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Introduction

The Synthetic Orbital Landing Area for Crater Elimination (SOLACE) was an
AggieSat Laboratory project running from October 2023 to June 2024. SOLACE
represented AggieSat Laboratory’s submission into NASA’s Human Lander
Challenge (HuLC). HuLC’s inaugural mission statement, per its own website, is a
competition to develop, “innovative, systems-level solutions to understand,
mitigate, and manage the impacts of lunar plume surface interaction (PSI) that can
be implemented within 3-5 years.” SOLACE’s idea centered around developing an
autonomous lunar landing pad that would redirect descent, landing, and ascent
(DLA) plumes away from critical ground-based infrastructure.

SOLACE submitted a notice of intent (NOI) to NASA in response to their initial
request for proposals (RFP). After this NOI, a proposal was developed and
submitted on March 4, 2024, along with a short, two-minute video to accompany
the proposal. SOLACE received word that they advanced to the next and final
stage of the competition on March 29, 2024. SOLACE then developed a 15-page
technical paper further exploring the concept, which was submitted on June 5,
2024, and a slide deck and physical prototypes for the HuLC Forum, which started
on June 24, 2024.

SOLACE presented its concept to NASA during the HuLC Forum in both
presentation and poster session format. It was received very well, winning an
Excellence in Systems Engineering award, and viewed with interest by many NASA
personnel and industry experts. SOLACE did not receive prize money with this
award but did receive a plaque. This plaque, along with the prototypes, currently
resides in the laboratory.

This Performance Analysis Review (PAR) for SOLACE will be structured in the way
SOLACE was developed, beginning with ideation and concluding with the
presentation at the Forum. It will go in depth into the success and pitfalls of
different stages of SOLACE’s development, comparison to winning teams, and
suggestions for future teams.
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Figure 1. SOLACE representatives receiving the Excellence in Systems Engineering Award at
the HuLC Forum.

Ideation

The ideation, or initial brainstorming, for SOLACE began before the project
officially started. Nearly 20 members of AggieSat Laboratory (AGSL) attended the
ideation session, each pitching ideas about what SOLACE’s concept should entail
and which parts of the RFP should be addressed by the project. At this point,
neither the Project Manager nor the Chief Engineer had been chosen; no members
of SOLACE had been hired or assembled into a team. For all intents and purposes,
this stage’s purpose was to rally interest and align the thinking of interested
members with the competition.

In retrospect, the ideation stage was extremely valuable to SOLACE’s
development, as three ideas proposed in the session (landing pads, sensor noise
filtering, machine learning) were used in the final iteration of SOLACE’s design.
However, as will be restated consistently throughout this report, the ideation
process should have been shifted significantly earlier. The scheduling of the
ideation session for SOLACE was not early since AGSL was not aware of HuLC
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until shortly before session, which was in September 2023. From interacting with
other teams during the competition, it was found that many teams began
development near the beginning of the school year, some even beginning the
summer before.

For future HuLCs, it is recommended that teams employ this ideation session as
the main interest-gathering process for the challenge. The session does an
excellent job at exciting lab personnel about developing an interesting concept.
Those who attend the session should be current members of AGSL possibly
interested in joining the competition team. Ideas generated during the session
should ALWAYS be recorded and considered, no matter how uninformed or
outlandish they might be. That distinction is a decision for the Project Manager,
the Chief Engineer, and the team leads to determine. Assuming similar submission
dates to the 2023-2024 HuLC, a future team should consider having their ideation
session sometime in the range of dates from 8/10/XX - 8/17/XX.

Alexander P Duffy, MS | Axient#
@everyone Reminder: we are meeting at 17:30 (5:30 pm) to discuss setting up a project team to participate in the Human Lander Challenge. The meeting will

take place in the lab, and we'll try to set up a Zoom for those that cannot make it in person. The parallel parking across the street, by the church, is free after 5

pm. To prepare for the meeting, please read through the entirety of the 2024 proposal guidelines and start thinking about what things the team will need to

research and brainstorming ideas for "innovative solutions addressing the mitigation of lunar Plume-Surface Interaction (PSI)."

Figure 2. A message sent out by the Program Manager detailing the action items for the
ideation session.

Business Architecture Generation

Business architecture generation refers to the determination of subsystems and
hierarchy of authority in the SOLACE project. At this point, the Project Manager
and the Chief Engineer have been chosen.

PRODUCT CONCEPT

From the ideation stage, the Project Manager and the Chief Engineer made the
decision to have SOLACE be a landing pad. The rationale behind this decision was
that landing pads were a topic that most lab personnel could feel comfortable
understanding and attacking, as well as positive research supporting the idea in a
preliminary literature review conducted by the Chief Engineer. In retrospect, this
design decision would have benefited from more perspectives. Perhaps for future
teams, the main deliverable for the project could be reviewed in-depth by the
Program Manager, as well as other senior members of the laboratory.
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Regardless, it should be noted that ultimately SOLACE’s success was only hindered
by its central concept. The judges at the Forum related how impressed they were
by the extent of technical development for the concept. Because of this
tremendous work, SOLACE was the best-ranked concept involving a physical
product and received an award for Excellence in Systems Engineering. However,
the top three positions were all taken by software concepts. This is not to say that
HuLC prefers software concepts over hardware. Instead, these three concepts were
able to be proposed, implemented, and tested, with the results confirming a
successful product. As such, leadership for future HuLC teams should consider not
only physical products such as vehicles or payloads, but also less apparent
solutions, such as, in the case of SOLACE, sensor fusion, lunar surface monitoring,
and charged gas solvers.

SUBSYSTEM DETERMINATION

After SOLACE was determined to be a lunar landing pad, the Project Manager and
Chief Engineer moved on to determine the subsystems to be used. Using previous
AGSL projects and the Space Mission Analysis and Design (SMAD) textbook as a
reference, the Project Manager and Chief Engineer quickly determined that there
would be the following subsystems:

e Thermal, Mechanics, and Structures (TMS)
e Guidance, Navigation, and Control (GNC)
e Electrical Power Subsystem (EPS)

e Communications (COM)

e Command and Data Handling (CDH)

All the above subsystems were tasked with their usual duties to other AGSL
projects. Additionally, at the recommendation of the Chief Engineer, a subsystem
called Surface Investigation and Test Environment (SITE) was included. This novel
subsystem would be used to perform in-depth research on the lunar regolith,
ensure other subsystems were cognizant of the risks that the lunar environment
would pose, and develop verification and validation procedures for subsystem and
system level testing. Though future HuLC teams will most likely not implement a
direct parallel to the SITE subsystem, the inclusion of such a subsystem was
extremely beneficial to SOLACE’s development. This is because HuLC is essentially
a space design competition with a twist. The typical subsystems (the five bullets
above) are already laden with developing a space system. Outsourcing the “twist”
research to a separate subsystem allows all subsystems’ research to be consistent
with one another, allows the subsystems to focus primarily on the system being
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developed, and allows for more in-depth research and analysis of the “twist”. As
such, it is recommended that future HuLC teams implement a similar SITE
subsystem in their own business architecture.

This is all contingent on the idea that efficient and effective horizontal
communication is maintained. Vertical communication refers to the transfer of
information between higher positions, like a Chief Engineer or team lead, and
lower positions (like a member of a subsystem). Horizontal communication refers
to the transfer of information between different subsystems, such as between TMS
and CDH. Horizontal communication is by far the trickier of the two and a large
motivator for constant documentation.

SOLACE approached this problem by having extensive and fruitful leads meetings.
Management would give updates on the current progress of the project, deadlines
to hit, and then poll the leads one by one on their progress as well as reporting on
any material that might affect another subsystem. Doing this consistently was key
in resolving many conflicts of information between subsystems. SOLACE also
highly encouraged collaboration between subsystems during general team
meetings, which allowed for more horizontal communication.

No major issues were found with the hierarchy of power or the organization of
subsystems with SOLACE. Future HuLC teams should carefully consider the RFP
when designing their business architecture but should recognize the success of
SOLACE’s organizational template. A suggested deadline for the completion of
Business Architecture Generation is 8/27/XX-9/1/XX.

Hiring

The next stage of SOLACE'’s development was the hiring process. The Project
Manager and the Chief Engineer met several times to determine how many
members were needed for each subsystem, as well as if external hiring was needed.
This stage of the developmental process, in retrospect, took too long. The duration
of time of the hiring process took too long mainly due to the Project Manager’s
and Chief Engineer’s relative inexperience in hiring external personnel. This
translated into delayed decisions about how many personnel would need to be
hired, delayed development of the initial application form, and delayed
notifications of interviews.
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To specifically identify points of improvement for setting up the hiring process,

some rules of thumb were developed to aid in these time delays for new Project
Managers and Chief Engineers for HuLC competitions:

1. Number of people per subsystem

a.

b.

A HuLC TMS team should start with around 4 people
A HuLC EPS team should start with around 4 people

HuLC GNC, COM, and CDH teams should start with around 10
people between all of them

A HuLC research and test subsystem should start with around 4
people

2. Developing an application

j-

k.

Use Google Forms

Describe each subsystem on the application

Ask for citizenship

Ask for name and phone number

Ask for class status and expected graduation time
Ask for major

Ask for preferred subsystem

Subsystem questions should screen for desired traits in each
subsystem, which will be discussed later in the PAR

General AGSL application questions
Rank preferred subsystems

Resume (required) and transcript (optional) upload

3. Opening the project to external applicants

a.

Think back to the initial ideation session. If there were less than 12
people attending the ideation session, the project will most likely
need external applicants.
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b. Send out the applications internally. If the applicants are not
numerous enough and/or not wholly representative of the skillset
needed, then external applicants are needed

4. Notifications of interviews

a. Should be the result of meetings between the Project Manager and
the Chief Engineer

b. Should be sent out no later than 5 days after the closing of
applications

c. Anticipate cutting at least 10% of the interview pool

Concluding the application phase of the hiring process, notifications were sent out
to around 26 of the 31 applicants. A major problem that SOLACE encountered in
its application phase was the lack of subsystem preference variety in applicants. To
be more specific, more than half of the respondents cited TMS as their preferred
subsystem. The Program Manager and the Chief Engineer were looking for 4 TMS
members, which would constitute around 20% of the total team. That meant that
nearly 33% of the total applicants for SOLACE had to be moved to a different,
unfamiliar subsystem or rejected entirely. For SOLACE, there were large rejection
numbers for the TMS subsystem and many that were moved to lacking subsystems
such as SITE and GNC.

Based on the descriptions at the beginning of this application, which subteam are you most

interested in applying to?
31 responses

@ CDH
® EPS
® com
® GNC
@ TVS

vy

Figure 3. First choice subsystems in the initial SOLACE application.

SOLACE management identified the reason for this being that large numbers of
underclassmen (freshman and sophomores) applied to the SOLACE team. These
applicants applied mainly to the TMS and EPS subsystems, aligning with their own
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or preferred majors. While there is no issue with large numbers of underclassmen
applying (underclassmen contributed large parts to SOLACE’s subsystems),
perhaps a redesign of the SOLACE application might have made other subsystems
more enticing or represented them better for applicants just beginning their
major’s coursework. Additionally, SOLACE could have marketed its application to
a wider audience, possibly gaining more applicants and having more applicants to
choose from. One way that SOLACE might have achieved this is by putting posters
in buildings used by majors that SOLACE was targeting, such as aerospace,
computer, electrical, and mechanical engineering, along with similar degrees.

However, it should be noted that most subsystems had at least one experienced
member assigned to it from the applicant pool. This member was placed into the
lead role for the subsystem and was able to educate the other members of the
subsystem. Most notably, the subsystems with graduate student leads (COM and
CDH) were able to communicate a wealth of experience to undergraduates who
were relatively new in their respective subsystem. This was also useful for
subsystems with members that did not report it as their first choice in their
application. It should be noted that the top three HuLC teams were all led by
multiple fourth- or fifth-year Ph.D. students. Considering this, the more graduate
students that occupy positions of leadership in their area of expertise on a HuLC
project, the better the project will do.

The one exception to this was the GNC subsystem. Out of the 31 applications for
SOLACE, not a single applicant had experience in GNC. This posed a problem for
SOLACE, since the criteria for SOLACE to be autonomous depends heavily on its
GNC architecture and implementation. A plan was enacted by SOLACE leadership
to assign the applicants to the GNC subsystem whose experiences aligned the most
with GNC, with whom the Chief Engineer would educate and train them in several
GNC concepts. Though this approach might have been viable for a longer-lasting
project, it was not conducive for a competition team. The Chief Engineer and the
GNC team ran into several time conflicts and conflicts with their primary duties on
the team. Thus, the GNC subsystem largely was self-educated and self-trained in
GNC concepts. For this, high commendations are given to the subsystem from
management. Although other winning HuLC teams had members that started
their project inexperienced in their respective area, they reported that they learned
experientially rather than didactically. As a result, management for future HuLC
teams should consider setting up meetings between subsystems that lack
experience and their logical counterparts on other AGSL teams. This arrangement
might help to educate younger lab members in the processes for subsystem design,
specifically in subsystems that they are unfamiliar with.
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Some suggested deadlines for the hiring process are:
e HulLC application design and initial posting: 9/1/XX - 9/6/XX
e HuLC application closes, interviews selected: 9/18/XX - 9/23/XX
e Interviews conclude: 10/1/XX - 10/6/XX
e Acceptance letters sent out: 10/8/XX - 10/13/XX

Although this suggested timeline is still behind the pace of other HuLC
competitors, it should be noted that SOLACE was also much larger than other
HuLC competitors. The SOLACE management feels that the much larger team size
offsets the belated schedule. However, if a future HuLC team finds during its
ideation stage or later that not as many relevant personnel are interested in the
competition, the schedule must be shifted earlier to compensate for a smaller
workforce.

Literature Review

The literature review stage of SOLACE'’s design refers to the comprehensive search
for information regarding the topic of lunar PSI, as well as any research that would
identify potential solutions to HuLC’s identified challenges. This research search
and review was the first major task undertaken by SOLACE as a team.

As a side note, SOLACE’s meeting scheduling process will be discussed. During the
interview stage, potential SOLACE members were asked for areas in their schedule
that they would be free to have a general meeting during. SOLACE’s meeting times
were determined beforehand to be 3 hours for general meetings, 1 hours max for
subsystem meetings, and a 1 hour leads meeting. Each meeting would occur
weekly. The subsystem meetings and leads meetings were determined after all
selected candidates had been onboarded.

The agenda for SOLACE’s general meetings were as follows:

e Chief Engineer/Project Manager introduction, identification of important
tasks and deadlines (5-10 min)

e Subsystem discussion (15 min)

e Ifany group decisions were identified by Chief Engineer or Project Manager
during the meeting introduction, such as major brainstorming sessions,
these occurred now (max 30 min)
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e Subsystem work. During this time, SOLACE management met with each
other. Subsystems were also encouraged to have open communication with
other subsystems. The Chief Engineer went around during this time asking
for status updates from each subsystem (around 1.5 hours)

e “Final-third refocus”. At around the two-hour mark of the general meeting,
the Chief Engineer made announcements to reorient the group towards the
desired action items for the meeting. (5 min)

e Subsystem work (around 45 min)

e Final announcements and dismissals (5-10 min)

The agenda for SOLACE’s leads meetings were as follows:

e Chief Engineer / Program Manager introduction and important upcoming
action items (5-15 min)

e Subsystem updates. These updates were done one subsystem at a time.
Each lead was required to say what their subsystem had accomplished, what
they are currently doing, and what they might need from other subsystems.
(around 45 min)

e Summary, redesign of action items for each subsystem, and conclusion (10
min)

The agenda for subsystem meetings varied for each subsystem, as they were held
by the subsystem leads and not by the overall project management.

Regardless, with the meetings scheduled and designed as above, the literature
review started with the initial papers provided by HuLC. The papers were
extremely general, offering surface-level insights into the issue of lunar PSI.
However, it should be mentioned that references to these papers appeared in ALL
of the top entries’ references at the HuLC Forum. Thus, these initial papers must
be understood completely and dissected. In addition, HuLC provided documents
on adhering to the lunar environment as well as Moreover, before the first
meeting, the Chief Engineer performed a brief literature review and provided
additional references to the SOLACE team on the first meeting. In total, there were
around 5 general, relevant references at the beginning of the literature review
phase. Subsystems were then encouraged to search for papers, textbooks, or ask
for advice from professors.

Additionally, SOLACE’s literature review phase occurred concurrently with the
Objectives and Requirements Formulation phase (see next section). This was done
to save time. This was also possible as SOLACE’s system level requirements were
designed to be largely agnostic in reference to lunar PSI (see also next section).
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The concurrent development of SOLACE’s literature review with mission
objectives and system level requirements formulation was a large success of this
phase of SOLACE’s development. It allowed for a clear and informed picture of
SOLACE as a system to be formed quickly. Due to the time constraints for future
HuLC teams, this approach is highly recommended.

Another large success of this phase of SOLACE’s development was an in-depth
understanding of lunar PSI developed by the Project Manager, Chief Engineer, and
the subsystem leads. With SOLACE project and subsystem management being able
to thoroughly understand the challenges that lunar PSI poses to their subsystem,
as well as other subsystem, they were able to direct their team to critical papers.
Two notable examples of this occurred in the SITE and TMS subsystems. The SITE
subsystem and the TMS subsystem leads, along with the other subsystem leads,
had a superior understanding of lunar PSI after preliminary literature review. As a
result, the SITE subsystem was able to identify key papers on regolith properties
and the TMS subsystem find important papers on advanced materials research.

However, one major pitfall of the literature review process was the failure to
perform an extensive patent search. One major criticism that was brought up to
SOLACE in response to its proposal was:

e “This is a very interesting and very well-developed proposal. Excellent
systems engineering and technical management. Please note there is a
recent patent application for a similar concept: Molony, lan Peter.
"Autonomous mobile mechanically deployed spaceport to provide a self-
leveling stable landing pad for lunar and Martian descending and ascending
spacecraft." U.S. Patent 11,292,620, issued April 5, 2022.”

e “This is a very well-developed proposal. It is an innovative concept but note
the basic concept has been proposed by others and has a patent pending
(for a smaller lander that descends and unfurls to become a landing pad)
[...] It is a good idea to do google patent searches when innovating new
concepts to see if they are already published, and if so, to see ways to
leapfrog over the concept to the thing that comes next, building upon it and
going farther.”

These two comments from judges address the same criticism in that SOLACE'’s
concept was similar to another concept. Put frankly, receiving this commentary
put SOLACE management into a panic. SOLACE management quickly reached out
to HuLC concerning this comment in addition to TAMU legal services. However,
both HuLC and TAMU legal services were unable to offer any significant help or
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answers. Luckily, SOLACE was able to handle this issue by elevating its secondary
objective of monitoring and measuring lunar PSI (as suggested by the second
comment) to a primary objective. Additionally, when discussing this criticism with
the judges at the Forum, the judges were mostly confused by the comment, most
thinking it wasn’t an issue. Regardless, for future HuLC teams, it is recommended
that an extensive patent review be performed early in the literature review process.

Some other suggestions for future HuLC teams include some useful tools in the
research process:

e Google Scholar

e TAMU Library

e Patent Public Search
e Google Patent

Additionally, all papers found should be stored in the shared Google Drive for the
team. Any conclusions drawn from a paper should reference the paper as well for
traceability purposes. For personal literature reviews, a useful way to manage
papers is by bookmarking papers in a bookmark folder. Future HuLC teams should
also use this literature review phase to train members, if necessary, in tools such as
STK or SOLIDWORKS.

A suggested deadline for the literature review is 11/7/XX. It should be mentioned
that research should be performed on the specified topic throughout the
ENTIRETY of the project, up until the technical paper is submitted.

Objectives and Requirements Formulation

The objectives and requirements formulation phase of SOLACE refers to the
clarification of stakeholder objectives from the RFP, as well as the definition of
system-level and subsystem-level requirements. As mentioned in the previous
section, the definition of system-level requirements was performed concurrently
with the literature review. However, the definition of subsystem-level
requirements was done after the official literature review phase was completed.
This distinction was made due to the difficulty and disadvantage in making
subsystem-level requirements agnostic to lunar PSI.

The start of the objectives and formulation phase began with a thorough review of
the RFP. The RFP identified various challenges and topics related to lunar PSI.
During the ideation and Business Architecture Generation phases, specific topics
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were selected from the RFP to address. For SOLACE, these mitigating cratering
and dispersal caused by lunar PSI, along with better understanding lunar PSI.
From these general topics, the primary and secondary objectives for SOLACE were
determined. Per the NASA Systems Engineering Handbook:

“A good understanding of decision need and criteria will include the definition of
primary and secondary [objectives]. Options should be focused on primary factors
in the decision as defined by the decision criteria. Non-primary factors (i.e.,
secondary, tertiary) can be included in evaluations but should not, in general,
define separate alternatives. This will require some engineering judgment that is
based on the mission and system context as well as the identified decision criteria.”

This quote is extremely important to understand why objectives definition was
performed before design decisions were made. SOLACE, as a design, followed
directly from its primary objectives of “acting as a safe landing platform for DLA
systems”, “reducing the impact of lunar PSI on local infrastructure”, and
“monitoring PSI on its and future lander descents”. These objectives drove critical
system-level requirements. SOLACE’s secondary objective of “retaining the
capability to act as a foundation for future lunar infrastructure” was used to justify
noncritical design decisions and distinguish alternatives from each other.

SOLACE’s system-level requirements were derived from its defined mission
objectives along with any critical research. SOLACE’s initial system-level
requirements were:

SOLACE shall have a nominal lifespan of 5 years

SOLACE shall not endanger the crew of the lunar lander

SOLACE shall not damage the lander

SOLACE shall be designed to withstand the lunar environment

SOLACE shall not contain or produce any toxic materials

SOLACE shall mitigate the risk posed by lunar plume surface interactions
SOLACE shall be capable of being deployed by NASA/commercial lunar
HLS

N ot AW N

It should be mentioned that these requirements shifted as more research was
conducted over SOLACE’s lifecycle. Although the redefinition of system-level
requirements was frustrating to many on the team, it was determined that it was a
natural part of the engineering design process. For example, it was determined
that SOLACE had too much mass to justify having it be deployed from HLS. Thus,
requirement 7 was eliminated. The key, then, is limiting the number of times and
amount by which the system-level requirements change. However, by the end of
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the literature review, the system-level requirements must not be changed to
facilitate accurate, informed, and non-nebulous subsystem-level requirements.

After the system-level requirements were determined, subsystem-level
requirements followed. Each subsystem was responsible for the development of
their own subsystem’s requirements. An example of a well-formulated subsystem
requirement (from TMS) is shown below:

“SOLACE shall not exceed a 10-degree bank angle after deployment on the lunar
surface.”

Overall, this phase went extremely well for SOLACE, which is reflected in sound
further systems engineering. This phase is critical for mission success as it is
essentially the official beginning of proposal development. However, one major
point that SOLACE could have improved on was highlighting the importance of a
3-5 year implementation of SOLACE required by NASA. Arguably, during the
Forum, the most important factor keeping SOLACE from the top three finishers
was that the judges did not think it could be implemented within 3-5 years. As
such, management determined that this was due to the system-level requirements
not stressing this portion of the RFP enough. It was found during the Forum that
NASA fully intends on passing on submitted solutions to the HLS team to use on
the Artemis missions. As such, the requirements that any HuLC solution be
system-level and realizable within 3-5 years should be paramount.

A suggested date for completion of the objectives and requirements formulation
phase is 11/14/XX.

Proposal

MANAGEMENT

On the management end of SOLACE’s proposal development, a large portion of
time and effort was spent writing the proposal. This responsibility was
communicated beforehand among management as well as with the subsystems.
However, this was detrimental to the proposal development, at least on
management’s side. This will be discussed later.

Management approached writing the proposal by first considering the
requirements that existed on the RFP. These requirements were considered, and
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sections were created that pertained to these requirements. The sections that were
included in SOLACE’s proposal were:

e Executive Summary

e PSI-Induced Lunar Erosion and Dispersal

e Proposed Solution Overview

e Thermal, Mechanics, and Structures (TMS)
e Guidance, Navigation, and Control (GNC)
e Electrical Power Subsystem (EPS)

e Communications (COM)

e Command and Data Handling (CDH)

e Verification and Validation

e C(osting

e Proposed Design, Test, Evaluation (DTE) Timeline
e Conclusion

The Executive Summary was about a paragraph long and contained information
that summarized the proposed solution, its advantages and risks, important design
features, along with summaries of the costing and scheduling sections. This
section should be completed after the rest of the proposal has been developed.

The PSI-Induced Lunar Erosion and Dispersal section was about a half-page to
two-thirds of a page portion that essentially summarized the literature review
conducted by the SOLACE team. For future HuLC teams, this section should be
used to discuss the appropriate topic selected by HuLC for that year. The section
should make sure to analyze the characteristics of and challenges posed by the
specified topic, not just restate it. There were several teams at the HuLC Forum
that did not deeply analyze the issues posed by lunar PSI, which greatly hindered
their designs and did not result in positive performances. For example, instead of
simply stating that lunar PSI results in ejecta being thrown from a local landing
site, further add that this might pose a risk to ground-based infrastructure and try
to describe characteristics of this ejecta. End the section with a forward-looking
statement. For SOLACE, this was, “As such, solutions must be presented that
overcome the hurdles to its understanding and mitigation.” Having a forward-
looking statement at the end helps smoothly bridge the literature review to the
Proposed Solution Overview section.

The Proposed Solution Overview section was around 1-1.5 pages long and discussed
SOLACE general design, objectives, concept of operations, and advantages over
other solutions. It is important that the primary, secondary, and possibly tertiary
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objectives be stated clearly and outright. The HuLC judges greatly appreciated this
fact in both SOLACE’s proposal and its technical paper. There should be a graphic
of the Concept of Operations and important mission parameters also included in
this section. Finally, conclude the section with a brief discussion of the solution’s
advantages. These advantages are to make sure to address each major criteria in
the RFP, such as system-level or achievable in 3-5 years. One mistake made in
SOLACE’s solution overview is the proposition that SOLACE is a “low risk
solution.” This was a mistake, pointed out by HuLC judges later at the Forum. In
general, it is an uninformed statement at best, and arrogant at worst, to say that a
space-based system is a low-risk solution. If a solution has high risk, risk
mitigation strategies should be discussed in detail.

The subsystem design sections will be discussed later, following the discussion of
Management (Verification and Validation was largely developed by the SITE
subsystem).

The Costing section of the proposal took about half of a page and was developed in
response to the RFP’s stipulation that proposals contain a preliminary budget. This
might be a daunting task for most engineering students, as it is likely that most
students have not performed budgeting and cost evaluations of a design. At the
recommendation of SOLACE management, there are 2 main tools that are
extremely useful for this: NASA’s Cost Estimating Handbook and NASA’s Project
Cost Estimating Capability (PCEC) software. While NASA’s Cost Estimating
Handbook can be accessed for free on the web, NASA’s PCEC software can only be
accessed via software license. The process for acquiring a license is as follows:

Go to software.nasa.gov

Click on “Business Systems and Project Management”

In the search bar, put “pcec”

The correct software should have appeared. Click on it.

Click Request Software

Here, if you already have a NASA Guest account, use that. If not, click
Create Guest Account.

7. Once you have finished creating your Guest Account, proceed to request
the software.

MUV

8. You should now receive a confirmation email from NASA Software Catalog.

9. In about 3-5 business days, your request will be accepted or denied (if you
did everything right it should be accepted). An email asking for your
signature will be sent. Provide your signature.
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10. Once you sign the Software Usage Agreement, it will be accepted, and an
email will provide you with instructions to download the software.

It should be noted that the budgeting portion of the proposal is expected to be
rudimentary at best. Thus, the Cost Estimating Handbook should be sufficient for
costing and budgeting. SOLACE’s proposal only outlined the costs of components;
build, integration, and testing cost; operational costs, including launch. It also
included a margin of error for each estimation as well as a total.

For the Proposed Design, Test, and Evaluation (DTE) Timeline, it consisted of
about a half-page outlining what a schedule might look like from the procurement
of SOLACE’s materials to flight. This schedule will look different depending on
what solution a HuLC team is proposing. Developing a DTE timeline may also
seem like a daunting task, as most classes do not require engineering students to
develop project schedules, much less those for large-scale space missions. If a
project manager or chief engineer is finding it hard to start developing one,
consider these items to include:

e Components procurement

e Sensor testing and calibration
e Structure assembly

e Structure testing

e Subsystem assembly and integration
e Subsystem testing

e Environmental testing

e Subsystem V&V

e System V&V

e Day-in-the-Life (DITL) Testing
e Launch Preparation

e Flight

Above all, the DTE timeline should reflect the Systems Engineering “V”. That is,
subsystems are verified and validated before the entire system is verified and
validated. Additionally, HuLC judges will be checking if the time spent on each
portion of the schedule is reasonable. For this point, it is useful to ask senior
members in the lab or use literature such as SMAD to check if the times are
sensible.

Other responsibilities of Management included developing a Quad Chart and a 2-
minute video. The requirements for both were specified in the RFP. Of these, the
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only major criticism was the rate of speech in the video. The post-proposal
criticism from the judges stated that it was often hard to understand what was
being said in the video because most of the members were speaking too fast. For
future HuLC teams, it is important to take this into account. The video format that
was produced by SOLACE was a voiceover of a PowerPoint presentation. Captions
were generated for this video and the recording was posted on AGSL’s YouTube. It
can still be seen there today.

Finally, the proposal also suffered from time delays. The reason for these delays
was a poor way of thinking in SOLACE management, only writing the proposal
after everything was “in place” for it. While this is a valid approach to writing a
document, this is not conducive to the design timeline. Instead, it is recommended
that the proposal be written and developed as the project continues. This is the
true spirit of the document-based systems engineering (DBSE) approach, a living
document. These time delays did not result in any shoddy work on the proposal
but did result in an extremely tight review of the proposal by AGSL management
and its PI, Dr. Reed. Future HuLC teams MUST be cognizant of the time needed to
review, as well as the value that such as review can have on a proposal. The
suggested timeframe for this is completing the proposal around 2 weeks at the
minimum before the proposal deadline to submit to the PI to review and sign.
Please note that this timeframe might shift depending on rules enacted by AGSL
management.

TECHNICAL SUBSYSTEMS

Overall, the technical subsystems of TMS, GNC, EPS, COM, CDH, and SITE did an
excellent job in preparing information for the proposal. The HuLC judges
commented how impressed they were with the level of technical development in
the concept, even as early as the proposal phase. Directly from the judges’ post-
proposal commentary:

“This is a very interesting and very well-developed proposal. Excellent systems
engineering and technical management.”

“The degree of development is commendable. This is a very well-developed
proposal.”

A large reason for the success of proposal development was a strong foundation for
the system in a distinct phase dedicated to objectives and requirements
formulation. Additionally, team leads were encouraged to be creative and propose
ideas during leads meetings, which allowed for consistent and aware innovation to
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occur at all levels of SOLACE'’s development. Finally, many team members were
able to draw upon external resources and previous knowledge to provide
invaluable contributions to the system. This occurred in each subsystem.

However, despite the overall success of SOLACE’s technical development during
the proposal stage, there are some items that could have been achieved that might
have elevated the SOLACE system to the next level. The first major point has
already been stated in this PAR: stressing the ability to implement SOLACE within
3-5 years. As was stated earlier in the PAR, the judges determining that SOLACE
could not be implemented within 3-5 years was determined by SOLACE leadership
to be possibly the most important item keeping it off the winner’s podium. It could
have been stressed by SOLACE management or team leads during this stage, such
as during leads meetings or general meetings, the importance of adhering to all
requirements from the RFP, as well as not being optimistic about an efficient DTE
timeline (see Akin’s 29™ Law).

A second point that should have been made during the proposal stage is reaching
out to external partners. One of the most repeated points made by the judges
during the HuLC Forum was:

“Why build a vacuum chamber if you can partner with a lab who has one?”

This point is vital for future HuLC teams. Texas A&M is an extremely well-
developed and well-funded research university. If a serious laboratory such as
AGSL were to develop a functioning prototype of their proposed solution, it is
highly recommended that the team partner with a lab at Texas A&M to perform
testing on it. It is not necessary that the prototype be finished, or testing be done
by the time the proposal is submitted. Instead, use this time to reach out to labs at
Texas A&M or local companies to use or acquire testbeds for the prototype. For
SOLACE, this might have included partnering with a materials or collisions
laboratory to test the integrity of the prototype. If these labs at Texas A&M can be
accessed, this will give any future HuLC team a major advantage in not only
placing but winning.

The final point to be made concerns the development of the prototype. Initially,
SOLACE’s prototype was meant to be an integrated, scaled model of the SOLACE
system (with exception of the rocket engines). That is, the prototype was intended
to have electronics, a computer, and a communication pack installed. SOLACE’s
current prototypes include a 3D-printed model of the structure and an electronic
model representing the electrical system’s various functions. In hindsight, this was
ambitious given the time constraints. However, since the proposal had a large
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amount of technical development done, it was entirely possible to have the
prototype development shifted earlier. This might have enabled further
development of the prototypes, possibly allowing them to be integrated with one
another.

Regardless of these criticisms, as the judges reported, “development of the
proposal was commendable,” which the SOLACE team should be proud of.

A suggested deadline for the proposal is 2 weeks before the proposal deadline
outlined in the RFP.

Technical Paper

MANAGEMENT

Not much is to be said about the Technical Paper phase on management’s side.
After the criticisms were received about the proposal, several meetings were
scheduled to reorient the SOLACE team to address the criticisms. These criticisms
included patent concerns of the SOLACE concept, concerns over how SOLACE
would be anchored to the lunar surface, concerns over the aerodynamics of the
grating and ducting system of SOLACE, and concerns over the implementation of
SOLACE in 3-5 years. These criticisms were addressed in leads meetings, where
plans of action were formed on how development of the system would proceed.
These decisions were then passed down to the subsystems, where they were
implemented.

A follow-up document was released on the HuLC website that outlined the
requirements for the technical paper. SOLACE’s technical paper was 15 pages and
outlined an in-depth review of SOLACE as a system. The sections of the technical
paper were as follows:

e Background
e Solution Approach and Overview
e Post-Proposal Adjustments

e TMS

e GNC

e EPS

e COM
e CDH

e Verification and Validation
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e Performance and Adherence to Constraints
e Technology Readiness

e Risk

e Programmatic Implementation

e (Cost Estimation, Budget, and Affordability
e Project Schedule and Major Milestones

This PAR will not go into an in-depth look at the contents of each section.
SOLACE’s technical paper can be accessed either via the HuLC website or
internally. However, several items that were added to the technical paper in
addition to the work done on the proposal are discussed. First, the technical paper
included more in-depth and technical work done on each subsystem. The
technical paper also included updates on the verification and validation done for
each subsystem as well as the overall system. The Performance and Adherence to
Constraints, Technology Readiness, Risk, and Programmatic Implementation
sections comprised a larger section called System Merit. This System Merit section
discussed the various advantages of SOLACE, how it addressed criticisms from the
proposal, and how it has the edge over other solutions. These were also
summarized in the Post-Proposal Adjustments section earlier in the paper.

As far as SOLACE is concerned, the only item that could have been improved on
for the technical paper would be accelerating its development, similar in manner
to the proposal. It should also be noted that for the technical paper, the
subsystems directly worked on writing their respective section. However, when
management went to organize and transfer their sections into the paper, it was
found that a large majority of the writing done was not comprehensible. The
writing was rife with technical inconsistencies, spelling and grammar errors, and
contained a lack of structure. Thus, correcting these sections fell ultimately onto
management, which took a considerable amount of time. This also caused a
delayed submission of SOLACE’s technical paper for review. Due to this, it is
recommended that future HuLC teams hold a technical writing workshop earlier
in development, such as during the literature review phase. This workshop can
outline proper technical writing practices, as well as define what constitutes
“publishable” work for AGSL.

Another important thing to note for future HuLC teams is that the highest-ranked
teams at the Forum, including SOLACE, used LaTeX to develop their technical
paper. The judges communicated at the Forum how presentation is a factor in
determining team scores. As such, it is recommended that future HuLC teams
consider using LaTeX for their own technical papers. If a team is having a hard
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time developing a paper in LaTeX for their project, the LaTeX files used for
SOLACE are currently in the process of being transferred into AGSL storage and
will be available for use.

TECHNICAL SUBSYSTEMS

Like the Management section, not much is to be said concerning the technical
development for the technical paper. The issues addressed in the proposal phase
drag over to the technical paper phase, namely the need for accelerated prototype
development and partnerships with testing spaces. If these are addressed in a
similar manner as discussed during the proposal phase, then they will not be an
issue come the technical paper phase.

Some important issues to note that arose during the technical paper phase include
a lack of simulations and hard data produced by the subsystems. Management was
scrounging for hard data to put in the technical paper, in addition to simulation
images to use for proof of verification and validation. Simulations that could have
been extremely useful include: FEA, CFD, charge and discharge simulations, GNC
stationkeeping simulations, link maintenance simulations, and a simulation
displaying how the PSI particle tracking system would work.

It should be noted that the subsystems members were busy with developing the
prototype and addressing the post-proposal criticisms. As a result, these important
simulations were pushed out of the window of the technical paper phase. In the
future, shifting the prototype development to be earlier or more efficiently
addressing the post-proposal criticisms would allow for these simulations to be
done on time.

Regardless, as with the proposal, the judges were extremely impressed with
SOLACE’s technical paper. Thus, SOLACE as a team should be proud of the work
put in and displayed in it.

A suggested deadline for this phase is two weeks before the deadline imposed by
HuLC for the technical paper.

Forum, Presentation, and Poster Session

Overall, the Forum was an invaluable experience for those that were able to
attend. SOLACE presented on the third day of the Forum. The first day consisted
of kicking off the HuLC Forum, consisted of several keynote speakers, and a
networking event. The second day of the Forum had the first six presentations
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Figure 4. SOLACE presenting their concept at the Forum.

spaced out from around gam to 5pm. HuLC also provided meals, along with snacks
to the attendees between these presentations. After each team presented, there
was an open poster session, like a science fair, where the judges and other teams
would walk around and be able to converse more casually with each team
concerning their concept. The third day of the Forum had the remaining
presentations and their respective poster session. The fourth day of the Forum
contained a trip to the Space and Rocket Center, presentation of awards, and
conclusion of the HuLC Forum.

Given that there is a substantial fee for attending the Forum, it is likely that only 4-
5 members of a team will be able to attend the Forum. It is recommended that
these members consist of:

e Project Manager

e Chief Engineer

e Subsystem leads (max 2)

e Program Manager (if space and if available)
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Additionally, it should be noted that it is extremely valuable to bring a

lowerclassman (freshman or sophomore) as well to events like the HuLC Forum.

Assuming HuLC will continue into the future, building institutional and

experiential knowledge in younger members is extremely important, and reflects
the organization well at the Forum.

Overall, management was extremely proud and impressed with the way the team
presented and conducted themselves at the Forum. SOLACE personnel acted
extremely professionally and knowledgeably, keeping up with (and outdoing in

some cases!) Ph.D. candidates. No major criticism can be offered in this phase.

Instead, a long list of advice will be given to future HuLC teams:

e Developing a Poster

O

HuLC has a resource that they release on their website that links to
several scientific poster templates. Use one of those, and adjust it as
needed.

Always put more information than you think is necessary initially,
then cut down. Some teams at the Forum had too little information
on their poster.

Don’t make the font too small, some judges will find it hard to read!
Include lots of graphics, especially those that could not find their
way into the presentation.

When printing, use semigloss, and print through the architecture
building at Texas A&M.

e Developing a Presentation

o

O

Structure this like the 2-minute video that was created for the
proposal.

Ensure the presentation is in the .pptx format.

Make sure all videos in the presentation are in .mp4 format, and
NOT in .mov format (there was an issue playing .mov files in the
PowerPoint on MacOS).

Make sure everyone that will be on stage gets a speaking part

e Attending the Forum

O

Project management should hold a conduct presentation before the
Forum. This presentation should outline proper practices in
attending the Forum. SOLACE’s conduct presentation can be
accessed via the Google Drive and contains numerous good practices
for attending academic conferences.

The presentation must be run through, in its entirety, by the group
at least 3 times within the time limit before presenting.
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o Always expect to present slower than you normally would. As such,
plan for contingencies to speed up a presentation if needed. The
Forum provides a timer for your group to see while presenting,
which is helpful in gauging how fast the presentation must be gone
through.

o While at the Forum, be sure to network and get to know as many
people as possible! The Forum is a great networking opportunity,
especially with students many of whom will hold jobs in the space
industry. Additionally, a lot of the information in this PAR about
other teams came from talking to other teams about what their
project timeline and development process looked like. Building
institutional knowledge is the key to lasting success in these
competitions.

Figure 5. SOLACE discussing their concept with Dr. Phil Metzger during the poster session.
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Conclusion

Though SOLACE had places where it could have improved and didn’t place in the
top three, the project was a resounding success in receiving the Excellence in
Systems Engineering reward and representing both AGSL and Texas A&M
fantastically. This is not to say that future HuLC teams have success guaranteed for
them. The SOLACE team put in a lot of hard work, which must be reflected in any
team that seeks success in HuLC. Additionally, with the first year of the
competition concluded, other schools will be learning from their mistakes as well,
making the competition even tighter for future years. Thus, future HuLC teams at
AGSL must identify the critical inches that can be gained and conquer them. If the
advice in this PAR can be followed, any future AGSL HuLC team will be a strong
competitor. As such, it is at the joint recommendation from the Project Manager
and the Chief Engineer that AGSL form another team for HuLC’s 2025
competition, in order to provide invaluable avenues for hands-on space design for
its members and others, and to continue to display its excellence in systems
engineering.
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