
L’Space Proposal Research and Methods (2022), , 1–9
doi:TX12.1.1 Lightweight Structural Materials

RESEARCH NOTE

Promising 301 Stainless Steel Alloy Replacement:
Using 2DPA-1 Polyaramide for Space Rockets
Team NFT: New Frontiers Together, Austin Pereira,* Elizabeth Barrios,* Amber R, Edith N,
Fernando G, In Woo P, Kiran D, Nathan M, Parham K, Praise O, and Yujin J
NASA L’Space Academy
*Principal Investigator and Subject Matter Expert - Email: pereiraaustin@student.deanza.edu; elizabeth.barrios@nasa.gov

Abstract
Spacecraft construction in NASA is a rigorous process that requires several design techniques. The discovery
phase is where scientists are consulted on a large quorum to figure out the requirements for a spacecraft.
The design phase is where the design team organizes ideas for the spacecraft and the development phase is
where a prototype of the spacecraft is built. Afterwards, necessary corrections are made through feedback
from supervisors and the final product is built. The teams have to make the final design as robust as
possible while still satisfying the constraints: remaining lightweight at large sizes, materials that are strong
yet durable, and overall high heat resistance throughout the design. We propose using a new material
developed by MIT researchers called 2DPA-1 which is a plastic polymer with unique qualities. These are
but not limited to, twice as strong as steel with a density one sixth of steel, and being heat resistant up to
300℃, contrary to that of steel which is 900℃. 2DPA-1 has a quite high heat resistance for plastic material,
and its heat resistance could even be increased up to 500 ℃ by layering the material.We propose that this
material be used for construction in NASA as it shows potential for several applications. Our focus on its
application lies in spacecraft construction, specifically using it as a finishing material for spacecraft in place
of 301 Stainless Steel alloy. It is cost-efficient, easy to manufacture, and performs better in terms of physical
properties than any metal. From our robust research and analysis, our results show that the potential we
found is indeed true and with appropriate testing, 2DPA-1 could become the new material for construction
and lessen our dependence on metals.Our focus specifically looks at using 2DPA-1 as structural material
replacement for spacecraft instead of 301 Stainless Steel. From our research and analysis, we found that the
properties of 2DPA-1 has high tensile strength, less permeability to gasses, low production cost, and the
ability to be manufactured easily.
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1. Technology Merit Introduction
The struggle of finding the best materials to use in the construction of spacecraft has existed for
decades. Whenever a new spacecraft is developed, scientists come together to design new iterations
of the bodily structure and improve upon the currently used materials to increase the spacecraft’s
durability, decrease its weight, and give it better resistance to different atmospheric conditions. They



call this process the Shuttle design debate. In this paper, we continue this debate by introducing a
novel material for spacecraft construction. A new polymer material, called 2DPA-1, is a polyaramide
that can form 2-dimensional chains which scientists till date considered to be impossible. Upon
heating one dimensional polymer, it expands into 3 dimensional layers. A two-dimensional polymer
(2DP) is a sheet-like mono-molecular macro-molecule that consists of laterally connected units with
end groups along all edges.

This material could be a potential replacement for 301 stainless steel alloy that is currently
being used in the construction of spacecraft. Many space companies use aluminum, stainless steel,
and titanium to build their structural system. This is due to durability and cost. However, 2DPA-1
is potentially more cost-effective as the cost to manufacture 2DPA-1 would be similar to that of
producing plastic. In fact, 2DPA-1 seems similar to stainless steel but it possess twice the strength
stainless steel, six times more elastic modulus, high thermal decomposition, and is impermeable to
gasses while being more cost-efficient and time efficient as it is easy to produce in bulk. It is not
scarce like other materials like stainless steel and aluminum and can be produced in large quantities
in a lab with proper facilities and equipment. The application of 2 DPA-1 does not just limit to
the outer body of space crafts but it could also be used in constructing other technologies such as
coating for satellites, strong building structures, and ballistic missiles for the United States military.
2DPA-1 could also be used for thin coating for the outer body of the spacecraft which will make it
impermeable to gasses and the rocket would be able to withstand more damage in space due to its
high tensile strength and high thermal decomposition.

Our goal through this research is to explore the strength of this material and compare it to
the 301 stainless steel alloy and devise a means to leverage those benefits into designing a better outer
material for the body of space crafts in the National Aeronautics and Space Administration. We also
aim to provide a cost analysis for using 2DPA-1 in such scenarios. For example, we found the total
cost of all the raw chemical materials to just be about $3000 to produce a plate of 2DPA-1 and would
be even cheaper on a large scale when we buy those chemical compounds in a bulk purchase. As
polyaramide is able to be produced in large quantities, it would be a beneficial source of material in
the space industry.

Given that 2DPA-1 is a relatively new material, certain key experiments have not been
performed yet to fully evaluate its mechanical properties under stressful conditions, such as those
experienced in spaceflight. With that being said, 2DPA-1 shall be able to be easily manufactured on
a large scale, shield from Galactic Cosmic Radiation (GCR), possess high heat resistance, and save
costs. If 2DPA-1 fails any of these requirements, then our objective “Using 2DPA-1 to reduce our
dependence on metals” would be challenged which is a major limitation (Zeng).

2. Potential Benefit Analysis
Much of the comparison of 2DPA-1 to 301 stainless steel is provided in the table below and served as
the inspiration for this work. The reason 301 stainless steel was chosen to be compared with 2DPA-1
is because that is the closest aerospace alloy in comparison.

Properties 301 Stainless Steel 2DPA-1
Density 7.85 g/cm3 1.308 g/cm3

Tensile Strength 1276 MPa 12.7 GPa
Yield Strength 965 MPa 488 MPa
Coefficient of Thermal
Expansion

276 MPa 50.9 GPa

Thermal
Decomposition

840◦C 312◦C

Table 1: Comparison of Material Properties
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1. 2DPA-1 is one-sixth times lighter than 301 stainless steel alloy. Hence, it would be a better
material to use in terms of reducing the total density of the final prototype of the spacecraft.

2. 2DPA-1 has a relatively high heat decomposition for a plastic material at 300 ℃. However on
the downside this value is less than that of 301 stainless steel, which has a thermal decomposition
of 900 ℃, it does possess the potential of thermal decomposition under heat up to 1800 when
coated in multiple layers of itself. Another advantage of 2DPA-1 is that in the aligned form
they exhibit isotropic stiffness within the 2D plane, doubling the effective stiffness when
compared to 1D polymer counterparts that reinforce in only a single direction (Zeng).

3. After layering an additional 2DPA-1 film onto a polycarbonate (PC) film and scrolling this
nanostructure into an Archimedean nanostructured fiber , results found out that fibers exhibit
significant larger elastic moduli and tensile strength than PC controls, even at very low
volume fraction . For instance, a 6.9% fraction of 2 DPA-1 film enhances the fiber modulus
by 72%, while the strength rises from 110 MPa to 185 MPa (Zeng).

301 Stainless Steel Pros 301 Stainless Steel Cons
Efficient ductility and strength Heavier thus increasing the cost for

NASA missions
Good corrosion resistance Resistance is weaker than 304
High heat resistance Subject to material shortages
Weldable Non-American Steel is objectively

worse

Table 2: Properties of 301 Stainless Steel Comparison

2DPA-1 Pros 2DPA-1 Cons
Able to be produced in large
amounts (can be synthesized in labs)

Has a lower heat resistance when
comparing to 301 SS

Density is one-sixth that of 301
stainless steel

Mechanical properties are not the
best when compared to 301 SS

This material serves as an enhancer
for other materials by increasing
their mechanical properties

Material hasn’t been rigorously
tested enough for a full scale switch

Table 3: Properties of 2DPA-1 Comparison

Given that 2DPA-1 is a relatively new material, certain key experiments have not been
performed to fully evaluate its mechanical properties under stressful conditions. Additionally, NASA
does not pursue new technological advancements until they are proven effective, and this material
will take some time to prove itself as an effective replacement but it does show potential compared to
other materials considered for Aerospace applications. Therefore, we believe it is worth pursuing.
While NASA has standards for the use of new technology in Aerospace, our team has also organized
requirements that 2DPA-1 has to meet in order for it to be deemed successful: must be able to mass
produce, shield from Galactic Cosmic Radiation (GCR), possess high heat resistance, and save costs. If
2DPA-1 falls short in any of these requirements, then our objective of finding a suitable replacement
material for 301 stainless steel would have been for nothing.

2DPA-1 has a relatively high heat decomposition for a plastic material at 300 ℃. However,
the downside of this value is that it is less than 301 stainless steel, which has a thermal decomposition
of 900 ℃. 2DPA-1 does possess the potential of thermal decomposition under heat up to 1800 when
coated in multiple layers of itself. Another advantage of 2DPA-1 is that in the aligned form they
exhibit isotropic stiffness within the 2D plane, doubling the effective stiffness when compared to 1D
polymer counterparts that reinforce in only a single direction.
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After layering an additional 2DPA-1 film onto a polycarbonate (PC) film and scrolling this
nano-structure into an Archimedean nano-structured fiber, results revealed that fibers exhibited a
significantly larger elastic moduli and tensile strength than PC controls, even at very low volume
fraction. For instance, a 6.9% fraction of 2DPA-1 film enhances the fiber modulus by 72%, while
the strength rises from 110 MPa to 185 MPa (Fig. 4j).

3. Technology Development Work Plan
Our model rocket would need to complete a launch test, an anti-gravity test, wet dress rehearsal
test, static fire test, thrust stand test, rocket and exhaust duct rocket test, observations in thermal
vacuums, and space simulations to ensure the rocket has passed the necessary qualifications. The
duration mentioned above is the best case scenario if everything goes well. We have estimated that
the worse case scenario is dependent on experimentation and development phase which could take
upwards to a year.

Table 4: Development Timeline

2DPA-1 in many aspects is similar to 301 stainless steel. We aim to complement the existing
materials and technology used at NASA. This technology involves the design and finishing of the
outer body of space crafts with the best of materials and our proposal is only to provide an even
better material over the existing ones. Having discussed 2DPA-1’s properties above, we conclude
that this material, if synthesized, manufactured and implemented properly, would be a game changer
as it would reduce dependency on metals for building spacecraft.

4. Cost-Based Analysis
We researched the prices of each material used in the production and manufacturing of 2DPA-1 to
find a sum total of the amount spent to develop the final product (laboratory equipment excluded).
We then multiplied that amount by the scale of expansion we would use. The final product is a thin
sheet of 2DPA-1 for developing the outer layer of rockets. We scale our testing to use 2DPA-1
on a model rocket one meter in height and 25 centimeters in diameter. Our calculations estimate
that it would cost approximately $6, 609 to acquire all the materials sufficient for producing enough
2DPA-1 to completely cover the body of our model rocket.

For equipment and materials we will depend on the resources available at a laboratory from a
university. This method would lower the cost and it will cost approximately $50 to rent lab materials
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for a day. We also included the cost for purchasing online courses to get familiar with the process
from experienced engineers who charge by the hour. We also included transportation costs to
commute between the university lab and wherever we decide is the best place for testing our model
rocket.

The surplus cost would be additional costs or emergency funds that may be needed throughout
development. Hence, the total cost for testing our project concept and technology on a small scale
sample rocket amounts to $9, 900 ∼ $10, 000.

Table 5: Cost Analysis

5. Project Management Approach
NFT is divided into three sub-teams: Engineering, Science, and Business. The team leads commu-
nicated with the PI, Project Manager, and rest of their respective team members throughout the
proposal writing and developmental phases. This involves answering questions and hosting meetings
at specific times each week for a general discussion on the project and how we could move forward.

We started our final push for proposal completion on March 3, 2022 where the Project
Manager started to host Zoom meetings from 7-8 pm Pacific Standard Time. This was an effective
way to ensure everyone provided an adequate amount of work on the proposal. The team decided
on a soft deadline where we would have a final rough draft ready for submission by March 12, 2022.
This ensured the team had more than enough time to proof read the proposal prior to the final
deadline. On average, the team spent 6-8 hours working on the proposal. Individual team members
decide the amount of time they are willing to spend individually on the proposal.
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5.1 Roles and Responsibilities
1. Austin Pereira is the Principal Investigator and the main driver of the project idea. He

kept the team in check and suggested what improvements could be done to the proposal.
He spent an average of 8 hours a week on the project. He coordinated with the SME and
shared information and suggestions provided by the SME. (De Anza College, Cupertino,
California).

2. Praise Ogwuche is the Project Manager and keeps check on the progress and completion
of the proposal. He worked together with each team lead, team members, and the Principal
Investigator to monitor the status of each members progress. He spent an average of 6 hours
a week on the proposal. (Minerva University, San Francisco, California).

3. Fernando Gonzalez is the lead of the Business Team. He monitored the team members
with Praise and oversaw more than just the business team. He worked together with other
teams to research and develop working mechanisms for the completion of the project. Addi-
tionally, he has experience working with CAD software, primarily Solidworks, Matlab and
NX CAD software. He He spent on average 9 hours a week on the proposal. (California
State University, LA, California).

4. Amber Ramirez is the lead of the Engineering subteam. She oversaw the status of the
proposal and worked outside her subteam to generate ideas that moved the project forward.
(University of California, Irvine, California).

5. Kiran Datwani is the head of the Science Team and spent approximately 6-8 hours per
week on the proposal. (University of Hawaii at Manoa, Honolulu, Hawaii).

6. Edith Ngundi is a Science Team Member who participated in required team activities
although time zone difference was a restriction. She helped out with the analysis of the
properties of our concept in comparison with the other elements. (Minerva University,
San Francisco, California).

7. In Woo Park is a Science Team Member and he supported the team with research and
applications. He was in charge of the proposal design document and visualization. (University
of Hawaii at Manoa, Honolulu, Hawaii).

8. Parham Khodadi is an Engineering and Business Team Member and worked together
with Fernando on the business aspect to estimate costs of production and also developed
concept comparison ideas. He additionally researched information for the Engineering
team. He dedicated an average of 2 hours per week to the project. (Santa Monica College,
California).

9. NathanMcMurray is a Science TeamMember and researched for the science team support-
ing general research with articles relevant to the concept. (California State Cal Polytechnic
University, Pomona).

10. Yujin Jeong is on the Engineering Team and she worked together with the engineer-
ing team lead to create the concept’s applications. (University of California, San Diego,
California).

Throughout the entire research proposal, Amber and Fernando learned NX cad in order
to apply its application to the proposal. Austin took regular guidance from the Subject Matter
Expert to improve the framework for the proposal. The rest of the NFT Team provided an equal
amount of time and effort to complete the proposal through research. Since completing the proposal
project for L’Space, NFT Team Members have elevated their technical and non-technical skills
(i.e. communication, leadership, organization, task delegation) where if we were assigned a similar
project, we will be more than ready to prove ourselves again.
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5.2 Milestones
1. March 3, 2022: The team starts working on the rough draft. The meeting is held every day

on a regular basis at 7 pm Pacific Standard Time to ensure the punctuality and contribution
of each team member.

2. March 9, 2022: PI attends the meeting with the SME and gets feedback on the proposal.
3. March 13, 2022: NTR is submitted by the Project Manager.
4. March 13, 2022: Rough draft for the proposal is completed by 11 pm.
5. March 14, 2022: PI and Project Manager hold a final meeting with the SME to cross-check

on final edits for the proposal.
6. March 15: The proposal is completed with final edits and is ready for submission.
7. March 16 3 pm PST: Proposal is submitted for review.

5.3 Deliverable(s)
1. A complete research proposal
2. A New Technology Report

5.4 Resources
The resources that were utilized include: Zoom for our daily meetings, Google Drive File Share
(written proposal) where we stored all our team project documents, LinkedIn to connect with the
SME, and Discord which was our main channel for team communication.
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6. Appendix

Figure 1: NFT Quad-Chart
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(f) Contains or based on code not owned by U.S. Government or its contractors? ☐YES ☐NO 🗹 UNKNOWN
If Yes, name of code and code’s owner:      

Has a license for use been obtained? ☐YES 🗹NO ☐ UNKNOWN

17. DEVELOPMENT HISTORY

STAGE OF DEVELOPMENT DATE
(MM/YYYY)

LOCATION IDENTIFY SUPPORTING WITNESSES
(NASA in-house only)

a. First disclosure to others   NA        NA      NA

b. First sketch, drawing, logic chart or code     NA      NA      NA

c. First written description     NA       NA      NA

d. Completion of first model of full size device
(invention) or beta version (software)

 February 2022     Department of
Engineering, MIT      NA
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e. First successful operational test (invention) or
alpha version (software)

  NA      NA     NA 

f. Contribution of innovators (if jointly developed, provide the contribution of each innovator)
     NA

g. Indicate any past, present, or contemplated government use of the innovation
     NA

18. SIGNATURES OF INNOVATOR(S), WITNESS(ES), AND NASA APPROVAL
TYPED NAME AND SIGNATURE (Innovator #1)
     NA

DATE
     

TYPED NAME AND SIGNATURE (Innovator #2)
     NA

DATE
     

TYPED NAME AND SIGNATURE (Innovator #3)
     NA

DATE
     

TYPED NAME AND SIGNATURE (Innovator #4)
     NA

DATE
     

TYPED NAME AND SIGNATURE (Witness #1)
     Austin Pereira

DATE
     

TYPED NAME AND SIGNATURE (Witness #2)
     Praise Ogwuche

DATE
     

NASA
APPROVED

TYPED
NAME      

SIGNATURE DATE
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