraft with near-term market entry onramp.

o A clear understanding of relevant Federal Aviation Administration (FAA) and/or military standards for
engines and aviation electrical systems must be demonstrated.

e A focused effort to develop a hybrid turbine with a path to FAA certification date by 2030 or earlier
must be shown. It is understood that this part of the effort would be beyond Phase II.

e The thrust, fuel type, and electrical power and voltage charge should match to the expected launch
customer.

e An operational concept that describes the expected operation of the hybrid turbine and aircraft over a
typical flight mission and that includes the following: expected conditions and modes during the flight
segments, expected modes/conditions during ground operations, expected modes/conditions during
storage and transport.

o  Facilities to support development and testing in Phase | and Phase I1.

Note: This subtopic is for hybrid electric aircraft engines and not aircraft. See Subtopic A1.04 Novel Aircraft
Configurations for electric propulsion for aircraft related proposals.

Expected TRL or TRL Range at completion of the Project: 2 to 4
Primary Technology Taxonomy:

e Level 1: TX 01 Propulsion Systems
o Level 2: TX 01.3 Aero Propulsion

Desired Deliverables of Phase | and Phase I1:

Research
Analysis
Prototype
Hardware
Software

Desired Deliverables Description:

Phase | work should include: (1) details on how the specific technology and configuration of the technology in an
aircraft concept leads to a benefit; (2) the plan to introduce the technology into a near-term market; (3) clear trade
studies and analytical results to justify a Phase Il investment; and (4) if possible, prototype hardware components or
key parts for high-risk areas or areas of performance risk.

Phase Il work should include: (1) final designs and supporting analysis, (2) analysis showing technology benefit to
aircraft energy use or emissions, (3) technology to market plan and/or plan for Phase IIE or Phase Il SBIR support,
(4) hardware demonstrations of technology, (5) written test reports showing performance of hardware, and (6)
comparison of analytical estimated performance and actual measured performance of technology or components.

State of the Art and Critical Gaps:

The current state of the art in aircraft does not have a path to zero emissions. Significant investments are being made
to reach net zero through a combination of sustainable aviation fuels, engine, and airframe technology. This subtopic
is positioned at the step beyond that of true zero emissions, which is well suited for government investments to
incentivize innovation.
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Relevance / Science Traceability:

Projects that could use this technology are Transformational Tools and Technologies (TTT), Advanced Air
Transport Technology (AATT) Project, and Convergent Aeronautics Solutions (CAS). Zero-emissions technology is
an emerging focus of the NASA Aeronautics Research Mission Directorate (ARMD). This topic allows us to engage
small businesses in the activity with a potential path to further funding of ideas developed under this topic through
the ARMD projects mentioned previously.

References:

1. NASA ARMD Strategic Implementation Plan 2023:
https://www.nasa.gov/wp-content/uploads/2021/04/sip-2023-final-508.pdf

2. NASA Aeronautics Research Mission Directorate:
https://www.nasa.gov/aeroresearch

3. NASA Aeronautics Sustainable Aviation:
https://www.nasa.gov/aeroresearch/sustainable-aviation

4. NASA Electrified Aircraft Propulsion:
https://www1.grc.nasa.gov/aeronautics/eap/

5. NASA Aims for Climate-Friendly Aviation:
https://www.nasa.gov/aeronautics/nasa-aims-for-climate-friendly-aviation/

6. Subsonic Single Aft Engine (SUSAN) Aircraft: https://www1.grc.nasa.gov/aeronautics/eap/airplane-
concepts/susan/

7. Subsonic Single Aft Engine (SUSAN) Transport Aircraft Concept and Trade Space Exploration. 2022
AIAA Science and Technology Forum and Exposition: https://arc.aiaa.org/doi/pdf/10.2514/6.2022-2179

Al.11: Health Management and Sensing Technologies for Sustainable
Aviation Vehicles (SBIR)

Lead Center: GRC
Participating Center(s): AFRC, ARC, LaRC

Subtopic Introduction:

NASA is committed to supporting the U.S. climate goal of achieving net-zero greenhouse gas emissions from the
aviation sector by 2050 and is leading federal agencies and industry to accelerate the development of sustainable
aviation technologies. This includes enabling use of sustainable aviation fuels and deploying new vehicle designs
and architectures. Hybrid Electric or All Electric vehicle concepts are in active development as are new Alternative
Fuel/Hydrogen Vehicles. However, these aircraft concepts introduce new hardware systems along with new health
management challenges. For example, fault detection and diagnostics of hybrid electric or all electric propulsion
systems requires an understanding of the operation, performance, degradation, and failure mechanisms of electric
machines, converters (inverters/rectifiers), and power cables along with the operation of these devices in
increasingly complex flight environments. Introduction of new vehicle types and integrated vehicle systems (power,
structure, avionic, and propulsion systems) requires increasingly intelligent vehicle systems with capability to detect,
diagnose, and predict system degradation, faults, and failures in a resilient and trustworthy manner.

Furthermore, these intelligent vehicle systems must be capable of estimating vehicle capabilities as it degrades
especially for new vehicles systems entering the airspace. Monitoring the system health state has an impact on
system operating cost, performance, efficiency, and improved system safety. Predictive maintenance reduces
maintenance cost and vehicle down-time through reduced unnecessary maintenance and improved vehicle
availability and throughput. Development of approaches and techniques for integrating diagnostic, and prognostic
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information into maintenance and fault management strategies for sustainable aviation vehicles (i.e., predictive and
condition-based maintenance). These are critical features that would allow new sustainable aviation vehicles to have
more rapid introduction into the airspace.

This subtopic is not seeking proposals in the following areas:
» Battery health management technologies
» Electrical fault management systems and protective devices (such as circuit breakers).

Scope Title: Health Management and Sensing Technologies for Electric/Hybrid Sustainable
Designs

Scope Description:

This scope seeks health management technologies for electric/hybrid aircraft designs. The technologies should be
able to operate as needed in a high electric noise flight environment and provide actionable information for higher
level diagnostics and prognostics. New electric/hybrid vehicles and their propulsion systems can be more economic,
smarter, and safer by enabling increased health management capabilities. Areas of interest include:

o Health management technologies for the sensing, diagnosis, and prognosis of degradation and faults in
flight quality electrical hardware and systems. The technology could be focused on electrical systems
such as:

o Electric machines (motors/generators) including the health of bearings, lubrication and cooling,
windings, rotor, insulation, etc.

o Converters (inverters/rectifiers) including the health of electronic components, cooling system,
etc.
High voltage wire and cables, including short or open circuits and insulation breakdown.

o Overall power quality including degradation/faults leading to voltage ripple, power instabilities,
etc.

o  Thermal management system health.

e System-level approaches that leverage measurement data collected across sustainable aviation systems
including electromechanically coupled subsystems to infer overall system health. This includes
distributed or coupled architectures comprised of electrical systems, motor driven propulsors, energy
storage devices, gearboxes, mechanical drives, and fuel burning engines.

Expected TRL or TRL Range at completion of the Project: 3to 6
Primary Technology Taxonomy:

e Level 1: TX 10 Autonomous Systems
e Level 2: TX 10.1 Situational and Self Awareness

Desired Deliverables of Phase | and Phase I1:

Prototype
Hardware
Software
Research
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Desired Deliverables Description:

Phase | deliverables should include, but are not limited to:

o Afinal report clearly stating the technology challenge addressed, the state of the technology before the
work was begun, the state of technology after the work was completed, the innovations that were made
during the work period, the remaining barriers in the technology challenge, a plan to overcome the
remaining barriers, and a plan to infuse the technology developments into applications.

e A technology demonstration that clearly shows the benefits of the technology developed.

e A written plan to continue the technology development and/or to infuse the technology. This may be
part of the final report.

e Resulting products can include hardware, software, demonstrations, reports, products, components, and
integrated systems.

Phase Il deliverables should include, but are not limited to:

o A final report clearly stating the technology challenge addressed, the state of the technology before the
work was begun, the state of technology after the work was completed, the innovations that were made
during the work period, and a plan to infuse the technology developments into applications.

e Atechnology demonstration in an appropriate environment which clearly shows the benefits and
viability of the technology developed.

e There should be evidence of efforts taken to infuse the technology into applications or a clear written
plan for near term infusion of the technology. This may be part of the final report.

e Resulting products can include hardware, software, demonstrations, components, and integrated
systems.

State of the Art and Critical Gaps:

The technical need is for system health management in the evolving field of sustainable aviation. For electrified
aircraft propulsion (EAP) and vehicles, many conventional subsystems remain in EAP architectures —e.g., gas

turbines, rotating drives, gearboxes, propellers/fans, etc. but new challenges in sensing, diagnosis, and prognosis
must be addressed:

e Architectures are more coupled and integrated in nature.
e Boundary between propulsion system and vehicle not as clearly defined.
e  Might require means of partitioning the health management problem by subsystem.

e Data compression and feature extraction techniques for high-frequency electrical system measurements
will be necessary.

e Electrical systems may not exhibit graceful degradation / failure making timely diagnostics and
prognostics more challenging.

Technologies that address these gaps enable sustainable aircraft, which in-turn enables new aircraft configurations

and capabilities for the point-to-point on-demand mobility market and a new type of innovation for transport aircraft
to reduce fuel consumption and emissions.

Relevance / Science Traceability:

EAP is an area of particularly strong and growing interest in the Aeronautics Research Mission Directorate
(ARMD). There are emerging-vehicle-level efforts in urban on-demand mobility and an ongoing technology
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development subproject to enable EAP for single-aisle aircraft. Additionally, NASA started the Electrified
Powertrain Flight Demonstration (EPFD) project to enable a megawatt-class aircraft.

Key outcomes NASA intends to achieve in this area are:

Outcome for 2015 to 2025: Markets will begin to open for electrified small aircraft.

Outcome for 2025 to 2035: Certified small-aircraft fleets enabled by EAP will provide new mobility
options. The decade may also see initial application of EAP on large aircraft.

Outcome for >2035: The prevalence of small-aircraft fleets with electrified propulsion will provide
improved economics, performance, safety, and environmental impact, while growth in fleet operations
of large aircraft with cleaner, more efficient alternative propulsion systems will substantially contribute
to carbon reduction.

References:
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D. Simon, “Health Management Considerations for Electrified Aircraft Propulsion Systems”, SAE E32
Aerospace Propulsion Health Management Committee Meeting March 29-31, 2022.
https://ntrs.nasa.gov/api/citations/20220004260/downloads/EAP_HealthMangementConsideration_DSi
mon_v2.pdf

EAP is called out as a key part of Thrust 3 in the ARMD Strategic Implementation Plan:
https://www.nasa.gov/directorates/armd/armd-strategic-implementation-plan/

Overview of NASA's EAP Research for Large Subsonic Aircraft:
https://ntrs.nasa.gov/search.jsp?R=20170006235

NASA X-57 Project:

https://www.nasa.gov/aeroresearch/X-57/technical/index.html

“High Efficiency Megawatt Motor Preliminary Design,” Jansen et al.
https://ntrs.nasa.gov/citations/20190029589

L. Tang, A. Saxena, and K. Younsi, “Prognostics And Health Management For Electrified Aircraft
Propulsion: State Of The Art And Challenges”, Proceedings of ASME Turbo Expo 2024
Turbomachinery Technical Conference and Exposition, June 2024, London, GT2024-122290
https://doi.org/10.1115/GT2024-122290

C. Teubert, A. A. Pohya, and G. Gorospe, “An Analysis of Barriers Preventing the Widespread
Adoption of Predictive and Prescriptive Maintenance in Aviation”, April, 2023, NASA/TM-
20230000841 https://ntrs.nasa.gov/citations/20230000841

Scope Title: Health Management and Sensing Technologies for Sustainable Aviation Fuel

Systems

Scope Description:

This scope seeks health management technologies alternate fuel aircraft and new sustainable aircraft designs. The
technologies should be able to provide actionable information for higher level diagnostics. Alternate fuel vehicles
and their propulsion systems can be more economic, smarter, and safer by enabling increased health management
capabilities. However, changing the fuel, e.g., the adoption of cryogenic hydrogen, can have massive impact on
vehicle operations and health. Areas of interest include:

Health management technologies for the sensing, diagnosis, and prognosis of degradation and faults in
sustainable aviation fuel systems such as hydrogen vehicles that include cryogenic systems. The use of
such fuels introduces their own health management challenges beyond that of conventional fuel systems.
System-level approaches that leverage measurement data collected across sustainable aviation systems
including alternate fuel vehicle subsystem and component information correlating multiple aspects of
overall system health including structural degradation, fuel tank integrity, and fuel safety.
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Expected TRL or TRL Range at completion of the Project: 3 to 6
Primary Technology Taxonomy:

e Level 1: TX 10 Autonomous Systems
e Level 2: TX 10.1 Situational and Self Awareness

Desired Deliverables of Phase | and Phase I1:

Research
Prototype
Hardware
Software

Desired Deliverables Description:

Phase | deliverables should include, but are not limited to:

o A final report clearly stating the technology challenge addressed, the state of the technology before the
work was begun, the state of technology after the work was completed, the innovations that were made
during the work period, the remaining barriers in the technology challenge, a plan to overcome the
remaining barriers, and a plan to infuse the technology developments into applications.

e Atechnology demonstration that clearly shows the benefits of the technology developed.

e A written plan to continue the technology development and/or to infuse the technology. This may be
part of the final report.

e Resulting products can include hardware, software, demonstrations, reports, products, components, and
integrated systems.

Phase Il deliverables should include, but are not limited to:

o A final report clearly stating the technology challenge addressed, the state of the technology before the
work was begun, the state of technology after the work was completed, the innovations that were made
during the work period, and a plan to infuse the technology developments into applications.

e A technology demonstration in an appropriate environment which clearly shows the benefits and
viability of the technology developed.

e There should be evidence of efforts taken to infuse the technology into applications or a clear written
plan for near term infusion of the technology. This may be part of the final report.

e Resulting products can include hardware, software, demonstrations, components, and integrated
systems.

State of the Art and Critical Gaps:

The technical need is for system health management in the evolving field of sustainable aviation. For alternate fuel
vehicles such as those using hydrogen, especially cryogenic hydrogen, safety considerations presently constrain the
acceptable airframe/tank/passenger layout. The is a need for better leak and fire detection methods for hydrogen
applicable wherever hydrogen could accumulate. Further, there is potential for structural degradation of multiple
system components using cryogenic hydrogen: seals, insulation, material embrittlement, and thermal expansion
characteristics. Sensing, diagnosis, and prognosis of faults and degradation of these systems is required.
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Technologies that address these gaps enable sustainable aircraft, which in-turn enables new aircraft configurations
and capabilities for the point-to-point on-demand mobility market and a new type of innovation for transport aircraft
to reduce fuel consumption and emissions.

Relevance / Science Traceability:

Hydrogen powered aircraft are a vital component of European plans for sustainable aviation and are increasingly
being investigated in NASA programs such as Convergent Aeronautics Solutions. NASA has a focus on increasing
the presence of sustainable vehicles in the airspace the coming decades including the introduction of hydrogen
powered systems. There is a driving need to reduce costs, enhance the sustainability of aviation, as well as expand
the production and use of sustainable aviation fuel to meet 100% of U.S. demand by 2050. Sustainable aviation is
also part of the Advancing NASA's Climate Strategy and alternate fuels such as cryogenic hydrogen can be a
component of such a sustainable aviation future, but significant technical challenges remain on a component as well
as system level. The ability to detect, diagnose, and prognose the health state of new forms of alternate fuel vehicles
is a notable aspect of their safe introduction to the market and commercial acceptance.

References:

1. NASA'’s Meeting on Cryogenic Fuel Systems for Aircraft, NASA Glenn Research Center, Sept. 2022.
2. C. Snyder, "NASA Meeting on Cryogenic Fuel Systems for Aircraft, Overview of Previous Workshops
and Studies”, September 2022, https://ntrs.nasa.gov/api/citations/20220014107/downloads/NASA-

CryoFuels Workshops-studies 2022-09 CSnyder_final-STI.pdf

3. NASA Funded Center for High-Efficiency Electrical Technologies for Aircraft (CHEETA),
https://cheeta.illinois.edu/research

4. J. Moder, M. L. Meyer, W. L. Johnson, “NASA Liquid Hydrogen Aircraft Opportunities and
Technologies”, presented at the Cryogenic Engineering Conference and International Cryogenic
Materials Conference, Honolulu, HI, July 2023,
https://ntrs.nasa.gov/api/citations/20230009800/downloads/CEC%20NASA%20aircraft%20overview v
2-c.pdf

5. J. Cavolowsky and I. Jakupca, “NASA Hydrogen and Fuel Cell Perspectives”, 2022 H2-Aero
Symposium & Workshop, March 29, 2022,
https://ntrs.nasa.gov/api/citations/20220005022/downloads/NASA%20Hydrogen%20and%20Fuel%20C
ell%20Perspectives%20-%2020220329.pdf

6. V. Lvovich, D. Perkins, T. Lavelle, P. Hanlon, H. Hasseeb, et.al., "Commercially-viable Hydrogen
Aircraft for Reduction of Greenhouse Emissions”, 26th ISABE Conference, Toulouse, FR, 2024,
https://ntrs.nasa.gov/api/citations/20240008370/downloads/ISABE2024%20September%202024.pdf

7. C. Teubert, A. A. Pohya, and G. Gorospe, “An Analysis of Barriers Preventing the Widespread
Adoption of Predictive and Prescriptive Maintenance in Aviation”, April, 2023, NASA/TM-
20230000841 https://ntrs.nasa.gov/citations/20230000841

Scope Title: Health Management and Sensing Tools for Sustainable Aviation Vehicles
Scope Description:

This scope seeks health management and sensing tools applicable for both electric/hybrid or alternate fuel aircraft
and new sustainable aircraft designs. The technologies should be able to operate as needed in a high electromagnetic
effects flight environment, provide actionable information for higher level diagnostics. New electric/hybrid and
alternate fuel vehicles and their propulsion systems can be more economic, smarter, and safer by enabling increased
health management capabilities. Areas of interest include:
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e Structural sensing, diagnosis, and prognosis for sustainable vehicles whose design may notably differ
compared to conventional vehicle systems requiring new approaches and techniques to identify faults
and degradation. This includes both electric and alternative fuel vehicles.

e Advanced sensing technologies such as embedded additive manufactured sensors into sustainable
vehicle components that offer light weight minimally intrusive sensing solutions.

e  System-level approaches that leverage measurement data collected across sustainable aviation systems.

e The use of data analytics and artificial intelligence to provide a more complete system level view of
sustainable vehicle health.

¢ Health management and intelligent maintenance technologies and approaches for sustainable aviation
vehicles.

Expected TRL or TRL Range at completion of the Project: 3 to 6
Primary Technology Taxonomy:

e Level 1: TX 10 Autonomous Systems
o Level 2: TX 10.1 Situational and Self Awareness

Desired Deliverables of Phase | and Phase I1:

e Research
e  Prototype
e Hardware
e Software

Desired Deliverables Description:

Phase | deliverables should include, but are not limited to:

o A final report clearly stating the technology challenge addressed, the state of the technology before the
work was begun, the state of technology after the work was completed, the innovations that were made
during the work period, the remaining barriers in the technology challenge, a plan to overcome the
remaining barriers, and a plan to infuse the technology developments into applications.

e A technology demonstration that clearly shows the benefits of the technology developed.

e A written plan to continue the technology development and/or to infuse the technology. This may be
part of the final report.

e Resulting products can include hardware, software, demonstrations, reports, products, components, and
integrated systems.

Phase Il deliverables should include, but are not limited to:

o A final report clearly stating the technology challenge addressed, the state of the technology before the
work was begun, the state of technology after the work was completed, the innovations that were made
during the work period, and a plan to infuse the technology developments into applications.

e Atechnology demonstration in an appropriate environment which clearly shows the benefits and
viability of the technology developed.

e There should be evidence of efforts taken to infuse the technology into applications or a clear written
plan for near term infusion of the technology. This may be part of the final report.

e Resulting products can include hardware, software, demonstrations, components, and integrated
systems.
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State of the Art and Critical Gaps:

The technical need is for system health management in the evolving field of sustainable aviation. For electrified
aircraft propulsion (EAP) and vehicles, many conventional subsystems remain in EAP architectures — e.g., gas
turbines, rotating drives, gearboxes, propellers/fans, etc. but new challenges in sensing, diagnosis, and prognosis
must be addressed:

e Architectures are more coupled and integrated in nature

e Boundary between propulsion system and vehicle not as clearly defined

e  Might require means of partitioning the health management problem by subsystem

e Data compression and feature extraction techniques for high-frequency electrical system measurements
will be necessary

o Electrical systems may not exhibit graceful degradation / failure making timely diagnostics and
prognostics more challenging

For alternate fuel vehicles such as those using hydrogen, especially cryogenic hydrogen, safety considerations
presently constrain the acceptable airframe/tank/passenger layout. The is a need for better leak and fire detection
methods for hydrogen applicable wherever hydrogen could accumulate. Further, there is potential for structural
degradation of multiple system components using cryogenic hydrogen: seals, insulation, material embrittlement, and
thermal expansion characteristics. Sensing, diagnosis, and prognosis of faults and degradation of these systems is
required.

Technologies that address these gaps enable sustainable aircraft, which in-turn enables new aircraft configurations
and capabilities for the point-to-point on-demand mobility market and a new type of innovation for transport aircraft
to reduce fuel consumption and emissions.

Relevance / Science Traceability:

EAP is an area of particularly strong and growing interest in the Aeronautics Research Mission Directorate
(ARMD). There are emerging vehicle level efforts in urban on demand mobility and an ongoing technology
development subproject to enable EAP for single-aisle aircraft. Additionally, NASA started the Electrified
Powertrain Flight Demonstration (EPFD) project to enable a megawatt-class aircraft.

Key outcomes NASA intends to achieve in this area are:

e  Outcome for 2015 to 2025: Markets will begin to open for electrified small aircraft.

e Outcome for 2025 to 2035: Certified small-aircraft fleets enabled by EAP will provide new mobility
options. The decade may also see initial application of EAP on large aircraft.

e  Outcome for > 2035: The prevalence of small-aircraft fleets with electrified propulsion will provide
improved economics, performance, safety, and environmental impact, while growth in fleet operations
of large aircraft with cleaner, more efficient alternative propulsion systems will substantially contribute
to carbon reduction.

Hydrogen powered aircraft are a vital component of European plans for sustainable aviation and are increasingly
being investigated in NASA programs such as Convergent Aeronautics Solutions. NASA has a focus on increasing
the presence of sustainable vehicles in the airspace the coming decades including the introduction of hydrogen
powered systems. There is a driving need to reduce costs, enhance the sustainability of aviation, as well as expand
the production and use of sustainable aviation fuel to meet 100% of U.S. demand by 2050. Sustainable aviation is
also part of the Advancing NASA's Climate Strategy and alternate fuels such as cryogenic hydrogen can be a
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component of such a sustainable aviation future, but significant technical challenges remain on a component as well
as system level. The ability to detect, diagnose, and prognose the health state of new forms of alternate fuel vehicles
is a notable aspect of their safe introduction to the market and commercial acceptance.
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A2.01: Flight Test and Measurement Technologies (SBIR)

Related Subtopic Pointers: H9.03, Z-ENABLE.05, T15.04
Lead Center: AFRC
Participating Center(s): ARC, GRC, GSFC, LaRC

Subtopic Introduction:

NASA continues to use flight research as a critical element in the maturation of technology. This includes
developing test techniques that improve the control of in-flight test conditions, expand measurement and analysis
methodologies, and improve test data acquisition and management with sensors and systems that have fast response,
low volume, minimal intrusion, and high accuracy and reliability. By using state-of-the-art flight test techniques
along with novel measurement and data acquisition technologies, NASA and the aerospace industry will be able to
conduct flight research more effectively and meet the challenges presented by NASA’s and industry’s cutting-edge
research and development programs.

Scope Title: Flight Test and Measurement Technologies

Scope Description:

The role of UAV (Uncrewed Aerial Vehicles) in human endeavors is expanding rapidly. Besides imaging, small
UAVs can play a vital role in scientific explorations in challenging environments. Evolving small UAV
architectures to meet NASA needs and unique applications have the potential to spur the domestic small UAV
market to new heights. NASA invites small businesses to provide out-of-the box solutions to further advance the
small UAV platform architecture by incorporating novel solutions in operational elegance, power management, and
effective data processing and dissemination. This solicitation involves small businesses in proposing technological
advancements for small UAV architectures, focusing on reducing size, weight, power consumption, and cost, as well
as improving form, fit, and functionality to aid NASA applications.

NASA's Flight Demonstrations and Capabilities (FDC) Project supports a variety of flight regimes and vehicle
types, ranging from low-speed, subsonic applications and electric propulsion through transonic and high-speed flight
regimes. Therefore, this subtopic covers a wide range of flight conditions and vehicles.

NASA also requires improved measurement and analysis techniques for acquisition of real-time, in-flight data used
to determine aerodynamic, structural, flight control, and propulsion system performance characteristics. These data
will be used to provide information necessary to safely expand the flight and test envelopes of aerospace vehicles
and components. This requirement includes the development of sensors for both in-situ and remote sensing to
enhance the monitoring of test aircraft safety and atmospheric conditions during flight testing.

Flight test and measurement technology proposals may significantly enhance the capabilities of major government
and industry flight test facilities. Proposals may address innovative methods and technologies to reduce costs and
extend the health, maintainability, communication, and test techniques of flight research support facilities to directly
enhance flight test and measurement.

For this year’s solicitation, areas of interest emphasizing flight test and measurement technologies will be focusing
on digital data processing, telemetry, and optical sensing. An extra emphasis is placed on current state-of-the-art in
UAYV technologies to further develop and/or adapt and test new sensor suites for supporting the NASA Aeronautics
Research Mission Directorate (ARMD) mission and beyond. Areas of interest include:
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e Advanced UAV-based navigation in urban and extreme environmental settings, aid in future vertiport
management, assess environmental safety including hazardous weather conditions due to wind, snow,
wildfire.

e Novel sensor architectures with limited range but increased precision or resolution in performance for
UAYV applications involving altimeters, ranging, terrain slope, rock/debris locations, thermal locations,
landing beacon navigation, landers for extreme environments.

e  Development of UAVs with low size, weight, power consumption and cost (SWaP-C), including
autopilot with multiple integrated components.

o High-efficiency digital telemetry techniques and/or systems to enable high data-rate and high-volume
telemetry for flight test, including air-to-air and air-to-ground communications.

o Improved processing technologies that can perform low-latency, near real-time telemetry processing that
can utilize open-source operating system.

¢ Real-time integration of multiple data sources from onboard, off-board, satellite, and ground-based
measurement equipment, including recording of data bus/avionics architectures.

e Test techniques, including optical-based measurement methods that capture data in various spectra, for
conducting quantitative in-flight boundary layer flow visualization, Schlieren photography, near-and far-
field sonic boom determination, and atmospheric modeling, as well as measurements of global surface
pressure/shear and shock wave propagation.

e Improved ruggedized, single-longitudinal mode, wide bandwidth wavelength-sweeping laser system
design for in-situ flight structural health monitoring to be operated in aircraft, specifically for optical
frequency domain reflectometry (OFDR) technology utilized in NASA’s Fiber Optic Sensing System
(FOSS).

The emphasis here is for technology, preferably both flight hardware prototype(s) and software package(s), to be
developed for flight test and flight test facility needs.

The technologies developed for this subtopic directly address the technical challenges in the ARMD Integrated
Aviation Systems Program (IASP) and FDC (Flight Demonstration and Capabilities) projects. The FDC Project
conducts complex flight research demonstrations to support multiple ARMD programs. FDC is seeking to enhance
flight research and test capabilities necessary to address and achieve the ARMD strategic plan. Technologies for this
subtopic could also support Advanced Air Vehicle Program (AAVP) projects, including Commercial Supersonic
Technology (CST), Revolutionary Vertical Lift Technology (RVLT), and the Hypersonics Technology Project
(HTP), as well as the Aerosciences Evaluation and Test Capabilities (AETC) Portfolio Office.

For technologies focused on ground testing or operations, please consider submitting to subtopic A1.08 (Aeronautics
Ground Test and Measurement Technologies), as ground testing technologies will be considered out of scope for the
A2.01 subtopic.

For technologies with space-only applications, please consider submitting to a related subtopic in the Space
Technology Mission Directorate (STMD), as space-only technologies will be considered out of scope for the A2.01
subtopic.

Proposals that focus solely on flight vehicle development rather than focusing on technologies applicable to flight
test and measurement will also be considered out of scope for the A2.01 subtopic.

Expected TRL or TRL Range at completion of the Project: 3to 6
Primary Technology Taxonomy:

e Level 1: TX 08 Sensors and Instruments
e Level 2: TX 08.1 Remote Sensing Instruments/Sensors
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Desired Deliverables of Phase | and Phase I1:

Research
Analysis
Prototype
Hardware
Software

Desired Deliverables Description:

For a Phase | effort, the small business is expected to generate a mid-term report showing progress of the work. A
summary report is expected at the end of Phase | that describes the research effort's successes, failures, and the
proposed path ahead.

For a Phase Il effort, the small business should show a maturation of the technology that allows for the presentation
of a thorough demonstration. Most ideally, the small business would deliver a prototype that includes beta-style or
better hardware and/or software that is suitable to work in ground testing and can be proven, via relevant
environment testing, to work in a flight environment. This relevant environment testing would satisfy NASA’s
technical readiness level (TRL) expectations at the end of Phase I1.

State of the Art and Critical Gaps:

Current atmospheric flight systems cover a large range of uses, from point-to-point drones to high-performance
small aircraft to large transports, to general aviation. In all areas, advancements can be possible if insights can be
gained, studied, and used to create new technologies. New insights will require an evolution of current testing and
measurement techniques as well as novel forms and implementations.

Known gaps include advanced telemetry techniques; intelligent internal state monitoring for air and space vehicles;
techniques for studying sonic booms, including novel photography techniques; advanced techniques for capturing all
dimensions of system operation and vehicle health (spatial/spectral/temporal); and extreme environment, high-
speed, large-area distributive sensing techniques. Along with these comes the need for secure telemetry of data to
ensure informed operation of the flight system.

For low-SWaP-C UAYV development, current state of the art can be developing communication payload equipment
for high altitude endurance aircraft that support high bandwidth direct-to-device communication (5G) for disaster
response, as well as sensor suites for integrated sensors that provide airborne position, navigation, and timing
solutions to increase precision and accuracy of aircraft location for a GPS-denied geographic region.

For single longitudinal mode continuously tunable laser systems, current state of the art can either utilize an external
cavity setup that involves a mechanically swept-tuned laser that is susceptible to vibration, or an electronically
tunable laser that will mode-hop at low bandwidth range (for a couple of nanometers of tuning range). A desirable
laser is an electrically tuned laser that can sustain 10 nanometers of tuning range while maintaining single mode
throughout the sweeping range.

Relevance / Science Traceability:

The technologies developed for this subtopic directly address the technical and capability challenges in ARMD's
FDC Project. FDC conducts complex flight research demonstrations to support various ARMD programs. FDC is
seeking to enhance flight research and test capabilities necessary to address and achieve ARMD’s strategic plan.
Also, the technologies could support the IASP and Electrified Powertrain Flight Demonstration (EPFD) projects, as
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well as the CST and RVLT projects, as well as the AETC Portfolio Office. Potential hardware from this solicitation
will provide improved measurement capabilities that can be implemented in flight experiments.

References:

1. NASA Advanced Air Mobility missions:
https://www.nasa.gov/centers-and-facilities/armstrong/building-the-infrastructure-for-advanced-air-
mobility/

2. NASA Advanced Capabilities for Emergency Response Operations (ACERO):
https://www.nasa.gov/centers-and-facilities/ames/acero-and-wildland-fires/

3. NASA’s Quesst mission to reduce the loudness of a sonic boom and gather data on human responses to
supersonic flight overhead:
https://www.nasa.gov/X59

4. NASA Armstrong Fact Sheet: Fiber Optic Sensing System:
https://www.nasa.gov/centers/armstrong/news/FactSheets/FS-110-AFRC.html

5. Schlieren Images Reveal Supersonic Shock Waves:
https://www.nasa.gov/centers/armstrong/features/supersonic-shockwave-interaction.html

6. NASA’s Commercial Supersonic Technology (CST) Project:
https://www.nasa.gov/aeroresearch/programs/aavp/cst

7. NASA’s Revolutionary Vertical Lift Technology (RVLT) Project:
https://www.nasa.gov/aeroresearch/programs/aavp/rvlit

8. NASA’s Aerosciences Evaluation and Test Capabilities (AETC) Portfolio Office:
https://www.nasa.gov/aetc

Scope Title: Small UAV Compatible Sensor Development and Payload Integration for
Aeronautics Applications

Scope Description:

This scope seeks proposals that leverage the current state-of-the-art in UAV technologies to further develop and/or
adapt and test new sensor suites and associated interface architectures that will lead to the emergence of advanced
data gathering sensor platforms for supporting NASA ARMD missions and beyond. Proposals should clearly
describe how the development of its technologies and products will benefit domestic UAV market for public as well
private enterprises and serve the national security and community needs. Of specific interest are proposals that plan
to develop valuable terrestrial applications which could lead to the establishment of commercial markets and provide
a path for future NASA missions. The range of topics of interest are as follows. Proposals that advance UAV based
navigation in urban and extreme environmental settings, aid in future vertiport management, assess environmental
safety including hazardous weather conditions due to wind, snow, wildfire etc., support weather tolerant operations
and provide tools for sense and avoid operations. Also sought are proposals that demonstrate novel sensor
architectures with limited range but increased precision or resolution in performance for applications involving
altimeters, ranging, terrain slope, rock/debris locations, thermal locations, landing beacon navigation, landers for
extreme environments.

The UAV can be the sensor platform, serving as the landing vehicle simulator or terrain following vehicle or can
carry and release at altitude a landing vehicle which then flies a landing sequence. The proposals can demonstrate
sensors and algorithms for terrain relative guidance with extended applications in lunar and planetary surfaces.
Sensors of interest include obstruction (i.e., mountains, hills, walls, inclines) ranging, precise altitude (within 0.5 m)
without GPS, terrain slope (positive or negative). Also, the proposals could promote the next generation of
instrument systems and avionics tools to support high priority applications such as navigation through indoor
surveillance, search and rescue, disaster zones etc. Technologies incorporating instrument suites such as visual
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inertial odometry (VI10) for navigation through dynamic GPS to complex GPS denied environments are encouraged.
Tools enabling advanced capabilities for emergency response operations such as airspace management are desired
with the goal of resolving conflicts through situational awareness-based communication and information sharing
schemes. Also, UAV platform infrastructure that incorporates commercial visible and infrared multispectral stereo
imaging for monitoring airborne hazards will enable reconstructing 3D distribution of plumes associated with
wildfire, volcanic eruptions, and various other disaster environments to support efficient and expedited decision-
making processes. Airborne position, navigation, and timing solutions to increase the precision, reliability, and
accuracy of localization for a GPS-denied geographic region to support disaster response operations are desired.
Onboard software subsystems for inflight detection and characterization of signatures of interest, relaying data to
investigators, and ability for re-targeting of operations are highly encouraged. Also of interest are proposals that will
collect and disseminate data and images from forward disaster zones using novel RF techniques for real time
visualization and evaluation and assist in effective logistics management. Solutions must have well-defined and
transparent data-processing algorithms and workflows and should provide data products that conforms to
international data and metadata standards and formats to enable them to plug-and-play with various system
configurations.

Finally, development of UAVs with low size, less weight, low power consumption and cost (SWAP-C) including
concepts utilizing autopilot with multiple integrated components are highly encouraged. Examples include low-
SWaP-C communication payload equipment for high altitude longer endurance aircraft (e.g., high-altitude pseudo-
satellite/HAPS) that supports high bandwidth direct-to-device communication (e.g., 5G/6G) to establish
communication networks in non-connected environments for disaster response (e.g., wildland fire) and the need for
improved detect and avoid systems. Addressing challenges regarding low SWAP-C computing to process
imagery/video/radar/lidar for GN&C inputs to ensure high-quality, low latency products is highly encouraged.

Expected TRL or TRL Range at completion of the Project: 2 to 4
Primary Technology Taxonomy:

e Level 1: TX 08 Sensors and Instruments
e Level 2: TX 08.1 Remote Sensing Instruments/Sensors

Desired Deliverables of Phase | and Phase I1:

Research
Analysis
Prototype
Hardware
Software

Desired Deliverables Description:

The Phase 1 will result in an architecture design and CONOPS describing UAV compatible sensor module and
integrated operational interfaces for data collection and dissemination suitable for fieldable prototype
implementation in the Phase 2 effort and beyond. The technology business case and perceived market impact is also
required. Desired deliverables at the end of Phase Il are a final report discussing design details, concept of
operations, integration and test results of prototype unit integrated on a suitable UAV platform and updated
commercialization plan.

State of the Art and Critical Gaps:
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The United States is steadily losing the small UAV market to foreign competition regarding sensing, imaging and
surveillance applications. The proposed SBIR opportunity is intended for recapturing the UAV related market by
developing advanced and versatile UAV platform sensor infrastructure and interface technologies through
stimulating innovation in transformation, adaptability, ruggedization, safety, accessibility, and cost advantages. The
overall goal of this subtopic is to advance strategic vison and research objectives of NASA's ARMD missions and
beyond.

Relevance / Science Traceability:

The proposed project aligns with AAM, UAM, SWS, ACERO, CAS and various other ARMD project goals for
building suitable low SWAP-C UAV infrastructures as well as advancing ARMD mission goals for disaster
management and response framework including events such as wildfires, hurricanes. tornadoes, and volcanic
eruptions.

NASA's AAM mission goal: "NASA’s vision for Advanced Air Mobility (AAM) Mission is to help emerging
aviation markets to safely develop an air transportation system that moves people and cargo between places
previously not served or underserved by aviation — local, regional, intraregional, urban — using revolutionary new
aircraft that are only just now becoming possible. AAM includes NASA’s work on Urban Air Mobility and will
provide substantial benefit to U.S. industry and the public.

NASA's UAM (Urban Air Mobility) vision: ""NASA is leading the nation to quickly open a new era in air travel
called Urban Air Mobility, or UAM. Our vision of UAM is that of a safe and efficient air transportation system
where everything from small package delivery drones to passenger-carrying air taxis is operating above populated
areas".

NASA ACERO Vision: "ACERO is collaborating with other government agencies, the science community, and
commercial industries to develop a concept of operations for the future of wildland fire management". "ACERO
builds on previous NASA Aeronautics research including Scalable Traffic Management for Emergency Response
Operations project and the Unmanned Aircraft System Traffic Management project."

NASA System-Wide Safety (SWS): "SWS has two primary goals:
e Explore, discover, and understand how safety could be affected by the growing complexity of advanced
aviation systems.
e Develop and demonstrate the research tools, innovative technologies and operational methods that will
proactively mitigate potential risks to maintain the aviation industry’s unparalleled safety record.

References:
1. https://www.nasa.gov/aam
2. Building the Infrastructure for Advanced Air Mobility | NASA
3. Capabilities and Facilities | NASA
4. Bander Alzahrani, et. al., “UAV assistance paradigm: State-0f-the-art in applications and challenges,”

Journal of Network and Computer Applications, Vol. 166, 15 September 2020.
Advanced Capabilities for Emergency Response Operations | NASA
Airspace Operations and Safety Program | NASA

o

o

A2.02: Enabling Aircraft Autonomy (SBIR)
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Related Subtopic Pointers: A3.02, T15.04
Lead Center: AFRC
Participating Center(s): ARC, GRC, LaRC

Subtopic Introduction:

The increased use of automation on aircraft offers significant advantages over traditional manned aircraft for
applications that are dangerous to humans, long in duration, and/or require a fast response and high degree of
precision. Some examples include remote sensing, wildfire and disaster response, delivery of goods, industrial
inspection, and agricultural support. Advanced autonomous functions in aircraft can enable greater capabilities and
promise greater economic and operational advantages. Some of these advantages include a higher degree of
resilience to off-nominal conditions, the ability to adapt to dynamic situations, and less reliance on humans during
operations.

There are many barriers that are restricting greater use and application of autonomy in air vehicles. These barriers
include, but are not limited to, the lack of methods, architectures, and tools that enable:

Cognition and multi-objective decision-making.

Cost-effective, resilient, and self-organizing communications.
Prognostics, survivability, and fault tolerance.

Verification and validation technology and certification approaches.

Other barriers affect the ability to rapidly research, test and iterate on the autonomy tools that would address the
above. These barriers range from hardware barriers such as the need for NDAA (National Defense Authorization
Act) compliant computers to software barriers such as the need for flight control architectures that can adapt to
multiple aircraft configurations.

NASA and the aviation industry are involved in research that would greatly benefit from breakthroughs in
autonomous capabilities that could eventually enable the Advanced Air Mobility (AAM) Mission. Consider these
three examples:

1. Remote missions utilizing one or more unmanned aircraft systems (UAS) have a need for autonomous
planning algorithms that can coordinate and execute a mission with minimal human oversight.

2. Efforts to enable AAM and to integrate UAS into the National Airspace System (NAS) have a need for
detect-and-avoid algorithms, sensor fusion techniques, robust trajectory planners, and contingency
management systems.

3. Autonomous contingency management systems have a need for fault detection, diagnostics, and
prognostics capabilities.

This subtopic is intended to address these needs with innovative and high-risk research, enabling greater use of
autonomy in NASA research, civil aviation, and ultimately the emerging AAM market.

The scopes in this subtopic will target applications of autonomy in air vehicles that will address one or more of the
barriers described above.

Scope Title: Autonomy for Rapid Research
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Scope Description:

NASA's Convergent Aeronautics Solutions (CAS) Streamlined Workflow for Innovative Flight Test (SWIFT)
project is looking for autonomy technologies to aid in its research goals. SWIFT aims to develop a modular and
scalable flight research architecture and views autonomy as an important part of this effort. The technologies
developed for this scope would help facilitate autonomy research for NASA's Aeronautics Research Mission
Directorate (ARMD).

The following technologies are of interest to the CAS SWIFT project. Any submission to this scope must address
one of these areas.
e Machine Learning (ML) based approaches for flight controls

e NDAA (National Defense Authorization Act) compliant flight computers configurable for various
autonomy algorithms and technologies.

SWIFT is looking for tools that would aid in the rapid design and testing of flight platforms with varying levels of
autonomy. An ML based approach would be valuable in attaining this goal. These ML approaches should be able to
provide stable control laws for various aircraft configurations without making changes to the overall control
architecture. For example, a small UAS could be reconfigured with different pods and stores. An ML based flight
controller would be able to tune gains inflight to ensure stable flight. Other use cases for ML that would aid
aerospace autonomy systems are also of interest. These include machine learning-based prognostics or computer
vision systems that could be used in a variety of autonomy-enabled aircraft.

SWIFT is also looking for NDAA compliant flight computers that can be used as research flight computers. These
computers should be able to work with current workflows, such as being able to run Simulink auto-code. The desire
is for an NDAA compliant flight computer that can be interfaced with the main flight computer, and also any
additional research hardware or software. Specifically, SWIFT is looking for NDAA compliant computers that can
handle cutting edge technology, such as computer vision and neural networks, that require hardware acceleration
like Field Programmable Gate Arrays (FPGAS). For example, the flight computer could contain a FPGA that can be
used to offload computationally intensive tasks such as machine learning or be reconfigured to use with a computer
vision system.

Delivery of prototypes is expected by the end of Phase 1. Prototype deliverables such as toolboxes, integrated
hardware prototypes, training databases, or development/testing environments would allow for better possible
infusion of the proposed technology into current and future NASA programs and projects.

It is important to note that any proposals for UAS aircraft development will not be considered.

Expected TRL or TRL Range at completion of the Project: 3to 6
Primary Technology Taxonomy:

e Level 1: TX 10 Autonomous Systems
e Level 2: TX 10.X Other Autonomous Systems

Desired Deliverables of Phase | and Phase I1:

Research
Analysis
Prototype
Hardware
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e Software
Desired Deliverables Description:

Phase | deliverables should include, but are not limited to:

* A written plan to continue the technology development and/or to infuse the technology (i.e., sensors and
algorithms). This may be included in the final report.

* A final report clearly stating the technology challenge addressed, the state of the technology before the work was
begun, the state of technology after the work was completed, the innovations that were made during the work period,
the remaining barriers in the technology challenge, and a plan to overcome the remaining barriers.

* A technology demonstration in a simulation environment that clearly shows the benefits of the technology
developed.

Phase Il deliverables should include, but are not limited to:

* A usable/workable prototype of the technology (or software program), such as toolboxes, integrated hardware
prototypes, training databases, or development/testing environments.

* A technology demonstration in a relevant flight environment that clearly shows the benefits of the technology
developed.

* A final report clearly stating the technology challenge addressed, the state of the technology before the work was
begun, the state of technology after the work was completed, the innovations that were made during the work period,
the remaining barriers in the technology challenge, and a plan to overcome the remaining barriers.

* There should be evidence of infusing the technology or a clear written plan for near-term infusion of the
technology. This may be part of the final report.

State of the Art and Critical Gaps:

Relevant to this subtopic and scope, there are current technology gaps in the tools needed for rapid research and
development of autonomous systems. The scope addresses the need for adaptable flight controls that would allow
new configurations of flight platforms to get to flight and the need for NDAA research flight computers that are
modular and can be configured for various configurations of autonomous systems.

Relevance / Science Traceability:

This subtopic is particularly relevant to the NASA Aeronautics Research Mission Directorate (ARMD) Strategic
Thrust 6 (Assured Autonomy for Aviation Transformation)

e Transformative Aeronautics Concepts Program (TACP):
https://www.nasa.gov/aeroresearch/programs/tacp

e Airspace Operations and Safety Program (AOSP): https://www.nasa.gov/aeroresearch/programs/aosp

o Integrated Aviation Systems Program (1ASP): https://www.nasa.gov/aeroresearch/programs/iasp

References:
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1. Convergent Aeronautics Solutions Project
https://www.nasa.gov/directorates/armd/tacp/cas/

2. Strategic Implementation Plan for NASA’s ARMD: https://www.nasa.gov/directorates/armd/armd-
strategic-implementation-plan/

3. Autonomous Systems: NASA Capability Overview (2018 presentation by Terry Fong, Senior Scientist):
https://www.nasa.gov/sites/default/files/atoms/files/nac_tie aug2018 tfong tagged.pdf

4. UAS Integration in the NAS Project (concluded Sept 2020):
https://www.nasa.gov/directorates/armd/past-armd-projects/uas-in-the-
nas/#:~:text=The%20Unmanned%20Aircraft%20Systems%20(UAS., tests%20in%20a%20relevant%20e
nvironment.

5. NASA Explores “Smart” Data for Autonomous World: https://www.nasa.gov/aeroresearch/nasa-
explores-smart-data-for-autonomous-world

6. Autonomous Systems Research at NASA’s Armstrong Flight Research Center:
https://www.nasa.gov/feature/autonomous-systems

A2.04: Aviation Cybersecurity (SBIR)

Lead Center: GRC
Participating Center(s): AFRC, ARC, LaRC

Subtopic Introduction:

The Federal Aviation Administration (FAA) has determined that its airworthiness regulations are inadequate and
inappropriate to address the cybersecurity vulnerabilities caused by increased equipment, systems, and network
information interconnectivity.

Airplane equipment, systems, and their networks are at risk and require information security protection. Considered
separately and in relation to one another, these varied systems must be protected from intentional unauthorized
electronic interactions that may result in adverse effects on the safety of the airplane and the airspace. FAA expects
mitigation would occur through applicant’s installation of single or multilayered protection mechanisms or process
controls to maintain and ensure functional integrity. The FAA has proposed Advisory Circular (AC) 20-XXX,
“Aircraft Systems Information Security/Protection (ASISP).” This AC would provide guidance on acceptable
means, but not the only means, of assuring compliance to airworthiness regulations.

The focus of this subtopic is on onboard-multicast-network systems monitoring, in-time anomaly detection, local
reporting of real-time operations, remote reporting to operations centers, and quick response mitigation to protect
fleet safety. New flight systems are increasingly incorporating more commercial standards, such as ethernet style
systems, wireless LANs, ARINC629, ARINC664, CANbus, internet protocols, etc. Aircraft, drones, and advanced
air mobility vehicles will essentially become onboard data processing systems directly connected to the world.

Modern flight systems are difficult to monitor due to their complexity, multiple vendors, and intricate architectures.
However, this challenge is disappearing with the use of high-performance computing power and standardized
protocols. The retrofitting of current systems is complicated and impractical. As a result, unprotected network
busses and Operational Technology (OT) systems will continue. New technologies are needed for run time
assurance, attestation of software loads, and detection of cybersecurity attacks and unintended performance changes
within a system. New technologies are also needed for in-time reporting and secure logging of events to an
operations center for near real-time analysis.

Scope Title: On-Board-Multicast-Network Systems Monitoring and Anomaly Detection
with Reporting
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Scope Description:

This scope seeks technologies for on-board-multicast-network systems monitoring and anomaly detection, with
reporting locally to support real-time operations and remotely to operations centers for fleet protection and
prediction. Examples of systems monitored include: ethernet style systems, wireless LANs, ARINC629, ARINC
664, CANbus, and Internet Protocols. Aircraft have become increasingly like on board data systems and need to be
protected as such. Desired solutions include:

e Technologies for monitoring, in-time detecting, and in-time reporting cybersecurity safety risks for
assessment, via a formal reporting system, to an in-time cybersecurity vulnerability mitigation system.

e Aircraft Systems Information Security/Protection (ASISP) to detect and identify anomalies, safety risk
precursors, and safety margins.

¢ In-time reporting to a centralized formal cybersecurity system for immediate remediation to restore
sufficient network or application services to support mission essential functions.

Expected TRL or TRL Range at completion of the Project: 4 to 5
Primary Technology Taxonomy:

o Level 1: TX 10 Autonomous Systems
e Level 2: TX 10.4 Engineering and Integrity

Desired Deliverables of Phase | and Phase I1:
e  Prototype
e  Software
e Hardware

Desired Deliverables Description:

A system that can detect cyber events and provide information to the safety and security infrastructure is desired.

Phase I: An architecture, prototype passive detection system that includes logging and draft cybersecurity messaging
for reporting.

Phase I1: Refined prototype passive detection system that includes logging, validation of performance, and refined
formal short message format for standardization.

State of the Art and Critical Gaps:

Current work focuses on monitoring serial data busses and data bus traffic anomalies. Current approaches are
reactive, and inadequate to protect the more connected systems of the future, thus impacting the potential safety of
these operations. It is necessary to apply the resources and capabilities of the Operational Technology (OT) and
Information Technology (IT) world to secure new flight systems. To ensure future aviation systems are safe from
cybersecurity attacks, anomalies must be detected and mitigated in near real time. This will allow insight for
operators to view attacks as they work through systems and provide the ability to interrupt and mitigate attacks.

Relevance / Science Traceability:
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To support ARMD’s In-Time System-Wide Safety Assurance (ISSA) strategic thrust, monitoring and prediction
systems can operate at different levels—individually, in combination, or system wide—and any of these
configurations may perform one or more of these functions:

Monitor: detect anomalies or deviations from normal operations.

Localize: validate software and determine attack target.

Predict: provide analysis to forecast the probability of events.

Report: onboard and off board, and logging.

Correct: where possible, mitigate incidents without loss of operational capabilities, and prioritize
corrective actions for onboard operators/systems.

Given the developing Advanced Air Mobility (AAM) and traditional aviation systems, a number of possible
analytical approaches may be possible, either individually or in combinations. These include:

o Digital Twin: analytical combinations on board and off board models digitally signed.

e Attestation: provable by observation methodologies.

e  Traffic monitoring: monitoring of aviation bus data, network data or other data flows.

e Multidisciplinary design analysis optimization.

o Artificial Intelligence and Machine Learning: adapting defenses as engagement changes and reporting to
fleet management.

References:

1. Equipment, Systems, and Network Information Security Protection, Federal Register, August 21, 2024.
https://public-inspection.federalregister.qov/2024-17916.pdf

Aviation Cyber Security: https://www.iata.org/en/programs/security/cyber-security/

Aviation Cybersecurity: https://www.icao.int/aviationcybersecurity/Pages/default.aspx

Cybersecurity Overview: https://www.easa.europa.eu/en/domains/cyber-security/overview

An Autonomous Intrusion Detection System for Ethernet-Based Avionics Communication Bus.
Proceedings of the 7™ International Conference on Engineering and Emerging Technologies (ICEET),
October 2021. https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=9659587

Scope Title: Methods to Monitor-Assess-Mitigate Cybersecurity Vulnerabilities in Near
Real Time

akrwn

Scope Description:

In alignment with ARMD’s Strategic Thrust 5, In-Time System-Wide Safety Assurance (ISSA), the Airspace
Operations and Safety Program's (AOSP) System Wide Safety (SWS) Project is developing an In-Time Aviation
Safety Management System (IASMS), a scalable and distributed system approach to address aviation safety needs.
IASMS services, functions, and capabilities (SFCs) are structured to monitor-assess-mitigate operational safety
risks. SFCs are envisioned to include increasingly automated and autonomous functionality to adapt and scale to the
increasing complexity of aviation operations, necessitating new approaches to assure autonomous functionality. Due
to the digital transformation of the airspace system and nature of the IASMS, an area of high interest is developing
methods for monitoring, detecting, assessing, and mitigating cybersecurity vulnerabilities and attacks in near real
time. Innovative approaches and methods are sought that monitor-assess-mitigate cybersecurity vulnerabilities in
near real time. Proposals that lack a technology/function that can be integrated into the concept of IASMS will be
rejected.
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Proposals are sought for technologies that can be integrated into IASMS to effectively monitor, detect, assess, and
mitigate potential cybersecurity or cyber-physical attacks that could adversely affect the performance of aviation
operational systems:

1. Cost-effective cybersecurity safety-data-messaging architecture, data exchange methodology, and data
collection mechanisms for aviation.
2. Simulation capabilities to mitigate fleet-wide cyber-attacks, investigate cybersecurity safety risks to the
aviation system, and recommend cybersecurity safety margins and airspace attacks.
Expected TRL or TRL Range at completion of the Project: 2 to 4
Primary Technology Taxonomy:

e Level 1: TX 16 Air Traffic Management and Range Tracking Systems
o Level 2: TX 16.1 Safe All Vehicle Access

Desired Deliverables of Phase | and Phase I1:

e Analysis
e  Prototype
e  Software

Desired Deliverables Description:

Desired deliverables include cybersecurity vulnerability detection technologies that can advance the goals of safe air
transportation operations and be incorporated into existing and future NASA concepts. In particular, new
technologies are sought that address AOSP SWS project efforts to develop an IASMS.

o Desired deliverables for Phase | include multiple concepts/approaches, tradeoffs analyses, and proof-of-
concept demonstrations.

o Desired deliverables for Phase 11 include functional prototypes, integration of prototypes into existing
and future NASA concepts, and demonstration of prototypes in a realistic environment.

Capabilities include:

o  Cost-effective cybersecurity safety-data-messaging architecture, data exchange methodology, and data
collection mechanisms for aviation.

e Simulation capabilities to mitigate fleet-wide cyber-attacks; investigate cybersecurity safety risks to the
aviation system; and recommend cybersecurity safety margins and airspace attacks.

State of the Art and Critical Gaps:

The NAS is critical infrastructure, with billions of dollars of commerce, national defense, and emergency response
operations daily. The Cybersecurity and Infrastructure Security Agency (CISA) and Community Emergency
Response Team (CERT) perform functions for the internet. The FAA, the Aviation Cyber Initiative, airlines, and
others are starting to coordinate cybersecurity for aviation; however, none are focused on creating a comprehensive
cybersecurity response system for the NAS. With no coordinated or dedicated reporting system, the NAS must
detect, report and repair cyber events.
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Relevance / Science Traceability:

Aviation safety: As the NAS becomes more complex with newer and more connected systems, in-time safety
management needs tools and capabilities to protect against intentional acts that are being delivered to the NAS by a
computer.

References:

1. Equipment, Systems, and Network Information Security Protection:
https://public-inspection.federalregister.qov/2024-17916.pdf

Aviation Cybersecurity: https://www.iata.org/en/programs/security/cyber-security/

Aviation Cybersecurity: https://www.icao.int/aviationcybersecurity/Pages/default.aspx
Cybersecurity Overview: https://www.easa.europa.eu/en/domains/cyber-security/overview

An Autonomous Intrusion Detection System for Ethernet-Based Avionics Communication Bus:
https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=9659587

A3.02: Advanced Air Traffic Management for Nontraditional Airspace Missions (SBIR)

akrwn

Related Subtopic Pointers: A2.02, A3.05
Lead Center: ARC
Participating Center(s): LaRC

Subtopic Introduction:

NASA's ARMD has made significant contributions to enable widespread use of small, unmanned aircraft systems
(SUAS) by developing air traffic management capabilities for low-altitude unmanned vehicle operations, referred to
as "UAS Traffic Management" (UTM). This work is being adapted to safely and efficiently integrate larger
Advanced Air Mobility (AAM) vehicles and operations with existing operations and mission types. NASA is
exploring airspace operations that will support "nontraditional™ aviation missions, specifically (1) AAM applications
for commerce and mobility and (2) wildfire response applications for public safety and environmental stewardship.
NASA’s research to enable such missions to be safely and fully integrated into the airspace leverages capabilities of
a service-based architecture inspired by that developed for UTM. This has led to new procedures, equipage,
operating requirements, and policy recommendations to enable widespread, harmonized, and equitable execution of
diverse missions. These missions range from urban air taxi to local cargo delivery and public-good missions, such as
emergency response operations. Innovation is needed to spur the development of effective new air traffic
management concepts, tools, and technologies that will support the advent and scalability of AAM and wildfire
response operations. Although NASA also sponsors research pertaining to traditional, longer-haul air transportation
missions involving the movement of people and goods over hundreds or thousands of miles, the current subtopic's
application to nontraditional airspace missions is highly relevant to NASA's aeronautics research mission, its
nontraditional stakeholders (e.g., third-party service suppliers, public safety and government entities, nontraditional
operators, etc.) and the public at large.

Scope Title: Nontraditional Aviation Operations for Advanced Air Mobility (AAM)
Scope Description:

This scope is focused on AAM airspace operations only and is not accepting proposals specific to other
nontraditional aviation missions. In addition, proposals that focus only on cyber-resiliency solutions without
proposing specific AAM services will be rejected.

This subtopic seeks proposals with application to AAM including:
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e  Service-based architecture designs that enable greater scalability of AAM operations.

e Tools and methods to bridge the gap between current-day operations and future AAM operations by
facilitating teaming and collaboration between human operators and the autonomous agents/technologies
needed for AAM operations to scale (i.e., human-autonomy teaming). Objectives include:

o Improve the effectiveness or efficiency with which human operators work with increasingly
autonomous airspace systems.

o Leverage the benefits of human operator expertise and participation in the airspace system.

o Address challenges associated with integrating new technologies in the airspace environment
that involve human participation/decision making.

e Dynamic route planning that considers changing environmental conditions, vehicle performance and
endurance, and airspace congestion and traffic avoidance.

¢ Dynamic scheduling for on-demand access to constrained resources and interaction between vehicles
with starkly different performance and control characteristics.

e Integration of emergent AAM operations with legacy operations in low-altitude airspace and around
major airports.

e  Operational concepts for fleet and network management, market need, and growth potential for future
operations, and airspace integration.

o Identification of potential certification approaches for new vehicle operations (such as electric vertical
takeoff and landing).

Future service-based architectures also require resiliency to cyberattacks to ensure safe and robust operations that
maintain expected levels of safety and security. Therefore, proposals should incorporate cyber-resiliency methods,
tools, or capabilities, or address cyber-resiliency as part of the proposed effort. However, proposals focused
exclusively on cybersecurity will be rejected.

Expected TRL or TRL Range at completion of the Project: 1to 4
Primary Technology Taxonomy:

e Level 1: TX 16 Air Traffic Management and Range Tracking Systems
o Level 2: TX 16.3 Traffic Management Concepts

Desired Deliverables of Phase | and Phase I1:

Research
Analysis
Prototype
Software

Desired Deliverables Description:

NASA’s intent is to select proposals that have the potential to move a critical technology or concept beyond Phase 11
SBIR funding and transition it to Phase 111, where a NASA aeronautics program, another government agency, or a
commercial entity in the aeronautics sector can fund further maturation as needed, leading to actual usage in future
airspace operations.

The Phase | outcome should establish the scientific, technical, and commercial feasibility of the proposed innovation
in fulfillment of NASA objectives and broader aviation community needs. Phase | should demonstrate advancement
of a specific technology or technique, supported by analytical and/or experimental studies that are documented in a
final report.
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Phase 1l efforts should yield:

Models supported with experimental data,

Software related to a model that was developed,

A material system or prototype tool, or

Modeling tools for incorporation in software, etc. that can be infused into a NASA project or that lead to
commercialization of the technology.

Consequently, Phase Il efforts are strengthened when they include a partnership with a potential end-user of the
technology.

o

Phase | award recipients must be thinking about commercialization and which organizations will be able to use the
technology following a Phase Il effort. It is necessary to take that into account, rather than just focusing on
developing technology without putting a strong effort into developing a commercial partner or setting the effort up
for continued funding by teaming with an organization post-Phase I1.

State of the Art and Critical Gaps:

Current state of the art: NASA has been researching advanced air transportation concepts and technologies to
improve the viability and scalability of AAM operations in the National Airspace System (NAS).

Critical gaps: Significant challenges remain to fully develop the AAM airspace concept of operations, including:

e Integrating air transportation technologies across different domains and operators.

e Facilitating productive human-autonomy teaming.

¢ Providing comprehensive, strategic scheduling and traffic management technologies.
e Enabling concepts that will allow for scaling demand and complexity of operations.

This subtopic is focused on airspace operations for the AAM concept only. Proposals must have clear application to
AAM airspace operations. Proposals that focus on AAM vehicle capabilities or onboard vehicle technologies or
systems will be rejected. Proposals that are specific to other nontraditional aviation missions (e.g., space traffic
management, autonomous operation of conventional aircraft, traffic management for small UAS [e.g., UTM], and
ultra—high altitude operations) without clear application to AAM will be rejected.

Relevance / Science Traceability:

Airspace Operations and Safety Program (AOSP)

Air Mobility Pathfinders (AMP) Project

Air Traffic Management-eXploration (ATM-X) Project

Successful technologies in this subtopic will help NASA pioneer AAM concepts and technologies and
scale them up to meet the needs of everyday travelers. The technologies may also leverage new
autonomy/artificial intelligence/data science methods and approaches.

References:

1. Airspace Operations and Safety Program (AOSP):
https://www.nasa.gov/aeroresearch/programs/aosp

2. NASA Aeronautics Research Mission Directorate (ARMD) Strategic Implementation Plan:
https://www.nasa.gov/directorates/armd/armd-strategic-implementation-plan/

Scope Title: Nontraditional Aviation Operations for Wildfire Response
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Scope Description:

In the United States, wildfires are becoming increasingly severe and costly in terms of acreage burned, property
damaged, and most importantly, lives lost. Wildfire frequency and intensity is escalating, inducing budgetary,
personnel, and equipment challenges. Furthermore, California and other western states have been facing persistent
drought conditions and much hotter temperatures, which are fueling wildfire intensity and duration. These alarming
trends have made it urgent to better predict, mitigate, and manage wildland fires.

NASA's history of contributions to wildfire and other disaster management efforts includes remote sensing,
instrumentation, mapping, data fusion, and prediction. More recently, NASA ARMD has been investigating
capabilities to help manage wildfire suppression and mitigation efforts through technologies for coordination of
airspace operations for wildfire management.

NASA ARMD has recently made a significant contribution to enable widespread use of small, unmanned aircraft
systems (SUAS) by developing air traffic management capabilities for low-altitude unmanned vehicle operations,
called UAS Traffic Management (UTM). This work is being adapted to safely and efficiently integrate larger
vehicles and operations with existing operations and mission types. NASA recognizes the value these capabilities
could provide when applied to the aerial wildfire management domain.

Current applications of aviation to wildfire management include deployment of smoke jumpers to a fire; transport of
firefighters, equipment, and supplies; fire retardant or water drop; reconnaissance of fire locations and fire behavior;
and supervision of air tactical operations.

Current challenges of aerial wildfire management include the following:

e  Existing airspace management techniques are manual and cannot accommodate new aircraft types
suitable for wildfire response operations (e.g., unmanned aircraft).

o Aerial firefighting is limited to acceptable visual conditions (no night operations).

e Monitoring and remote-sensing missions are intermittent, flown outside of active firefighting or
available periodically from satellite assets.

e There is a lack of reliable, resilient, and secure data communications for quick information
dissemination to support effective decision making.

NASA is seeking technologies to:

e Provide strategic planning capabilities to collect, process, and disseminate information that enables
persistent monitoring of wildland fire conditions (e.g., satellites, conventional aircraft, and UAS).

e Provide strategic planning and tracking capabilities to enable the most effective use of ground crews,
ground equipment, and aircraft during operations (e.g., both at a single incident and across multiple
incidents).

e Provide strategic planning capabilities that support multi-mission planning to support efficient mission
assignments to support concurrent operations (e.g., air attack and search and rescue).

e Provide an extension to the UTM network that considers the unique needs and characteristics of wildfire
disaster situations (e.g., non-connected environments) and the response to combat them.

e Increase the throughput of available communications, reduce the latency of data transfer, provide
interoperability with existing communication solutions, and provide a reliable network for the use of
UAS, other aviation assets, and emergency responders on the ground.

e Provide a mobile position, navigation, and timing solution to support automated operations (e.g.,
automated precision water drops) in Global Positioning System (GPS) degraded environments (e.g.,
mountainous canyons).

e Provide wildland fire prediction, airspace coordination, and resource tracking for a common operating
picture for situational awareness that supports various stakeholders in the incident command structure
(e.g., incident commander, air tactical group supervisor, aircraft dispatch, UAS pilot, etc.).

e  Ensure the highest safety and efficiency of operations.
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Proposers wanting to focus on services or technologies to coordinate airborne operations across a wildfire area
should submit their proposal to the current subtopic scope.

Proposals focused on the following will be rejected for this subtopic:

Technologies that help autonomous or piloted flight in areas with degraded visibility.

Technologies that enable single-pilot multi-ship operations.

Technologies that support unmanned logistic operations such as moving supplies to a different area.
Technologies that support wildfire suppression and management missions.

Expected TRL or TRL Range at completion of the Project: 1 to 5
Primary Technology Taxonomy:

o Level 1: TX 16 Air Traffic Management and Range Tracking Systems
o Level 2: TX 16.3 Traffic Management Concepts

Desired Deliverables of Phase | and Phase I1:

e Research
e  Analysis
e  Prototype
e Software

Desired Deliverables Description:

NASA’s intent is to select proposals that have the potential to move a critical technology or concept beyond Phase 11
SBIR funding and transition it to Phase 111, where a NASA aeronautics program, another government agency, or a
commercial entity in the aeronautics sector can fund further maturation as needed, leading to actual usage in future
airspace operations.

The Phase | outcome should establish the scientific, technical, and commercial feasibility of the proposed innovation
in fulfillment of NASA objectives and broader aviation community needs. Phase | should demonstrate advancement
of a specific technology or technique, supported by analytical and/or experimental studies that are documented in a
final report.

Phase Il efforts should yield:

Models supported with experimental data,

Software related to a model that was developed,

A material system or prototype tool, or

Modeling tools for incorporation in software, etc. that can be infused into a NASA project or that lead to
commercialization of the technology.

Consequently, Phase Il efforts are strengthened when they include a partnership with a potential end-user of the
technology.

o

Phase | award recipients must be thinking about commercialization and which organizations will be able to use the
technology following a Phase Il effort. It is necessary to take that into account, rather than just focusing on
developing technology without putting a strong effort into developing a commercial partner or setting the effort up
for continued funding by teaming with an organization post-Phase I1.
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State of the Art and Critical Gaps:

The current state of the art for coordination of aerial firefighting is a manual process that must be coordinated across
multiple entities, often bringing multiple aerial assets to the wildfire fighting environment. Advanced tools and
techniques are required to address the following gaps:

o Existing airspace management process is very manual and slow.

e  Awareness of aircraft operations is conducted by visual monitoring and radio communication.

e Unmanned systems are not easily integrated into aerial fire suppression operations.

e  Operations are limited by visibility and no operations are conducted at night, when fires often die back.
e Surveillance images are captured and disseminated only every 4 hours.

e Intermittent communication can delay effective response.

e Conditions can rapidly change, requiring timely information for effective decision making.

o Decision makers for emergency response are overloaded with data.

¢ Information requirements differ for various roles within the disaster response.

e Tools and data are often spread across numerous applications.

Relevance / Science Traceability:

Due to climate change, wildfires are becoming increasingly more frequent and severe. Fire seasons are longer,
lasting 6 to 8 months; in some cases, fire season is year-round. The 2020 fire season was the worst in recorded
history, burning over 4 million acres of land, destroying more than 8,500 structures, and killing more than 30 people.
The economic impact of these fires is in the hundreds of billions of dollars and results in lasting societal impact. The
annual cost of fire suppression has soared from roughly $425 million per year in 1999 to $1.6 billion in 2019.

On June 30, 2021, President Biden and Vice President Harris met with governors from western states, Cabinet
officials, and private-sector partners to discuss specific actions the public and private sectors are each taking to
strengthen prevention, preparedness, mitigation, and response efforts to protect communities across our country
from wildfires and their devastating impacts. The President directed several actions, in close coordination with state
and local governments and the private sector, to ensure the federal government can most effectively protect public
safety and deliver assistance to our people in times of urgent need.

References:

1. Airspace Operations and Safety Program (AOSP):
https://www.nasa.gov/aeroresearch/programs/aosp

2. NASA Aeronautics Research Mission Directorate (ARMD) Strategic Implementation Plan:
https://www.nasa.gov/directorates/armd/armd-strategic-implementation-plan/

A3.03: Future Aviation Systems Safety (SBIR)

Lead Center: ARC
Participating Center(s): LaRC

Subtopic Introduction:

The Airspace Operations and Safety Program's (AOSP) System Wide Safety Project is developing an In-Time
Aviation Safety Management System (IASMS), a scalable and distributed system approach to address aviation
safety needs. IASMS services, functions, and capabilities (SFCs) are structured to “Monitor-Assess-Mitigate”
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operational safety risks. SFCs are envisioned to include increasingly automated and autonomous functionality to
adapt and scale to increasing complexity of aviation operations, requiring new approaches to assure autonomous
functionality. Proposals focused on monitoring, assessing, and mitigating operational safety risks, and those focused
on assurance of autonomy for operational systems will be considered for award.

Proposals are sought whose technologies can be integrated into IASMS, such as those listed below; proposals that
cannot be integrated into IASMS will be rejected.

IASMS Services, Functions and Capabilities:
e  Address safety-critical risks identified in beyond-visual-line-of-sight operations in small and large UAS.
e Research and development of In-time System-wide Safety Assurance objectives.
e  Supporting safety prognostic decision-support tools, automation, techniques, strategies, and protocols.
e Develop, apply, and assure IASMS SFCs to emergency response missions using aerospace vehicle
operations. Operations may include wildfire fighting, hurricane disaster relief and recovery, search and
rescue, medical courier, and security operations.

Assurance of Autonomy for Operational Systems:

e Assurance of highly automated and increasingly autonomous systems that support safety-critical
functions.

Scope Title: Research and Development of In-Time Aviation Safety Management System
(IASMS) Services, Functions, and Capabilities

Scope Description:

Proposals are sought whose technologies can be integrated into IASMS:

o  Address safety-critical risks identified in beyond-visual-line-of-sight operations in small and large UAS,
such as:
o Flight outside of approved airspace.
o Unsafe proximity to people/property.
o  Critical system failure (including loss of command-and-control link, loss or degraded GPS, loss
of power, and engine failure).
o Loss-of-control (i.e., outside envelope or flight control system failure).
e R&D of In-time System-wide Safety Assurance objectives:
o Detect and identify system-wide safety anomalies (including previously unknown safety issues),
precursors, and margins to safety.
o Develop safety-data-focused architecture, data exchange model, and data collection mechanisms.
o Enable simulations to investigate flight risks.
e  Supporting safety prognostic decision-support tools, automation, techniques, strategies, and protocols:
o  Support real-time safety assurance (including in-time monitoring of safety requirements).
o Consider operational context as well as operator state, traits, and intent.
o Integrated prevention, mitigation, and recovery plans with information uncertainty and system
dynamics in small and large UAS and trajectory-based operations environment.
o Enable transition from a dedicated pilot in command or operator for each aircraft (as required per
current regulations) to m:N operations.
o Enable efficient management of multiple unmanned and Advanced Air Mobility (AAM) aircraft
in civil operations.
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o Develop, apply, and assure IASMS services, functions, and/or capabilities for emergency response
missions using aerospace vehicle operations. Operations may include hurricane disaster relief and
recovery, search and rescue, medical courier, and security operations.

o Services, Functions, and Capabilities (SFCs) should address one or more hazards highlighted in
previous sections or identified through hazard analysis. Proposers are encouraged to leverage
prior NASA work in this area.

Expected TRL or TRL Range at completion of the Project: 1to 3
Primary Technology Taxonomy:

o Level 1: TX 16 Air Traffic Management and Range Tracking Systems
e Level 2: TX 16.1 Safe All Vehicle Access

Desired Deliverables of Phase | and Phase I1:

e Research
e  Analysis
e  Prototype
e Software

Desired Deliverables Description:

Technologies that can advance the goals of safe air transportation operations that can be incorporated into existing
and future NASA concepts. In particular, new technologies are sought that address AOSP SWS Project efforts to
develop an IASMS.

o Desired deliverables for Phase | include development of multiple concepts/approaches, tradeoffs
analyses, and proof-of-concept demonstrations.

o Desired deliverables for Phase Il include development of functional prototypes, integration of prototypes
into existing and future NASA concepts, and demonstration of the prototype in a realistic environment.

State of the Art and Critical Gaps:

State of the art: Recent developments to address increasing air transportation demand are leading to greater system
complexity, including airspace systems with tightly coupled air and ground functions, as well as widely distributed
and integrated aircraft systems. Current methods of ensuring that designs meet desired safety levels will likely not
scale to these levels of complexity. AOSP is addressing this challenge with a major area of focus on In-Time
System-Wide Safety Assurance (ISSA)/IASMS.

Critical gaps: A proactive approach to managing system safety requires: (1) the ability to monitor the system
continuously and to extract and fuse information from diverse data sources to identify emergent anomalous
behaviors after new technologies, procedures, and training are introduced; and (2) the ability to reliably predict
probabilities of the occurrence of hazardous events and of their safety risks. Also, with the addition of Urban Air
Mobility (UAM)/AAM concepts and increasing development of UAS Traffic Management (UTM), the safety
research needs to expand to include these various missions and vehicles.

Relevance / Science Traceability:

Successful technologies in this subtopic will advance the safety of the air transportation system. The AOSP safety
effort focuses on proactively managing safety through continuous monitoring, extracting relevant information from
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diverse data sources, and identifying anomalous behaviors to help predict hazardous events and evaluate safety risk.
This subtopic contributes technologies toward those objectives.

References:

1. AOSP: https://www.nasa.gov/aeroresearch/programs/aosp

Scope Title: Research and Development of Verification and Validation (V&V)
Technologies for Assurance of Autonomy for Operational Systems

Scope Description:

New methodologies for verification and validation of IASMS services, functions, and capabilities (SFCs) are needed
to ensure safe operations in the National Airspace System (NAS). Proposals are sought whose technologies can be
integrated into IASMS:

e Assurance of highly automated and increasingly autonomous systems that support safety-critical
functions. Focus includes:

o Identification and development of new technologies that enable increasingly autonomous air
safety services. Technology should be accompanied by examples of services it enables.

o Overcome limitations of current V&V capabilities with respect to new increasingly autonomous
systems (i.e., new testing techniques for deploying ML-enabled systems).

o Determination of where current certification standards (such as DO-178C) fail to address
assurance needs for these technologies or fail to consider V&V results associated with new
technologies.

o Development of use-cases demonstrating novel certification approaches (i.e., overarching
properties or safety cases) that enable certification of increasingly autonomous systems.

o Development of use cases demonstrating assurance of cyber-physical-human systems that
accommodate shifting roles and responsibilities between humans and automation.

Expected TRL or TRL Range at completion of the Project: 1 to 3
Primary Technology Taxonomy:

o Level 1: TX 16 Air Traffic Management and Range Tracking Systems
o Level 2: TX 16.1 Safe All Vehicle Access

Desired Deliverables of Phase | and Phase I1:

Research
Analysis
Prototype
Software

Desired Deliverables Descrip