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Abstract
NASA’s next mission to the moon (Artemis) requires a device to dispense bags for holding and
collecting rock samples on the lunar surface. The device must be lightweight, easy to use with an
astronaut suit, and capable of withstanding the moon’s harsh environment. Our team has
designed and revised several prototype dispensers to accomplish this challenge. Through testing
and observations made while building our structural prototype, changes were made to build a
more durable and usable dispenser. This led to our verification prototype, which was constructed
with a carbon fiber frame and aluminum, or 3D printed smaller components. After
manufacturing and assembly several testing procedures were creating to verify NASA’s target
specifications. This included testing the dispenser’s overall weight, dimensions, ability to
withstand the force of dropping a rock, gloved astronaut usability, and optimum live hinge
deflection. This testing yielded results which can be used to create another improved design to be
manufactured and tested until all target specifications are met. By completing all of NASA’s
target specifications, a dispenser may be approved for use in upcoming missions of lunar
geological collection.

Introduction
The purpose of this project is to design and build a prototype lunar sample bag dispenser which
meets the requirements of the Micro-G NeXT design challenge. A design for a lunar sample bag
and dispenser that work together was developed, manufactured, and tested. While the team was
not selected to participate in testing at NASA’s Neutral Buoyancy Lab at the Johnson Space
Center, development of the sample bag dispenser continued and is useful for multiple purposes
in engineering education. The dispenser was shown at the Cal Poly Senior Project Expo, and
presented separately to a local Scouts BSA troop for the purpose of outreach and STEM
education in the community. Documentation of these results may be useful to future senior
project teams competing in design challenges, manufacturing composite components, or
designing for non-Earth conditions.
The team includes Christian Clephan, Albert Kasinski, and Birk Smith. All are mechanical
engineering students at California Polytechnic State University, San Luis Obispo. This report
includes background research into the challenges of designing for the lunar environment.
Background research and the design requirements provided by NASA defined the engineering
specifications, which in turn drove the concept generation and final concept selection. Multiple
design reviews are included, documenting the design process over time, as well as describing
prototypes at multiple points. Manufacturing documentation describes the methods used to
construct the final (verification) prototype, and a user manual is included for the verification
prototype. Design verification includes operational and structural testing to evaluate the success
of the final design. Conclusions and recommendations summarize the team’s results and present
a path to flight.
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Abstract
NASA’s next mission to the moon (Artemis) requires a device to dispense bags for holding and
collecting rock samples on the lunar surface. The device must be lightweight, easy to use with an
astronaut suit, and capable of withstanding the moon’s harsh environment. Our team has completed
background research, defined the scope of the project, listed engineering specification, and
organized project management. Background research gave our team fundamental designs for bag
dispenser systems and showed that combining various aspects of different designs may be used as
a solution to the challenge. Additionally, our research on technical challenges provided insight on
how limited we are with material selection. We found that clearly defining the problem statement
and comparing previous solutions to stakeholder needs gave us a better direction on what to
prioritize when coming up with potential designs. This document addresses key deliverables to the
sponsor over the project time frame and lists steps following the completion of the Scope of Work.
By methodically using all the information outlined in this document, our team will be able to create
a workable concept design and stay on track to submit a Preliminary Design Report.
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1. Introduction
Our team, the CP Astro Samplers, is tasked with the design and manufacturing of a lunar bag
dispensing device that is operable with one hand. During extravehicular lunar activities, astronauts
operating the device will be able to dispense and retain a bag in its open position while filling it
with lunar rock samples. This project is part of a NASA sponsored tournament called Micro-gNExT, a competition between colleges around the country [1]. The goals of this report are to
outline the background research, explain the goals of the project and its specifications, and show
how our team will plan the design process. The Background section is broken up into three
subsections: Stakeholders & Needs, Existing Products/Solutions, and Technical Challenges. The
Project Scope section discusses the required functionality of the design. The Objectives section
consists of detailed descriptions related to all engineering specifications. The Project Management
section describes our teams overall design process and key milestones.

2. Background
2.1 Stakeholders & Needs
Our sponsor (NASA) has previous experience with lunar launches during the Apollo missions.
Well-preserved journals and documentation of the geological studies conducted during Apollo 12
and 14-17 are available to the public [2]. Using the Apollo documentation, we found detailed
descriptions of types of equipment used, materials used, and pictures of astronauts using the
equipment. NASA first used a circular container with bags wrapped concentrically around an
aluminum rim with individual pull tabs. This design showed a lot of simplicity, as shown in Figure
1a, but operating with one hand and using a glove would be very difficult. Another bag dispenser
was used in Apollo 15,16, and 17 where pull tabs were used to unhook individual bags. This design
is much more compact and simple but doesn’t include a mechanism to hold bags open for samples
to be loaded as seen in Figure 1b.

Figure 1a. Prototype Apollo 12 cup-shaped
sample bag dispenser

Figure 1b. Apollo 15-17 pull tab bag
dispenser system
1

2.2 Existing Products/Solutions
To aid in ideating for a bag dispenser system, patents and existing products were used to study
how the design solved a particular problem [3-8]. Patents pertaining to general bag dispensing
systems were useful, such as grocery and produce bag dispensers [9,10]. Grocery bags are
compactly stacked on one another, while the user simply pulls a tab bringing the bag off the rack
holding each side up. Figure 2a demonstrates the basic concept of how each bag is stacked and
held for the user to place contents inside. The produce bag dispenser system involves wrapping
bags around a cylinder so they can be rolled out, while a small slit is caught ripping off individual
bags. Figure 2b shows this design while in use. These methods are valuable for our problem
because we must fit the entire device within a 15” x 12” x 8” volume. Compacting bags and devices
to dispense individual bags is extremely important, especially when a 5” diameter rock must be
placed inside that volume.

Figure 2a. Grocery bag dispenser system

Figure 2b. Produce bag dispenser system

Another challenge to our design involves the astronaut using minimal effort to close the bags with
gloved hands. Two simple products we found were side tabs seen on coffee bags and the
GRIPSTIC as shown in figure 3. Coffee bags have a thick elastic material which can be rolled
down tight, then folded in to seal the opening. While this isn’t airtight or waterproof, it is a very
simple mechanism that holds a bag closed without letting the contents escape. The GRIPSTIC
device is a separate piece placed over the bag opening to enclose the bag [11]. This is another
simple and compact method to enclose bags but would require storage of individual pieces for
each bag.
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Figure 3. GRIPSTIC device patent.

One of the major design requirements is to open a bag and secure it to the dispenser. Figure 4
shows a bag dispensing system that incorporates a wedge-shaped bag retaining method. The bag
has an upper tab that can bend to some degree. The flexible tab is pulled through a wedge-shaped
opening that forces the tab to bend and therefore open the bag. Once the tab reaches a certain
point in the wedge, a slotted region prevents the tab from going back to its original position and
secures it in the dispenser [12]. This technique may prove to be useful in our bag design when
designing for a compact and easy to use system.

Figure 4. Wedge-shaped bag dispenser.
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2.3 Technical Challenges
The bag dispenser system must be solely mechanically operated as stated below in Table 1. Many
options were considered to aid in opening and closing the bag. However, according to a NASA
journal [13], certain mechanisms such as zippers and Velcro become inoperable when exposed to
moon dust. Attempts to clean Velcro straps or zippers with a rag were ineffective due to the moon
dust clinging around the hooks or being wedged in tight pockets.
Our research on plastic sample bags began with finding journals that detailed common uses for
materials suggested by the Micro-G Next in their challenge description document [1]. An article
[14] detailing common thermoplastics used in the medical industry (PVC, polyethylene, and
polypropylene) and why they’re used for specific devices was useful for choosing our material.
The article stated that medical collection bags are made from flexible PVC due to their clarity,
puncture resistance, and low temperature flexibility. For these reasons, thermoplastics were
strongly considered as an appropriate choice of material for the sample bag.
We found that a more viable material for the bag would be PTFE (Teflon®). The reason for this
material selection is that PTFE is tear resistant and retains its properties at a vast range of
temperatures. Data collected by the Diviner Lunar Radiometer Experiment onboard the Lunar
Reconnaissance Orbiter has been measuring regolith thermal energy on the moons surface [15].
According to the data, surface temperatures on the moon range from 397K (255 °F) at the equator
in direct sunlight and down to 95K (-289 °F) without the presence of sunlight. PTFE is found to
retain its properties at temperatures ranging from –400 °F to 400 °F. Other common plastics such
as polyethylene would likely fail under the harsh conditions on the surface of the moon. If our
team chose PTFE as our sample bag material, we will use ASTM methods and standards in testing
puncture resistance for the purposes of our challenge [16]. Additionally, PTFE was the bag
material used in the Apollo missions according to NASA’s report on lunar surface geological
sampling [2].
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3. Project Scope
3.1 Boundary Sketch

Figure 5. Boundary sketch for problem statement

5

3.2 Stakeholders Wants and Needs
Table 1. Sponsor Requirement List
1. The sample bag set includes 10-25 sample bags.
2. Each sample bag is made of 2-5 mil (1/1000 of an inch, NOT mm) thick, transparent, and
flexible plastic material.
3. Each sample bag’s interior dimensions is 9” x 9” to ensure the desired size range of
samples fit inside the bag and retained.
4. Each sample bag withstands the force of a roughly 5” diameter rock dropping inside the
bag from 1” above the opening. See the Additional Considerations section for examples.
5. Each sample bag operable without needing to touch the inside of the bag with the crew
member’s gloves.
6. The sample bag includes a method to close the bag and retain its contents (assume it needs
to retain rocks and small sand particles).
7. Each sample bag stays open on its own.
8. The dispenser holds a minimum of 10 and a maximum of 25 sample bags.
9. The dispenser allows crew member to use one hand to open a single sample bag while
attached to the dispenser.
10. The dispenser allows crew member to use one hand to dispense a single sample bag at a
time.
11. The dispenser restrains the sample bags enough to prevent bag damage, deformation, or
accidental opening when not in use.
12. The dispenser is capable of holding an open bag filled with a sample (up to 2 lbs) prior to
dispensing the filled bag.
13. The proposed sample bags and dispenser system design should use flight-like materials
and adhere to all requirements.
14. The sample bags and dispenser system built for NBL testing is made for an underwater
testing environment and made from NBL approved materials. A waiver may be granted
on a case-by-case basis
15. The sample bags and dispenser system fit within a volume of 15” x 12” x 8” when in use.
16. The sample bags and dispenser system needs a 4-hole bolt pattern to interface with a
NASA-provided tool belt. See the Interface Details section for details.
17. The total weight of the dispenser when loaded with bags is less than 3 lbs.
18. The sample bags and dispenser system is operable with EVA gloved hands (like heavy
ski gloves).
19. The sample bags and dispenser system uses only manual power.
20. No holes or openings allowing/causing entrapment of fingers on the sample bags, (NOT
markers).
21. No sharp edges on the sample bags and dispenser system.
22. Minimize and label pinch points.
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3.3 Functional Decomposition
Figure 6 illustrates a functional decomposition chart detailing every task our design must be able
to complete. The general purpose is to make a bag dispenser, but this includes many sub-functions
such as dispensing singular bags, ability to hold many bags, and feeling comfortable for the
astronaut.

Figure 6. Functional decomposition diagram.

3.4 Deliverables
We plan to have a fully functional bag dispenser system capable of handling all the design
requirements by NASA’s NBL testing date. Prior to this, the prototype will be thoroughly tested
with rock drop tests to ensure the dispenser and bags hold. Other tests such as using a tensile testing
machine for the strength of our aluminum and carbon fiber, finding pinch points, and underwater
operation will be analyzed and recorded. Finally, journals will be kept of numerous STEM
engagement activities with K-12 organizations that will be presented to NASA.

4. Objectives
4.1 Problem Statement
NASA astronauts need a lightweight, durable, and manually operated tool to hold and dispense
bags on the moon to collect rock samples, but the space suit limits mobility.
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4.2 Description of QFD Process
Our quality function deployment considers our customers as anyone who will be using or testing
our device (astronauts, Micro-G Next judges, and NBL divers). Next, our customer requirements
are a condensed version of what is detailed in Table 1 with corresponding engineering
specifications (what we will be testing). These requirements are then graded for current products,
which we included as previous competition team designs, NASA’s Apollo design, and a produce
grocery bag dispenser. Target values were given for each engineering specification, which were
used to give a rating for current products. Our House of Quality demonstrated which areas of the
problem haven’t been addressed in current designs and what we should prioritize. Keeping the bag
dispenser compact and extremely simple to use are the two specifications that current designs lack
in performance. For more information, the House of Quality can be found in Appendix A.

4.3 Engineering Specifications
Below is an engineering specification table to demonstrate target requirements, risk, and
compliance.
Table 2. Engineering Specification Table
Spec #
1
2
3
4
5

Description
Bag Count
Thickness Measurement
Bag Size Measurement
Drop Test
Contaminate Dye Test

6

Closed Bag Shake Test

7

One-Handed Test

8
9
10
11

Tensile Plastic Strength
Dispenser Size
Fits NASA Toolbelt
Weight

12

Operate with Gloves

13

Pinch Points

Requirement
10-25
4.0 mm
9”x9”
3 5” Drops
No Dye
No Contents
Escape
Completely
Operable
15-40 MPa
15”x12”x8”
Fits Holes
3 lb
Completely
Operable
3< Points

Tolerance
Max
±.5 mm
Max
Min
Min

Risk
L
L
L
H
L

Compliance
S
A,I
A,I
T
T

Max

M

T

Max

M

T

Max
Min
Min
Max

M
L
L
H

T
A,I
I
A,I

Max

L

T

Min

H

T

In our Engineering Specification Table, we have three items that have high risk of not meeting
specifications. The first high-risk specification is the drop test. This is a difficult specification for
us to test until we have a working prototype, which leaves a lot of room for errors in our design
that may prohibit us from passing the drop test. The next high-risk specification is the weight of
our design. Three pounds is not a lot of weight to work with, and we won’t know the final weight
of our design until it is built. We can create estimates of our weight through our CAD models,
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but they may not be completely accurate due to errors in the machining process or differences in
material properties. The final high-risk specification is limiting pinch points. This is an important
specification since we do not want an astronaut to get their spacesuits or body parts caught on
our device. While we can estimate pinch points on our CAD models, we won’t be able to find
every pinch point until the design is completely built.

5. Project Management
5.1 Description of Design Process
The design process begins with ideation and concept modeling with materials and techniques
provided by our faculty advisor. After promising ideas have been chosen from the ideation process
and validated with concept models for feasibility, the team will move on to the construction of
multiple concept prototypes. Each concept prototype will resemble the chosen design in shape and
major functions, but each will be designed to assess the performance of a particular function. For
example, the spring rates of coil springs and torsion bars may be evaluated separately from the
mechanisms of the four-bar linkage arm which folds down when the device is not in use. These
prototypes will be constructed with a mix of low-cost materials such as foam core, plywood, and
3D printed plastic with representative materials including machined aluminum, fiberglass, and
carbon fiber.
In order to move ahead with our prototype manufacturing, CAD models will be created, updated,
and modified as necessary. Our team has chosen to use Fusion 360 for the modeling of this project.
Fusion 360’s cloud-based operation is ideal for collaboration, and the built-in version management
provides a record of design decisions and a way to revert to previous designs.
In the CAD models, materials and dimensions will be assigned to each part in an accurate way to
allow for computer simulation of various tests. First, mass properties will be evaluated to predict
the weight of the assembled design or prototype, which will keep the design under the weight limit
of 3 lb. in Earth gravity. Second, finite element analysis will be used to predict the stresses at
critical locations in typical and extraordinary load cases. In conjunction with hand calculations,
this will be used to validate critical dimensions such as the wall thickness of the main enclosure,
the thickness of the linkage arm, and elements of the design which support bearings and springs.
Physical testing of prototypes will also be crucial to evaluating the design. The most significant
tests to be performed are low-gravity environment operating conditions, drop-testing of
representative rock samples into the bag prototype as recommended by NASA, and tensile strength
testing of carbon fiber and aluminum members. Buckling of the linkage arm is an important failure
mode to test for.
We will be using Team Gantt to track our progress and meet our deadlines on time. Our Gantt
chart can be found in Appendix B.

9

5.2 Table of Key Milestones
Table 3: Key Milestones
Task
Construct Ideation Models
Select Design Concept
Model Chosen Design in Fusion 360
Record and Edit Pitch Video
Submit Proposal to Micro-G NExT
Submit SOW
Submit PDR

Date
October 12th, 2021
October 14th, 2021
October 21st, 2021
October 26th, 2021
October 28th 2021
November 10th, 2021
November 17th, 2021

5.3 Discussion of Tasks Leading up to PDR
In order to deliver a strong, complete PDR by the deadline of November 17th, 2021, the following
tasks must be completed in order.
First, ideation models will be constructed to evaluate the feasibility of the most promising concepts
from the ideation phase. These will be constructed with the materials and methods outlined in the
beginning of this section. After evaluating the ideation models, the team will come to an agreement
of a design to be proposed to NASA by means of comparing, combining, and expanding upon the
leading ideas.
Once a concept has been selected by the team, it will be modeled in Fusion 360 to add detail to the
design and facilitate communication within the team. This model will also be used to produce
rendered images and annotated diagrams to include in the proposal, PDR, and subsequent
documents. Additionally, animations of the moving elements in the model will be edited into the
pitch video as part of the proposal. To complete the concept pitch video, the team will write a
script and record a reading of the script in the Kennedy Library video studio, then edit together the
recorded audio and video with graphics and animations.
In addition to the video, the proposal document will be written between October 14th and 28th,
which will describe the proposed concept in detail and address all of NASA’s requirements for a
design proposal.
After submitting the proposal, supporting documents will be written and appended to the proposal
to address the requirements of the Scope of Work. With these two major documents completed,
several major elements of the PDR will have been written and can be adjusted to fit the
requirements of that document, with additional material being added as necessary.
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6. Conclusion
The design challenge is to engineer a device that will allow an astronaut to use one hand to dispense
a bag and keep it securely attached while collecting lunar rock samples. The design must be
compliant with a strict set of rules provided by NASA. The purpose of this document is to
demonstrate to our sponsor, NASA, that our team understands what the problem is and that we are
fully capable of achieving a solution. The key points from this document are an introduction and
background research, the project scope and its goals, objectives that clearly define the problem
and the associated design specifications, and our project management process. The next project
deliverable will be the Preliminary Design Report which will be completed towards the end of
November 2021. We kindly ask that our sponsor, NASA, confirm the project scope once our
proposal is approved.
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Abstract

Our design aims to allow astronauts a simple way to use the sample bags while operating the
device with EVA gloved hands. After ideating, our team decided to prioritize ease of use and
reduce the number of individual steps an astronaut is required to perform. We wanted to include a
mechanism that ensures the bags would not move unless the astronaut intends to do so. There will
be one hand movement to open the bag, followed by a separate movement to dispense the bag. To
accomplish this, our design needed a bag storage area and a method to open the bag, dispense the
bag, and close the bag. Each bag is individually rolled and stored in the bag storage
compartment. To open a bag, two tabs (one loop and one toggle), located on opposite sides of
each bag are pulled apart. The toggle is retained in a channel and held in place by a
door. When the loop is pulled, the walls of the bag separate, opening the bag. The
loop is secured to a peg on the end of a retractable arm, holding the bag open while in use. When
a bag is full, the astronaut grabs the loop and removes it from the arm. Lifting the bag up dispenses
the toggle from the toggle door and allows the astronaut to close the bag. Each bag has a strip of
nylon webbing around the rim of the opening, which is embedded with piece of nitinol
wire that allows the astronaut to fold and seal the bag after removal from the
device. This design meets all requirements from the Micro-g NExT competition.
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1. Introduction
Our team, the CP Astro Samplers, is tasked with the design and manufacturing of a lunar bag
dispensing device that is operable with one hand. During extravehicular lunar activities, astronauts
operating the device will be able to dispense and retain a bag in its open position while filling it
with lunar rock samples. This project is part of a NASA sponsored tournament called Micro-gNExT, a competition between teams of undergraduate students around the country. Our goal is to
build a lightweight, compact, and easy to operate bag dispenser that outperforms the rest of the
competition. If our design is accepted by NASA, we will then build and test our prototype to
eventually be evaluated at NASA’s Neutral Buoyancy Laboratory. This document includes details
on our concept development process, our design description, concept justification, and project
management.

2. Concept Development
Our concept development began with ideation by creating quick concept sketches of a bag
dispenser system. Next, we discussed what components of each drawing best solved the challenge
requirements and created more sketches implementing these components. With these revised
drawings, ideation models were created from basic materials to see if our concept worked in the
real world.

2.1 Ideation Process
To start our ideation process, we used “How might we” statements for different solutions to
components of the bag dispenser. Next, each member of the team came up with multiple sketches
exploring different solutions to each component. As a team, we discussed the pros and cons of
each design and improved our initial sketches. When we each had one buildable design, we did
concept prototypes out of foam core and popsicle sticks of each of our designs. After making
mocks of our concept, we found that one design had a good blend of aspects from all our designs.
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2.2 Concept Sketches
Figure 1 shows five concept sketches that were considered for the final design. More ideation
sketches can be found in Appendix A.

Figure 1. Sample bag dispenser ideation sketches.
While exploring our concepts, we found some similarities between each of our concept drawings.
We quickly realized how small our maximum volume was compared to the size of an open bag
ready for loading. We each had different ways of approaching this size challenge, but one
similarity we had was having a retractable frame. Having a retractable frame gave us an empty
space big enough for loading an open bag, but removed the empty space when the bags are not in
use. Another similarity we had was to create unique bag designs to fit our dispenser. We all
recognized the importance of being able to design our own bags. In order to fit into our small size
constraint, we had to maximize space by making our bags fit efficiently. The prevailing bag
concepts we had were to have loops on the sides and roll the bags up while in storage.

2.3 Concept Selection
To decide our final concept, we used a weighted decision matrix that can be seen in Appendix Bf.
We emphasized designs that were more compact, lightweight, and capable of withstanding a drop
test. These criteria were the most important as outlined by Micro-G NExT, and many previous
competition submissions lacked in those areas. Using our decision matrix, we found idea 5 was
the best design decision based on what specifications were most valued.

3. Concept Design
This section details our design description, concept prototype, manufacturing plan, and possible
alternatives for the design.

3.1 Design Description
Our team’s focus while creating a design for this competition was to limit the number of motions
required by the astronaut. After using ideation and functional decomposition, we came up with a
concept design that was easy to use for astronauts. Our design has three main components: a
retractable arm, a bag storage compartment, and a toggle channel. Figure 2 shows an isometric
view of the bag dispenser design.
2

Figure 2. Isometric view with annotated accessories.

Our bags will have a strip of nylon webbing along the top edge of both sides of the bag. This
webbing will be embedded with flexible wire, functioning as the closing mechanism.
Additionally, support prevents the bags from being twisted in an awkward orientation before
being pulled open. Once the bag has been filled and dispensed, the astronaut will fold the semirigid support and secure the bag's contents using the flexible wire. A demonstration of this folding
method may be found in the concept video. In addition to the flexible wire, there will be a loop
on one side of the bag and a T-shaped toggle on the other. The toggle will be locked in place while
the loop is free to grab and place on the retractable arm. Figure 1 above shows the concept design
with peg and toggle accessories for each bag.
The proposed bag material is PTFE (Teflon®). The reason for this material selection is
that PTFE retains its properties at a vast range of temperatures. Data collected by the Diviner Lunar
Radiometer Experiment onboard the Lunar Reconnaissance Orbiter has been measuring regolith
thermal energy [1]. According to the data, surface temperatures of the moon range from 397K (255
°F) at the equator in direct sunlight and down to 95K (-289 °F) without the presence of sunlight.
PTFE is tear resistant and can retain its properties at temperatures between –400 °F to 400 °F.
Other common plastics such as polyethylene would likely fail under the harsh conditions on
the surface of the Moon. Additionally, PTFE was the bag material used in the Apollo missions
according to NASA’s report on lunar surface geological sampling [2].

3

The retractable arm starts in a compact position, giving the astronaut more range of motion while
the dispenser is not in use. When the dispenser is in use, the arm is pulled up and locked into
place using a linkage support as shown in Figure 3. The arm includes a dull peg that the bag loop
is attached to. Once the bag is secured onto the arm, the bag is ready to be filled. When the
astronaut is done collecting samples and removes the bag from the dispenser, the arm is pushed
back into its compact position.

Figure 3. Side view of dispenser demonstrating motion of unfolding retracted arm.

Each bag will be individually rolled and placed in a storage compartment. The storage
compartment is located directly in front of the toggle channel. The bag leaves the storage
compartment through a small wedge-shaped channel that aids in opening the bag as the astronaut
pulls on the loop end.
In the toggle channel, the toggle tabs of the bags are stored in a region that eliminates lateral
movement. There is a torsion spring toggle door mechanism at the top of the channel which
4

controls the dispensing rate of the bags. This mechanism takes advantage of the
cylindrical toggle geometry to ensure that only one bag is released at a time. When a bag is ready
to be dispensed, the astronaut grabs the loop tab from the retractable arm and lifts the bag up.
The lifting motion will push the torsion spring door open and release the toggle. Once the
toggle leaves the channel, the door will return to its original position and lock the remaining bags
in place. Figure 4 shows the closed position of the toggle door, where bags can be seen lined up
below each other. A spring is located at the bottom of the toggle channel that pushes
the toggles upwards.

Figure 4. Closed toggle door mechanism that releases once the bag is lifted out by the astronaut.

The dispenser is compact, lightweight, durable, easy to use, and adheres to every requirement
detailed in the challenge description. Table 1 below includes these requirements and our
current design’s compliances.
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3.2 Concept Prototype
After creating a CAD model of our concept design, a prototype of the overall dispenser and sample
bag was manufactured. Figure 5a and 5b demonstrate the closed and opened position of our
concept prototype.

Figure 5a. Concept prototype with linkage
arm in retracted position.

Figure 5b. Concept prototype with linkage
arm extended with opened sample bag.

We used a 3D printer to create the retractable arm and pivot points due to their more complex
geometries. Plywood was used for all other components of the dispenser because it is rigid and
will show the sharp edges or pinch points around the prototype. We were able to inspect for hazard
points and found the linkage arm would likely pinch an astronaut’s glove or possibly cause a tear.
To assist with the overall dimensions of our model we included a slot underneath the retractable
arm so that the linkage bars are stored away when the dispenser is not in use (Figure 5a). The
toggle door mechanism was found to be too difficult to manufacture with a 3D print due to tight
tolerances and complex geometries. We may consider another approach for this mechanism
because achieving tight tolerances can be more expensive and risks more failures while operating
the dispenser.

3.3 Future Manufacturing Plan
For the verification prototype, we will manufacture the bag and dispenser shape, loop, toggle,
linkage arm, foldable arm, and toggle door. Components of the dispenser involving sliding fits,
6

complex geometry, and threaded fasteners will be manufactured with aluminum. Simple
geometries such as flat plates and pieces without high tolerances will be constructed with carbon
fiber to reduce weight. To cure the composite material, a wet layup of carbon fiber fabric with
epoxy resin will be placed on a heated vacuum table with temperatures and pressures adhering to
recommendation of epoxy manufacturer. All machining and 3D printing will be done at Cal
Poly machine shops, with no cost of using the equipment. To machine aluminum and carbon fiber,
a water jet or Haas CNC mill will be used. Bag manufacturing will be done by cutting and heatsealing purchased PTFE sheets. The toggle will be made from machined aluminum and attached
to the bag with a flexible strip of nylon. The loop attachment will be made of nylon webbing. The
toggle, loop, and crimping wire will be attached to plastic bags with an appropriate adhesive
for lunar surface conditions.
Once manufacturing is completed, testing will focus on the major components of the dispenser.
The toggle door mechanism must work smoothly to prevent jamming. The spring that pushes the
bags into place will also be tested for precision and repeatability, optimizing ease of use and
reliability. Finally, the width of the opening to the bag storage compartment will be modified based
on testing to balance secure retention with the ease of removing the bags. Calculations and testing
will be completed for the force and moment generated by a 5” rock falling 1” above the bag
opening while the linkage bar is locked in place. A tensile strength testing machine will be used to
record performance of purchased aluminum and composite materials.
Third parties may be used to purchase additional components such as coil springs, torsion
springs, adhesives, and rivets or threaded fasteners for the linkage arm.

3.4 Design Alternatives
Our proposed design is still a conceptual design. Therefore, changes will likely occur as we move
through the detailed design, prototyping, and testing phases. One aspect of the design
that may change is the retractable arm. The proposed design features an arm which is
supported on only one side. This would give more space for the astronaut to open and remove the
bag, but it may not be strong enough to support the weight of a full bag. The arm may be
augmented with an additional linkage bar located beneath the peg or on the opposite side of the
arm. Ideally, the arm will be able to retract and take up minimal space to make it easier and more
convenient for the astronaut. However, this might be too complicated and create unavoidable
pinch points. As we prototype and test our design model, we may update the design of the arm as
needed. If the single retractable arm proves to be unstable, the ability to retract may be modified or
removed.
Another design consideration that may change is the toggle door that contains the bags. The stored
bags will be pushed up by a spring, so we have a spring-loaded gate mechanism that stops the bags
from being pushed out of their compartment. This gate also secures the topmost bag, so it doesn’t
detach while the astronaut is filling it. After prototyping, we may find that the current design for
the door is not adequate. Other solutions for this problem include a sliding door and
spacers between the bags.
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4. Concept Justification
This section details a specification table detailing challenge requirements and our current design’s
compliance. Additionally, current design hazards and challenges are discussed.

4.1 Specifications Table
Requirement
The sample bag set includes 10-25 sample
bags.
Each sample bag is made of 2-5 mil (1/1000
of an inch, NOT mm) thick, transparent, and
flexible plastic material.
Each sample bag’s interior dimensions are 9”
x 9” to ensure the desired size range of
samples fit inside the bag and retained.
Each sample bag withstands the force of a
roughly 5” diameter rock dropping inside the
bag from 1” above the opening. See the
Additional Considerations section for
examples.
Each sample bag operable without needing to
touch the inside of the bag with the crew
member’s gloves.
The sample bag includes a method to close
the bag and retain its contents (assume it
needs to retain rocks and small sand
particles).
Each sample bag stays open on its own.
The dispenser holds a minimum of 10 and a
maximum of 25 sample bags.
The dispenser allows crew member to use one
hand to open a single sample bag while
attached to the dispenser.

Compliance
Loading section contains sufficient room to load
17 bags in a rolled-up orientation.
The bags will be designed within the tolerance
range and made from premade sheets of PTFE
(Teflon).
Dispenser design allows for loading
appropriately sized samples into bags with
interior dimensions of 9” x 9”.
A 4 mil (0.004 in.) PTFE sample bag will be
tested to withstand forces specified in
requirements. A thicker bag will be used if there
is failure.
The exposed bag loops will allow the astronaut
to open the bag without touching the inside of
the bag.
Each bag will have a rim made of nylon webbing
for rigidity, with a nitinol wire embedded inside.
Once the astronaut dispenses the bag, they fold
and seal the bag using the wire to crimp the
edges closed.
Toggle tab and secured loop tab allow the bag to
stay open on its own.
We plan on storing 25 bags but may cut the
number down if space is an issue.
Design requires only one hand to grab the loop
tab to secure around peg. Dispenser wedge
channel helps open the bag as it’s being secured
to the peg.
Dispenser spring-loads bags to upper-most
position during operation.

The dispenser allows crew member to use one
hand to dispense a single sample bag at a
time.
The dispenser restrains the sample bags Bags will be compressed and contained in a
enough to prevent bag damage, deformation, compartment section of the dispenser to prevent
or accidental opening when not in use.
possible damage from vibrations or other
external forces.
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The dispenser is capable of holding an open
bag filled with a sample (up to 2 lbs) prior to
dispensing the filled bag.
The proposed sample bags and dispenser
system design should use flight-like materials
and adhere to all requirements.
The sample bags and dispenser system built
for NBL testing is made for an underwater
testing environment and made from NBL
approved materials. A waiver may be granted
on a case-by-case basis
The sample bags and dispenser system fit
within a volume of 15” x 12” x 8” when in
use.
The sample bags and dispenser system need
a 4-hole bolt pattern to interface with a
NASA-provided tool belt. See the Interface
Details section for details.
The total weight of the dispenser when loaded
with bags is less than 3 lbs.

Bags will be firmly secured on both tabs while
filled.
Proposed bag material (PTFE) can withstand
extreme temperature variations (-400 °F to
400°F).
Design and material selection is operable in an
underwater testing environment and made of
NBL materials approved.
Current proposed volume is 12.8” x 12.0” x 8.0”
when in use.
Our design has a flat plate with a 4-hole bolt
pattern machined into it.

The current design is estimated to weigh 3.34
lbs, but will be modified to reduce weight in
future designs.
The astronaut has only two motions that must be
performed. Each motion has been successfully
tested using heavy ski gloves.
No hydraulic, magnetic, or actuating power is
included in our design.
There are no immediate areas for the astronaut
to risk entrapment of fingers on the sample bags.

The sample bags and dispenser system is
operable with EVA gloved hands (like heavy
ski gloves).
The sample bags and dispenser system use
only manual power.
No holes or openings allowing/causing
entrapment of fingers on the sample bags,
(NOT markers).
No sharp edges on the sample bags and There are no sharp edges on the bags and
dispenser system.
dispenser system. A small fillet will be
machined around the dispenser’s edges.
Minimize and label pinch points.
Pinch points will be labeled and minimized
accordingly.

4.2 Proof of Concept
To meet the requirement for maximum volume of 15” x 12” x 8”, we designed a dispenser with a
folding arm to minimize size when not in use. In the closed position, the dispenser has a volume
of 12.6” x 12.0” x 3.3” and in the open position the volume is 12.6” x 12.0” x 8.0”. Hand
calculations found in Appendix C found that a preliminary estimate for the weight of the device is
3.34 lbs, which is 11.3% higher than the maximum weight of 3 lbs in earth gravity. We believe
this difference is small enough that the existing design can be made compliant with minor
modifications to wall thicknesses and internal geometry of the bag dispenser.
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4.3 Design Hazards
Our current design is manually powered and follows NBL’s approved material list guidelines. Two
possible hazards with our design are sharp edges and pinch points as referenced in the Design
Hazard Checklist (Appendix D). Sharp edges on our dispenser have been mitigated using fillets
and smoothing points. Pinch points may occur while grabbing bags or moving the peg linkage arm.
To prevent finger entrapment from the linkage arm, we plan to include a locking mechanism to
hold the bar in place. Once a full-scale verification prototype has been manufactured, we plan to
operate the dispenser over several iterations with heavy ski gloves to locate pinch points. We plan
to modify the design to address additional pinch points as they are discovered during testing.

4.4 Design Challenges and Unknowns
Our concept prototype proved that most of what we modeled can be built, but we had issues with
manufacturing the toggle door mechanism. Another unknown is keeping the overall design under
3 pounds. While we have designed to keep the dispenser within an approved volume, we may
exceed the allowable weight when creating the verification prototype. We do not anticipate this to
be a major risk because we will be using lightweight materials such as carbon fiber, but some
adjustments may be necessary.
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5. Project Management
This section details how the rest of this project will be completed by including a testing plan,
budget plan, and project timeline.

5.1 Testing Plan
If our proposal gets accepted to move forward to the testing phase, we will create a detailed plan
to maximize our time in the NBL. The following section discusses our team's specific testing plan.
Loading and Preparation
1. Before the bags are loaded into the dispenser, roll each bag individually from the bottom
to the top of the bag. Ensure that the bag is rolled with the toggle on the back side of the
bag, so that it will naturally unfurl when dispensed.
2. Load the bags by inserting the toggles into the channel at the top of the dispenser. The
loops should be facing out on the same side as the retractable arm. Move the toggle doors
into the open position so that the toggles can slide into place.
3. Push the bag compartment base plate down, compressing the spring. While holding the
plate down, insert the bag into the dispenser through the slot in the front, bending it in the
middle to fit through the slot.
4. Repeat steps 2 and 3 for each bag.
5. Once all bags are loaded, move the toggle door into the closed position so the bags won’t
fall out. All bags should be secured into the bag storage area.
6. Rotate the retractable arm into its downward position for stowage.

Once these steps have been completed, all bags will be loaded, and the bag dispenser is ready for
use. The operator can then move onto the functionality steps listed in the Operations Procedure
section below.

Operations Procedure
1. Extend the retractable arm into the upright position.
2. Open the bag with one hand by pulling on the outward facing tab attached to the bag. Put
the tab on the peg at the end of the retractable arm.
3. Fill the sample bag with up to 2 lbs of material.
4. Grab the bag tab and pull off the peg. Lift the bag up to release the T-shaped toggle from
its compartment. Ensure the toggle door does not allow more than one bag to be dispensed.
5. Grab the top of the bag at each corner and fold the top edge over itself twice.
6. Once the bag is folded, seal the bag by bending the crimping wire embedded in rim of the
bag over the folded portion of the bag.
7. Repeat the above steps for additional testing as necessary.
8. Retract the arm to make the size of the dispenser more compact while not in use.
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5.2 Budget Plan
Below is a structured list of required expenses including shipping for this project. Some may be
nullified or reduced through local donations.
Items

Cost

Materials
Structural Prototype
3D printing filament
Craft supplies (Foam board, straws, paper cups, etc.)
Concept Prototype
Fiberglass 50” x 12’ / 4 yard (3 sets)
Epoxy Resin (0.5 Gallon Resin, 0.5 Gallon Hardener)
3D printing filament
Fasteners/Other Small Materials
Verification Prototype
Carbon Fiber 5’ x 12” Fabric (3 rolls)
Epoxy Resin (0.5 Gallon Resin, 0.5 Gallon Hardener)
Aluminum 6061 12” x 12” x .25” Flat Plate (6 Sheets)
Fasteners/Other Small Materials
Transparent Teflon Sheet 2 Mil, 1’ x 20’
Shipping
Prototype Shipment
UPS Store Shipment. Ground from San Luis Obispo, CA
to Houston, TX. (4lb, 15” x 12” x 8”)
Outreach Expenses
Scavenger Hunt Activity
Trash Grabbers (2 pack)
Dispenser Ideation Activity
Ideation Kit (30-60 Students)
Total

$20.00
$0 (Donated)
$76.47
$67.97
$20.00
$30.00
$71.94
$67.97
$215.94
$50.00
$95.30

$23.99

$39.90
$120
$899.48

The Cal Poly Mechanical Engineering Department has provided $1000 of funding for our senior
project that can be used on all the expenses listed above. Currently, our estimated expenses have
some leeway for overhead with the given funding. It is unlikely we will exceed our budget amount,
so seeking additional funding will not be required for us. Additionally, some material costs such
as aluminum, carbon fiber, and epoxy may be reduced from machine shop donations.
Travel funding for personal flights to Houston, TX will not be covered by university funding due
to California COVID-19 Restrictions. If accepted into the competition, team funding for travel,
accommodation, and food will be done through a GoFundMe or paid personally. Our project
funding is administered through the Mechanical Engineering Department’s administrative support,
Meredith Rubin (mgrubin@calpoly.edu, 805-756-6368).
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5.3 Project Timeline
Our complete project timeline can be found in our Gantt Chart in Appendix E.

6. Conclusion
This document outlines our teams design direction and includes supporting evidence. Each design
carried with it unique pros and cons, but ultimately led to our final concept choice. The primary
goal was to make the design simple, easy to operate, and achieve compliance with all the
specifications. Our teams’ engineering judgement was used to come up with a solution that we
strongly believe puts us on the right track moving forward. The key next steps are manufacturing,
machining, and testing. Design modifications will be included as necessary during the
manufacturing and testing phases. We kindly ask that our sponsor, NASA, inform us with an
agreement to move forward in our design direction.
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1. Introduction
The objectives of this project are to design, build, and test a sample bag dispenser intended to be
used by NASA Artemis astronauts to collect geologic samples on the lunar surface during
extravehicular activity (EVA) operations. The dispenser, also known as the Moon Rocker, will
adhere to strict requirements set by NASA. Some examples of the requirements are that the
device must be operable with one hand and is not assisted by electrical or hydraulic components.
The Moon Rocker has gone through a few major design changes since the Preliminary Design
Report. Some of those design changes include reorienting the 15”x12” dimensions on the
dispenser itself, switching between aluminum and carbon fiber for the arm, and moving the
springs from the bottom of the base plate to the top. The contents of this document outline the
Moon Rocker’s final design, manufacturing, and assembly plans along with a detailed bill of
materials, testing procedures, and plans to submit a conference paper.
Significant design changes have been made since the preliminary design report. The arm
is no longer attached to the front wall of the dispenser or locked into place with a linkage arm. It
is attached to the side wall and fastened to the dispenser with a bolt and nut. The mechanism which
holds the arm in place and secures it in an upright position consists of a ramp, constraint, and live
hinge. Another major design change is the addition of guide poles that stabilize the springs below
the baseplate (Figure 1). The poles prevent the springs from buckling during compression and help
stabilize the baseplate under a full load. The final design change was a modification of the toggle
door. The previous door was a simple rubber flap that held the toggles down. The new door is a
sliding mechanism intended to release one toggle at a time by isolating it from the spring force
that is applied from below.
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2. System Design
This section details our current system design that was used in constructing our structural
prototype. This design served most of the functionality desired in our customer’s specifications,
and will be used for the verification prototype with some material changes.

2.1 Description of Final Design
Our overall final design for the Moon Rocker structural prototype consists of four subsystems: the
main body, toggle door, arm, and sample bag. The main body is comprised of walls made from
fiberglass, which hold each system. A spring and baseplate at the bottom of the body push sample
bags to eventually be released. Each sample bag is made of Ziploc with a tab, toggle, and Dual
Lock as the closing mechanism. The toggle door system contains a channel containing all of the
toggles and a door, which releases individual toggles. The arm system has an arm with a hook
attached to secure bags during sample collection. The whole system takes up a volume of 15” x
12” x 2” when the arm is secured and 15” x 12” x 8” with the arm open and weighs less than 3lbs.
Figure 1 shows a full assembly of the CAD model for our verification prototype with labeled
components.

Figure 1: Exploded View of Dispenser Assembly
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Figure 2: Extended Arm Assembly View

Figure 3: Structural Prototype Bag

Labeled angle brackets ^

2.2 Functionality of Design
The Moon Rocker structural prototype can dispense 10 bags for sample collection by utilizing
several systems. The main body system is comprised of fiberglass walls, which hold each
customized bag. Each sample bag has a toggle (Figure 6), which secures the bag in the dispenser
while not being dispense, and a tab (Figure 5) which is used to hold open each bag for sample
collection. Two springs are located at the bottom of the dispenser, which push a baseplate holding
sample bags. The main body system is connected to the toggle door system at the top of the
dispenser, where individual sample bags can be released. This is done by holding each sample bag
toggle within the channel (Figure 11) located inner back of the dispenser. The channel leads to a
toggle door (Figure 10), utilizing two C channels where one will allow for one toggle to enter, and
sliding the channel will release the loaded toggle. Before the toggle has been released the user will
have opened the arm system (Figure 7), which rotates 90° for a bag to be opened. The bag’s tab
will be placed on the hook (Figure 13) attached to the arm, where a rock sample can securely be
dropped into the sample bag. After the sample is collected the toggle can be released, and the bag
will be sealed to prevent loss of sample matter during the return journey to Earth. The closure
mechanism consists of two opposing strips of 3M Dual-Lock, which has similar functionality to
Velcro but is less susceptible to clogging with lunar dust. Dual-Lock will be stuck to the inside of
the sample bag with the pre-applied adhesive backing.
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2.3 Subsystems and Components

The dispenser is made of five subsystems: The dispenser body, bag storage assembly, toggle gate
assembly, the arm, and the bag. Figures 4 thru 14 show the components that will be assembled into
each of these subsystems.

Figure 4: Structural Prototype Baseplate
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Figure 5: Sample Bag Tab

Figure 6. Sample bag toggle

Figure 7. Arm
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Figure 9. Arm constraint

Figure 8. Arm ramp

Figure 10. Toggle Door

Figure 11: Toggle Channel
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Figure 13: Arm Hook Attachment

Figure 12: Mounting Plate

Figure 14: Angle Bracket

2.4 iBOM and Drawing Package
The drawing package containing part and assembly drawings can be found in Appendix B. The
iBOM containing planned material purchases and all other components for the verification
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prototype can be found in Appendix A. iBOM should list all parts in the final design (not just
purchases)

2.5 Summary Cost Breakdown for Verification Prototype
Our verification prototype cost can be found in Appendix A showing the indented bill of materials.
This is subject to change but consists of similar or upgraded parts from our current structural
prototype. A majority of the cost will likely come from purchasing aluminum and epoxy/hardener
for the main body of the dispenser. Our structural prototype has already used some of the parts
listed above that will be used again for the verification prototype such as the epoxy/hardener,
aluminum tabs, and compressible spring. These may be modified during testing if the parts fail to
comply with our specifications. Most of the complex geometries will be made from aluminum and
manufactured at Cal Poly’s machine shops by us. There are no complex manufacturing processes
that require paying a shop tech. Table 1 details a basic cost breakdown of materials purchased and
future purchases for building the verification prototype.
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Table 1: Verification Prototype Cost Breakdown
Date of purchase
01/24/22
01/24/22
02/04/22
03/28/22
03/30/22
04/04/22

Vendor
The Craft
The Spring Store
Amazon
Ace Hardware
The Craft
B&B Surplus

Description of items purchased
Epoxy/Resin
4 Extension and 4 Compression Spring
Nylon webbing, Acrylic sheet, Dual lock
1" Diameter x 2ft PVC Tubing/Fasteners
Carbon Fiber 4yd x 50"
Stock Aluminum
Total expenses:
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Transaction amount
$110.00
$64.79
$55.54
$8.76
$100
$22
$361.09

3. Design Justification
This section describes the reasoning behind major design decisions. Many measures of Moon
Rocker’s success are defined by the subjective experience of the user, while others are quantifiable
with precise measurements and tests. The team strived to support each component choice and
design decision with careful reasoning.

3.1 Structural Prototype Analysis
Our structural prototype dispenser was built using fiberglass as the body’s shell material. We
learned that our composite layup had been faulty after forgetting to include the breather film
underneath our cotton layer. Additionally, we discovered our fiberglass layup of 4 sheets was very
flexible, which lead us to our live hinge arm design. This feature proved to be a reliable and easy
method for astronauts to rotate the arm mechanism. It also removed the linkage arm components,
reducing weight and complexity. To make the arm even easier to manipulate, a guiding ramp
shown below in Figure 15 guides the arm up and allows the arm to snap into place at 90°. Carbon
fiber’s excellent fatigue strength [4] makes the live hinge design a good candidate for a simple,
lightweight solution.
Initial impressions of the one-handed operation of the structural prototype are also very positive.
The baseplate and toggle door slide easily and the arm can easily be extended with one hand. Since
the tolerances and fits on the next iteration will improve on the structural prototype, we are
confident that device will operate smoothly and reliably.
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Figure 15: Side View of Arm and Live Hinge

Before building our structural prototype, we considered using springs to compress bags towards
the top of the dispenser for easy release. After purchasing various size springs that could be
compatible with our design, we found that compression springs would easily buckle. To prevent
this issue, PVC tubing was purchased to fit within the inner diameter of the springs. Our baseplate
was then designed to include holes that would allow PVC tubing to pass through, while
compressing springs. This successfully prevented any issues with buckling as sample bags were
loaded onto the baseplate.
After constructing the fiberglass shell pieces, we found that assembling them together with epoxy
would make maintenance, further assembly, and analysis difficult. Instead, the dispenser shell was
assembled into a box using wood supports and screws. This provided structure to our design
needed for future analysis and testing but won’t be implemented for the verification prototype.
Including the springs and using the wooden supports required us to swap our width and height
dimensions to 15” x 12”. Figures 16 and 17 below show the dispenser with the front panel installed
and removed, respectively.
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Figure 16: Enclosed Structural Prototype

Figure 17: Structural Prototype with Front Panel
Removed

Added Annotations to figures ^
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3.2 Compliance with Specifications
Below is a table of requirements provided by NASA and the type of analysis used to demonstrate
compliance.
Table 2. Requirements of NASA Design Challenge
1
2
3
4
5

6

7
8
9
10
11
12

Requirement
The sample bag set includes 10-25 sample
bags.
Each sample bag is made of 2-5 mil (1/1000
of an inch, NOT mm) thick, transparent, and
flexible plastic material.
Each sample bag’s interior dimensions are 9”
x 9” to ensure the desired sample size range.
Each sample bag withstands the force of a
roughly 5” diameter rock dropping inside the
bag from 1” above the opening.
Each sample bag operable without needing to
touch the inside of the bag with the crew
member’s gloves.
The sample bag includes a method to close
the bag and retain its contents (assume it
needs to retain rocks and small sand
particles).
Each sample bag stays open on its own.
The dispenser allows crew member to use one
hand to open a single sample bag while
attached to the dispenser.
Dispenser allows astronaut to use one hand to
dispense a single sample bag at a time.
The dispenser restrains the sample bags
enough to prevent bag damage, deformation,
or accidental opening when not in use.
The dispenser is capable of holding an open
bag filled with a sample (up to 2 lbs) prior to
dispensing the filled bag.
The proposed sample bags and dispenser
system design should use flight-like materials
and adhere to all requirements.
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Compliance
5 bags were made with plenty of room to
insert at least 10.
Bags are Ziploc and fall within 2-5 mil
thickness
Each Ziploc bag was cut to 9” x 9"
Drop tests will conducted as a part of the
DVP.
Dispenser was operable without touching
inside of bag. Thick ski gloves will be
used to test astronaut’s grip opening bags
using sample bag tab.
Found rolling up bag wasn’t strong enough
to hold contents. Dual Lock was purchased
for closing bags on verification prototype.
Toggle will be held in place by toggle
channel while tab will be placed over arm
hook to hold sample bag open.
All operations using structural prototype
dispenser can be done with one hand.
Astronauts use one hand to place sample
bag tab over arm’s hook to hold bag open.
Bags are compressed and restrained inside
dispenser by toggle channel and door.
Current Ziploc bags are strong enough to
hold 2 lbs.
Kapton may be used with verification
prototype sample bags. Current epoxy
resin solution doesn’t adhere to flight-like
requirements
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14
15
16
17
18
19
20

The sample bags and dispenser system built
Design and material selection is operable
for NBL testing is made for an underwater
in an underwater testing environment and
testing environment.
made of NBL materials approved.
Table 2 Continued: Requirements of NASA Design Challenge
Requirement
The sample bags and dispenser system fit
within a volume of 15” x 12” x 8” when in
use.
The sample bags and dispenser system need a
4-hole bolt pattern to interface with a NASAprovided tool belt.
The total weight of the dispenser when loaded
with bags is less than 3 lbs.
The sample bags and dispenser system is
operable with EVA gloved hands (like heavy
ski gloves).
No holes or openings allowing/causing
entrapment of fingers on the sample bags,
(NOT markers).
No sharp edges on the sample bags and
dispenser system.
Minimize and label pinch points.

Compliance
Structural prototype fits within volume
while in use (arm extended).
Structural prototype assembly doesn’t
include 4-bolt pattern, but component
was still manufactured from aluminum.
Density calculation using CAD software
determined prototype is less than 3 lbs.
Glove operation testing is still in
progress for structural prototype
There are no immediate areas for the
astronaut to risk entrapment of fingers
on the sample bags.
Structural prototype includes some
rough/sharp edges, but verification
prototype will be molded without any.
Pinch points have been minimized by
encasing dispenser components.

3.3 Analyses and Results
Due to the loads of our dispenser being extremely low and our materials choice being as close to
space grade as possible, there is a low chance of the system fracturing due to mechanical loading.
To ensure our design won’t fracture we have included some FEA analysis on components that are
receiving the load. Most of our analysis has been testing the ergonomic factors of each component
of the dispenser. Our goal has been to focus on limiting the operation complexity, mass, and
volume of the system.

3.3.1 Analysis
Calculations of the static loads were performed by hand and used to estimate the stress in the arm
due to torsion, which is expected to be one of the highest stress regions of the assembly. It was
determined that yielding due to torsion would not occur with a solid aluminum arm, and therefore
a carbon fiber arm should be able to hold the static load with no risk of yielding. Static load
calculations also estimated the stress in the live hinge when deflection is at the maximum, which
produced a factor of safety of 3.0. Due to variability in the manufacturing of composite materials,
we will verify this with destructive testing of scrap fiberglass pieces and a three point bend test.
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For more information on testing, see section 5.2. The complete hand calculations are included in
Attachment H.
3.3.2 Simulations
To ensure our prototype components won’t yield during sample loading, FEA simulations were
conducted on parts experiencing the load. Figure 18 shows an FEA simulation for a static load
where the nylon webbing would be pulling against the tab. We found that although the tabs are
small and thin, aluminum can easily withstand sample loading on the moon. The largest Von
Mises stress was found to be 8.2 MPa, which compared to aluminum 6061’s yield strength of
241 MPa, which gives an enormous safety factor. Since most components that are receiving the
load will be made from aluminum or carbon fiber, the factor of safety will be similar if not larger
than what was found with the tab simulation.

Figure 18. FEA Results from Static Load of Sample (3.56N)

The load from the rock impacting a sample bag will pose the most risk towards the system
failing. Below are results from an FEA simulation of the same load 3.56 N load acting on a
Kapton® sample bag while the other side is fixed.
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Figure 19. FEA Results from Static Load of Kapton Sample Bag (3.56N)

3.3.3 Ergonomics Analysis
Touch points on the dispenser, especially the arm and tabs, were iterated during the design process
with the goal of improving ergonomics and ease of use. Additional goals included limiting part
weight and designing components which are easily manufactured with the tools available in the
Cal Poly machine shop. For example, several sample bag tabs were tested for proper webbing slot
size, hole size to hook onto arm hook, and the grip. Figure 19 shows six CAD models that were
3D printed to evaluate these specifications. We found having a diamond shaped lattice and more
oval shape shown in the middle top tab provides the most grip for an astronaut.
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Figure 20: Prototype Tab Designs

The dispenser arm is the first and last component used during operation. Special care was taken
into designing a robust arm that is easy to grasp and secure into place. Rigidity is an important
feature since the arm exhibits sudden rotational forces and impact loads. A combination of flat and
rounded features were chosen. The astronaut is most likely to grab the corner where the flat and
rounded features meet (see figure 7) if the dispenser is located on the side of their hip, or from the
bottom of the rounded feature if mounted to a tool carrier. An astronaut wearing a thick glove
would likely prefer an object to be scaled slightly larger rather than have it be a small and thin
feature.

The toggle door allows the toggles to be moved up and released individually from the dispenser.
It is a relatively small feature and used frequently by the operator. In order for it be to ergonomic,
a tab is attached perpendicular to the top surface. This allows an astronaut to pinch the tab and
move the toggle door to its open and closed positions. Once lunar samples have been collected,
the bag is released from the dispenser and closed to secure its contents. The closing mechanism
must be quick and simple. To solve this problem, a strip of dual lock is adhered to the inside of the
bag opening with the pre-applied adhesive backing. Dual lock acts similarly to Velcro but uses
larger interlocking elements, which prevents lunar debris from disabling the locking mechanism.
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3.4 Safety, Maintenance, and Repair
To ensure that our design was safe to use our team studied possible failure modes and effects and
created a hazard checklist. Maintenance on the dispenser will be required for loading sample bags
onto baseplate and compressing the springs. Due to the dispenser being bolted to the astronaut’s
belt and the loads from collecting rock samples on the moon are very small, our design won’t need
to be repaired often. Our structural prototype was fastened together with screws, which can be
removed for inspecting how each part functions during testing. The verification prototype will
have a much stronger carbon fiber shell, with flat plates permanently bonded at the corners by
angle brackets and epoxy, which won’t be removable to repair any parts inside the dispenser.
However, the baseplate, springs, toggle channel and door are unlikely to fracture, therefore a
permanent mold assembly will not be an issue.
3.4.1 Updated FMEA
The failure mode and effects analysis (FMEA) has been updated to include action taken to prevent
high RPN failure modes and can be found in Appendix D. Various toggle designs were 3D printed
and tested with a toggle channel to prevent jamming and account for astronaut’s limited dexterity
when removing bags. Additionally, we found the linkage arm to require too many fasteners and
moving components, so it was removed. For our verification prototype we plan on tensile strength
testing chosen materials and removing as many fasteners by assembling parts with epoxy.
3.4.2 Updated Design Hazard Checklist
The design hazard checklist has been updated to include actual dates of planned corrected action
and can be found in Appendix E. The only foreseeable hazards to our design are sharp edges around
the dispenser housing, and pinch points around the springs and moving arm. To prevent these
hazards our verification prototype will cover any pinch points around the compressible springs.
The arm will be labeled as a possible pinch point, however through testing our structural prototype
we have found that pinch point to almost never have an effect.

3.5 Design Concerns
Our structural prototype has satisfied almost all of Micro-G-NExT’s specification list. However,
additional testing is required to verify the design will be easy to operate with an astronaut glove
and weigh less than 3 lbs. Many of the planned verification prototype materials are not acceptable
for space environment, however we plan to keep the manufacturing process similar. Carbon fiber
is dark and will absorb a lot of the sun’s heat radiation, which is an extreme safety hazard. To
prevent this, we will plan to conduct thermal tests and try various solutions to mitigate this issue.
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4. Manufacturing Plan
The Moonrocker is a complex device made from many materials including carbon fiber, machined
aluminum, and Kapton. Assembly of all components will take place on Cal Poly’s campus using
resources available from the machine shops and composite labs. This section describes the process
of building the bag dispenser.

4.1 Procurement
Purchasing of materials for the structural and verification prototype is aided by the proximity of
local vendors, which were chosen over online retails when possible.
Table 3: Material Sources and Cost Estimates
Material
Epoxy Resin
Carbon Fiber
Cotton fabric
Peel-ply
Vacuum Bag
Double sided
foam tape
Stock Aluminum

Source
The Craft
The Craft
Dr. Elghandour
Dr. Elghandour
Dr. Elghandour
Dr. Elghandour

Unit Price
$110
$25/yard
0
0
0
0

Quantity
1 Canister
4 yards
1 yard
1 yard
2 yards
-

B&B Steel and
Supply

$200

Dual Lock
Nylon Webbing

Amazon
Amazon

$23.99
$10.84

Several sheets
1/8” thick, 2ft of
hollow tubing
2 rolls
1 roll

Total Price
$110
$100.00
0
0
0
0
$200
$47.98
$10.84

4.2 Manufacturing
Manufacturing of components from raw materials differs greatly for each part. This section
describes the procedure for manufacturing each individual component. For instructions to
assemble the device from fabricated and purchased components, see section 4.3: Assembly.
Composite Plate
The main walls of the dispenser will be a composite of carbon fiber, epoxy resin, and aluminum
honeycomb mesh. A wet layup method, cured in a heated and vacuum-sealed environment, will
be used to produce plates with an optimal ratio of fiber to resin. First, carbon fiber will be cut into
6 equally sized sheets, each measuring 50” x 14”. Next, one sheet each of cotton fabric and peel
ply will be cut, large enough to completely cover the carbon fiber with a 3” border on all sides.
Multiple overlapping sheets will be used if necessary. Two sheets of vacuum bag material will be
prepared, large enough to cover all other layers with a 3” border on all sides. The layers will then
be stacked in the following order, from top to bottom:
•
•

Vacuum Bag
Double sided foam tape
19

•
•
•
•
•
•

Cotton sheet
Peel ply
Carbon fiber, 3 layers
Honeycomb mesh
Carbon fiber, 3 layers
Vacuum Bag

To construct the layup, each layer of carbon fiber will be brushed with an evenly distributed layer
of epoxy before the next layer is laid down. It is best practice to apply an amount of epoxy equal
to about 120% the mass of the carbon fiber to allow for excess epoxy to be absorbed by the cotton,
leaving behind a resin/fiber ratio of 50% or less. Once the layup is complete, the heated vacuum
table will be turned on and set to 85 °F. As the air is evacuated from the vacuum bag, the edges
will be inspected for gaps by looking closely at the seam tape and listening for hissing. If no
evidence of air leaks is present, the layup will be left to cure for 24 hours.
After curing, the resulting large plate can be cut to size. To minimize the spreading of composite
dust, which is carcinogenic, the plate will be cut on the tile saw in Mustang 60 which sprays water
over the blade to reduce dust output. Refer to the Drawing and Specification package in Appendix
B for cutting dimensions.
Angle Brackets
Angle brackets will be manufactured from the same carbon fiber as the walls of the dispenser.
Again the wet layup method will be used, but without the honeycomb mesh between layers of
fiber. Additionally, this part will be molded over the corner of a square metal bar to form a right
angle, rather than being laid flat. The vacuum bag will be placed over this layup during curing,
and the bar will be placed on Dr. Elghandour’s heated table for curing. After curing and releasing
from the mold, the part will be visually inspected for voids and inconsistencies. The tile saw in
Mustang 60 will then be used to trim frayed edges off of the brackets, and cut them down to length.
4 brackets will be cut at 12” each for the vertical edges of the dispenser, and 8 brackets at 14” each
for the horizontal edges.
4-Bolt Mounting Plate
The mounting plate on the back of the dispenser will be cut from 1/8” aluminum plate. 4 throughholes will be drilled with a #16 drill bit on the drill press. An end-mill will then be used to face the
edges of the part, allowing it to be flush-mounted into the back face of the dispenser. Sharp edges
and excess material will be removed with hand files and deburring tools. With a rotary cutter, a
hole will be added to the dispenser matching the size of the raised face on the mounting plate. The
mounting plate will then be affixed to the dispenser with epoxy.
Bag Compartment Baseplate
The baseplate will be made from 1/8” aluminum plate, and will be waterjet. After removing sharp
edges and inspecting the holes for tolerance, the baseplate is ready to be installed.
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Arm
A mold will be created for our current 3D printed model to be made from carbon fiber. This will
be done similarly to the outer plating with a composite layup. To see exact dimensions of the
current arm model see the drawing package in Appendix B.
Arm Hook
The hook will be turned by hand on a lathe from 1” diameter aluminum rod stock. When the desired
final shape is reached, it will be parted off from the rod remaining in the chuck. See Appendix B
for dimensions.
Toggle Door
Aluminum sheet metal of thickness .028” will be cut on the waterjet and bent to shape on the sheet
metal bender located in the Aero Hangar.
Bag
Two sheets of Kapton film will be cut to 9.5” square and laid on top of each other. The seams will
be sealed with gluing along a 0.25” border for a final interior dimension of 9.0” x 9.25”. While the
epoxy we have purchased won’t survive in the space environment, there are more expensive
specialized epoxy solutions which could be used making the manufacturing process identical. The
specialized epoxy is sold by Kohesi Bond [3], and their recommended solution is referenced at the
end of this document.
Toggle
Toggles will be 3D printed from PLA. The toggles are a simple rectangular shape with a slot in
the center wide enough to fit one layer of nylon webbing. Inside and outside edges are chamfered.
Tabs
Tabs will be water jet at Mustang 60’ from 1/8” aluminum bar stock. The detailed drawing
specifying geometry can be found in Appendix B.
Tab Die
A textured surface is needed on the flat surface of the tabs to provide grip against the astronaut’s
EVA gloves. We will accomplish this by milling a die out of steel, which will be placed in the
hydraulic press to imprint the texture into the aluminum tabs. An advantage of this is that it speeds
up the process of texturing the tabs compared to milling grooves into each tab individually. The
texture will be created by cross-hatching with a narrow end-mill.
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Figure 2201. Example of Knurled Texture (Hendriks3D, 2015)

Webbing
Webbing will be made from ¾” nylon to attach tab and toggle to individual bags. The webbing
will be sewn around each attachment using the sewing machine at Mustang 60’.
Dual Lock
Dual Lock will be attached to the inside of the Ziploc bags using the pre-applied adhesive backing.

4.3 Assembly
The first step in assembly will be to attach all but one of the faces of the main enclosure to each
other using angle brackets. The front face will be left out to allow room for internal components
to be assembled. Precut pieces of the composite plate will be positioned as shown in the “Enclosure
Subassembly” from the drawings in Attachment A. Epoxy will then be mixed and spread in a thin
layer over the inside faces of each angle bracket. Brackets will be placed onto each joint and held
in place by clamps for 24 hours while the epoxy sets. Weights will also be placed on the inside of
the dispenser along the edges during this time to apply pressure to the joint on the rear face.
After the epoxy sets and most of the enclosure is assembled, the toggle channel and door will be
attached in a similar fashion. When placing these components onto the inside of the back face,
they will need to be positioned parallel with the vertical axis of the dispenser body, which may be
accomplished by use of a square or with a simple 3D-printed jig. It is important to insert the toggle
door into both sides of its guide channel (see Figure 10) before adhering, as the door cannot be
inserted after the channels are glued in place.
Another 24 hours will be allowed to pass for curing, after which the springs and baseplate can be
slid over the guide tubes. The baseplate will then be inserted into the toggle channel and the guide
tubes aligned vertically between the top and bottom of the dispenser. Epoxy around the top and
bottom of each guide tube will conclude the adhesive application.
23

Finally, the arm can be assembled by press fitting the peg into the corresponding hole in the arm.
A threaded bolt will then be placed in the hole on the side of the dispenser, the arm placed over
the bolt, and a nut threaded onto the bolt to attach the arm. The dispenser can now be inspected
and tested for functionality.

4.4 Gantt Chart
Our team’s updated list of tasks and dates can be seen in Appendix F. Future tasks mainly include
procuring verification prototype materials, constructing the prototype, and testing each
specification as detailed by the design verification plan.

5. Design Verification Plan
The design verification plan outlines the tests to be performed on the prototype and how
compliance will be assessed for each of the specifications listed in Table 4, along with the DVP
attached in Appendix G. The final design must comply with physical limitations imposed by the
NASA Micro-G NeXT challenge, as well as meet our own standards for durability and reliable
one-handed operation.
Table 4: Specification Table
Spec #

Description

Requirement

Tolerance

Pass/Fail

1

Bag Count

10-25

Min (10)

Pass

2
3
4
5

Thickness Measurement
Bag Size Measurement
Drop Test
Contaminate Dye Test

±.5 mm
Max
Min
Max

Pass
Pass
Incomplete
Incomplete

-

6

Closed Bag Shake Test

4.0 mm
9”x9”
3 5” Drops
No Dye
No Contents
Escape
Completely
Operable
15-40 MPa
15”x12”x8”
3 lbs
3< Points

Max

Incomplete

Tear

7
8
9
10
11

One-Handed Test with
Gloves
Tensile Plastic Strength
Dispenser Size
Weight
Pinch Points

Max (1 hand) Incomplete
Min
Max
Max
Min

Incomplete
Pass
Incomplete
Fail

Results
Fits 10

-

5.1 Evaluation of Specifications
The bag count will be evaluated by loading the dispenser with bags until the force from the
baseplate prevents more from going in. Bag measurements and dispenser size will be evaluated
using a caliper, ruler, and optical comparator. Dye tests will be performed by applying dye to a
glove and operating the bag. One-handed and shake tests will also be performed using a gloved
hand. Evaluation of tensile testing will be performed using equipment in the composite’s lab.
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Digital scales will be used for weight analysis, and pinch points identified by visual inspection.
Ergonomic functionality will be assessed with iterative prototypes.

5.2 Testing
To address the requirements of the Micro-G NeXT competition and validate the operation of the
device, as well as its durability, several tests need to be performed. Some testing can be done
with the structural prototype, while other tests require the presence of the verification prototype
with finalized materials and geometry.
5.2.1 Strength and Stiffness Testing
The Instron tensile strength tester in the Composites Lab (Room 136-192) will be used to verify
the yield strength of multiple components. Sample materials representative of the bag and arm will
undergo destructive testing to confirm the results of hand calculations and FEA. Due to the timeconsuming nature of manufacturing composite parts, the durability of the composite parts will be
validated by performing tests on scrap pieces of the plate leftover from making the walls of the
dispenser. These scraps will be tested to failure in tension on the Instron, and a three point bend
test will be performed to evaluate the stiffness of the parts.
A 3-point bend test of carbon fiber without honeycomb inside can also be used to determine the
stiffness of the live hinge that connects the arm to the body of the dispenser. Before manufacturing
of the final prototype, bend testing will be conducted on the structural prototype, which is made
out of fiberglass. Using known properties of each material, the stiffness of the carbon part can be
estimated from the fiberglass test data to determine how many layers of carbon fiber are needed to
give the live hinge at the desired stiffness.
Finally, the Instron will be used to determine the tensile strength of the nylon webbing, which was
not published by the manufacturer. Measuring the cross-sectional area of the webbing is difficult,
but we can record the maximum force rather than maximum stress and compare this result to our
anticipated loads during operation.
5.2.2 Thermal Testing
Using the aerospace department’s thermal cooling chamber, we will test the strength of our epoxy.
This will give a better idea of which materials may act differently than intended, as temperatures
on the moon can cool toward -300℉. Unfortunately, we do not have the resources to conduct
strength testing on the cooled part, since we lack a way to safely handle the part at its minimum
temperature. Stability of the design can still be assessed, specifically the relative shrinking of
various materials, such as the honeycomb that will be embedded in the carbon fiber layup and the
mounting plate, which will also be molded into the layup.
Further communication with Professor Westfall is needed to establish availability and reservation
of the thermal cooling chamber.
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5.2.3 Functional and Ergonomic Testing
Functional and ergonomic testing will be conducted with the dispenser attached to the side of the
hip as well as attached to a mock tool carrier. Importance will be placed on functionality of the
arm, bag loop, toggle door, and securing the bags contents.
5.2.4 Drop Test
Typical moon rock density ranges from 3270 to 3460 kg/m3 [2], and the largest size sample will
be the size of a bocce ball (6.4 x 10-3 m3). This makes the mass 2.2kg, which with the moon’s
gravity (1.62 m/s2) comes out to 3.56 N or 0.801 lbf. Our team will find a rock that weighs roughly
2.4 lbf on earth so our bag can withstand the force with a factor of safety of 3.
A successful drop test will be denoted by three factors. First, the bag must be free of punctures or
tears. Second, all components of the dispenser must be intact. Careful inspection of the dispenser
will follow the drop test searching for evidence of material yielding or adhesive failure. Third, the
components of the dispenser must stay in the same position as they were before the drop test.
Examples of failing this third criteria are the bag becoming dislodged from the hook or the arm
folding down.
5.2.5 Facility Needs
Access to the composites lab (134-192) is necessary for the manufacturing of composite
components during prototyping and manufacturing of the final prototype. This lab also contains
the Instron tensile strength tester referenced in 5.2.1, which will be needed throughout next quarter.
For non-composite manufacturing and assembly of components, the workspace and tools provided
by the Cal Poly machine shops, both Mustang 60 and the Aero Hangar, have already been used for
the development of the concept and structural prototypes. Similar needs will continue for the
remainder of the project.
As discussed in section 5.2.2, the team intends to communicate with Professor Westfall about
accessing the aerospace department’s thermal cooling chamber. Since the team only recently
discovered that this facility might be available for testing, no plans or schedule have been made at
this time.
5.2.6 Equipment Needs
For construction of the composite plates that make up the enclosure, the team needs access to the
heated vacuum table in the composites lab. This piece of equipment has already been used in the
manufacturing of the structural prototype and continued access to the lab and equipment is
expected. Next quarter, the Instron tensile strength tester and three point bend test jig in the same
lab will be used for testing.
In the Cal Poly machine shops, the tile saw is needed to cut composite plates because its watercooled blade prevents the spread of hazardous composite dust. 3D printers and the manual mill are
needed to prototype and subsequently manufacture small parts.
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5.3 DVP
The design verification plan (DVP) describes how compliance with each specification will be
determined. It can be found in Attachment G.
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6. Conclusion
This document outlines the full details and final design plans of the MoonRocker - an EVA lunar
sample bag dispenser. The sample bag dispenser is composed of composite exterior walls, 3D
printed components, an aluminum base plate and mounting plate, PVC pipes, springs, and
modified plastic bags. It functions purely mechanically and does not include any electrical or
hydraulic components. Major design changes since the preliminary design report have been
discussed and design justifications accounted for. A manufacturing plan has been provided by the
team along with testing procedures and a brief discussion on path to flight materials. The
composites lab, Mustang ‘60 shop, IME and aerospace labs will be utilized to assist with
manufacturing components. At this time, our team does not have a sponsor to contact. We are
strictly adhering to the original requirements set by NASA and working with our faculty advisor
and an aerospace mentor to complete our project.
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Appendix B: Drawing and Specification Package
Updated drawings show “REV B” in lower right corner
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Cutting pattern for composite plate
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Appendix D: Updated FMEA (changed to landscape)
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Appendix E: Design Hazard Checklist
Y

N

 

1. Will any part of the design create hazardous revolving, reciprocating, running,
shearing, punching, pressing, squeezing, drawing, cutting, rolling, mixing or
similar action, including pinch points and sheer points?





















2. Can any part of the design undergo high accelerations/decelerations?



 11. Will there be any explosive or flammable liquids, gases, or dust fuel as part of

3. Will the system have any large moving masses or large forces?
4. Will the system produce a projectile?
5. Would it be possible for the system to fall under gravity creating injury?
6. Will a user be exposed to overhanging weights as part of the design?
7. Will the system have any sharp edges?
8. Will any part of the electrical systems not be grounded?
9. Will there be any large batteries or electrical voltage in the system above 40 V?
10. Will there be any stored energy in the system such as batteries, flywheels,
hanging weights or pressurized fluids?
the system?



 12. Will the user of the design be required to exert any abnormal effort or physical
posture during the use of the design?



 13. Will there be any materials known to be hazardous to humans involved in
either the design or the manufacturing of the design?




 14. Can the system generate high levels of noise?
 15. Will the device/system be exposed to extreme environmental conditions such
as fog, humidity, cold, high temperatures, etc?




 16. Is it possible for the system to be used in an unsafe manner?
 17. Will there be any other potential hazards not listed above? If yes, please
explain on reverse.

Description of Hazard
Pinch Points
Sharp Edges

Planned Corrective Action
Test for pinch point hazards with a large
glove and mark location or redesign to not
include any points.
Fillet all edges user will interact with and
inspect once complete.
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Planned Actual
Date
Date
2/17/22 2/15/22
2/17/22

2/15/22

Appendix F: Gantt Chart
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Final Design Review
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1 Design Updates
Two changes to the design of the dispenser were made between CDR and manufacturing
of the verification prototype. First, end caps were added to the PVC pipes inside the dispenser to
provide more surface area for the epoxy to stick to. The structural prototype did not have end caps
and the adhesion was not adequate. With the addition of end caps, the PVC pipes were securely
mounted and did not detach under load.

Figure 1: Dispenser with front panel removed showing end caps on PVC rails

Second, the hinge which the arm is mounted to was spaced away from the side of the
dispenser.

Figure 2: Old hinge design (left) and hinge with added spacer (right)
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The original plan was to cut a section out of the side of the dispenser and adhere the hinge
directly to the side. This would have been difficult and messy to manufacture, while also making
the tightening of the bolt through the arm difficult. Instead, a bracket was designed and 3D printed
to create a gap between the hinge and the dispenser, creating a space that allows the arm to deflect.
The arm was bolted to the hinge prior to the hinge and bracket being glued onto the dispenser,
making assembly of the arm system easier.

Figure 3: Arm hinge assembled with spacer and bolt
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2 Manufacturing
This chapter provides a detailed explanation of the procurement, manufacturing, and
assembly of our senior design project, The Moon Rocker. Each section provides a description of
part procurement process and the steps we took to build our Verification Prototype. Challenges
and lessons learned are highlighted and conclude each section.

2.1 Purchased Components
A small number of off-the-shelf components were purchased for the Verification Prototype
build. The springs were procured through an online site (The Spring Store) with several
specification options to find a good fit for our project. However, even several choices, it was
extremely difficult to find a suitable that had just the right extended height, spring constant, and
compressible length. The spring had to be at least 10” tall, have a low spring constant to allow for
bags to dispense easily, and a compressible length to fit 10 bags. We bought compressible springs
and tension springs and tested them with our structural prototype. We found one that fit with a
perfect extended height and compressible length, however the spring constant was much higher
than desired. PVC pipe and end caps were purchased for the springs to wrap around and axially
compress without buckling. They were cut using a chop saw and glued with epoxy to the top and
bottom of the dispenser.
A bearing was repurposed from a mountain bike to insert into the folding arm. An M4
screw with 4 washers and a hex nut was also repurposed from another project for no cost.
Procurement for the remaining components is discussed in the relevant sections below.

2.2 Aluminum Baseplate and Tabs
All aluminum components were manufactured using a 1.5” x 48” x ⅛” flat bar. Using our
CAD model of the tab, a DXF file of 10 tabs was used to machine the pattern out of our flat bar
stock using the Mustang 60’ water jet. The same process was used to create the baseplate (Figure
4); however, its geometry was just as large as the stock material in width, making the water jet
process more difficult. Fixturing the baseplate to the base of the water jet was difficult, especially
when ensuring the nozzle wouldn’t come into contact with any clamps. At first the baseplate was
fixtured using several scrap metal parts that were touching the baseplate and clamped to the base
of the water jet. This wasn’t enough to hold the baseplate as seen in Figure 5, so the tool path was
changed such that the nozzle would only go around 3 edges of the baseplate while the bottom edge
could be held by a clamp (Figure 6). To minimize weight of the overall dispenser the holes were
cut short, but still resulted in a completely functional part as shown in Figure 7.
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Figure 4: DXF File Used in Water Jet CAM
Figure 5: Initial Setup that Failed

Figure 7: Finished Baseplate

Figure 6: Successful water jet procedure
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2.3 Composite Materials
The walls of the dispenser were made from 4 layers of carbon fiber with a 0.2” aluminum
honeycomb mesh. This gives the walls great stiffness, an area of improvement identified in the
structural prototype, while maintaining low weight. Holding the walls together are angle brackets
which were also made from carbon fiber. A thin carbon plate was made to act as a hinge for the
foldable arm.
Carbon fiber and resin were purchased from The Craft in San Luis Obispo and can be seen
in section 2.6 Final Budget. The remainder of the consumables, including vacuum bags and
aluminum honeycomb mesh, were provided by Dr. Elghandour’s composite lab.
2.3.1 Carbon Plate with Honeycomb Mesh
To make the walls, a large plate was manufactured and later divided into 6 pieces of
different sizes (see 2.2.4). It was determined that the plate needed to be 20” x 32”, but aluminum
honeycomb in the Composites Lab was not available in that size, so two smaller plates (20” x 16”)
were made adjacent to each other (Figure 8).

Figure 8: Dimensions of Composite Plate and Layup Materials

To construct the plate, the team cut 8 sheets of carbon fiber to 16” x 20”, and trimmed two
pieces of honeycomb mesh to the same size. Next a sheet of vacuum bag material was cut to 25”
x 41” and placed on a flat sheet of metal. One sheet each of perforated release film and cotton
breather were cut to the same dimensions, and finally another piece of vacuum bag was cut to 31”
x 47” to enclose the whole layup.
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Figure 9: Order of Layers in Composite Layup

Once all materials were prepared, the dry carbon fiber sheets were weighed and epoxy was
mixed to have 125% the mass of the fibers. One layer of carbon was laid on the vacuum bag and
epoxy was spread over it in an even layer. A second layer of carbon followed, then the honeycomb.
The third layer of carbon was laid over the honeycomb and epoxy added in the same way,
but the lack of solid backing caused epoxy to seep through the carbon and into the honeycomb
instead of saturating the carbon. At this point the third layer was removed and at the
recommendation of Dr. Elghandour, it was moved to a different table and placed on a scrap piece
of vacuum bag where it was prepared in the same manner as the first two, then carefully moved
back and placed on top of the honeycomb. This process was repeated for the fourth and final layer.
With the composite layers complete, the peel ply and breather were added, and foam tape
was applied to the edges to create an air tight seal. The final vacuum bag was placed on top and a
valve inserted to connect to the vacuum pump, which pulled just over 14 psi of vacuum for 3 hours,
after which the valve was closed, the pump shut off, and the part allowed to harden for 48 hours.
Figure 9 depicts how each layer was placed for the composites manufacturing.
2.3.2 Carbon Live Hinge
To allow for our arm mechanism to rotate and lock in place, our team used a live hinge
made from a thin flexible carbon fiber sheet. 3 different carbon fiber layups were made each
containing 3, 4, or 5 layers of carbon fiber with varying flexibility. Similar to other layup processes
the carbon fiber was cut to proper size (roughly 4”x4”) and placed over a vacuum bag. Next, resin
and hardener were mixed into epoxy and applied over each layer. Finally, a peel ply sheet and
vacuum bag was placed over the layups of carbon fiber, and weights were used to ensure epoxy
was squeezed through the carbon fibers (Figure 10/11).
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Figure 11: 3 Layups With Weights

Figure 10: 3 Layups Without Weights

2.3.3 Carbon Angle Brackets
The angle brackets that will hold the walls of the dispenser together were made with a wet
layup process similar to the one described in section 2.2.1, but with no honeycomb mesh. The
other difference is that instead of a flat plate, this part was molded around a 2” square aluminum
pipe to form a right angle.
A large metal plate was again used as a base, with a flat sheet of vacuum bag material put
down to protect it from epoxy. Two aluminum pipes were placed on the plate approximately 6”
apart and covered with another layer of vacuum bag. Carbon fiber was cut into strips, 4 layers 6”
x 30” and 4 layers 6” x 20”. From here, the process was the same as described for the other
composite parts.
The final steps of this process included sealing the edges with foam tape and pulling the
vacuum, but this was not as easy as doing it with flat plates. Wrinkles in the top layer of vacuum
bag were difficult to fold around the seam tape without leaking air, and the vacuum pump struggled
to pull the bag down tight over sharp corners.
An airtight seal was never achieved to the same standard as the previous parts, but the
brackets hardened enough in the first three hours that they remained conformed to the mold after
the pump was shut off and air allowed to leak into the layup. 24 hours later the part was demolded
and inspected to reveal that the carbon was consistent in hardness and thickness, but that the
brackets had cured at an angle slightly larger than the desired 90° due to the lack of vacuum
pressure. The consequences of this defect are discussed in 2.3.4 Machining and Assembly.
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2.3.4 Machining and Assembly of Components
Carbon fiber, resin, and hardener were purchased from a local supplier in town. All tools
used to wet the layups and assist the curing process were provided by Dr. Elghandour composites
lab. The nice part about our project was that we did all the manufacturing work ourselves without
having to outsource any of the operations. We took advantage of all the equipment and resources
provided by Cal Poly’s engineering department.
After the carbon fiber layups hardened, the next step was to cut the plates into the
dimenions of our design. We used the tile (wet) saw in Mustang ’60 to cut the plates and angle
brackets. The final step was to clamp down the walls in their proper orientation and allow the
epoxy that bonded them to cure.
Cutting the plates and angle brackets on the tile saw was a simple procedure, but it created
many issues related to size and orientation tolerances. Plates that were supposed to be symmetric
and identical ended up being slightly different sizes (Figure 13). Some of the walls were
unintentionally cut shorter, longer, or at slight angles which in turn caused tolerance stack up. This
problem was expected due to the nature of using a manual saw and adjusting the fixture after every
operation. During assembly of the main walls, we used epoxy and C-clamps to hold the plates
together in place during curing (Figure 12). It was difficult to get the plates to align perpendicular
with each other or lay flush near the edges. This problem was partially solved by covering up the
edges with angle brackets. The angle brackets cured at an angle slightly larger than 90° which
made alignment difficult.

Figure 13:Cutting Carbon Plates on the Tile Saw

Figure 12: Clamping Enclosure Together while Epoxy Sets

8

2.4 3D Printed Components
Procurement process of all 3D printed components involved equipment and filament
provided by Mustang ’60 and the Innovation Sandbox. All 3D printed parts were made on the
printers in either Mustang ’60 or the Innovation Sandbox. Our project has six critical features that
were created using rapid prototyping. None of them required a large amount of material to make,
so we were fortunate enough to use the filament provided by both shops without having to purchase
any ourselves. Once all the components were printed, they were fastened onto the carbon fiber
surfaces with either epoxy or super glue.
Numerous challenges were encountered during rapid prototyping. We had a few failed
prints due to miscellaneous printer errors and running out of filament on the spool. Another issue
involved properly fastening the printed components onto the dispenser. The two parts of the toggle
housing did not align with each other, thus rendering it ineffective. Other components were too
weak and had to be printed with more material. The main advantage of 3D printing is being able
to come up with a new design quickly and have it ready to go within a few short hours. Figure 14
shows several prototype components printed for use in the structural and verification prototype.

Figure 14: 3D printer being used to manufacture structural prototype parts
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2.5 Sample Bags
The prototype sample bags were made from modified Ziploc gallon bags, which are 0.002”
polyethene material. The bags were trimmed to 9” x 9” with the bottom seam and one side seam
intact to hold the two halves together during assembly. Nylon webbing material was then cut to a
length of 18” and folded over the top edge of the bag to reinforce it and provide stiffness. This
piece of webbing was attached by sewing a zig-zag stich along the entire opening of the bag.

Figure 15: Sample bags made for verification prototype
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Figure 16: Close up of bag and aluminum tab attached with sewn nylon webbing

Next, two additional strips of nylon were cut to approximately 4” and 3” respectively. The
shorter strips were passed through the slot in the aluminum tabs, folded back on themselves, and
straight stitched on the sewing machine to attach the tab. The other end was stitched to the bag for
a secure connection between the bag and the tab. The results of this operation are shown above in
Figure 15/16. An identical process was followed for the other end of the bag to attach the toggle,
which is 3D printed and has a slot similar in size to the slot in the aluminum tab.
The remaining open edge of the polyethene bag was sealed with clear packing tape to
complete the bags without impeding the testing schedule. Heat-sealing or other fusion methods are
recommended over adhesives; the prototype sample bag will be used to test the functionality of
the dispenser and its resemblance to a bag made from flight-like materials does not detract from
its usefulness in this case.
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2.6 Final Budget
Table 1: iBOM Final Budget of Verification Prototype
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3 Design Verification
This section details testing on our verification prototype to verify the dispenser and bag
design fits within Micro-G NExT’s list of requirements (Appendix F). Our specifications to be
verified during testing can be seen below in Table 1. Results were found by creating test procedures
and carrying out documentation to formally report. The following sections detail our testing
procedures and what we learned from them. It concludes with an explanation of tests that were
original planned but never executed.
Table 2: Specification Table
Spec #
Description
Requirement
1
Bag Count
10-25
2
Thickness Measurement
2-5 mm
3
Bag Size Measurement
9”x9”
4

Drop Test

5

Contaminate Dye Test

6

Closed Bag Shake Test

8
9

One-Handed Test with
Gloves
Tensile Strength
Dispenser Size

10

Weight

11

Pinch Points

7

Tolerance
Min (10)
±.5 mm
Min

Pass/Fail
Fail
Pass
Pass

Results
Fits 4
2.5 mm
9 5/8” x 9 “

Min

Pass

Dispenser Passed Test,
Bag Failed

3 5” Drops

No Dye
Max
Pass
No Contents
Max
Incomplete
Escape
Completely
Max (1 hand)
Pass
Operable
15-40 MPa
Min
Incomplete
15”x12”x8”
Max
Fail
Oversized by 1/8” max
3 lbs. 1.5 oz with bags
3 lbs
Max
Fail
2 lbs. 14.0 oz empty
3< Points
Min
Fail
3 Points
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3.1 Fiberglass Deflection Test
The final design uses a thin, flexible carbon plate as a hinge for the folding arm, as shown
in Figure 17.

Figure 17: Live hinge mounted to the side of the dispenser

Prior to manufacturing the verification prototype, the team needed to determine what
thickness the plate should be for appropriate flexibility. The structural prototype was made from
fiberglass in a wet layup with 4 layers of fiberglass in an epoxy matrix. Normal operation of the
structural prototype revealed that the stiffness of the fiberglass hinge was lower than what was
desired for the verification prototype.
To choose a thickness for the carbon plate in the final part, the fiberglass prototype was
tested to determine the Young’s Modulus of Elasticity E, which was compared to a theoretical
value of E for carbon fiber. Our team setup the test using clamps to fix one end of the beam, a ruler
to measure deflection, and a cup containing a measured weight of water at Cal Poly’s Aero Hangar
machine shop (Figure 18).

Figure 18: Beam Deflection Test Setup
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Following the procedure found in Appendix E, the test confirmed that the fiberglass sample
had a Young’s Modulus of 260 ksi [1]. With the 11.25” x 2.59” sample beam, this resulted in a
stiffness of 47.5 in/lbf (converted slope from Figure 19). Informed by this decision, and the
assumed Modulus of carbon fiber of 500-700 ksi [2], the team chose to manufacture 3 thicknesses
of carbon plates with 3, 4, and 5 layers of carbon respectively. These 3 plates were predicted to be
1.7, 2.3, and 2.9 times as stiff as the initial fiberglass prototype based on test data and known
material properties. Qualitative testing led to the 3-layer carbon plate ultimately being used as the
hinge, and subsequent one-handed testing confirmed that this stiffness was high enough to prevent
unnecessary arm movement, but not so stiff that it required the user to pull with excessive force to
extend or retract the arm.

Figure 19: Beam Deflection Test Results
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3.2 Measurements and Physical Properties
As part of the Micro G-NExT requirements, the dispenser must fit within a 15”x12”x8”
(length, height, width) volume. After manufacturing our verification prototype, we found the
dispenser to be 15.188” x 12.125” x 8.125”. While this does not pass the standards, the dispenser
is extremely close, and there are many solutions to tightening the size of the dispenser allowing it
to pass in a future prototype. The length could be shortened, by designing the live hinge into the
main frame, instead of using another extrusion for the hinge. The dispenser has some empty space
at the bottom and the arm could be slightly shortened to ensure the width and height accommodate
specifications. The weight of the dispenser and four bags came out to 3lbs 1.5oz, which was
slightly over the 3lbs maximum. This can be reduced in future prototypes by decreasing the overall
size of the dispenser and designing parts to be slightly smaller.
Pinch points around the dispenser were found experimentally through operation. One was
found where the arm slides into its open position, another when loading bags onto the baseplate,
and the third while operating the toggle door. The pinch point caused by compressing bags on the
baseplate and pushing down on the springs can be mitigated by using a spring with a smaller spring
constant, which would only affect the maintenance personnel preparing the device. The pinch point
at the toggle door can be mitigated by using a larger handle for astronauts to grip. If these pinch
points still present a risk to the user, can be marked with a warning.
The number of bags capable of being loaded into the dispenser was four, while the
requirement was 10. This was due to compression force from the spring being too large for a 3D
printed toggle door. For a future prototype, a spring with less compression force will be used along
with a metal toggle door to withstand the maximal compression force of 10 bags loaded. Bag
dimensions and opening length were also measured and passed the specification guidelines. The
bag opening unstretched was 4.5” which while stretched could fit a 5” diameter sample rock.

3.3 Rock Drop Test
A rock drop test, pictured below in Figure 20, was performed to demonstrate if the bag and
arm support were strong enough to withstand a total weight of 3 lbs. As more rocks were being
dropped in, the bag started to rip at the sewed seams nearest to the center of the toggle. The was
likely due to incorrect placement of the bag as it was resting atop a sharp edge instead of using the
toggle to hold it up through the front slot. However, it did not tear off entirely and was able to hold
the combined weight of the rocks. The arm experienced a noticeable deflection that was of concern.
This was due to a last-minute design change that created space between the reinforced carbon walls
and hinge. The addition of that space removed a significant amount of surface that was used to
account for torsion in the arm. The team decided it was important to conduct a new test to
determine the deflection of the arm under specific design loads.
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Figure 20: Sample Bag Holding 3lb Static Load

3.4 One-Handed Operation and Contamination Test
The performance of the dispenser is greatly influenced by the need to be operable by an
astronaut on the surface of the moon. A one-handed ski glove test was performed to mimic the
conditions an astronaut would experience in an EVA suit. All the main steps in operating the
dispenser were successfully performed, from rotating the arm into place, to sliding the toggle door
and removing the bag from the dispenser. After the initial one-handed ski glove test was
performed, the same procedure was taken to perform a contamination test. The contamination test
showed were all the locations were the glove made physical contact with the dispenser and sample
bag. The goal of this test was to satisfy NASA design requirement #5 (Appendix F) and to
demonstrate that no part of the glove makes contact with the inside of the bag. The lunar samples
will most likely be picked up and dropped into the bag using some type of shovel. Therefore,
preventing cross contamination between the space suit material and geologic lunar samples is
necessary to perform accurate studies of the samples back on Earth. The results of the test were
successful and met the team’s expectations.
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3.5 Arm Bend Test
During the one-handed operation and drop tests, it was observed that the 3D printed arm
deflected under load. A simple static load test was added to determine the stiffness of the arm.
While the arm experiences angular deflection due to torque applied at the end of the arm, this test
made a small angle approximation and measured linear deflection at the tip.

Figure 21: Location of applied force and equivalent force during bend test

A paper cup was attached to the arm at a distance of 5.75” from the edge as depicted in
Figure 21, and a ruler was attached to the desk and lined up with the tip of the arm. Similar to the
beam deflection test described in Section 3.1 and Appendix E, water was gradually poured from a
second cup into the cup that hung from the arm, and the second cup was weighed to determine the
force acting on the arm. Deflection was measured for up to 0.75 lbf in 11 increments and the data
adjusted for the equivalent force Feq applied at 7.25” along the arm’s length, which is where the
hook is located.

18

Arm Deflection vs Force
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Figure 22: Plot of arm deflection vs force with stiffness from curve fit

A trendline was fit to the data in Figure 22 showing that the tip of the arm deflects about
2.7” per 1 lbf applied to the hook. For a static load of 2.0 lbs, the maximum required to meet
Requirement #12 in the original NASA Design Challenge Description (see Appendix F), this
would result in over 5” of deflection. This confirms that future iterations should use aluminum or
carbon fiber arms for more flight-like design and realistic testing, which will be discussed further
in Section 4.

3.6 Testing Summary Results
Overall, the dispenser operated how it was intended and with stronger materials for a future
prototype, it will operate even smoother. Table 3 below summarizes how each specification was
checked with its corresponding test resulting in a pass or fail.
Table 3: Testing Results Summary
Specification
Bag Count
Thickness Measurement
Bag Size Measurement
Dispenser Size
Weight
One-Handed Test with Gloves
Contaminate Dye Test
Pinch Points
Drop Test

Test Performed
Measurements & Physical Properties
Measurements & Physical Properties
Measurements & Physical Properties
Measurements & Physical Properties
Measurements & Physical Properties
One Handed Operation and
Contamination Test
One Handed Operation and
Contamination Test
One Handed Operation and
Contamination Test
Arm Bend Test/Rock Drop Test
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Pass/Fail
Fail
Pass
Pass
Fail
Fail
Pass
Pass
Fail
Pass

3.6 Missing Tests
The bag shake test and nylon tensile strength test were not performed. We skipped the
closed bag shake test because we are using a mock material (Ziploc) to reduce cost, while Kapton
would be used for a final prototype. Our project budget wouldn’t be able to cover the cost of
Kapton bags, therefore shaking bags with a material that won’t be used in a final design wouldn’t
give useful results. From the rock drop test we found failure to occur in the seams between the
Ziploc and nylon webbing. We know the bag or seam will likely rip before the nylon, therefore
there wouldn’t be any meaningful results from this test.
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4 Discussion and Recommendations
This section details our findings throughout this design challenge and what we learned
throughout the process. Future design recommendations and plans for next steps are included if
this project was continued. A User Manual found in Appendix C outlines all important steps when
operating the MoonRocker.

4.1 What Did We Learn
Our team learned that this design challenge involved mostly ergonomics testing, which
required frequent component design changes. This led to manufacturing several types of the same
component with small variations to user test and find the most efficient and comfortable fit. 3D
printing was an enormous help to working with this process, however with quick deadlines this
was difficult especially when the machine shops were busy. During assembly, we learned that it
wasn’t a simple task putting together the exterior walls to be exactly perpendicular with one
another.
While testing we learned that many of the tests just barely failed such as the dimensions of
the dispenser and overall weight. This is likely due to aiming for results just below or at the target
specification, but if we had undershot by aiming for 90% of the target we would likely have passed.

4.2 Future Design Changes
The current MoonRocker prototype accomplishes most of NASA’s design specifications.
However, it lacks certain materials suitable for the harsh environment of the lunar surface. A path
to flight plan would include Kapton polymer for the sample bags, space grade metals to replace
3D printed parts, and composite resins capable of handling extreme temperature variations. The
arm, toggles, toggle channel, and toggle door were all 3D printed to save material and
manufacturing costs, however each would be manufacturable with aluminum. Our current live
hinge is extruded by a 3D printed spacer, but in a future design the live hinge would be built into
the dispenser carbon fiber frame.
An oversight we missed in the original design was accounting for the change in spring
properties in the lunar environment. Additionally, through testing we found the spring to require
too much force when loading more than four bags. A future design would need to include a spring
with space-grade material and a smaller spring constant, or another mechanism to raise bags.
Sharp edges were left exposed after cutting and assembling the carbon fiber frame pieces for our
current verification prototype. A future design would include wrapping a layer of carbon fiber
around exposed edges and encasing the aluminum honeycomb.

4.3 Next Steps
If this project was continued, a new design would be modeled based on our team’s design
verification test results. This includes decreasing the size of the dispenser frame to undershoot the
specification target, as there was lots of unused space in the verification prototype. New parts
would need to be manufactured with flight like materials, requiring a much higher budget. These
updated parts would then be assembled almost identically to our process with the verification
prototype.
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5 Conclusion
Although our team did not make it to the Johnson Space Center, the MoonRocker was
designed, manufactured, assembled, and tested based on all the requirements set forth by NASA
Microgravity University. The project successfully completed all phases of the engineering design
process. The main outcome of the project was a fully functional prototype that was tested and
proven to give back valuable data. The data acquired from testing could be used to make important
design modifications for a future version of the MoonRocker that could actually be used on
Artemis EVA missions. The design modifications primarily revolved around the choice of
component materials, springs, and epoxy. 3D printed PLA plastics would obviously not be a wise
choice for lunar missions. However, the beauty of our prototype can be found not in its material
composition but rather in its mechanical functionality.
We were tasked with designing a system that operated without motorized or electronic
assistance. At first, it was extremely difficult and time-consuming brainstorming ways to move a
bag out of a dispenser using one hand, keep it securely fastened for the duration of collecting
samples, remove it from the dispenser and have another bag ready to fulfill the same duty. By midOctober we finally agreed on a concept and got straight to work building our first prototype. Most
of the problems and disagreements that followed the original concept design had to do with
material choice. After having many discussions regarding choice of material, we all agreed that
the simplest material to manufacture would best suit our interests. The main goal was to design a
working prototype, and we achieved this goal with the MoonRocker.
Areas where the project fell short mostly had to do with overall dimensions, weight, sharp
edges and pinch points, and number of bags capable of being loaded into the dispenser. We decided
it would be best to maximize the allowable dimensions and go down from there based on unutilized
space. The weight of the loaded dispenser came out to be slightly over the 3 lb. limit, though when
empty it was less than 3 lb. It was difficult to pinpoint exactly which components or areas could
be made smaller or lighter that would optimize the weight. Sharp corners and edges, particularly
at the top and front of the dispenser, became an unintended consequence. They were created after
clamping the external walls together because none of the walls were exactly perpendicular to their
adjacent counterparts. Lastly, the number of bags that could fit into the dispenser was originally
planned for 10-25. The actual number of bags that made it into the dispenser was four due to a
combination of spring stiffness, toggle door rigidity, and bag design.
It's difficult to say what would need to be done differently if we had to start over. Without
time constraints imposed by the NASA proposal, the team could have spent more time on concept
generation and selection, hopefully leading to a more clever design solution. A lot was learned
through the process of designing, manufacturing, assembling, and testing a fully functional
prototype, as well as professional teamwork. As far as making improvements for the actual product
itself, most of what could be done differently would be to prevent the areas where the project fell
short as discussed in the previous paragraph. Solving the vacuum leak during the layup of angle
brackets would have made the dispenser more dimensionally accurate. Spending the time to
manufacture an aluminum arm would have made the prototype more rigid and usable. Cutting the
carbon fiber using a waterjet rather than a tile saw would guarantee more precision and tighter
tolerances. While these techniques are sure to improve the quality of the result, our team is proud
of what we accomplished this year.
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Appendix A

Materials Budget for Senior Project
Title of Senior Project:

EVA Sample Bag Dispenser

Team members:

Christian Clephan, Birk Smith, Albert Kasinski

Designated Team Treasurer:

Christian Clephan

Faculty Advisor:

Peter Schuster

Sponsor:

N/A

Quarter and year project began:

Fall 2021

Materials budget given for this project:

$1,000.00

Date purchased

Vendor

Description of items purchased

01/24/22

The Craft

Epoxy/Resin

$110.00

01/24/22

The Spring Store

4 Extension and 4 Compression Spring

$64.79

02/04/22

Amazon

Nylon webbing, Acrylic sheet, Dual lock

$55.54

04/04/22

The Craft

Carbon Fiber 4yd

$100.00

05/26/22

The Craft

105 Resin / 206 Hardener / 6" Yellow Squeegees

$419.94

Total expenses:
budget:

$

1,000.00

actual expenses:

$

750.27

remaining balance:

$

249.73

Transaction amount

$

750.27
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2/16/2022

Senior Project F56 Verification Prototype

designsafe Report
Application:

Senior Project F56 Verification Prototype

Description:
Product Identifier:

A-1

Assessment Type:

Detailed

Analyst Name(s):

Albert Kasinski, Birk Smith, Christian Clephan

Company:

CP Astro Samplers

Facility Location:

Cal Poly

Limits:
Sources:
Risk Scoring System:

ANSI B11.0 (TR3) Two Factor

Guide sentence: When doing [task], the [user] could be injured by the [hazard] due to the [failure mode].
Initial Assessment
Severity
Probability
Risk Level

Final Assessment
Severity
Probability
Risk Level

User /
Task

Hazard /
Failure Mode

1-1-1

Designer
manufacturing/assembly

mechanical : cutting /
severing
sharp edges on composites
and other components

Serious
Likely

High

follow shop rules, wear safety
glasses, use extra precaution
when handling materials, file
sharp edges

Serious
Unlikely

Medium

1-1-2

Designer
manufacturing/assembly

noise / vibration : noise /
sound levels > 80 dBA
proximity to machinery

Moderate
Remote

Negligible

wear ear plugs and maintain
distance from source of noise

Moderate
Remote

Negligible

1-1-3

Designer
manufacturing/assembly

chemicals and gases :
acetone
contact with skin

Minor
Unlikely

Negligible

wear gloves

Minor
Remote

Negligible

1-1-4

Designer
manufacturing/assembly

chemicals and gases : epoxy
contact with skin

Moderate
Unlikely

Low

wear gloves

Moderate
Remote

Negligible

1-2-1

Designer
testing

mechanical : pinch point
finger gets pinched in arm or
springs

Minor
Unlikely

Negligible

operate from top (away from
pinch point)

Minor
Remote

Negligible

1-2-2

Designer
testing

mechanical : impact
rock drop test

Minor
Unlikely

Negligible

aim for bag opening, use
alternate materials

Minor
Unlikely

Negligible

1-2-3

Designer
testing

ergonomics / human factors :
excessive force / exertion
testing springs

Moderate
Likely

Medium

Moderate
Likely

Medium

Item Id

Page 1

Risk Reduction Methods
/Control System

Status /
Responsible
/Comments
/Reference

Privileged and Confidential Information
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Senior Project F56 Verification Prototype

Initial Assessment
Severity
Probability
Risk Level

Risk Reduction Methods
/Control System

Final Assessment
Severity
Probability
Risk Level

User /
Task

Hazard /
Failure Mode

1-3-1

Designer
trouble-shooting

mechanical : pinch point
finger gets pinched in arm or
springs

Minor
Unlikely

Negligible

operate from top (away from
pinch point)

Minor
Remote

Negligible

1-3-2

Designer
trouble-shooting

mechanical : impact
rock falling

Minor
Unlikely

Negligible

aim for bag opening, use
alternate materials

Minor
Unlikely

Negligible

2-1-1

Test Operator
operate dispenser

mechanical : cutting /
severing
sharp edges on composites
and other components

Minor
Unlikely

Negligible

follow shop rules, wear safety
glasses, use extra precaution
when handling materials

Minor
Remote

Negligible

2-1-2

Test Operator
operate dispenser

mechanical : pinch point
finger gets pinched in arm or
springs

Minor
Unlikely

Negligible

operate from top (away from
pinch point)

Minor
Remote

Negligible

2-1-3

Test Operator
operate dispenser

ergonomics / human factors :
excessive force / exertion
testing springs

Moderate
Likely

Medium

Moderate
Likely

Medium

2-1-4

Test Operator
operate dispenser

ergonomics / human factors :
duration
prolonged exposure under
water

Serious
Likely

High

reduce duration period

Serious
Unlikely

Medium

2-2-1

Test Operator
rock drop test

mechanical : impact
rock falling

Minor
Unlikely

Negligible

aim for bag opening, use
alternate materials

Minor
Unlikely

Negligible

2-2-2

Test Operator
rock drop test

ergonomics / human factors :
repetition
multiple drop tests

Moderate
Unlikely

Low

Moderate
Unlikely

Low

2-3-1

Test Operator
trouble-shooting

mechanical : pinch point
finger gets pinched in arm or
springs

Minor
Unlikely

Negligible

Minor
Remote

Negligible

Item Id

Page 2

operate from top (away from
pinch point)

Status /
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/Comments
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Initial Assessment
Severity
Probability
Risk Level

Risk Reduction Methods
/Control System

Final Assessment
Severity
Probability
Risk Level

User /
Task

Hazard /
Failure Mode

2-3-2

Test Operator
trouble-shooting

mechanical : stabbing /
puncture
dispenser breaks

Serious
Unlikely

Medium

tensile test, modify or add
material

Serious
Unlikely

Medium

3-1-1

Ground Operator
load bags

mechanical : pinch point
finger gets pinched in arm or
springs

Minor
Unlikely

Negligible

operate from top (away from
pinch point)

Minor
Remote

Negligible

3-1-2

Ground Operator
load bags

mechanical : stabbing /
puncture
dispenser breaks

Serious
Unlikely

Medium

tensile test, modify or add
material

Serious
Unlikely

Medium

3-1-3

Ground Operator
load bags

ergonomics / human factors :
repetition
fatigue from bag insertion

Minor
Unlikely

Negligible

Minor
Unlikely

Negligible

3-2-1

Ground Operator
system inspection

None / Other : Not a hazard
N/A

4-1-1

Astronaut
operate dispenser

mechanical : pinch point
finger gets pinched in arm or
springs

Serious
Unlikely

Medium

Serious
Remote

Low

4-1-2

Astronaut
operate dispenser

ergonomics / human factors :
repetition
collecting samples and
dispensing bags

Minor
Unlikely

Negligible

Minor
Unlikely

Negligible

4-1-3

Astronaut
operate dispenser

ergonomics / human factors :
duration
prolonged exposure on lunar
surface

Catastrophic
Likely

High

reduce duration period

Catastrophic
Unlikely

Medium

4-1-4

Astronaut
operate dispenser

heat / temperature : radiant
heat
system does not dissipate
heat well

Catastrophic
Unlikely

Medium

paint white

Catastrophic
Unlikely

Medium

Item Id
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pinch point)
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/Comments
/Reference
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Item Id
4-2-1

4-3-1

User /
Task
Astronaut
collect sample

Hazard /
Failure Mode
mechanical : impact
rock falling

Astronaut
close bag

None / Other : Not a hazard
N/A

Initial Assessment
Severity
Probability
Risk Level
Minor
Low
Likely

Page 4

Risk Reduction Methods
/Control System
aim for bag opening

Final Assessment
Severity
Probability
Risk Level
Minor
Low
Likely

Status /
Responsible
/Comments
/Reference

Privileged and Confidential Information
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User Manual
ME430 Team F56
EVA Sample Bag Dispenser
Al Kasinski, Birk Smith, Christian Clephan
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1 Safety
1.1 Safety Hazards
•

The MoonRocker dispenser contains sharp edges around the edges of the front and top
panel (Figure 1). If being used by consumer, place tape around sharp edges to prevent
scrapes.

Figure 1: Sharp Edge Hazards on Dispenser
•

The baseplate containing sample bags in compressed by a spring, which can cause
pinching. While inserting new bags remove the front panel and insert bags carefully by
pushing down on the baseplate to prevent pinching (Figure 2).

Figure 2: Proper Loading of Sample Bags to Prevent Pinching
1

While operating the swinging arm of the dispenser ensure there are no obstructions or fingers in
the slot where the arm sits while extended to prevent pinching (Figure 3).

Figure 3: Empty Slot where Arm Snaps into Position

1.2 Recommended PPE
•

Closed toed shoes should be worn while placing rocks in the dispenser to prevent injuries
if a bag were to rip

2

2 Operation

Figure 4b: Toggle door in open position

Figure 4a: Toggle door in closed position

1. Prior to operating, make sure the arm is resting against the dispenser and the toggle door
is closed.
2. Lift the dispenser arm to its upright position. The arm will snap into place when this step
is completed.
3. Grab the topmost bag loop and pull the back away from the box towards the arm hook.
This will begin to unfurl the bag.
4. Secure the bag loop by placing it around the arm hook.
5. Fill the bag with lunar geologic samples. The samples will fall to the bottom of the bag
and help the bag completely unfurl.
6. Once lunar samples have been collected and the bag is ready to be dispensed, fully open
then close the toggle door to release the bags toggle from the channel.
7. Lift the bag out of the dispenser by lifting the toggle loop off the arm hook and pulling it
away from the dispenser.
8. Using both hands, secure the bags contents and place the bag in a storing area.
9. To reposition the arm against the dispenser, gently pull it to right side of the dispenser
until it is able to fall downwards.
*When operating The MoonRocker, it is important to perform all steps in a gentle, slow, and
intentional manner as an astronaut would on the moon.
3

3 Assembly and Repair Procedures
3.1 Bag Loading Procedure
1. Ensure the Moon Rocker is in an upright position with the arm folded down

Figure 5: Orientation of bag when rolling up
2. Roll up a sample bag from bottom to top, with the toggle facing away from you as shown
in Figure 5
3. Slide the toggle door to the open position (see figure 4).

4

Figure 6: Bag with toggle inserted into toggle channel
4. Insert the bag into the dispenser through the opening in the front panel and place the
toggle in the toggle channel.
5. Slide the toggle door into the closed position

5

Figure 7a: Correctly loaded tab
Figure 7b: Incorrectly loaded tab
6. Position the outward facing tab so that it goes into the slot in the front panel and verify
that it will not become snagged or jammed as additional bags are loaded.
7. Depress the spring loaded base plate by pushing down on the top of the stack of bags.
8. Repeat steps 3-7 as needed until the dispenser is fully loaded.
a. It is recommended that no more than 4 bags are loaded into the verification
prototype until the plastic toggle door is replaced with a metal one.
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3.2 Repair Procedures
During testing, operation, and storage, it is possible that the Moon Rocker verification prototype
will sustain damage. Procedures to repair the most likely types of failures, as well as a list of
parts and vendors where replacements are available, are described in this section.
3.2.1 Sample Bags
The sample bags are constructed from 0.001” polyethylene, 0.75” nylon webbing, a 3D printed
toggle, and a waterjet aluminum tab. For a full procedure to manufacture the bags, see Chapter 2,
Manufacturing in the FDR.
During testing, bag failure was observed at the sewn joint between the bag and the nylon
webbing. It is recommended that failures of this type be repaired by patching the affected area
with clear packing tape, which is flexible enough to not impede the bag’s function.
In the event that the toggle or tab needs to be replaced, they can be 3D printed with files from the
Fusion 360 assembly. This repair would require access to both a 3D printer and sewing machine.
3.2.2 Folding Arm
The arm is 3D printed and attached to the dispenser with standard metric hardware, described
below in 3.3 parts list. It is printed in two parts which are press fit together.
3.2.3 Carbon Fiber
Manufacturing and repair of carbon fiber is a process which requires specialized skills and
equipment. A qualified individual may attempt to repair the carbon components at their own risk.
Fractured carbon fiber is extremely sharp and should not be repaired by anyone who does not
have experience working with composite materials.
The live hinge which the arm is attached to can be repaired by replacing it with one of two extra
carbon plates which are leftover from the manufacturing of the verification prototype. The hinge
plate is attached to the side of the dispenser with super glue.

3.3 Parts List
•
•

•

•
•
•
•

Moon Rocker Dispenser (1 ea)
EVA Sample Bags (10 ea)
o 3D Printed toggle
o Aluminum tab (waterjet)
Arm Hardware, available at any hardware store or online distributer.
o M4 x 8mm Screw (1 ea)
o M4 hex nut (1 ea)
o M4 washer (4 ea)
Compression Springs, The Spring Store, Part # PC065-1250-22000-MW-11000-C-N-IN
(2 ea)
¾” PVC pipes (2 each)
¾” PVC end caps (4 each)
1/8” thick aluminum base plate (1 each)
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Appendix D: DVP&R - Design Verification Plan (& Report)
Project:

F56 EVA Sample Bag Dispenser

Sponsor:

N/A

Edit Date: 5/20/22

TEST PLAN
Test
#

Specification

Test Description

Measurements

Acceptance
Criteria

TEST RESULTS
TIMING

Required
Facilities/Equipment

Parts Needed

6

Enclose Ziploc bags with 2-3lbs sample
rock and shake contents vigorously

N/A

No indication N/A
of samples
falling out of
bag

Sample bag

8

Use Instron tensile strength tester with
purchased aluminum and carbon fiber
samples

Tensile
Strength

Factor of
Room 136-192,
Aluminum
Safety > 1.5 Instron Tensile Tester stock/Carbon
Fiber wrap

11

Hinge bend test, use a weight to
measure deflection of fiberglass beam
for accurate model of force v. deflection

C-Clamps, Cup,
String, Meter Stick

1-3,9,10

System Properties Test. Measure
size/thickness of bags, how many bags
can fit, volume/weight of dispenser
system (open/closed).

Force/Deflectio Create
n
accurate
model of
material
deflection
Length,
2-5mm Bag
Volume, Mass Thickness
9"x9" Bag
Area
10-25 Bags
15"x12"x8"
Volume
< 3lbs

4

Drop a 2-3lbs rock 1" above the bag
once

Force

Responsibility

Numerical Results

Start date Finish date
Albert Kasinski 5/10/22
n/a
n/a

1

2

3

4

Survives
impact

Albert Kasinski

5/12/22

n/a

Fiberglass sheet
from side of
dispenser

Christian
Clephan

3/3/22

3/3/22

Calipers, Meter Stick,
Scale

Sample bag,
Dispenser

Christian
Clephan

5/3/22

5/3/22

N/A

Sample bag

Albert Kasinski

5/5/22

5/5/22

5

Page 1 of 2

Notes on Testing
Unable to perform test because
sample bag does not include
final closure mechanism. Duallock strips were not added to
the prototype bags because
they would have stiffened and
enlarged the bag in a way
which may interfere with other
testing and dispenser
functionality.

No results

Test cancelled and replaced
with arm deflection test (#7) per
discussion during WSR on
5/17/22
Recorded fiberglass beam Test yielded an accurate
deflection due to the
Young's Modulus of Elasticity
weight of varying mass.
to actual value.
Used to calculate Young's
Modulus
Dimensional length results All dimensions of dispenser
and mass properties of
were slightly larger than
Dispenser and bags.
specifications (by less than
1/8"), minor overshoot can be
fixed by manufacturing parts
with tighter tolerances.

Sample bag and
dispenser can withstand
3lb static load and 1lb
dynamic load from 1" drop
above dispenser

Failure of sample bag occured
at seams between plastic and
nylon. This can be fixed using
a different adhesive method
such as a speciallized silicon
adhesive for Kapton

Print Date: 5/26/22

Appendix D: DVP&R - Design Verification Plan (& Report)
Project:

F56 EVA Sample Bag Dispenser

Sponsor:

N/A

Edit Date: 5/20/22

TEST PLAN
Test
#

Specification

Measurements

5,7

Use a colorful food dye and one gloved
hand to operate dispenser and test if
any dye comes into contact with the
inside of sample bags.

N/A

11

Arm bend test, hang a paper cup from
the end of the arm and gradually add
water while measuring deflection.
Interpret results to obtain
force/displacement curve and calculate
stiffness.

Deflection

6

7

Test Description

Acceptance
Criteria

TEST RESULTS
TIMING

Required
Facilities/Equipment

No indication N/A
of dye inside
sample bag

12-inch ruler, scale,
two paper cups

Parts Needed

Responsibility

Sample bag

Birk Smith

Sample bag,
Dispenser

Birk Smith

Page 2 of 2

Numerical Results
Start date Finish date
5/10/22
5/10/22 No numerical results

5/20/22

5/20/22

Determined stiffness of 2.7
in/lbf. Calculated max
deflection of 5.4 in. at max
load of 2.0 lbf.

Notes on Testing
Only failure occured when tab
flipped inside sample bag and
had to be grabbed out, barely
touching inside bag. This
wouldn't occur if the nylon was
tighter around tab
Recommend to increase arm
stiffness to limit deflection. 3D
printed arm would require
minimum 2x increase in
thickness for acceptable
stiffness. Flight-like arm should
replace rectangular cross
section with aluminum I-beam

Print Date: 5/26/22

Test #3: Fiberglass Deflection Test
Constants

Uncertainty Calculation

Width, w
Thickness, t
Length, L
Moment of Ineria, I
Modulus of Elasticity, E

2.5875
0.1156
11.25
3.33E-04
260000

in
in
in
in^4
psi

Bias, B
Precision, P
Repeatability, R
Uncertainty, u_xm

0.05
0.05
0.05

0.0866

Full pitcher of water (tare)
Mass of cup and string:

1089.5
21.2

Theoretical Curve

Experimental Data

Mass, m1 [g]

Weight,
m1 [lbf]

Deflection, y [in]

2
4
6
8
10
12
14
16
18
20
24
28
32
36
40
44
48
52
56

0.004
0.009
0.013
0.018
0.022
0.026
0.031
0.035
0.040
0.044
0.053
0.062
0.071
0.079
0.088
0.097
0.106
0.115
0.123

0.02
0.05
0.07
0.10
0.12
0.14
0.17
0.19
0.22
0.24
0.29
0.34
0.39
0.43
0.48
0.53
0.58
0.63
0.68

Mass of
pitcher
Mass, m1 [g]
and water
[g]
1089.5
0
1089.5
21.2
1081.5
29.2
1078.1
32.6
1074.7
36.0
1069.1
41.6
1062.7
48.0
1055.8
54.9
1050.3
60.4
1043.8
66.9
1038.9
71.8

Average

1.20

Deflection, y [in]

1.00
y = 0.1047x

0.60
0.40
0.20
0.00
0

10

20

30

40

50

60

Mass, m1 [g]
Series1

Experimental Data

Upper Uncertainty

Lower Uncertainty

Linear (Experimental Data)

Trendline Slope
Stiffness, k

0.1047 in/g
47.49 in/lbf

Weight,
m1 [lbf]
0.000
0.047
0.064
0.072
0.079
0.092
0.106
0.121
0.133
0.147
0.158

Deflection Deflection
Upper
Lower
Position, y
, delta_y , delta_y Uncertaint Uncertaint
[mm]
[mm]
[in]
y, y+u_xm y, y-u_xm
136
155
161
164
167
171
176
183
186
191
194

Width
2.5625
2.5625
2.625
2.625
2.5625
2.5875

0
-19
-25
-28
-31
-35
-40
-47
-50
-55
-58

0
0.26
0.35
0.39
0.43
0.50
0.58
0.66
0.73
0.81
0.87

ZERO
0.34
0.44
0.48
0.52
0.59
0.67
0.75
0.82
0.89
0.95

Thickness
0.109
0.115
0.12
0.119
0.115
0.1156

0.17
0.27
0.31
0.35
0.42
0.49
0.58
0.64
0.72
0.78
Full pitcher of water (TARE)
Trial 1
1089.5
Trial 2
1087.9
After Trial 2 1087.2

Experimental Data (Trial 2)

Beam Deflection

0.80

g
g

70

80

Mass of
pitcher
Mass, m1 [g]
and water
[g]
1087.9
0
1087.9
21.2
1083.4
27.3
1077.0
33.7
1070.4
40.3
1061.4
49.3
1052.9
57.8
1044.0
66.7
1038.1
72.6
1032.7
78.0
1029.3
81.4

Weight,
m1 [lbf]
0.000
0.047
0.060
0.074
0.089
0.109
0.127
0.147
0.160
0.172
0.179

Deflection Deflection
Upper
Lower
Position, y
, delta_y , delta_y Uncertaint Uncertaint
[mm]
[mm]
[in]
y, y+u_xm y, y-u_xm
136
155
159
164
168
176
183
189
193
197
199

0
-19
-23
-28
-32
-40
-47
-53
-57
-61
-63

0.26
0.33
0.41
0.49
0.60
0.70
0.81
0.88
0.94
0.98

0.34
0.42
0.49
0.57
0.68
0.78
0.89
0.96
1.03
1.07

0.17
0.24
0.32
0.40
0.51
0.61
0.72
0.79
0.86
0.90

Test #7: Arm Bend Test
Constants
Arm length
Length to applied force

7.25 in
5.75 in

Raw Data
Equivalent force, F2 Ruler measurement, y1
lbf
mm
0.00
-3
0.08
2
0.13
5
0.17
8
0.22
12
0.32
19
0.38
23
0.43
27
0.50
31
0.55
34
0.59
37

Deflection, y
mm
0
5
8
11
15
22
26
30
34
37
40

Deflection, y
in
0.00
0.20
0.31
0.43
0.59
0.87
1.02
1.18
1.34
1.46
1.57

Arm Deflection vs Force
1.8
1.6
1.4
1.2

Deflection, y [in]

Applied force, F1
lbf
0
0.1
0.16
0.21
0.28
0.4
0.48
0.54
0.63
0.69
0.75

y = 2.7x
1.0
0.8
0.6
0.4
0.2
0.0
0.0

0.1

-0.2

0.2

0.3

Force, F [lbf]

Results
Stifness, k
Max force, f_max
Max deflection, y_max

0.4

2.7 in/lbf
2 lbf
5.4 in/lbf

0.5

0.6

0.7

Team: F56 NASA Sample Bag Dispenser
Test Title: Bag Shake Test
Planned Test Date: 5/10/22
Purpose: This test has two goals. The primary purpose of this test is to meet the NASA specification that
the bag contain all sample material collected during a moon walk, with no loss of material. The second
goal of this test is to confirm the functionality of the bag.
Location and Required Materials:
No specialized equipment is needed for this experiment. The only tool needed for the test is a simple
gram scale, which is available to borrow in the composites lab (192-130). This test will be performed on
the lawn outside the composite lab, so that if the bag does not pass the test, dirt and rocks are spilled
outside. To perform the test, the sample bags constructed for the structural prototype will be filled with
dirt and rocks collected outside Engineering IV (Building 192).

Safety:
Everyone present will wear safety glasses during the test to protect against loose debris in the event of a
failure. It is expected that if the bag fails during the test, dirt and rocks will be flung from the bag. To
minimize risk, observers will stand behind the team member who is shaking the bag, minimizing the risk
of impact from flying debris.

Data collection:
Two forms of data will be collected during the test.
First, for each sample bag tested, a pass/fail will be recorded. A bag passes if it its mass is equal to the
measured mass before the test.
Second, team members will document comments on the functionality of the bag. Each user of the bag
will write a short description of the user experience, including the difficulty of opening and closing the
bag. Based on these observations, each user will then rate the experience of using the bag on a scale of
1 to 5, where 5 means that the design functions exactly as expected.

Procedure:
1. Using the MoonRocker sample bag dispenser, open a sample bag and hook the tab over the
hook.
2.
3. Remove the sample bag from the dispenser
4. Close the bag by firmly pressing on the seam along the top edge, which is lined with Dual-Lock
(like heavy duty Velcro).
5. Weigh the bag on the gram scale and record the mass on the data sheet.
6. Invert the bag so that the opening is facing downwards and gently shake the bag.
7. Turn the bag right side up and shake the bag some more, this time slightly harder.
8. Weigh the bag again.
9. Compare the mass before and after the shake test. If the difference is larger than the
measurement uncertainty, record that the bag failed the test. Otherwise, if the mass did not
change, record a pass.
10.
from 1-5.
11. Repeat steps 1-10 3 times using 3 different bags.
Table 1: Bag Shake Test Results
Trial
1
2
3

Shake
Test [P/F]

Comments

Score
[1-5]

Team: F56 NASA Sample Bag Dispenser
Test Title: Tensile Strength Test of Nylon Webbing
Planned Test Date: 5/12/22
Test Goals: Determine the tensile strength of the nylon webbing material purchased to make the sample
bag. Compare the strength of the material to the anticipated load and calculate a factor of safety.
Test Equipment Required:
Instron Tensile Strength Tester
Nylon webbing for testing
Scissors to cut webbing
Calipers to measure samples
Safety glasses for all team members and lab technicians
Test Procedure:
1. Verify all team members are wearing safety glasses and the work area is free of clutter
2. Cut nylon webbing into 5 strips, each 5 inches long
3. Using the controls on the Instron, position the upper and lower clamps approximately 3 inches
apart.
4. Open the door to the Instron and place the sample between the jaws of the lower clamp.
5. Ensure fingers are in a safe position before closing the jaws.
6. Close the jaws of the lower clamp.
7. Repeat steps 4-6 for the upper clamp.
8. Close the door to the Instron.
9. Specify a cross-sectional area of 1 unit in the Instron software.
10. Begin data collection in the Instron software.
11. Initiate tensile strength test and allow it to continue until the material breaks.
12. Stop the test.
13. Visually inspect the force vs deflection graph in the Instron software for anomalies.
14. Remove the sample from the Instron.
15. Export the test data to the lab computer.
16. Repeat steps 3-15 for each sample.
17. Upload all of the data files to Microsoft Teams.
18. Make a summary table of the maximum force applied to each sample before failure.
19. Average the data to obtain an average yield force.
20. Compare the average yield force to the calculated maximum force to obtain a factor of safety.

Table 1: Maximum Force Before Yielding
Trial
1
2
3
4
5
Average

Force [N]

F56 Lunar Sample Bag Dispenser Test Procedure

Test Name: Fiberglass Deflection Test

Purpose:
To determine the stiffness of the composite fiberglass plate that makes up the body of our structural
prototype.

Scope:
This test aims to find the force required to bend the hinge on the dispenser arm. This force will be
modified by selecting a material thickness that allows the user to easily operate the arm without having
to exert too much force.

Equipment:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

C-clamp
Plastic cup, 2x
Water
String/wire
Tape
Table
Fiberglass
Scale
12 inch ruler
Calipers
Computer with Excel

Hazards: (list hazards associated with the test)
1. Possible water spillage (slip hazard)

PPE Requirements: (e.g. safety goggles, respirators)
1. Safety glasses

Facility:
Mustang 60/Aero Hanger Machine shop

Procedure: (List number steps of how to run the test, can include sketches and/or pictures):
1. Measure dimensions of beam and stick out length.
2. Use C-clamp to fixture fiberglass piece to surface and measure the length and width.
3. Line up 12 inch ruler perpendicular to the surface where the water cup will be attached to the
fiberglass beam.
4. Weigh empty cup, string/wire, and tape.
5. Attach plastic cup close to free end of beam using string/wire and tape.
6. Weigh water and pour into attached cup.
7. Measure deflection of beam.
8. Repeat steps 4 and 5 ten times and record results

Results: Pass Criteria, Fail Criteria, Number of samples to test
pass
Fractured beam results in a failure.
1 sample to test (using 10 increments of mass repeated 3-5 times).
Experimental Data
Mass of
pitcher
and
water [g]

Mass, m1
[g]

Test Date(s): 3/3/22
Test Results: 3/10/22
Performed By: F56 Team

Weight,
m1 [lbf]

Position, y
[mm]

Deflection,
delta_y
[mm]

Deflection,
delta_y
[in]

Upper
Lower
Uncertainty, Uncertainty,
y+u_xm
y-u_xm

F56 Lunar Sample Bag Dispenser Test Procedure

Test Name: System Analysis

Purpose: The purpose of this procedure is to perform an inspection on the various properties of the
dispenser

Scope: The analysis checks the weight and critical dimensions of the dispenser, along with locating pinch
points and loading the system with 10-25 bags.

Equipment:
1.
2.
3.
4.
5.

Dial Caliper
Ruler
Scale
Heavy ski glove
Checklist

Hazards:
1. Pinch points

PPE Requirements:
1. None required. Follow general lab protocol.

Facility:
1. Bonderson High Bay

Procedure: (List number steps of how to run the test, can include sketches and/or pictures):
1) Print or find checklist file with all critical dimensions, acceptable weight range, pinch
point locations, and number of bags that fit in the dispenser.
2) Load bags into dispenser and record number.
3) Measure critical dimensions (length, width, height) using ruler and/or dial caliper, then
record.
4) Place dispenser on scale and record weight.

5) Wearing a heavy ski glove, operate the dispenser and locate possible pinch points.

Results:

Criteria
Height
Width
Length
Weight
Pinch Points
Bags Loaded
Test Date(s): 5 May 2022
Test Results: 5 May 2022
Performed By: F56 team

Value

Pass/Fail

Test Name: Rock Drop Test Procedure

Purpose:
Verify the rock samples that will be collected on the moon will not tear the sample bag or interfere with
any further operation of the sample bag dispenser.
Scope: (Defines what feature or function the test is for)
This test will determine whether a stronger sample bag material will be required and assure the arm
locking mechanism will be held together after rock sample impact.
Equipment: (List of equipment necessary)
Sample bag dispenser
Sample bags
Ruler
Sharp rock approximately as large as a bocce ball
Hazards: (list hazards associated with the test)
Impact from rock
Shattering rock pieces if it hits hard ground (concrete)
Cuts from jagged rock
PPE Requirements: (e.g. safety goggles, respirators)
Safety glasses (if done over a hard surface)
Closed toe shoes
Facility: (Where the test should occur)
Outside Engineering IV, preferably over grass
Procedure: (List number steps of how to run the test, can include sketches and/or pictures):
1) Ensure sample bag dispenser operates appropriately and arm can be firmly held in extended
position.
2) While the arm is extended assure the sample bag has been opened and will allow for the
bocce ball sized rock to be dropped inside.
3) One team member will position a ruler above the bag dispenser while another holds a rock
4) Once a third member assures the rock is at the correct height, and is directly over the
opened sample bag, drop the rock.
5) Repeat steps 3/4 three times for four sample bags and record pass/fail.
6) Photograph and record drop test or any bag failures and the rock used for testing

Results: Pass Criteria, Fail Criteria, Number of samples to test
Pass criteria includes a mostly undeformed bag with absolutely no tears. Fail criteria includes an overly
stretched bag, the presence of a tear, or arm malfunction. 12 sample tests, 3 drop tests for 4 bags.

Test Date(s): 5/12/22
Test Results:
Table 1: Sample Bag Rock Drop Test Data Collection Pass/Fail
Sample Bag #
1
2
3
4

Test 1

Test 2

Table 2: Images of Sample Bag After Testing

Sample Bag #1

Sample Bag #2

Sample Bag #3

Sample Bag #4

Performed By: Christian Clephan

Test 3

Test Name: One handed Operation Test With Dye

Purpose:
Verify our sample bag dispenser is completely operable while using one gloved hand, and
touch inside the bag (contaminating contents).
Scope: (Defines what feature or function the test is for)
This test will determine whether each component of the dispenser works as intended, and be easily
used with one hand. This test also verifies
contaminate the inside of the sample bag.
Equipment: (List of equipment necessary)
Sample bag dispenser
4 Sample bags
Belt fixture for dispenser to attach to user
Large ski glove
Some sort of dye
Hazards: (list hazards associated with the test)
Ski glove getting stuck inside dispenser while operating
PPE Requirements: (e.g. safety goggles, respirators)
N/A
Facility: (Where the test should occur)
Outside Engineering IV, to limit possible mess created from dye.
Procedure: (List number steps of how to run the test, can include sketches and/or pictures):
1. Ensure 4 sample bags are loaded into dispenser mechanism and loaded for the user to
release when ready.
2. Attach sample bag dispenser to
4 bolt pattern on the back of the dispenser.
3. Once properly secured, the user will put on a large ski glove and apply dye or contaminate
material to the palm of the glove
4. The user will then use the sample bag dispenser as intended by swinging up arm and
grabbing a sample bag tab to wrap over arms peg (see Figure 1)

Figure 1: Sample bag extended with tab hooked over peg
5. Next, unlock the toggle door sliding mechanism by moving the handle right (see Figure 2/3).

Figure 2: Sliding door enclosing sample bags

Figure 3: Sliding door opened for one bag
to be released

6. First grab the tab and release it from being wrapped around the peg, and push the top of
the bag together such that the Dual Lock encloses the contents.
7. Check for any contamination dye inside the sample bag.
8. Repeat steps 4-7 for the next two sample bags to ensure the process can be repeated
without any contamination.
Results: Pass Criteria, Fail Criteria, Number of samples to test
Pass criteria includes no contamination and no complications during operation of sample bag dispenser.
Fail criteria includes dye contaminate reaching the inside of the bag, the ski glove getting pinched or
trapped during the process, or certain operation requiring two hands. This process will be repeated 4
times to ensure safe repeatability of operation.

Test Date(s): 5/19/22
Test Results:
Table 1: Sample Bag Rock Drop Test Data Collection Pass/Fail
Sample Bag #
1
2
3
4

Contamination (Y/N)

Operated with One Hand? (Y/N)

Table 2: Images of Sample Bag After Testing

Sample Bag #1

Sample Bag #2

Sample Bag #3

Sample Bag #4

Performed By: Christian Clephan

Appendix F: Original spec table from NASA
Table 1: Design Requirements
Requirement
The sample bag set includes 10-25
sample bags.

Compliance
Loading section contains sufficient room to
load 17 bags in a rolled-up orientation.

Each sample bag is made of 2-5 mil
(1/1000 of an inch, NOT mm) thick,
transparent, and flexible plastic
material.
Each sample bag’s interior dimensions
are 9” x 9” to ensure the desired size
range of samples fit inside the bag and
retained.
Each sample bag withstands the force
of a roughly 5” diameter rock
dropping inside the bag from 1” above
the opening. See the Additional
Considerations section for examples.
Each sample bag operable without
needing to touch the inside of the bag
with the crew member’s gloves.

The bags will be designed within the
tolerance range and made from premade
sheets of PTFE (Teflon).

6

The sample bag includes a method to
close the bag and retain its contents
(assume it needs to retain rocks and
small sand particles).

Each bag will have a rim made of nylon
webbing for rigidity, with a nitinol wire
embedded inside. Once the astronaut
dispenses the bag, they fold and seal the bag
using the wire to crimp the edges closed.

7

Each sample bag stays open on its
own.
The dispenser holds a minimum of 10
and a maximum of 25 sample bags.
The dispenser allows crew member to
use one hand to open a single sample
bag while attached to the dispenser.

Toggle tab and secured loop tab allow the
bag to stay open on its own.
We plan on storing 25 bags but may cut the
number down if space is an issue.
Design requires only one hand to grab the
loop tab to secure around peg. Dispenser
wedge channel helps open the bag as it’s
being secured to the peg.

10

The dispenser allows crew member to
use one hand to dispense a single
sample bag at a time.

Dispenser spring-loads bags to upper-most
position during operation.

11

The dispenser restrains the sample
bags enough to prevent bag damage,
deformation, or accidental opening
when not in use.

Bags will be compressed and contained in a
compartment section of the dispenser to
prevent possible damage from vibrations or
other external forces.

1
2

3

4

5

8
9

Dispenser design allows for loading
appropriately sized samples into bags with
interior dimensions of 9” x 9”.
A 4 mil (0.004 in.) PTFE sample bag will be
tested to withstand forces specified in
requirements. A thicker bag will be used if
there is failure.
The exposed bag loops will allow the
astronaut to open the bag without touching
the inside of the bag.

12

13a

13b

14

15

The dispenser is capable of holding an
open bag filled with a sample (up to 2
lbs) prior to dispensing the filled bag.
The proposed sample bags and
dispenser system design should use
flight-like materials and adhere to all
requirements.
The sample bags and dispenser system
built for NBL testing is made for an
underwater testing environment.
The sample bags and dispenser system
fit within a volume of 15” x 12” x 8”
when in use.
The sample bags and dispenser system
need a 4-hole bolt pattern to interface
with a NASA-provided tool belt.

Bags will be firmly secured on both tabs
while filled.
Proposed bag material (PTFE) can withstand
extreme temperature variations (-400 °F to
400°F).
Design and material selection is operable in
an underwater testing environment and made
of NBL materials approved.
Current proposed volume is 12.8” x 12.0” x
8.0” when in use.
Our design has a flat plate with a 4-hole bolt
pattern machined into it.

16

The total weight of the dispenser when The current design is estimated to weigh 3.34
loaded with bags is less than 3 lbs.
lbs, but will be modified to reduce weight.

17

The sample bags and dispenser system
is operable with EVA gloved hands
(like heavy ski gloves).
The sample bags and dispenser system
use only manual power.

The astronaut has only two motions that
must be performed. Each motion has been
successfully tested using heavy ski gloves.
No hydraulic, magnetic, or actuating power
is included in our design.

No holes or openings
allowing/causing entrapment of
fingers on the sample bags, (NOT
markers).
No sharp edges on the sample bags
and dispenser system.

There are no immediate areas for the
astronaut to risk entrapment of fingers on the
sample bags.

18
19

20

21

Minimize and label pinch points.

There are no sharp edges on the bags and
dispenser system. A small fillet will be
machined around the dispenser’s edges.
Pinch points will be labeled and minimized
accordingly.

Appendix G: NASA Proposal
I. Technical Section
In this section, a proposed design is described and modeled in CAD. Our design’s compliance with
all requirements outlined in the Micro-g NExT Challenge Descriptions document is also described.
We also provide a manufacturing plan, including material selection and manufacturing location.
Finally, the operational plan for the testing events is presented, as well as a section to address
safety concerns.
A. Abstract
Our design aims to allow astronauts a simple way to use the sample bags while operating the device
with EVA gloved hands. After ideating, our team decided to prioritize ease of use and reduce the
number of individual steps an astronaut is required to perform. We wanted to include a mechanism
that ensures the bags would not move unless the astronaut intends to do so. There will be one hand
movement to open the bag, followed by a separate movement to dispense the bag. To accomplish
this, our design needed a bag storage area and a method to open the bag, dispense the bag, and
close the bag. Each bag is individually rolled and stored in the bag storage compartment. To open
a bag, two tabs (one loop and one toggle), located on opposite sides of each bag are pulled apart.
The toggle is retained in a channel and held in place by a door. When the loop is pulled, the walls
of the bag separate, opening the bag. The loop is secured to a peg on the end of a retractable arm,
holding the bag open while in use. When a bag is full, the astronaut grabs the loop and removes it
from the arm. Lifting the bag up dispenses the toggle from the toggle door and allows the astronaut
to close the bag. Each bag has a strip of nylon webbing around the rim of the opening, which is
embedded with piece of nitinol wire that allows the astronaut to fold and seal the bag after removal
from the device. This design meets all requirements from the Micro-g NExT competition.
B. Design Description
Design Overview
Our team’s focus while creating a design for this competition was to limit the number of motions
required by the astronaut. After using ideation and functional decomposition, we came up with a
concept design that was easy to use for astronauts. Our design has three main components: a
retractable arm, a bag storage compartment, and a toggle channel. Figure 1 shows an isometric
view of the bag dispenser design.
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Figure 1. Isometric view with annotated accessories
Our bags will have a strip of nylon webbing along the top edge of both sides of the bag. This
webbing will be embedded with flexible wire, functioning as the closing mechanism. Additionally,
support prevents the bags from being twisted in an awkward orientation before being pulled open.
Once the bag is full and dispensed, the astronaut will fold the semi-rigid support and secure the
bag's contents using the flexible wire. A demonstration of this folding method may be found in the
concept video. In addition to the flexible wire, there will be a loop on one side of the bag and a Tshaped toggle on the other side. The toggle will be locked in place while the loop is free to grab
and place on the retractable arm. Figure 1 above shows the concept design with peg and toggle
accessories for each bag.
The proposed bag material will be made from PTFE (Teflon®). The reason for this material
selection is that PTFE retains its properties at a vast range of temperatures. Data collected by the
Diviner Lunar Radiometer Experiment onboard the Lunar Reconnaissance Orbiter has been
measuring regolith thermal energy (Williams, et al.). According to the data, surface temperatures
of the moon range from 397K (255 °F) at the equator in direct sunlight and down to 95K (-289 °F)
without the presence of sunlight. PTFE is tear resistant and can retain its properties at temperatures
between –400 °F to 400 °F. Other common plastics such as polyethylene would likely fail under
the harsh conditions on the surface of the Moon. Additionally, PTFE was the bag material used in
the Apollo missions according to NASA’s report on lunar surface geological sampling (Allton 5254).
The retractable arm starts in a compact position, giving the astronaut more range of motion while
the dispenser is not in use. When the dispenser is in use, the arm is pulled up and locked into place
-2-

using a linkage support as shown in Figure 2. The arm includes a dull peg that the bag loop is
attached to. Once the bag is secured onto the arm, the bag is ready to be filled. When the astronaut
is done collecting samples and removes the bag from the dispenser, the arm is pushed back into its
compact position.

Figure 2. Side view of dispenser demonstrating motion of unfolding retracted arm.
Each bag will be individually rolled and placed in a storage compartment. The storage
compartment is located directly in front of the toggle channel. The bag leaves the storage
compartment through a small wedge-shaped channel that aids in opening the bag as the astronaut
pulls on the loop end.
In the toggle channel, the toggle tabs of the bags are stored in a region that eliminates lateral
movement. There is a torsion spring toggle door mechanism at the top of the channel which
controls the dispensing rate of the bags. This mechanism takes advantage of the cylindrical toggle
geometry to ensure that only one bag is released at a time. When a bag is ready to be dispensed,
the astronaut grabs the loop tab from the retractable arm and lifts the bag up. The lifting motion
will push the torsion spring door open and release the toggle. Once the toggle leaves the channel,
the door will return to its original position and lock the remaining bags in place. Figure 3 shows
the closed position of the toggle door, where bags can be seen lined up below each other. A spring
is located at the bottom of the toggle channel that pushes the toggles upwards.
-3-

Figure 3. Closed toggle door mechanism that releases once the bag is lifted out by the astronaut.

The dispenser is compact, lightweight, durable, easy to use, and adheres to every requirement
detailed in the challenge description. Table 1 below includes these requirements and our current
design’s compliances. More images of our design may be found in the Appendix under Attachment
A.
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Table 1. Requirement Compliance Matrix
Requirement
The sample bag set includes 10-25 sample
bags.
Each sample bag is made of 2-5 mil (1/1000
of an inch, NOT mm) thick, transparent, and
flexible plastic material.
Each sample bag’s interior dimensions is 9”
x 9” to ensure the desired size range of
samples fit inside the bag and retained.
Each sample bag withstands the force of a
roughly 5” diameter rock dropping inside the
bag from 1” above the opening. See the
Additional Considerations section for
examples.
Each sample bag operable without needing to
touch the inside of the bag with the crew
member’s gloves.
The sample bag includes a method to close
the bag and retain its contents (assume it
needs to retain rocks and small sand
particles).
Each sample bag stays open on its own.
The dispenser holds a minimum of 10 and a
maximum of 25 sample bags.
The dispenser allows crew member to use one
hand to open a single sample bag while
attached to the dispenser.

Compliance
Loading section contains sufficient room to load
17 bags in a rolled-up orientation.
The bags will be designed within the tolerance
range and made from premade sheets of PTFE
(Teflon).
Dispenser design allows for loading
appropriately sized samples into bags with
interior dimensions of 9” x 9”.
A 4 mil (0.004 in.) PTFE sample bag will be
tested to withstand forces specified in
requirements. A thicker bag will be used if there
is failure.
The exposed bag loops will allow the astronaut
to open the bag without touching the inside of
the bag.
Each bag will have a rim made of nylon webbing
for rigidity, with a nitinol wire embedded inside.
Once the astronaut dispenses the bag, they fold
and seal the bag using the wire to crimp the
edges closed.
Toggle tab and secured loop tab allow the bag to
stay open on its own.
We plan on storing 25 bags but may cut the
number down if space is an issue.
Design requires only one hand to grab the loop
tab to secure around peg. Dispenser wedge
channel helps open the bag as it’s being secured
to the peg.
Dispenser spring-loads bags to upper-most
position during operation.

The dispenser allows crew member to use one
hand to dispense a single sample bag at a
time.
The dispenser restrains the sample bags Bags will be compressed and contained in a
enough to prevent bag damage, deformation, compartment section of the dispenser to prevent
or accidental opening when not in use.
possible damage from vibrations or other
external forces.
The dispenser is capable of holding an open Bags will be firmly secured on both tabs while
bag filled with a sample (up to 2 lbs) prior to filled.
dispensing the filled bag.
The proposed sample bags and dispenser Proposed bag material (PTFE) can withstand
system design should use flight-like materials extreme temperature variations (-400 °F to
and adhere to all requirements.
400°F).
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The sample bags and dispenser system built
for NBL testing is made for an underwater
testing environment and made from NBL
approved materials. A waiver may be granted
on a case-by-case basis
The sample bags and dispenser system fit
within a volume of 15” x 12” x 8” when in
use.
The sample bags and dispenser system needs
a 4-hole bolt pattern to interface with a
NASA-provided tool belt. See the Interface
Details section for details.
The total weight of the dispenser when loaded
with bags is less than 3 lbs.

Design and material selection is operable in an
underwater testing environment and made of
NBL materials approved.
Current proposed volume is 12.7” x 12.0” x 8.0”
when in use.
Our design has a flat plate with a 4-hole bolt
pattern machined into it.

Our design minimizes overall volume and
utilizes carbon fiber as much as possible to
reduce weight.
The astronaut has only two motions that must be
performed. Each motion has been successfully
tested using heavy ski gloves.
No hydraulic, magnetic, or actuating power is
included in our design.
There are no immediate areas for the astronaut
to risk entrapment of fingers on the sample bags.

The sample bags and dispenser system is
operable with EVA gloved hands (like heavy
ski gloves).
The sample bags and dispenser system uses
only manual power.
No holes or openings allowing/causing
entrapment of fingers on the sample bags,
(NOT markers).
No sharp edges on the sample bags and There are no sharp edges on the bags and
dispenser system.
dispenser system. A small fillet will be
machined around the dispenser’s edges.
Minimize and label pinch points.
Pinch points will be labeled and minimized
accordingly.
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Manufacturing Plan
Our manufacturing plan first involves constructing the concept prototype with low-cost materials
including fiberglass, 3D printed plastic, and lesser alloys of aluminum for machining. Premade
sheets of LDPE will be used to prototype the shape and assembly methods of the bags. This will
help ensure our design is compliant with the requirements so that we can move on to a verification
prototype.
For the verification prototype, we will manufacture the bag and dispenser shape, loop, toggle,
linkage arm, foldable arm, and toggle door. Components of the dispenser involving sliding fits,
complex geometry, and threaded fasteners will be manufactured with aluminum. Simple
geometries such as flat plates and pieces without high tolerances will be constructed with carbon
fiber to reduce weight. To cure the composite material, a wet layup of carbon fiber fabric with
epoxy resin will be placed on a heated vacuum table with temperatures and pressures adhering to
recommendation of epoxy manufacturer. All machining and 3D printing will be done at Cal Poly
machine shops, with no cost of using the equipment. To machine aluminum and carbon fiber, a
water jet or Haas CNC mill will be used. Bag manufacturing will be done by cutting and heatsealing purchased PTFE sheets. The toggle will be made from machined aluminum and attached
to the bag with a flexible strip of nylon. The loop attachment will be made of nylon webbing. The
toggle, loop, and crimping wire will be attached to plastic bags with an appropriate adhesive for
lunar surface conditions.
Once manufacturing is completed, testing will focus on the major components of the dispenser.
The toggle door mechanism must work smoothly in order to prevent jamming. The spring that
pushes the bags into place will also be tested for precision and repeatability, optimizing ease of
use and reliability. Finally, the width of the opening to the bag storage compartment will be
modified based on testing to balance secure retention with the ease of removing the bags. .
Calculations and testing will be completed for the force and moment generated by a 5” rock falling
1” above the bag opening while the linkage bar is locked in place. A tensile strength testing
machine will be used to record performance of purchased aluminum and composite materials.
Third parties may be used to purchase additional components such as coil springs, torsion springs,
adhesives, and rivets or threaded fasteners for the linkage arm.

Design Alternatives
Our proposed design is still a conceptual design. Therefore, changes will likely occur as we move
through the detailed design, prototyping, and testing phases. One aspect of the design that may
change is the retractable arm. The proposed design features an arm which is supported on only one
side. This would give more space for the astronaut to open and remove the bag, but it may not be
strong enough to support the weight of a full bag. The arm may be augmented with an additional
linkage bar located beneath the peg or on the opposite side of the arm. Ideally, the arm will be able
to retract and take up minimal space to make it easier and more convenient for the astronaut.
However, this might be too complicated and create unavoidable pinch points. As we prototype and
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test our design model, we may update the design of the arm as needed. If the single retractable arm
proves to be unstable, the ability to retract may be modified or removed.
Another design consideration that may change is the toggle door that contains the bags. The stored
bags will be pushed up by a spring, so we have a spring-loaded gate mechanism that stops the bags
from being pushed out of their compartment. This gate also secures the topmost bag, so it doesn’t
detach while the astronaut is filling it. After prototyping, we may find that the current design for
the door is not adequate. Other solutions for this problem include a sliding door and spacers
between the bags.

C. Operations Plan
If our proposal gets accepted to move forward to the testing phase, we will create a detailed plan
to maximize our time in the NBL. The following section discusses the team's specific testing plan.

Loading and Preparation
1. Before the bags are loaded into the dispenser, roll each bag individually from the bottom
to the top of the bag. Ensure that the bag is rolled with the toggle on the back side of the
bag, so that it will naturally unfurl when dispensed.
2. Load the bags by inserting the toggles into the channel at the top of the dispenser. The
loops should be facing out on the same side as the retractable arm. Move the toggle doors
into the open position so that the toggles can slide into place.
3. Push the bag compartment base plate down, compressing the spring. While holding the
plate down, insert the bag into the dispenser through the slot in the front, bending it in the
middle to fit through the slot.
4. Repeat steps 2 and 3 for each bag.
5. Once all bags are loaded, move the toggle door into the closed position so the bags won’t
fall out. All bags should be secured into the bag storage area.
6. Rotate the retractable arm into its downward position for stowage.

Once these steps have been completed, all bags will be loaded, and the bag dispenser is ready for
use. The operator can then move onto the functionality steps listed in the Operations Procedure
section below.
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Operations Procedure
1. Extend the retractable arm into the upright position.
2. Open the bag with one hand by pulling on the outward facing tab attached to the bag. Put
the tab on the peg at the end of the retractable arm.
3. Fill the sample bag with up to 2 lbs of material.
4. Grab the bag tab and pull off the peg. Lift the bag up to release the T-shaped toggle from
its compartment. Ensure the toggle door does not allow more than one bag to be dispensed.
5. Grab the top of the bag at each corner and fold the top edge over itself twice.
6. Once the bag is folded, seal the bag by bending the crimping wire embedded in rim of the
bag over the folded portion of the bag.
7. Repeat the above steps for additional testing as necessary.
8. Retract the arm to make the size of the dispenser more compact while not in use.

D. Safety
Our current design is manually powered and follows NBL’s approved material list guidelines. Two
possible hazards with our design are sharp edges and pinch points. Sharp edges on our dispenser
have been mitigated using fillets and smoothing points. Pinch points may occur while grabbing
bags or moving the peg linkage arm. To prevent finger entrapment from the linkage arm, we plan
to include a locking mechanism to hold the bar in place. Once a full-scale verification prototype
has been manufactured, we plan to operate the dispenser over several iterations with heavy ski
gloves to locate pinch points. We plan to modify the design to address additional pinch points as
they are discovered during testing.

E. Technical References
Allton, Judith Haley. “Catalog of Apollo Lunar Surface Geological Sampling Tools and
Containers.” Apollo Geology Tool Catalog, NASA, 16 Aug. 2017,
https://www.hq.nasa.gov/alsj/tools/Welcome.html.
Williams, J.P., et al. “The Global Surface Temperatures of the Moon as Measured by the Diviner
Lunar Radiometer Experiment.” Icarus, vol. 283, 13 Aug. 2016, pp. 300–325.,
https://doi.org/10.1016/j.icarus.2016.08.012.
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II. STEM Engagement Section
A. Outreach Activities
Event: Moon Rock Scavenger Hunt
Audience: 5th grade students
Objective: Educate local 5th graders from low socioeconomic backgrounds about science and
NASA. Provide an opportunity for young kids to get excited about STEM.
Activity: Cal Poly’s Learn By Doing Lab specializes in STEM outreach events where 5th - 8th
grade students from local schools experience real world, standards-based, and inquiry-driven
science curricula. Teachers bring their students to the university's campus for a fun day of learning
and hands-on activities. The coordinator for the Learn By Doing Lab, Jenny Cruz, has allowed our
team to organize a “scavenger hunt” style activity for a large group of 5th graders coming from an
area with diverse and low socioeconomic demographics. The activity will start out with an
academic lesson on space travel, NASA’s goals with the Artemis Program, and what we did to
help as engineering students at Cal Poly. We will explain our design and provide a prototype
mockup of the sample bag and dispenser system for the kids to use during the scavenger hunt. The
number of students attending the event will range anywhere between 30 to 60 depending on the
number of available volunteers. Our team has reached out to the Society of Women Engineers
(SWE) and the Society of Hispanic Professional Engineers (SHPE) at Cal Poly to find out if any
of their members would be interested in volunteering at the event. A Letter of Agreement from the
Learn By Doing Lab may be found in Attachment B-1 of the Appendix.
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Event: Space Talk
Audience: The Church of Jesus Christ of Latter-day Saints Youth Group
Objective: Educate a local youth group from diverse and low socioeconomic backgrounds about
science and careers in STEM. Provide a framework for teenagers to get excited about pursuing a
degree in engineering.
Activity: The Church of Latter-Day Saints has several congregations near our campus. For the
activity, our team would visit one of the institute buildings and deliver a presentation centered
around careers in STEM, NASA’s Artemis Program, and demonstrate what we did as engineering
students to help. We will emphasize the important NASA Artemis mission goal of launching the
first woman and first person of color to the moon. We will inform the audience that the local Allan
Hancock College is an affordable means of starting an education in STEM and has high student
transfer rates with Cal Poly. We will also share that Victor Glover, a Cal Poly graduate and NASA
astronaut, was the first African American to live on the International Space Station. We plan on
contacting Mr. Glover to see if he would like to meet with us virtually during the presentation and
share his experience as a crewmember living on the ISS. The activity will end with a Q&A session
along with distributing informational handouts on upcoming STEM related public events at Cal
Poly and Allan Hancock College. A Letter of Agreement from the Seminaries and Institutes of
Religion Director may be found in Attachment B-2 of the Appendix.
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Event: Engineering, Astronomy and STEM presentation
Audience: Scouts BSA Troop 308, San Luis Obispo CA
Objective: Educate members of the local Scouts BSA (formerly Boy Scouts of America) Troop
on the process of designing, manufacturing, and testing of products in an engineering setting, using
the EVA Bag Dispenser as a case study. Demonstrate the operation of the dispenser and discuss
the impact of the device and Artemis program, emphasizing contributions to geology, astronomy,
and equity in the STEM field. Assist Scouts in completing requirements of the Engineering and
Astronomy merit badges.
Activity: Our team will deliver a presentation to the Troop, which will be tailored to address the
requirements of Engineering and Astronomy merit badges, as well as the objectives listed above.
A concept prototype or final assembly of the bag dispenser will be used for demonstration,
depending on when the presentation takes place. In addition, a written report from the project will
be printed and made available to the scouts during the meeting for them to read as part of the
engineering merit badge. During the astronomy portion of the presentation, the names and
locations of five craters and seas on the moon will be taught to the scouts for astronomy merit
badge and for a later part of the activity.
An interactive activity will then be jointly facilitated by members of the CP Astro Samplers and
the Troop’s Senior Patrol Leader (SPL), in which scouts are provided with ideation materials such
as foam core, popsicle sticks, and tape. Scouts will then work in teams to construct a model of a
lunar lander, which will be used later in the activity. This process will be structured according to
the “EDGE Method”, which is the preferred method of teaching in the scouting program.
E: Educate
D: Demonstrate
G: Guide
E: Enable
Teams will then compete to “land” their model at an assigned location on a map of the moon,
which will be spread out on the floor of the meeting area. This will test their retention of the lunar
geography lesson, their teamwork skills, and the durability of their model. An appropriate prize,
which has yet to be determined, will be awarded to the team which places an intact lander closest
to their assigned landing site.
Concluding the activity, scouts will be asked to share what they learned and have an opportunity
to ask questions about engineering, space exploration, and related subjects.
A Letter of Agreement from the BSA Troop 308 Scoutmaster may be found in Attachment B-3 of
the Appendix.
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B. Cal Poly Senior Project Expo
Every year, the Cal Poly College of Engineering showcases the innovative senior projects worked
on throughout the academic year. It provides students with a chance to demonstrate their final
product, along with the careful design considerations and engineering process built into it.
Audience members attending the event include corporate sponsors, nonprofit organizations, family
and friends, and the general public. Our team is excited to present our project and how we worked
with NASA to help benefit the Artemis Program.

C. Press and Social Media
Our team created a social media account on Instagram (@cp_astro_samplers). We plan on using
the Instagram page as a pictorial representation of our team’s journey throughout the project. We
also intend for the page to be used by educational institutions or other parties of interest looking
to find out more about our senior project experience. Along with creating a social media page, we
reached out to our university’s campus news network, Mustang News, to see if they would be
interested in doing a story about our project once it nears completion. The purpose of contacting
Mustang News is in hopes that our story will be shared with a wider audience.
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III. Administrative Section
This section provides documentation and information regarding our team’s participation in the
Micro-g NExT competition. Additional information may be provided as requested.

A. Mentor Request
At present, our team has no point of contact for collaboration with NASA. We would be extremely
of any chance to work alongside a NASA mentor.

B. Institutional Letter of Endorsement
The Institutional Letter of Endorsement has been completed and signed by the Cal Poly
Mechanical Engineering Department Chair, Dr. Jim Widmann. Please see Attachment C in the
Appendix.

C. Statement of Supervising Faculty
Our faculty advisor, Mechanical Engineering Professor Dr. Peter Schuster, has signed the
Statement of Supervising Faculty. Please see Attachment D in the Appendix.

D. Statement of Rights of Use
Our faculty advisor and all team members have signed the Statement of Rights of Use. Please see
Attachment E in the Appendix.
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E. Funding and Budget Statement
Below is a structured list of required expenses including shipping for this project. Some may be
nullified or reduced through local donations.
Items

Cost

Materials
Structural Prototype
3D printing filament
Craft supplies (Foam board, straws, paper cups, etc.)
Concept Prototype
Fiberglass 50” x 12’ / 4 yard (3 sets)
Epoxy Resin (0.5 Gallon Resin, 0.5 Gallon Hardener)
3D printing filament
Fasteners/Other Small Materials
Verification Prototype
Carbon Fiber 5’ x 12” Fabric (3 rolls)
Epoxy Resin (0.5 Gallon Resin, 0.5 Gallon Hardener)
Aluminum 6061 12” x 12” x .25” Flat Plate (6 Sheets)
Fasteners/Other Small Materials
Transparent Teflon Sheet 2 Mil, 1’ x 20’

$20.00
$0 (Donated)
$76.47
$67.97
$20.00
$30.00
$71.94
$67.97
$215.94
$50.00
$95.30

Shipping
Prototype Shipment
UPS Store Shipment. Ground from San Luis Obispo, CA to
Houston, TX. (4lb, 15” x 12” x 8”)

$23.99

Outreach Expenses
Scavenger Hunt Activity
Trash Grabbers (2 pack)
Dispenser Ideation Activity
Ideation Kit (30-60 Students)

$39.90
$120

Total
$899.48
The Cal Poly Mechanical Engineering Department has provided $1000 of funding for our senior
project that can be used on all the expenses listed above. Currently, our estimated expenses have
some leeway for overhead with the given funding. It is unlikely we will exceed our budget
amount, so seeking additional funding will not be required for us. Additionally, some material
costs such as aluminum, carbon fiber, and epoxy may be reduced from machine shop donations.
Travel funding for personal flights to Houston, TX will not be covered by university funding due
to California COVID-19 Restrictions. If accepted into the competition, team funding for travel,
accommodation, and food will be done through a GoFundMe or paid personally. Our project
funding is administered through the Mechanical Engineering Department’s administrative support,
Meredith Rubin (mgrubin@calpoly.edu, 805-756-6368).
F. Parental Consent Forms
All team members are above the age of 18 years old
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IV. Appendix
Attachment A – Concept Design Images

Figure 4. Isometric view of bag dispenser
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Figure 5. Isometric view of dispenser with retracted arm.
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Figure 6. Transparent view of bag storage compartment and toggle channel
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Figure 7. Back plate with 4-hole bolt pattern
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Attachment B-1 – STEM Outreach Agreement
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Attachment B-2 – STEM Outreach Agreement
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Attachment B-3 – STEM Outreach Agreement
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Attachment C – Institutional Letter of Endorsement
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Attachment D – Statement of Supervising Faculty
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Attachment E– Statement of Rights of Use
As a team member for a proposal entitled “Moon Rocker” proposed by a team of
undergraduate students from California Polytechnic State University, I will and hereby do grant
the U.S. Government a royalty-free, nonexclusive and irrevocable license to use, reproduce,
distribute (including distribution by transmission) to the public, perform publicly, prepare
derivative works, and display publicly, any data contained in this proposal in whole or in part
and in any manner for Federal purposes and to have or permit others to do so for Federal
purposes only.
As a team member for a proposal entitled “Moon Rocker” proposed by a team of
undergraduate students from California Polytechnic State University, I will and hereby do grant
the U.S. Government a nonexclusive, nontransferable, irrevocable, paid-up license to practice or
have practiced for or on behalf of the United States an invention described or made part of this
proposal throughout the world.

Albert Kasinski

___________________________

Birk Smith

___________________________

Christian Clephan

___________________________

Kory Byquist

___________________________

Dr. Peter Schuster

___________________________
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