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Abstract
The goal of this project is to reduce the amount of stray light entering an ultraviolet (UV) imager
through absorption. This report outlines the use of ZnO nanoparticles mixed in an epoxy matrix for use in
a CubeSat enclosure. Through testing, our team verified that the ZnO and epoxy coating experienced a
peak absorption between 360-370 nm. The epoxy mixture with the .75% by weight ZnO nanoparticles
absorbed up to 99.9 % of UV light at its peak. The effect on material properties, such as the Young’s
modulus and ultimate tensile strength, was also tested. Tensile tests demonstrated that adding ZnO
nanoparticles to epoxy improved stiffness and ultimate tensile strength by up to 900% and 420%
respectively. A visual test with a UV camera and 365 nm UV light source was used to assess the effect on
image quality. To do this, a test enclosure that resembled a CubeSat enclosure was used. The test
enclosure was coated internally with an epoxy coating that contained .75% by weight ZnO nanoparticles.
A small improvement in reduction of stray light was observed; however, more testing would be required
to confirm if the results are statistically significant or not.

Introduction
The sponsors for this project are Dr. Amro El Badawy and Dr. Eltahry Elghandour. They both
proposed this project as a continuation of a series of senior projects that built individual modules to
make up a full cube-sat UV space imager. The goal of our project was to see if we could improve on the
UV-image capturing capabilities, by designing a protective coating for the imager that would absorb
stray UV light. This project spanned three university quarters and is divided up into four separate
reports covering our progress from September 2021 to June 2022. The first section is our Scope of Work
(SOW), which is an overview of our initial plans and expectations of the projects. It covers our
preliminary research and timeline for the following quarters of the project. Next, we have the
Preliminary Design Review (PDR). This report covers our ideation ideas, concept justifications, and a
concept design prototype of our enclosure. The next report is the Critical Design Review (CDR). In this
report, we detail our manufacturing plan for the final design as well as how we will test the parameters
of absorption, physical wear, and thickness. The Final Design Review (FDR) exhibits our complete
enclosure and coating design, as well as our testing methodologies and results.
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Abstract
This report outlines the plans for the senior design project of three mechanical engineering students at
California Polytechnic State University, San Luis Obispo. The project is to design and test an enclosure
coated with nanomaterials that would be able to withstand the environment of space in LEO (Low Earth
Orbit) as well as absorb UV light. Space imagers are exposed to many harsh environmental conditions
while in orbit. More specifically for a UV Imager, the excess UV light from space can potentially affect the
images. We are tasked by Dr. Amro El Badawy and Dr. Eltahry Elghandour to create and test an enclosure
for such a UV Imager that has a coating of nanomaterials that would be able to protect it from the
conditions in LEO, as well as absorb as much UV light as possible to enhance the function of the detector.
The coating will be subjected to different tests including abrasive wear test using a Taber wear tester, UV
degradation in an Atmospheric Oxygen chamber and UV absorbance using a UV-VIS Spectrophotometer.
This document describes our background research, the objectives of the project, and our plan moving
forward.

1

Chapter 1: Introduction
The sponsors for this project are two California Polytechnic State University professors, Dr. Eltahry
Elghandour and Dr. Amro El Badawy. The UV Space Imager Enclosure Coating project team consists of
three mechanical engineering students. Dr. Badawy and Dr. Elghandour have requested that we find a
nanomaterial which can then be used to develop a surface coating for a UV Imager. The purpose of
applying a coating is to improve the image quality capture by the space imager. This Scope of Work is the
extent of our project.

Chapter 2: Background
2.1 Interviews
To better understand our scope and objective for the project, we conducted a meeting with Dr. El Badawy
and Dr. Elghandour. Dr. Elghandour was involved in a series of previous senior projects sponsored by the
University of Berkeley Space Sciences Laboratory (UCB SSL.) The projects were about creating a
miniaturized UV imager (MUVI) that fit the footprint of a cube-sat. The first project focused on creating
the mirror for the UV imager [9], the second phase designed a lens cover that could open and close [10],
and the third phase designed an overall frame enclosure that would connect all the previous assemblies
[11]. Our task was to create a coating that would be applied to the phase three assembly that would
absorb UV light so that the imager would not receive any stray UV light interference.
In our meeting with Dr. El Badawy, we were introduced to the nano materials we currently have on hand:
TiO, SiO, Carbon nanotubes, nanoclay, and graphite flakes. We will proceed to meet with both Dr. El
Badawy and Dr. Elghandour at least once a week and keep them updated about our research and material
selection.
Since our project is built upon three previous Senior projects, we reached out to Colin Harrop, a now
graduated mechanical engineer from Cal Poly, who worked on the precursor to our project. Colin Harrop,
along with Bradley Albright and Nicolas Armenta completed their senior project last year in 2020 titled
“Miniaturized Ultraviolet Imager Phase III [11].” We conducted an interview over Zoom with Colin and
had him describe his senior project to us, as well as the previous two projects that came before him. Colin
was very helpful in giving us a complete background of our project and how it related to the previous
“Phases.” Most importantly we learned exactly how Colin’s team assembled the enclosure for the space
imager and that they anodized the aluminum as the coating for their project. He also pointed us to a
variety of sources that their team used to research and learn more about CubeSats and designing for
spacefaring.

2.2 Precedence
The article [1] by Curtis Cole provides a great example of a coating commonly used to absorb UV light.
Coatings that absorb UV light and emit it as lower energy visible light have been widely used since the
1940’s one of them is commonly known as sunscreen. Cole emphasizes that it is a common misconception
that sunscreen works by reflecting the sun’s harmful UV rays, it is now well known that it works by
absorption. Absorbent particles such as TiO2 and SiO are commonly used in most sunscreens. In short
unwanted UV rays are absorbed by these particles and emitted as lower energy light protecting the

2

surface of the skin. By adapting the use of nano particles, we believe that we can develop a coating to
help improve the image quality of the UV imager.

2.3 Summary of Technical Literature
Zinc oxide (ZnO) nanoparticles are known to absorb UV light. The article [2] by E.G. Goh presents insightful
data on the relationship between the size of ZnO nanoparticles and absorptivity. In the article ZnO
nanoparticles with sizes ranging between 10-40 nm were synthesized and tested for their absorbance of
UV light. A UV-Vis spectrometer was used to measure the optical properties of the nanoparticles. The
results of this experiment show that the absorbance of UV light decreases with a decrease in particle size
below 40 nm. The numerical simulation performed by Goh showed that the maximum absorbance for ZnO
particles would be greatest with a particle size between 40-70nm as shown in Figure 2. It is important to
note that all tests and numerical simulations were for particles with a cubic shape. Based on the literature
it would be worth testing cubic ZnO nanoparticles between 40-70 nm.

Figure 1. The absorbance of ZnO nanoparticles [2]
In the article [3] by Zhang lei. TiO2 siloxane is used tested for its resistance to UV and AO when applied
to Kapton film. The results of these tests showed that Kapton was heavily eroded while the Kapton coated
with the TiO2 siloxane coating showed almost no change to its surfaces. It is important to note the coating
did not noticeably affect the optical properties of the Kapton film. This coating has some properties such
as protection from UV light and AO, but no study was conducted to the absorptivity of the coating itself.
The coating was also sprayed on like a coat of paint would be. Although the coating used in this experiment
do not utilize nanoparticles it provides a possible alternative that will achieve the same function.
A team of researchers developed a plasmonic metamaterial (PM) film that is capable of absorbing UV light
and is minimally affected by the angle of incident of light [4]. The film is composed of three layers. The
outer layer, which is exposed to light, is composed of 5-nm diameter silver nanoparticles in a silicon
dioxide matrix. The middle layer consists of a silicon dioxide film and the third layer is composed of a silver
film that acts as a mirror. [5]. With the three layers combined, the film acts as a super absorber for
different frequencies and is referred to as a plasmonic metamaterial super absorber (PMSA) [4]. This
method has a low production cost while having high absorption efficiency. According to the study, a
3

practical UV coating layer should be more absorbing in the UV-A range frequencies (320-400 nm). When
compared to an organic film, the absorption intensity for the PMSA was double that of the organic one.

2.4 Similar Patents
Preliminary research was made into existing products and patents that may be useful. We found that
there exists a patent for a spectrally selective coating for optical surfaces [6]. The patents states that it
could be used to form a coating that will be capable of absorbing solar energy in a selected spectrum and
reflects solar energy in another spectrum. This patent uses describes a substrate of high absorbing
material and a composite material of nanoparticles over the substrate. Spectrally selective coatings can
be formed by altering the substrate material as well as the particles in the composite. Figure 2 below
shows how the substrate and composite would be oriented.

Figure 2. Spectrally selective coating [6]
This patent provides a great place to start to develop a coating by altering the properties of the
nanoparticles in the composite to form a coating that absorbs all UV light.
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Chapter 3: Objectives
Currently, UV light entering the space imager enclosure is affecting the camera image quality. Our task
consists of developing a coating for the UV Imager enclosure that will improve the image quality by
absorbing UV light and scattering visible light. The scope of this project consists of three main goals. The
first goal involves performing research and developing a coating for the UV Space imager enclosure that
will absorb UV light and scatter visible light in space. Material research will consist of determining
adequate size and shape of an appropriate nanoparticle that will be used to develop the enclosure coating.
The second portion of this project involves determining a way to apply the coating to the UV imager
enclosure. The final phase of the project will consist of applying the coat to the enclosure and test the
material.
Figure 3 below is a visual representation of the problem definition. The boundary diagram shows the
scope of our product and the external sources we should consider. The two main parts we should consider
is visible and ultraviolet light for our enclosure. UV light should be absorbed as best as possible, and visible
light should reflect off with minimal absorbance.

Figure 3. Boundary diagram used to define the problem.
As seen in Figure 1, the problem with the Space Imager enclosure is that UV light is being reflected from
the surface of the enclosure. To solve the problem presented by Dr. Badawy and Dr. Elghandour, a coating
needs to be applied to the entire enclosure which will absorb the UV light to improve the image quality
obtained by the camera and only reflect visible light.
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3.1. Needs and Wants Table
Table 1 shows the needs and wants for the scope of this project.
Table 1. Needs and Wants table.
Needs
Coating has high UV light absorptivity
Testing enclosure 10x10x10 cm
Coating resistant to scratching
Coating durable in harsh space conditions
Coating thermally resistant
Coating thickness that won’t affect assembly fit

Wants
Nanomaterial coating
Scatters Visible Light
Low Cost
Black color
Simple coating application
Low toxicity

Based on sponsor interviews, the required project outcomes are listed under the “Needs” category
whereas the “Wants” category contains items that are not necessarily expected.

3.2 QFD House of Quality
The Quality Function Deployment process is used to determine what specifications were needed for the
enclosure and coating. The House of Quality is a diagram relating customer requirements to engineering
specifications and containing four sections: “Who”, “How”, “Now” and, “Whats”. The “Who” section lists
the project customers, in this case the project sponsors, Dr. Badawy and Dr. Elghandour. The “Whats”
section is used to determine the customer wants or needs. In the “Who vs. Whats” step of the QFD, our
sponsors’ requirements for the coating, such as the durability and UV absorbency, are compared to our
own engineering specifications and ranked on importance based on their relationship to each other. The
“Now” section lists any competitor products and how well the competitor product serves to satisfy our
sponsors’ requirements. The “How Much” portion specifies how well we meet the engineering
specifications. The specifications that were most heavily weighted were thickness of coating, bonding,
particle shape and particle size. The final House of Quality can be seen in Appendix 1.

3.3 Specifications Table
Table 2. Engineering specifications, parameter description, requirement or target, risk level, and
compliance methods.
Spec #
1
2
3
4
5
6
7
8
9

Parameter
Description
Particle Size
Particle Shape
Color
Weight
Cost
Bonding
Coating thickness
Thermal Analysis
Toxicity

Requirement/Target

Tolerance

Risk

Compliance

0-100 nm
TBD
TBD
TBD
< $500
TBD
75-200 microns
TBD
TBD

N/A
Min
N/A
Min
Min
Max
Min
Max
Min

L
L
L
LTH
L
L
L
L

I
I
I
I
I
T
I
T
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Chapter 4: Project Management
4.1 Design process
Because the scope of this project relies heavily on material science weekly meeting with Dr. Amro El
Badawy are scheduled once a week from 12-1pm in the Grotto lab. Dr. Badawy will provide consultation
regarding the use of nanoparticles as well as access to the Grotto lab. We will conduct research into types
of nanoparticles to absorb UV light, types of adhesives that can be used in space conditions and testing
methods.

4.2 Project Milestones
The project will consist of three main project milestones. The first milestone of the project is the selection
of the nanoparticle to proceed with testing. The selection of the material is the most time sensitive
because the next three project milestones all rely on the selection of a material. Once we select a material
that best suits our application, we will consult Dr. Badawy. After a material is selected, we will source the
material and determine the best way to prepare it for application to our test surface.
The second project milestone will be finalizing a decision on the adhesion of the nanomaterial. After a
material is selected the application to a testing surface will need to be researched. There is a variety of
different application methods such as chemical vapor deposition [7] and epoxies. We will research and
select an appropriate method that will not adversely affect the desired material properties of the selected
coating. Research into the different testing procedures and appropriate facilities will also be completed.
The choice of material as well as the adhesion method as well as testing procedure will be presented in
the Preliminary Design Review (PDR).
Upon approval of the PDR, we will continue to the next stage of the project, preparing for testing. The
development of the test surfaces as well as the test enclosure will also be completed before testing begins.
The preparation of all test surfaces and enclosure for testing should be completed before testing begins.
There will be the possibility that several iterations of both the enclosure and test surface will be needed.
Iterations and changes throughout the design process will be documented to show the evolution of the
project. All progress and any additional changes made to the project will be presented at the Critical
Design Review (CDR).
Testing and analysis of the coatings is the third project milestone. A sample of the coating with the
adhesion method selected will need to be tested for its wear friction. The material science department
will be consulted for the appropriate testing procedure and specifications.
The coating will be tested in a ground based atomic oxygen and vacuum ultraviolet radiation simulating
apparatus provided by the aerospace department shown in Figure 3. The sample coating will be subjected
to UV radiation in an apparatus that simulates UV exposure in space conditions. The third test that will
provide our proof of concept will be testing the absorbance of the coating inside of a test enclosure. This
test may be completed at Cal Poly, if possible, it may be tested at UC Berkley Space Science Laboratory.
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Figure 4. Atomic oxygen and ultraviolet radiation simulating apparatus [8].

4.3 Project Timeline
The table below shows the important dates and deadlines regarding the project.
Event
Preliminary Design Review
Critical Design Review
Testing
Project Expo
Final Design Review

Date
11/18/2021
2/6/2022
4/28/22-5/12/2022
4/27/2022
6/3/2022
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Chapter 5: Conclusion
This document outlines the scope of this project and serves as an agreement between the project
sponsors, Dr. Amro El Badawy and Dr. Eltahry Elghandour, and our team. The document outlines the
project background, objectives, and project management for the development of a coating for a UV Space
Imager Enclosure that will improve image quality by absorbing UV light and reflecting visible light. Our
team’s expectations for this project are to develop a UV absorbing coating and to a lesser extent, develop
useful testing procedures that will benefit the continued development of a UV absorbing coating made
from nanoparticles. The next project deliverable consists of the Project Design Review (PDR) which is
scheduled to be completed by November 18, 2021. The PDR will contain a concept design and discuss
concept development as well as design direction.
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Abstract
This Preliminary Design Review (PDR) document outlines the senior design project of three mechanical
engineering students at California Polytechnic State University, San Luis Obispo. This project is to design
and test an enclosure coated with nanomaterials that would be able to withstand the environment of
space in LEO (Low Earth Orbit) as well as absorb Ultraviolet light. Space imagers are exposed to many
harsh environmental conditions while in orbit. More specifically for a UV Imager, the excess UV light from
space can potentially affect the images. We are tasked by Dr. Amro El Badawy and
Dr. Eltahry Elghandour to create and test an enclosure for such an Ultraviolet Imager that has a coating of
nanomaterials that would be able to protect it from the conditions in Low Earth Orbit, as well as absorb
as much UV light as possible to enhance the function of the imager. The coating will be subjected to
different tests including abrasive wear test using a Taber wear tester, UV degradation in an Atmospheric
Oxygen chamber and UV absorbance using a UV-VIS Spectrophotometer, as well as create documentation
of the manufacturing of the coating as well as the technical data of any off the shelf product. This
document describes our final concept design and how we came to it as our conclusive prototype from our
ideation processes. The document also includes a project timeline for us to go forward with the project
and our next course of action that will lead us to the upcoming Critical Design Review.
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Chapter 1: Introduction
Dr. Amro El Badawy of the environmental engineering department and Dr. Eltahry Elghandour of the
mechanical engineering department at California Polytechnic State University, San Luis Obispo presented
the challenge of developing a coating for a space imager that is capable of absorbing UV light. Our team,
which consists of three mechanical engineering students, has a goal to develop and test a coating using a
nanomaterial and epoxy mixture. This Preliminary Design Review (PDR) presents out concept ideations
and the processes we went through to obtain our final concept design. The document also outlines our
plans moving forward which includes further material research, cost analysis, and testing leading up to
the Critical Design Review.
Updates since the scope of work (SOW) include testing for UV absorbance using a Ultraviolet-Visible
Spectrophotometer, difficulty in sourcing parts for the abrasion tester, and testing availability conflicts for
the Atomic Oxygen Chamber. We also included a secondary goal of reducing stary light using physical
barriers.

Chapter 2: Concept Development
To develop a coating, we first needed to find a way to absorb UV light. Some nanoparticles can absorb
light at a higher energy and emit it as a lower energy wavelength, this process is known as a stokes shift.
The first part of our ideation process was nanoparticle selection. For our application we needed a
nanoparticle that would absorb the incoming UV light so that it would not be reflected into the UV imager.
The primary goal of the coating is to absorb UV light, so the light absorption properties are something we
heavily considered, this was more complicated than expected because nanoparticle’s optical properties
change depending on the particle size and shape. To determine which particle would work we researched
different applications of nanoparticles for UV absorption.
The adhesion method of the nanoparticles to the enclosure of the UV imager was the second part of our
design process. For the scope of our project the adhesion method needed to be relatively easy to apply,
safe to test, and a relatively cheap process to apply. We needed a bonding method to be easy enough to
apply so that we may be able to apply the coating ourselves to different test subjects. The more difficult
a bonding process is usually results in a longer application process, reducing the time it takes to apply the
coating increases the amount of time we have available for testing. The adhesion method should be able
to be safely tested in both a wear test, atomic oxygen chamber and the UV-Vis Spectrophotometer. The
three adhesion methods we considered were using an epoxy, siloxane paint, and atomic vapor deposition.
Epoxy would be mixed with the nanoparticles and spread on to the surface. Siloxane paint would be mixed
with the nanoparticles and sprayed on to the surface, though it won’t be as resistant to wear. Atomic
vapor deposition is the process of condensing a vapor from a solid on to a substrate to develop a thin film,
this process is rather complicated and requires specialized equipment. The weighted decision matrix that
determined what idea we will use is shown in Table 1.
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Table 1. Weighted decision matrix for adhesion
Team F41: UV
Space Enclosure
Coating. Scale: 1-5

11/3/2021

Specification

Weight

Particle size
Particle shape
Color
Weight
Cost
Bonding
Thickness of coating
Thermal analysis
Toxicity
Totals

N/A
N/A
2
3
5
4
4
N/A
1
19

Idea 1

Idea 2

Idea 3

epoxy mixture

siloxane paint

N/A
N/A
3
3
5
5
3
N/A
5
77

N/A
N/A
3
2
4
5
3
N/A
5
69

vapor
deposition
N/A
N/A
2
4
1
5
4
N/A
5
59

The specification that weighed most heavily was the cost of the application method. Using an epoxy
mixture turned out to be the most practical adhesion method for the scope of our project because it was
affordable and easy to apply.
The test enclosure was the last part of our design development. The enclosure needed to be light enough
to move, and easy to setup for testing. The test enclosure will be used to show how well the coating we
develop absorbs stray light. A rough sketch of the main function of the test enclosure is shown below in
Figure 1.

Figure 1. Main function of test enclosure
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Figure 1 shows how a light source would be reflected into the test enclosure. Small holes on the sides of
the enclosure would allow stray light to reflect off the enclosure surfaces representing light that interferes
with the UV imager.
Table 2 shows the weighted decision matrix used to select the material for the testing enclosure.
Table 2. Weighted decision matrix for test enclosure material
Team F41: UV
Space Enclosure
Coating. Scale: 1-5

11/3/2021

Specification

Weight

Particle size
Particle shape
Color
Weight
Cost
Bonding
Thickness of
coating
thermal analysis
Toxicity
Total

N/A
N/A
N/A
N/A
5
4

Idea 5

Idea 6

Idea 7

Idea 8

mdf

PLA

Polycarbonate

N/A
N/A
N/A
N/A
4
4

Aluminum
sheet metal
N/A
N/A
N/A
N/A
4
4

N/A
N/A
N/A
N/A
5
2

N/A
N/A
N/A
N/A
3
3

N/A

N/A

N/A

N/A

N/A

N/A
N/A
9

N/A
N/A
36

N/A
N/A
36

N/A
N/A
33

N/A
N/A
27

The enclosure material decision matrix was tied between mdf wood and Aluminum. In the end we decided
to go with Aluminum sheet metal as the sides of the enclosure, since that is the same material that the
space imager is made up of. Eliminating any inconsistencies with the coating bonding between Aluminum
and wood.
There were three concepts explored for the design for the testing enclosure. All concepts addressed the
accessibility to the interior surfaces of the enclosure and are shown below in Figure 2.
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Figure 2. Lid enclosure access (left), door enclosure access (middle), bottom access (right)
The enclosure should be easy to access to quickly and easily setup and calibrate both the mirrors and the
camera. The first design, as seen in Figure 2 (left), involved a removable lid that allows access to the
interior from the top. The second design (right) had a hinged door on the side wall allowing access through
the side of the test enclosure. Both concepts are shown in Figure 2.
As an additional point of research, we came up with surface geometry that would alter the reflection of
stray light. The three geometry concepts were retro reflectors, fiber optic cylinders, and domes. These
concepts all work on the principle of redirecting the stray light path away from the lens of the UV imager.
The retro reflectors work by reflecting light in the direction that it came from, fiber optic cylinders work
by refracting the light into the cylinders, and the dome geometry works by changing the direction of the
light. The three surface geometries are shown in Figure 3.

Figure 3. Surface geometries used to alter path of stray light
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Chapter 3: Concept Design
There are three nanoparticles that would work to some extent based on our earlier research. TiO2
particles have been used in research for a coating used in space applications [1]. ZnO has been used in UV
absorbing coatings such as sunscreen [2] and as a UV Protective coating on led lights [3]. SiO2 has been
used to develop an ultrathin UV light absorbing film. We currently have these three nanoparticles in our
inventory so it will be possible to include all three of these nanoparticles in our preliminary design. For an
increase in the data that we have it would benefit us to test more than one nanoparticle. A range of ZnO
particle size that has good UV absorbing qualities is 20-70nm [3].
For the adhesion method we chose to use an epoxy-resin coating. The nano particles would be mixed with
the resin based on weight percentage. The composite will be mixed using an ultrasonic mixture to ensure
no clumping of nanoparticles until there is a homogeneous mixture. The resin-nanoparticle composite will
then be mixed with the epoxy and mixed until it is completely homogeneous. The epoxy mixture can then
be applied as a coating to the test enclosure, or it can be poured into a mold to make a thin film for testing
purposes.
The function that we decided to prototype was the test enclosure. We created an enclosure that would
let light reflect from a light source into a camera lens. We used Poplar wood for the walls and corner
supports. While making the protype we noticed that we reduced ourselves to one coating per enclosure
and we were unable to adjust the mirrors in any way. The testing enclosure prototype is shown below in
Figure 4.

Angles to
hold mirrors
Image
entry

Mirrors
Reflected
image

Figure 4. Testing enclosure prototype exterior (left), mirror mounts (right), looking through the camera
hole (bottom).
The enclosure will be built primarily using 6061-T6 aluminum with 80-20 aluminum supports on the
corners that allows the walls and the base to be interchangeable. The enclosure has an opening on one
side for a camera lens to be placed looking in. Inside there are two mirrors that are setup at 45-degree
angles to the oncoming light, acting as a sort of periscope inside the enclosure. Figure 5 shows the CAD
model of the test enclosure and Figure 6 shows the interior.
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Figure 5. Test enclosure isometric view

Figure 6. Test enclosure section view
Some components that are subject to change so far in our concept prototype are the layout of the holes
throughout the enclosure, mirror adjustment, and the camera that will be capturing images.

Chapter 4: Concept Justification
The ZnO nanoparticle that we have in our inventory (20nm) was also recommended by the manufacturer
Nanoamor for our application. The use of epoxies in combination with nano particles has been proven to
absorb UV light as well [3]. This information, and the research we have done, gives us enough confidence
to begin testing. Table 3 below shows the applicable specifications for the project.
Table 3. Specification
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Spec #

Parameter
Requirement/Target
Tolerance
Risk*
Description
1
Particle Size
0-100 nm
N/A
L
2
Particle Shape
TBD
Min
L
3
Color
TBD
N/A
L
4
Weight
TBD
Min
LTH
5
Cost
< $500
Min
L
6
Bonding
TBD
Max
L
7
Coating thickness
75-200 microns
Min
L
8
Thermal
TBD
Max
L
Conductivity
9
Toxicity
TBD
Min
TBD
*Risk of meeting specifications: (H) High, (M) Medium, (L) Low
**Compliance Methods: (A) Analysis, (I) Inspection, (S) Similar to Existing, (T) Test

Compliance**
I
I
I
I
I
T
I
T
TBD

Many of the design specification targets are yet to be determined. Without the selection of all our
materials being made, it would be difficult to quantify our goals. After testing our coating, it will be easier
to assess how well we satisfied the design specifications. Our team hopes to meet all the specified design
requirements given in Table 1. Because the epoxy is not yet selected, it is difficult to determine if the
specifications regarding weight, coating thickness, cost and thermal conductivity will be met.

Chapter 5: Project Management
This design project will be carried out for a total of three quarters: Fall, Winter, and Spring. Fall quarter is
being dedicated to preliminary research regarding material properties as well as applications of existing
products. Winter and Spring quarters will consist of building our final design for the testing enclosure,
developing the coating, and material testing.

5.1 Testing
We are currently researching testing methods that we will use in the upcoming quarters to test our chosen
material. As recommended by our coach, Dr. Eltahry Elghandour, our team reached out to Cal Poly’s
Material Science department chair and professor, Dr. Trevor Harding, to schedule a visit to look at the
Taber abrasion testing apparatus. The goal is to use the Taber abrasion apparatus to test the selected
material’s resistance to abrasion. After our visit with Dr. Harding, our team learned that the apparatus
may be missing multiple parts and is now investigating if the parts are located somewhere else on campus.
We are also researching alternative testing methods if we cannot source these parts.
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Figure 7. Taber abrasion tester
We contacted Dr. Kira Abercromby of the Aero department to request a visit to the Atomic Oxygen
Chamber which simulates atmospheric oxygen and ultraviolet radiation. Our goal is to use the chamber
to test the degradation of the material selected for our enclosure coating. Dr. Abercromby informed us
that some materials are not allowed in the chamber, so we need to confirm that whatever epoxy we
choose is safe to test. Once a material is selected, our team will follow-up with Dr. Abercromby to provide
her with information she has requested and schedule a testing date. We learned that the chamber is used
in the Winter quarter by graduate students but may be available in the Spring quarter. Dr Abercromby
also informed us that she would allow us one free test, any additional tests would cost $127 per test. The
Atomic Oxygen Chamber is shown in Figure 8.

Figure 8. Atomic Oxygen Chamber

8

The third and most important test our team is currently researching is UV light absorption using a UV-VIS
Spectrophotometer. Our main challenge with using the spectrophotometer is to determine the best
method to insert the material for testing. Currently, the apparatus has cuvettes that are meant to be filled
with liquid samples. To test the chosen material that will be used for the enclosure coating using the
spectrophotometer, we need to find a way to test a film rather than a liquid. The UV-Vis
Spectrophotometer we will be using is shown in Figure 9.

Figure 9. UV-VIS Spectrophotometer

To use the UV-VIS spectrophotometer in Figure 9, we need to be able to test films so we developed 3D
printable holder that would allow us to test films. The holder has the same dimensions as a 12.x12.5x45
mm cuvette and has been designed to hold a glass slide that can be coated in the film. The holder works
by using a spring to hold the slide in place while testing. The holder has not been tested yet so it may be
subject to change. The test holder is shown in Figure 10.
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Figure 10. Slide holder for UV-VIS Spectrophotometer
A fourth test our team is looking to perform is an optical test using the testing enclosure we have built. If
our team can obtain an affordable UV camera, we will test image distortion. With a UV camera we would
be able to visually see how our coating will absorb UV light. We found a two-megapixel UV camera that
can see from 365-380nm UV light [12]. The capabilities of the camera are shown in Figure 11.

Figure 11. Sunscreen, TiO2, and UV reflective pigment view through a normal and a UV camera [12]
UV spectrum cameras, however, are expensive, so we might have to use a visible light camera in place of
it due to budget limits. Although it won’t give us as much insight on the effectiveness of the UV absorbing
coating, we can still set up the testing procedure with a regular camera.

10

5.2 Planned Purchases
The nanoparticles that we have in our inventory reduces the amount of material that we need to
purchase. The next item that should be purchased is the epoxy that we will use which has still not been
determined. Glass slides that will be used in the UV-VIS Spectrophotometer test have been added. The
materials to build the enclosure as well as the camera used in the test make up the rest of the expected
purchases Table 4 lists the planned purchases for the scope of this project.
Table 4. Planned purchases
Item
Epoxy
Aluminum Sheets
Mirrors
Fasteners
Atomic Oxygen Test
UV camera

Cost
$1250
$150
TBD
TBD
$127 (if more than one test)
$168

5.3 Project Deliverables
Table 5 outlines key events for the remaining project timeline. The complete project timeline is shown in
the project Gantt Chart which is found in Appendix B. Our goal is to start testing with the UV-VIS
Spectrophotometer at the start of the winter quarter, followed by the abrasion test. The UV degradation
test as well as the stray light test will be conducted in the spring quarter.
Table 5. Project deliverables
Event
Critical Design Review

Date
2/6/2022
1/10/225/12/2022
4/27/2022
6/3/2022

Testing
Project Expo
Final Design Review
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Chapter 6: Conclusion
This Preliminary Design Review report presents the ideation process that results in our final concept
design. The report also presents the objectives and specifications that the coating and test enclosure must
meet to satisfy Dr. Elghandour’s and Dr. El Badawy’s requirements. Further research will be made to
ensure that any missing component of any if the three tests will be accounted for so we can test as
planned. Our team will proceed with testing of a ZnO and epoxy coating to confirm that we meet the
specified requirements. The secondary goal will also be tested to ensure that some form of physical barrier
reduces the light entering the imager. We will continue consulting Dr. El Badawy and Dr. Elghandour to
ensure that we are continuing our project in a productive direction.
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Abstract
The following sections will show our current design, manufacturing, and testing plans for our senior design
project, the UV absorbing coating for a space imager. Here we will show our improved plans for the
enclosure, the design changes we made from our previous prototype, and how we will manufacture it
using 1/16-inch-thick aluminum sheets and T-slot extrusions. We will also go over how we will create the
actual UV absorbing coating, using the manufactured stencil guides and a vacuum sealer to apply an even
layer of film on our testing surfaces. The ZnO nanoparticles we are using were tested in a UV
spectrophotometer to confirm that they do indeed absorb light in the UV spectrum as well. We will also
discuss our plan going forward with the project, now that we have more details finalized for the overall
design of the coating and enclosure.
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1. Introduction
Our team's objective for this project is to design a coating that could be applied to the enclosure of a UVSpace imager to reduce the amount of stray UV light entering the imager. The coating we develop must
absorb UV light with a wavelength between 300 to 400 nm. It is essential that the coating reduces stray
light by absorbing the UV light, not reflecting it. If ultraviolet light is reflected, it may be reflected off
another surface and into the UV imager, reducing the image quality.
Since the preliminary design review, there have been several changes to the project design and
verification process. There was a change in material for the test enclosure we plan to build; in the CDR
(Critical Design Review), the test enclosure was initially specified to be made of MDF wood. After careful
consideration, our team determined that a more accurate representation of the Imager enclosure was
required. Our team decided to use 6061-T6 Aluminum sheets for the test enclosure with these
considerations in mind. 6061-T6 Aluminum is the same material used in the CubeSat structure holding the
imager. Changing the material will give our team a better understanding of how well the coating will
adhere to the material Used in the CubeSat and simplify the manufacturing process.
The second change from the PDR (Preliminary Design Review) was the epoxy selection used in the coating.
In our team's preliminary design, we specified the use of an epoxy that met NASA outgassing standards.
After contacting a supplier that produced an epoxy that would be adequate, our team encountered
several problems. The first problem we encountered was the price point of the epoxy. The price for 8 oz
of the epoxy was up to $1200; this amount of epoxy is not enough to proceed with our team's plan for
manufacturing. The lead time for the epoxy provided by Master Bond did not allow us enough time to
experiment with the mixing of the nanoparticles in our manufacturing timeline. These factors lead us to
choose a readily available epoxy by West Systems. Because this project aims to develop a coating that
absorbs UV light, it would be more beneficial to study the effects of the nanoparticles rather than focus
on the properties of the epoxy we use.
The process for mixing the nanoparticles has also changed. After consultation with Dr. El Badawy, he
determined that using sonication to mix nanoparticles with epoxy had no noticeable benefit in creating a
homogenous solution. Our team would like to test the use of an intermediate solution such as acetone to
use sonification to separate the nanoparticle powder to reduce the size of the clumped ZnO (Zinc oxide)
nanoparticles. We are currently testing the effects of acetone in epoxy to determine the viability of this
approach. The manufacturing plan will outline the process we would like to use.
The use of a Taber abrasion tester has been removed from our likely tests. Parts for the abrasion tester
were not available needed for it to function properly. Parts needed to conduct our planned tests such as
wights and abrasive wheels were not available unless we purchased them. The wheels and weights would
have added a significant cost to our project budget.
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2. System Design
This section outlines the final design chosen for the ultraviolent absorbent coating and the test enclosure
that will be used to simulate the CubeSat imager.
The final design of this project includes the ultraviolet absorbent epoxy coating and a test enclosure. The
test enclosure and epoxy coating can be found in the indented bill of materials located in Appendix A. The
part numbers are 1200 and 1800 respectively.
The coating will be composed of West System 105-B Epoxy Resin, 206-B Slow Epoxy Hardener, and 20-nm
ZnO nanoparticles. Acetone will also be used to un-clump the nano particles from each other, but it will
be evaporated completely out from the coating. Figures 1 and 2 show the nanoparticles, epoxy resin, and
hardener to be used for the coating mixture.

Figure 1. 20-nm Zinc Oxide nanoparticles.
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Figure 2. West Systems 105 Epoxy Resin and 206 Slow Epoxy Hardener

The enclosure is composed of the Bottom Panel (1301), Top Panel (1302), Front Panel (1303), Rear Panel
(1304), (x2) Side Panels (1305), Lens Cover (1306), (x4) Wall Supports (1400), and (x2) Mirrors (1500). The
specifications sheet for the T-slotted framing used for the wall supports is found in Appendix C. The
coating will be applied to the inner surfaces of the test enclosure with the purpose of improving image
quality captured by an ultraviolet camera. Figures 3 and 4 below show an isometric and a cross sectional
view of the test enclosure. The layout of the enclosure with the two mirrors and openings is meant to
mimic a basic version of an actual UV-imager.

Figure 3. Isometric of Test Enclosure to be Used to Test Ultraviolet Light absorption.
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Figure 4. Cross Sectional View of Test Enclosure.

All the panels facing inside of the test enclosure will be covered with the nanoparticle-epoxy coating,
simulating the inside of a CubeSat imager. We will use the enclosure as a testing platform for the UVabsorbing coating by assessing if we can successfully apply a smooth even coating on the aluminum
surface and testing if the coating will affect pictures taken with an ultraviolet camera looking through the
enclosure. This will be a basic visual test by comparing a UV picture taken through the enclosure with and
without the coating present to see if there is a noticeable difference between the images.
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Table 1 below shows the cost summary for the project.
Table 1. Cost Summary

Subassembly

Part Number

1301, 1302,
1303, 1304,
1305, 1306
Enclosure

Coating

1400
1500
1600
1700
1800
1900
2000
2100

Component

6061 T6 Aluminum sheet for
enclosure walls
T-slotted framing for wall
supports
Mirrors
Friction Hinge
Fasteners
UV Camera
Epoxy Resin
Epoxy Hardener
ZnO Nanomaterials
Total Cost
Project Budget
Remaining

Approximate
Cost

$147.82
$24.04
$6.96
$8.64
$0.61
$168.00
$0.34
$0.03
$0.09
$356.53
$500.00
$143.47

As shown in Table 1, the project costs remain within the original $500 budget. Appendix A: Indented Bill
of Materials (iBOM) and Appendix B: Project Budget, give a further breakdown of the prices and costs of
our materials, as well as from where we are sourcing all of our materials.

3. Design Justification
This section presents the tests our team conducted in order to determine if our initial design and
manufacturing process would be feasible.
The team confirmed that the chosen ZnO nanoparticles are an appropriate choice to be used for the
enclosure coating mixture. With the help of project sponsor, Dr. El Badawy, the team was able to run
multiple UV-Vis Spectrophotometer tests which confirmed the absorption of ultraviolet light. Figure 5
below shows the UV-Vis Spectrophotometer used to performs the ultraviolet absorbance tests.
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Figure 5. UV-Vis Spectrophotometer (UV-1700 PharmaSpec)

To test if the ZnO nanoparticles were able to absorb ultraviolet light, the first step was to combine
deionized water and a small amount of nanoparticles in a test tube. Because the purpose of this
experiment was only to test whether the particles were able to absorb ultraviolet light, weight and
quantities of nanoparticles and deionized water were not recorded. The deionized water and
nanoparticles were mixed by hand shaking the closed test tube until the nanoparticles were blended into
the water. Once the nanoparticle-water mixture was ready, a cuvette was filled with deionized water to
run a blank test. The deionized water test served as a blank for non-absorbing liquid. The
spectrophotometer was run for a 700- to 200-nanometer spectrum. The resultant plot for the blank is
show below.

Figure 6. UV-Vis Spectrophotometer Resultant Plot for Trial 0 Using Deionized Water as Blank.
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After running the blank, a second cuvette was filled with the ZnO-deionized water mixture and placed into
the UV-Vis Spectrophotometer. Figure 7 shows the cuvette filled with the mixture, ready to be placed into
the spectrophotometer for testing.

Figure 7. Cuvette With ZnO-Deionized Water Mixture Ready to be Placed in UV-Vis Spectrophotometer.

As shown in Figure 7, the ZnO-deionized water mixture appears to be cloudy and not completely clear.
The results for Trial 1 are shown below.

Figure 8. Spectrophotometer Results for Trial 1.
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As shown in Figure 8, Trial 1 of the ZnO-deionized water mixture began with a significantly high
absorbance at 700 nm and experienced a peak absorbance between 350 and 400 nm. When compared to
the results to the blank Trial show in Figure 6, Trial 1 confirmed that the ZnO nanoparticles are UV-light
absorbent. To confirm the results could be replicated and to compare the effects of opaqueness of the
liquid on UV absorption, two more trials were ran with different levels of dilution of the nanoparticlewater mixture. The results are shown below.

Figure 9. Spectrophotometer Results for Trial 2.

Figure 10. Spectrophotometer Results for Trial 3.
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As shown in Figure 9 and 10, the results for second and third trial also showed a peak absorbance between
300 and 400 nm. It was also noted that the level of dilution of the nanoparticles in the deionized water
were noticeable and will be something to consider for future tests.
Based on the results of these tests, our team confirmed that the ZnO particles are adequate to be used
for developing the UV Space Imager enclosure coating; however, the weight fraction of the nanoparticles
to be used will need to be determined.
Because the nanoparticles can be dangerous if accidentally inhaled or ingested, safety concerns for the
scope of this project include performing tasks in well-ventilated areas, using a fume hood when necessary,
and using personal protective gear when developing coating mixtures.
Our team also experimented with creating a thin film from the epoxy we plan to use. The method used a
coat guide that will keep the thickness of the film consistent throughout the coupon. A plastic release
sheet was used to keep the epoxy from sticking to the metal sheet. The plastic sheet and coat guides are
shown in Figure 11 below.

Coat Guides

Figure 11. Test Creating Coupon Using Coat Guides and Plastic Sheet

The coat guides were attached to the bottom plate using Loctite adhesive. The epoxy mixed with the
hardener was poured into the mold. A plastic spatula was used to scrape the coating along the coat guide.
The resulting epoxy distribution was then left to cure overnight at room temperature. Figure 12 below
shows the uncured epoxy in the mold.
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Uncured
epoxy

Figure 12. Uncured Epoxy Film in Mold with Noticeable Imperfections.

From these experiments, we learned that the coat guides would work for the application of the coating
to the enclosure panels, release plastic can be used to make coupons and that the coupons need to be
made thicker using deeper molds. The epoxy also showed self-leveling tendencies. The thin film produced
was too flimsy to remove from the mold without damage. The figure below shows how pliable the film
we created is.
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Release
Plastic

Cured
Film

Figure 13. Film Separated from Plastic Sheet.

We also conducted an adhesion test using the West Systems epoxy and a 10" x 6" aluminum sheet. The
surface of the sheet was scuffed using a medium abrasion pad. The application of coat guides was the
same as previously described; however, no release plastic was used. The epoxy demonstrated excellent
adhesion; however, there were inconsistencies. The tin snips used to make the coat guides caused the
material to bend on the cutting edge. The sharper sheet metal press should be used in future applications
to avoid this. Figure 14 below shows the epoxy coating curing in the mold.

Figure 14. The Epoxy Coating Curing in the Mold Showing Minor Inconsistencies.
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4. Manufacturing Plan
This section will explain the manufacturing process, it is broken up in to three categories, coating, film,
and enclosure.
The manufacturing of the coating and its application to the surfaces will be the first steps in our
manufacturing plans. Our team is already in possession of the ZnO nanoparticles and the West Systems
epoxy and hardener. The materials that need to be purchased still are the .016" 6061-T6 aluminum sheets
that will be used as the guide for the coating depth. The .16" thick, 24"x36" 6061-T6 aluminum sheets
where the coating will be applied will also need to be purchased. Both aluminum sheets are available for
purchase from the website online metals.

4.1 Enclosure Wall Coating Application
Step 1. Prepare the .16" aluminum sheet for applying the epoxy. The entire surface of the aluminum sheet
where the coating will be applied must be scuffed. Using an abrasive pad and cleaning the surface with
acetone will improve the adhesion of the epoxy coating.
Step 2. Cut the coat guides from the .16" aluminum sheet using the foot sheet metal shear. Three strips
of the thinner aluminum sheets need to be cut to 36"x 1", four strips need to be cut to 10.5"X 1".
Step 3. A small amount of Loctite adhesive will keep the coat guides in place along with clamps to keep
them in place until the adhesive cures. The longer coat guides will be placed along the length of the .16"
aluminum sheet along the longest outer edge and one along its center. The shorter coat guides will be
placed on the outer edges between the space created by the longer coat guides. The orientation of the
coat guides on the .16" thick piece of aluminum is shown below in figure 15.

Coat Guides

Figure 15. 16” Aluminum Sheet With .016” Aluminum Strips as Coat Guides.
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4.2 Coating Manufacturing and Application
Step 1. Sonicate the nanoparticles in an acetone solution before mixing with the epoxy resin.
Step 2. After the epoxy and nanoparticles are combined into a homogeneous solution, they will be mixed
with the hardener and ready for application.
Step 3. The coating will be applied to the .16" thick aluminum sheet, and a straight roller will be used to
create an even layer on the surface of the sheet metal.
Step 4. Place in vacuum bag with breather layer, place glass sheet on top.
Step 5. Vacuum the mold and place in oven at 80

Coating

Figure 16. Epoxy Coating Applied to the Aluminum Sheet Resulting in an Even Coating. Note: Coating was Given a Darker
Appearance
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4.3 Enclosure Manufacturing and Assembly
Step 1. Cover the surface with the epoxy coating with packing tape to prevent scratching while being
handled.
Step 2. Cut panels with the water jet. See Figure 17 for reference.

Coated
Panels

Figure 17. Panels That Will be Cut Using a Water Jet Table.

Step 3. Attach mirrors to lens cover and rear panel using Loctite adhesive.
Step 4. Cut extruded aluminum slots to 10” lengths using a circular saw.
Step 5. Prepare wall supports for thread tap by drilling the holes with #3 drill bit on drill press.
Step 5. Use tap to create 14-28 UNF threads on the holes at both ends of all the 10” wall supports.
Step 6. Attach the bottom panel to the four walls support using bolts.
Step 7. Slide front, rear and side panels into the channels at each wall support.
Step 8. Attach the top panel to the wall supports using bolts.

14

The exploded assembly is shown below in Figure 18.
1/4 in.-28 tpi x 7/8
in. Zinc-Plated
Grade 5 Fine
Thread Hex Bolt

Lens Cover with
Attached Mirror

UV Camera
Hole

1" 6105 Aluminum
T-slotted framing
wall supports

Figure 18. Finishes Assembly of Test Enclosure.
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5. Design Verification Plan
The design verification plan intends to ensure that our coating and enclosure would work as expected.
Our goal is to test the absorbance of the coating that would be applied to the enclosure to ensure that it
meets the specification of UV absorption.
Our design verification plan aims to test if the coating will absorb ultraviolet light. Since the PDR, we have
3D printed a film holder that would allow us to use the UV-VIS spectrophotometer provided by our
sponsor Dr. El Badawy. The film holder, shown in Figure 19, will enable us to test multiple concentrations
of the nanoparticles in the epoxy.

Figure 19. Film Holder for UV-Vis Test.

To create the thin films, we will 3D print a mold that we will use to create test coupons with consistent
thicknesses. Using the molds can be tested using a glass surface and the vacuum curing method. The mold
we could possibly use is shown below in figure 20.

16

Figure 20. Film Mold to Create Test Coupons.

We will test wavelengths between 300 and 400 nm using the UV-VIS spectrophotometer. To produce the
most effective coating, we will test several iterations. The mixture of nanoparticles tested will vary from
.05% to 2% by weight. A peak in the absorptivity should be noticeable to confirm that the coating works
by absorbing the ultraviolet light and not blocking light from passing through the test coupon.
The required facilities are located in Building 13, and we will notify Dr. El Badawy in advance to begin the
process. Our goal is to start the UV-VIS testing by week eight of Winter 2022.
Dr. El Badawy notified our team that the packaging lab had a UV-VIS spectrophotometer to test the
absorbance of films. After contacting Dr. Shin, who closely works with the spectrophotometer, he
informed us that access to the lab would be unavailable to us due to COVID restrictions.

17

6. Conclusion
We have made several critical changes to our design including enclosure material, epoxy choice, and the
incorporation of the nanoparticles into the epoxy. Our enclosure will now be constructed using 6061 T6
aluminum to simulate the CubeSat better. West Systems epoxy is now the epoxy of choice because of our
ability to prototype with little expense. We will also be testing the effectiveness of an alternative method
using acetone as an intermediate solution to suspend the nanoparticles in when using the sonicator.
Our team confirmed that the 20 nm ZnO nanoparticles we are using have UV absorbing properties through
a UV-VIS spectrophotometer. The process of creating a film from the West Systems epoxy was also
successful. A vacuum bag process will also be tested to assure a more uniform film with less impurities.
We learned that using the release plastic with a more stable mold can produce a film that we can test.
Our next steps going forward will be to acquire the rest of the materials we need for our test enclosure
and to proceed with testing our epoxy coating. We still require the aluminum sheets in order to apply the
coating on them, but we can still create and test the properties of our coating using the
spectrophotometer and tensile strength and abrasion testing. For manufacturing the sheets, we will need
to contact the machine shop and request to use the water jet cutter to cut them out. Pending our sponsor
agreement, we will continue with the laid-out plans in this report in manufacturing our enclosure.

18
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Appendix B

UV Space Imager Enclosure Coating
Project Budget
Descriptive Part Name

Vendor

Vendor Part
Number

24x36 6061 T6 Aluminum sheet for
enclosure

onlinemetals.com

21112

0.01" aluminum roll
1" 6105 Aluminum T‐slotted
framing for wall supports
4x4 Mirrors
Friction Hinge
1/4 in.‐28 tpi x 7/8 in. Zinc‐Plated
Grade 5 Fine Thread Hex Bolt
UV Camera
West System 105 Epoxy Resin
206 Slow Epoxy Hardener
Nanomaterials
Plastic release paper
1

Provided by Dr. Elghandour
McMasterCarr
Amazon
Home Depot
Home Depot
maxmax.com
Provided by Dr. Elghandour
Provided by Dr. Elghandour
Provided by Dr. El Badawy
Provided by Dr. Elghandour

sponsor, team reimbursement, or ME Pro‐Card
blank if it is a planned purchase
3
if already purchased
2

47065T101

851758
XNiteUSB2S‐MUV

Qty

Material
Price

Tax Estimate

S/H Estimate

Total
Cost

Purchase
1
Method

1

$129.46

$10.36

$8

$147.82

sponsor

1

$0.00

$0.00

$0

$0.00

1400

1

$22.26

$1.78

$0

$24.04

sponsor

1500
1600

2
1

$6.00
$8.00

$0.96
$0.64

$0
$0

$6.96
$8.64

sponsor
sponsor

Project Part
Number

1301, 1302,
1303, 1304,
1305, 1306
‐

Purchase
2
Date

Current
3
Location

Locker

1700

8

$0.37

$0.24

$0

$0.61

sponsor

1800
2100
2200
2300
‐

1
1
1
1
1

$168.00
$0.34
$0.03
$0.09
$0.00

$13.44
$0.03
$0.00
$0.01
$0.00

$8
$0
$0
$0.00
$0.00

$189.44
$0.37
$0.04
$0.00
$0.00

sponsor
‐
‐
‐
‐

Spent/Allocated:
Budget:
Remaining:

$377.91
$500.00
$122.09

Locker
Locker
Grotto Lab
Locker

Appendix C: Drawing & Specifications Package
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PARTS LIST
DESCRIPTION

MATERIAL

1

PART
NUMBER
1400

WALL SUPPORT

ALUMINUM 6061

2

1

1301

BOTTOM PANEL

ALUMINUM 6061

3

1

1302

TOP PANEL

ALUMINUM 6061

4

2

1305

SIDE PANEL

ALUMINUM 6061

5

1

1303

FRONT PANEL

ALUMINUM 6061

6

1

1304

REAR PANEL

ALUMINUM 6061

7

1

1306

LENS COVER

ALUMINUM 6061

8

2

1500

MIRROR

GLASS

9

4

1700

STEEL

10

1

1600

1/4 -28 UNF HEX HEAD
SCREW
FRICTION HINGE

ITEM

QTY

1

NEXT ASB: N/A

DWG #: 1200
CHECKED: MARIA MUNOZ

PLASTIC

FILE NAME:

ENCLOSURE
SCALE: 1:3

DRAWN: DAVID CORTEZ

2/4/2022

1.
2.
.50
3.

NOTES
ALL DIMS. IN INCHES
TOLERANCES
X.XX = ± .01
ANGLES = ± 1°
STOCK .16'' 6061 ALUMNUM
SHEET

10.00

4 x Ø.21
.50
.50

(.16)

.50

10.00

NEXT ASB: N/A

DWG #: 1301
CHECKED: MARIA MUNOZ

FILE NAME:

BOTTOM PANEL
SCALE: 1:2

DRAWN: DAVID CORTEZ

2/3/2022

4X Ø.27

.50

.50
1.
2.

3.

10.00

NOTES
ALL DIMS. IN INCHES
TOLERANCES
X.XX = ± .01
ANGLES = ± 1°
STOCK .16'' 6061 ALUMNUM
SHEET

4.00

3.00

.50

.50
.50

(.16)

.50
6.00

10.00
NEXT ASB: N/A

DWG #: 1302
CHECKED: MARIA MUNOZ

FILE NAME:

TOP PANEL
SCALE: 1:2

DRAWN: DAVID CORTEZ

2/3/2022

1.
2.

3.

NOTES
ALL DIMS. IN INCHES
TOLERANCES
X.XX = ± .01
ANGLES = ± 1°
STOCK .16'' 6061 ALUMNUM
SHEET

Ø1.50

10.00

5.00

(.16)
4.04
8.28

NEXT ASB: N/A

DWG #: 1303
CHECKED: MARIA MUNOZ

FILE NAME:

FRONT PANEL
SCALE: 1:2

DRAWN: DAVID CORTEZ

2/3/2022

135.00°

1.
2.

3.

10.00
.50

NOTES
ALL DIMS. IN INCHES
TOLERANCES
X.XX = ± .01
ANGLES = ± 1°
STOCK .16'' 6061 ALUMNUM
SHEET

4.40

1.50
(.16)

8.28

(.16)

4.00

(.16)

2.04

NEXT ASB: N/A

DWG #: 1304
CHECKED: MARIA MUNOZ

FILE NAME:

REAR PANEL
SCALE: 1:2

DRAWN: DAVID CORTEZ

2/3/2022

1.
2.

3.

NOTES
ALL DIMS. IN INCHES
TOLERANCES
X.XX = ± .01
ANGLES = ± 1°
STOCK .16'' 6061
ALUMNUM SHEET

10.00

(.16)

8.49

NEXT ASB: N/A

DWG #: 1305
CHECKED: MARIA MUNOZ

FILE NAME:

SIDE PANEL
SCALE: 1:2

DRAWN: DAVID CORTEZ

2/3/2022

1.
2.

3.

NOTES
ALL DIMS. IN INCHES
TOLERANCES
X.XX = ± .01
ANGLES = ± 1°
STOCK .16'' 6061 ALUMNUM
SHEET

4.00

(.16)
4.00

NEXT ASB: N/A

FILE NAME:

LENSE COVER

DWG #: 1306
CHECKED: MARIA MUNOZ SCALE: 1:1

DRAWN: DAVID CORTEZ

2/3/2022

2X Ø.18 1.00
1/4-28 UNF 1.00

(1.00)

10.00

NEXT ASB: N/A

DWG #: 1400
CHECKED: MARIA MUNOZ

FILE NAME:

WALL SUPPORT
SCALE: 1:1

DRAWN: DAVID CORTEZ

2/3/2022

1.

NOTES
STOCK MIRROR ALREADY CUT TO SIZE

(4.00)

(.10)

(4.00)

NEXT ASB: N/A

DWG #: 1500
CHECKED: MARIA MUNOZ

FILE NAME:

MIRROR
SCALE: 1:1

DRAWN: DAVID CORTEZ

2/3/2022

1"
0.585"
0.255"

1" 0.355"

1 ft.

0.087"

0.205"

PART
NUMBER
http://www.mcmaster.com
© 2021 McMaster-Carr Supply Company
Information in this drawing is provided for reference only.

47065T411
T-Slotted
Framing

16mm

20mm

10mm

2.4mm

5mm

3.5mm

2mm
12.5mm
25mm

PART
NUMBER
http://www.mcmaster.com
© 2021 McMaster-Carr Supply Company
Information in this drawing is provided for reference only.
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Appendix E: Failure Mode & Effects Analysis (FMEA)

1) Clumped nanoparticles
absorb UV light

bonding to
enclosure

No UV light
absorbtion

no ashesion to
surface

reduced image quality

coating peels off

8

8

2) Uneven Coating

Sonicator and acetone
solution
Spreading with rail
guides and vacuum
sealing

3) combination not compatible

N/A

1) epoxy choice, didn't clean
surfaces

N/A

6

2) Visual inspection

48

1

16

1) UV Vis
absorbance test
2

1) Tensile Test
2) Visual inspection

RPN

1

1) UV Vis
absorbance test

Responsibility &
Recommended
Actions
Severity
Target Completion
Actions
Taken
Date

Detection

Current Detection
Activities

Occurrence

Current Preventative
Analysis

RPN

Potential Causes of Failure Mode

Detection

Potential Failure Potential Effects of the
Mode
Failure Mode

Occurrence

System Function

Severity

Action Results

Appendix F: Design Verification Plan (DVP)

DVP&R - Design Verification Plan (& Report)
F41 UV Space Imager Enclosure Coating

Project:

Dr. Amro El Badawy, Dr. Eltahry Elghandour

Sponsor:

Edit Date: 2/4/2022

TEST PLAN
Test
#

Specification

Test Description

Acceptance
Measurements
Criteria
Absorption
Peak between
between 250-400 250-400 nm
nm wavelengths. wavelengths.

TEST RESULTS
Required
Parts Needed
Facilities/Equipment
UV-Vis
Film (CP)
Spectrophotometer

Responsibility

1. UV Absorption

Test absorption of coating (film)

Maria

2. Bonding

Test bonding of epoxy to the 6061 T6 adhesion of
wear with
aluminum
coating mixed
discoloration no
with
delamination
nanoparticles,
and resistance to
abrasion.

TBD, taber abrasion
tester is missing key
components. Need to
find alternative test
method

3. Coating Thickness

Measure thickness of the applied
Even thickness
epoxy coating, make sure it is an even across the
application.
aluminum sheet

coating is 0.01"
± 0.005"

13-201 lab potentially Calipers,
has a film spreader coating on test
piece (CP)

Victor

4. Toxicity

TBD

TBD

TBD

TBD

TIMING
Start date Finish date
TBD

Numerical Results

Notes on Testing

1

2

Taber abrasion
tester, coating
on test piece
(CP)

David

TBD

Complete these columns when you conduct the tests.

3

TBD

TBD

4
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1. Design Updates
When creating the test enclosure, our team did not have the camera chosen yet. When the camera was
selected and shipped, we measured the lens diameter to be ¼”. To allow the camera lens to fit in to, a ¼”
hole was drilled; however, the camera needed a fixture to keep it in place. To secure the camera to the
panel, we developed a mount that would utilize the set screw already located on the camera. The mount
would be attached once the camera lens was inserted through the panel, then secured on the panel
utilizing the set screw. The camera mount attached to the camera lens are shown below.

Hole utilizing set
screw on camera

Figure 1. 3D printed support for the UV camera

In the original manufacturing plan for the test enclosure epoxy was specified to attach the friction hinges
to the test enclosure. After several attempts at attaching the friction hinges to the test enclosure, it was
obvious that the epoxy would not support shear forces caused by adjusting the mirrors. For this reason,
we decide to attach the friction hinges using screws. The addition of the screws is detailed under the test
enclosure manufacturing section.

2. Verification Updates
Due to facility access issues, our team was not able to perform the second UV light absorption test that
we had planned. Originally, we wanted to perform the tests using both a spectrophotometer that allowed
for testing at individual wavelengths (Genesys) and one that allowed for testing for a range of wavelengths
(PharmaSpec). Unfortunately, access to the lab on campus where the PharmaSpec spectrophotometer is
located was limited and we were unable to run this second test. Although we were not able to use the
PharmaSpec spectrophotometer, our team was still able to test for a range of wavelengths using the
Genesys spectrophotometer. We were able to achieve these results for a range of 250-400 nm at 5-nm
increments. The main benefit of using the PharmaSpec spectrophotometer would have been that it does
not require manual input for the increments at which the data points are taken which can save time during
testing.
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3. Manufacturing
3.1 Test Films
The creation of the test films went through several iterations. We encountered several problems with
obtaining a consistent thickness, air bubbles, and a uniform surface. To reduce the frequency of air
bubbles in the films we opted to use a heated vacuum process to cure the test films. We noticed that
using a vacuum process did reduce the number of bubbles in the films; however, it did not completely
eliminate them.
The amount of nanoparticles needed to obtain the different weight fractions was determined using a
spreadsheet keeping a 5:1 ratio of epoxy to hardener. Our sponsor Dr. El Badawy provided us with the
Zinc Oxide (ZnO) nanoparticles shown below.

Figure 2. Zinc Oxide nanoparticles.

The ZnO particles were weighed first, followed by the epoxy, and then the hardener. The scale used to
weigh all components is shown below.

Figure 3. Scale used to measure the mixture.
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The epoxy mixture was mixed using a stirring stick until a homogenous solution was created.

Figure 4. Mirror attached to panel using epoxy as adhesive.

The molds used to make the films were 3D printed to get a specified thickness length and width. The
molds were placed on a sheet of vacuum plastic on the heated curing surface.
The epoxy was then poured into the molds, followed by a sheet of blue breather plastic. The breather
plastics allowed large air bubbles to escape the molds. A sheet of brown breather fabric was placed over
the plastic to improve the effects of the vacuum. The breather layers were covered by two more layers of
vacuum plastic sandwiching metal plates to ensure a uniform surface on the exposed mold surface.
Vacuum Bag

Mold

Breather Fabric

Breather Fabric
Breather Plastic

Gum Tape

Heated Surface

Figure 5. Layers used in the vacuum process to create test films for the UV-Vis Spectrophotometer test.

3

The completed layout of the vacuum process is shown below in figure 6.

Figure 6. Vacuum sealed molds waiting to cure.

The heated surface used in the composites lab was set to 120˚F. The interface for the temperature control
is shown below in figure 7.

1
Figure 7. Temperature indicator on heated surface.
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3.2 Enclosure
The manufacturing of the enclosure began with the wall supports made from the 80/20 aluminum
extrusion. The aluminum extrusion used for the wall supports was purchased from McMaster Carr.
The aluminum extrusion arrived in a 48” section that was cut down to 10” lengths using a chop saw. The
chop saw resulted in the pieces having a rough surface finish which required deburring using a file. To
ensure that the supports were all equal length they were faced to the exact size needed using the manual
mill in Mustang ‘60.

Figure 8. Facing of 80/20 aluminum extrusion using two-flute end mill.

The supports had an existing hole that needed to be increased in diameter for the 1/4-28-UNF threads. A
drill press and a #3 drill bit was used to make the minor diameter of the threads. A vice was used to hold
the supports while the threads were then tapped using tapping lubricant and the appropriate 1/4 -28 tap.

Figure 9. 80/20 aluminum extrusion in vice after tab was removed.
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The second set of manufactured parts were the panels that would cover the enclosure. The aluminum
sheet used was purchased from an online metal supplier OnlineMetals.com.
The panels were made from .016” 6061 Aluminum and were cut using the waterjet table in mustang 60.
When we received the panels from the techs at Mustang ‘60, they needed to be lightly deburred to
knock down the rough edges.

Figure 10. Panels after receiving them from the waterjet table. Thin plastic film needed
to be removed and rough edges deburred.

The hole for the camera lens was made using a drill press and a 5/8” drill bit.

Figure 11. Hole cut out for UV camera.
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We initially attempted to secure the friction hinges to the top panel and the rear panel using epoxy as
an adhesive. The friction hinges attached to the lens cover using epoxy are shown below in figure 12.

Figure 12. Friction hinge attached to the top panel using epoxy as adhesive.

After several uses, we noticed that the epoxy would become fatigued. To fix this problem we opted to use
M3x12 screws. The holes were drilled using a hand drill and a 1/8” drill bit.

Figure 13. Friction hinge attached to the top panel using M3x12 fasteners.
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The mirrors were attached to the panels using the epoxy as an adhesive. We determined that because the
mirrors were not under any load, the epoxy would work well as an adhesive.

Figure 14. Mirror attached to panel using epoxy as adhesive.

4. Final Budget
This section summarizes the final project budget. The final budget is shown below in Table 1.
Table 1. Final Budget

Part
UV Camera
¼-28 .75 bolts
24x36 6061 T6 Aluminum
Sheet
Mirrors
Friction Hinge
80/20 Aluminum Extrusion
UV light source
Total

Source
maxmax.com
Fastenal
OnlineMetals.com
Amazon
McMaster-Carr
Amazon

Cost
$187.96
$15.23
$158.03
$22.67
$8.64
$24.04
$14.03
$429.94
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5. Design Verification
5.1 UV -VIS Spectrophotometer
A UV light absorption test was performed using a UV-Vis spectrophotometer which we were provided
access to by our sponsor, Dr. El Badawy. Our team used the Genesys UV-Vis Spectrophotometer located
in Cal Poly Building 13-114, shown below in Figure 15. This test allowed our team to compare how the
concentration of ZnO nanoparticles affected the epoxy’s ability to absorb UV light.

Figure 15. Genesys 10S UV-Vis Spectrophotometer

In preparation for this test, our team prepared coupons of various concentrations of ZnO nanoparticles
(control, 0.25%, 0.5%, 0.75%, and 1%). The image below shows the coupons for the control, 0.5%, and 1%
ZnO concentrations.

Figure 16. Coupons of epoxy at 0%, .5% , and 1% ZnO concentrations
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The coupons were held using the 3D printed holder shown in Figure 17.

Figure 17. Coupon holder for test specimens

This test was performed for each concentration for wavelengths from 250 to 400 nm at 5 nm increments.
To perform this test, two coupons were inserted at a time into the spectrophotometer. Each test run
required one control specimen to be inserted along with the desired specimen to be tested for UV light
absorption. The control coupon was used as a baseline for the UV absorption of the epoxy without any
ZnO nanoparticles. When measuring the UV light absorption for the control coupon, two control
specimens were required. The two coupons were placed in separate holders and then inserted into the
designated cuvette slots inside the UV-Vis spectrophotometer. The collected data for this test can be
found in Appendix A. Figure 18 shows the results for each test specimen plotted for comparison.
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Figure 18. Results comparison for all tested ZnO nanoparticle concentrations

Based on the plotted results, this test showed an increasing absorbance with increased concentration of
ZnO nanoparticles. For this figure, a value of one of the absorbance scale indicates 99% UV light
absorbance, a two represents 99.9% UV light absorbance, a three represents 99.99% absorbance, and so
on. The test results showed at 1% concentration the nanoparticles began to physically block all UV light.
Based on the results, our team decided that the 0.75% concentration was the most appropriate
concentration choice to use for the test enclosure coating. This was consulted with Dr. El Badawy who
agreed with our conclusion that the 0.75% would be the best selection to use for our enclosure coating.
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5.2 Tensile Test
A tensile test was performed to better understand how the addition of ZnO nanoparticles affected the
material properties of the West Systems Epoxy. Several Iterations of test specimens were made, the final
testing was performed using ASTM D638 standards. The molds used to make the specimen are shown in
the figure below.

Figure 19. 3D printed dog bone molds following ASTM D638 sample size

The molds worked best when the edges and surfaces were polished with wax to help make the removal
of the epoxy easier. The mold was placed on a flat heated surface sandwiched by brown breather fabric
to release air bubbles. The most efficient method to remove air bubbles from the epoxy was using a
butane torch lightly passed over the epoxy mixture before covering it with the top layer of breather fabric.
A flat plate was placed on the top of the breather fabric to provide a uniform flat surface. The molds were
left to cure with heat for 2 hours then with the heat turned off they were left to cure for two days.

Figure 20. Cured dog bone samples in 3D printed molds
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Once the samples were cured and removed from the molds, they were ready to use in the tensile tester.
The Ametek LD50 tensile tester located in the Composites lab was used for this test. The tensile tester
used for this test is shown below in Figure 21.

Figure 21. Ametek LD50 tensile tester

An external extensometer was used to gather the strain data for the tests. Each sample was run through
two separate tests, the first test was used to gather data to calculate the Youngs modulus of each sample,
the second test was used to find each sample’s ultimate tensile strength. The main reason we separated
the tensile test into two parts was to remove the extensometer before failure to prevent it from damaging
itself if it fell off the specimen. The small amount of data collected from the shorter test was enough to
calculate the Young’s modulus of each specimen
To find the Young’s modulus of each sample, the extensometer was placed on the sample. The load
settings in the tensile testing machine were changed to stop at a predetermined load before failure. In
the case of our samples, the limit load was set at 200 to 300 Newtons. The cross-sectional area and the
distance between the clamps were recorded in and the test was ran until the load limit was reached. The
test setup used to collect the data to find the stiffness of each sample is shown below.

Figure 22. Test setup using extensometer to collect strain data
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Once the extensometer was removed the load limit was removed from the machine settings and the new
clamp height was recorded. The second part of the test allowed the tensile tester to load the sample until
failure.

Figure 23. Failure of test sample during second art of tensile test to find ultimate tensile strength

From the tensile test we learned that the addition of the ZnO nanoparticles significantly increased the
Young’s modulus of the epoxy. The control samples without any ZnO nanoparticles had an average
Young’s Modulus of 2.06 GPa. The samples with ZnO nano particles added to the epoxy had a significantly
higher Young’s modulus. The average Young’s modulus for each of the samples with the different
concentrations of ZnO nanoparticles is shown in Table 2.
Table 2. Mechanical Properties Based on %ZnO Concentrations

%ZnO by
weight
0
.25
.5
.75

Young’s Modulus
(GPa)
2.06
26.15
23.96
24.05

Ultimate Tensile Strength
(MPa)
7.5
25
32
39

There was no pass or failure criteria for this test, however we learned that adding ZnO nanoparticles to
pure epoxy would increase the stiffness. We did not test the 1% ZnO epoxy in this test because at that
concentration, the dog bone test strips were extremely brittle. Making them impossible to be removed
from the molds and clamping to the tensile test machine without breaking. The Test data is attached in
Appendix B
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5.3 Coating Thickness test
The third test our team conducted was to test the thickness and uniformity of our ZnO and epoxy coating.
To test the coating thickness, we poured a sample of the coating on a 2” X 6” piece of aluminum that was
the same material used in the test enclosure.
When pouring the epoxy coating on to the test sample, a small amount was placed on the surface and
spread over the entire surface. A butane torch was used to remove any air bubbles from the surface of
coating. The sample was then placed on a heated surface set to 120˚F and left to cure two hours, allowing
the epoxy to self-level across the surface. The cured sample coating is shown in the figure below.

Figure 24. Sample coating made of .75% ZnO epoxy

A set of calipers was used to measure thickness at each of the points on the plate shown in the diagram
below.

Figure 25. Measurement points along the test sample.
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To measure the coating thickness, we used a set of dial calipers that had precision up to .001”. This
precision provides an uncertainty of ±.0005”. After measuring the total thickness at each point, the
thickness of the aluminum was subtracted. The coating thickness at each point ±.0005” is shown in the
figure below.
0.12
0.07
0.03

0.1
0.04
0.035

0.05
0.037
0.032

0.038
0.037
0.033

0.04
0.038
0.032

0.04
0.038
0.032

0.04
0.035
0.032

Figure 26. Coating thickness (in), red color indicates a high spot in the coating

Although the coating seemed uniform to the naked eye there was a large difference in thickness along the
sample. The self-leveling properties of the epoxy were not enough to remove any high or low spots. There
were no noticeable air bubbles or inconsistencies in the coating using this application method. The passing
criteria for this test was a coating thickness of .01 ± .005, based on the criteria our application method
failed. Due to time constraints our team decided to continue with our application method on the test
enclosure. In the future it is recommended to pour the coating on a large sheet of the aluminum using
guides to get an even coating thickness. Our original plan was to pour the epoxy coating before the
waterjet process, but we were concerned the epoxy coating would delaminate during the waterjet
process.
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5.4 UV Camera/Visual Test
The final test required that we verify if the UV-absorbing coating provided noticeable differences in image
quality. The enclosure was set up with the UV camera mounted to the inner surface of the rear panel and
facing towards the UV light source. We were then able to capture images of the light source at 4, 10, and
20 inches away. We first took captured the images with the enclosure uncoated, alternating between
shining the light source directly into the UV camera and shining at the mirrors to be reflected in.

Figure 27.UV flashlight used as the light source for the test setup

We then repeated the test a second time; however, this time with the inside of the enclosure was coated
with the UV-absorbing coating. Special attention was taken to make sure the light source shines in the
same part of the frame for both pictures. After all the pictures are taken, we then put them side by side
to see if there was any differences we could discern between the uncoated and coated shots.
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Figure 28. Comparison taken at 4” away with the light source shining directly at the lens. Coated test is on the left.

We were looking to see if the photo taken with the UV-Absorbing coating would be slightly darker or
potentially be clearer, but as can be seen with the comparison photos, both pictures look very similar. It
is impossible to tell which photo came from which test scenario.
To see if maybe there was a minute difference in the brightness between the photos, we asked RJ
Macaranas, a CPE grad student, if there was a program we could use that would compare the brightness
between two photos. He graciously wrote us a Matlab script and gave us permission to use it in the
comparison. The program simply checks the color of individual pixels in an image and calculates how far
away the rgb value is from pure white R.255 G.255 B.255. It does this for every single pixel making up the
image and then outputs a sum of all the distances. Taking a percentage difference of that number between
a coated and uncoated test photo, should give us a rudimentary comparison telling us which image is
brighter. The script used to compare the captured images is shown in Figure 29.
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Figure 29. The Matlab script comparing the “whiteness” between both images

As can be seen by the figure above, the percent difference in the whiteness between the two images is
0.0001037%, an extremely small value that we do not believe to be significant. It is of note though, that
we ran the test with many comparisons and the uncoated pictures were always found to be brighter. The
percent difference in whiteness ranged from 1e-04 to 1e-05 between our comparisons, a small amount,
but with it we believe that there is a correlation between the UV coating and brightness of the UV image.
More testing would have to be done of course, with much more sensitive and precise equipment. Table 3
summarizes the visual test results obtained using the Matlab code.
Table 3. Visual test Matlab results. For the pictures in the comparison see Appendix D

Test
Number
1
2
3
4
5
6

Reflected or
Direct light
Direct
Reflected
Direct
Reflected
Direct
Reflected

Visual test Matlab results
Distance from
Height of light
light source [in]
source [in]
4
9.5
20
11.5
20
13
4
12.5
10
10
10
11.5

Percent difference in brightness
between coated and uncoated
1.2596 e-04 %
1.0370 e-04 %
7.4591e-05%
2.7214e-05 %
7.4344e-05 %
1.9872e-05 %
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5.6 Testing Summary
Table 4 below contains a summary of the tests performed and whether they were considered passing or
failing based on the criteria listed for each test. The pass or fail criteria for each test can be found in the
Appendices.
Table 4. Test Summary Table

Test
UV absorption
Tensile Test
Coating Thickness
Visual Test

Pass/Fail
Pass
NA
Fail
More Testing Required
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6. Discussion & Recommendations
During our time working on this project, our team learned that ZnO nanoparticles had UV light absorbing
properties known as a Stokes shift. We discovered a cheap an effective way to mix the nano particles into
a matrix that could be used in many ways. The ZnO and epoxy mixture we created was useful for UV-VIS
spectrophotometer tests and tensile tests. Our team learned that the epoxy’s material properties such as
Young’s modulus and ultimate tensile strength were improved with the addition of ZnO nanoparticles.
One of the limiting factors during the project was the time we had available to test. In theory, the testing
enclosure we designed would be able to test at least two different coatings by reversing the panels. With
the time available, our team was only able to coat one side of the panels. Gathering more data, specifically
for the visual test, would provide a more definitive answer to whether our coating worked at reducing
stray light.
Although our design challenge specified space, we were unable to create a coating that could be used in
space. The epoxy used for our coating is primarily used for repairs made on boat hulls. Because the epoxy
was made for regular applications it is not considered safe for use in space. To better meet the customer
needs an epoxy that meets the NASA outgassing specification should be used. As previously mentioned in
the CDR, the cost of epoxy that would meet the NASA outgassing specification would be up to four times
our project budget of $500. We would also recommend looking at physical vapor deposition methods with
a bigger budget, as that would effectively make a thin and even ZnO-nanoparticle coat.
When designing the test enclosure, we determined that a 10” X 10” X 10” box would be small enough to
easily be moved, while also being large enough to easily set up and adjust the UV camera. After
manufacturing the enclosure, we determined that smaller enclosure would have better represented a
CubeSat enclosure. Making the test enclosure 10 X 10 X 10-cm would more closely resemble the enclosure
of a CubeSat which shares the same dimensions.
In the CDR, we specified that a set of coat guides would be used to apply the coating to get a coating with
uniform thickness and surface finish. Shop techs from mustang 60 initially verified that the coating on the
aluminum sheet would be fine going through the water jet process. Our sponsor Dr. Elghandour was
concerned the coating would separate from the aluminum sheet during the waterjet process. We elected
to skip using the guide coats and apply the coating after the aluminum panels were cut using the waterjet.
In the future We would try the use of the guide coats and a roller to get a consistent thickness and a
butane torch to remove any air bubbles.
Recommendations for future use of our design prototype include continued visual testing. Currently, the
protype can be only used to test the .75% coating as the panels are already coated, but this can be
changed. Due to how easily the panels can be replaced, future teams can replace the aluminum panels
with newly coated ones if there are any further developments on the coating composition or application
process. This would be assuming that the size of the enclosure is not scaled down.
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7. Conclusion
During the third quarter of our senior project, we had all the parts required to start constructing
our final enclosure and decide on the final UV-coating concentration. We added two new concentrations
to test 0.25% and 0.75% ZnO particles by weight. This allowed us to gather more data on the effect of
absorption and tensile strength that the ZnO nanoparticles provide to the epoxy resin. The tensile test
was a substitute for a more proper wear test, but what we discovered was a massive increase in the
Young’s Modulus and ultimate tensile strength of the coating once nanoparticles were added. The final
0.75% coating that we decided on, was capable of absorbing over 99.9% of UV light, reaching a peak
absorbance of 2 at around 375nm wavelength. The 1% concentration coating was much more absorbent,
however its structural properties started to suffer due to the increase in particle concentration, being
much to brittle to work as a protective coating.
We were unable to achieve an even coating that we were hoping for, as the epoxy proved to be
too viscous to self-level itself on the aluminum. We also were unable to achieve any significant results in
the visual test comparison. For future reference, we would recommend the test be redone with better,
more sensitive equipment, as well as using a wider area UV light source. Our flashlight had quite a small
hot spot that we would attempt to point at the enclosure camera and mirrors to take pictures. A light
source that has more flood, would allow us to repeat the tests without having to reorient the flashlight
every time as the amount of light going into the enclosure would be more consistent. If we were to start
the whole project over again, there are many aspects of our design and testing that we would rework.
Firstly, we would size our enclosure to be more in line with the size of an actual CubeSat, around 10cm3.
The enclosure would also be redesigned to make the mirrors removable, allowing us to adjust them and
swap them out in case they crack. We would also coat the aluminum sheet with our coating before we
send it to be water jet cut. We were worried that the water jet process would be to abrasive and mar our
coating, but that turned out to be a nonissue. Instead, we exponentially complicated our manufacturing
process by having to coat the panels separately. Finally, for our coating, we were severely limited by the
epoxy that we had at hand. We would recommend for anyone trying to replicate or further test our
experiments to use epoxy that is rated by NASA for low outgassing. This epoxy is much less likely to
develop air bubbles and is rated for use in outer space. For a real-world application of this coating, we
would recommend a physical vapor deposition process that would evenly coat the ZnO particles directly
on the surface.
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Appendix A: UV-Vis Test Data and Procedure

Test Name: UV-Vis Spectrophotometer
Purpose: This procedure serves to determine if the Genesys 10S UV-Vis spectrophotometer can be used
to test ultraviolet (UV) absorption using 3D printed film holder and film coupons.
Scope: This test will help determine if our coating can absorb UV light.
Equipment:
•
•
•

Genesys 10S UV-Vis Spectrophotometer
Film coupons (Control, 0.25% 0.5%, 0.75%, 1%)
3D printed film holder

Hazards: None
PPE Requirements:
•
•

Safety goggles
gloves

Facility: Cal Poly Building 13-114
Procedure:
1. Turn on UV-Vis Spectrophotometer and check cuvette holder to make sure it is empty.
2. Clean coupons using a paper towel to remove any dust on the surface.

Figure 1. Coupons
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3. Insert Control coupon into slide holder and place in the UV-Vis spectrophotometer cuvette
holder. Ensure that flat side of coupon is facing the light source.

Figure 2. Slide holder
4. Run spectrophotometer for a range of 250-400 nm at increments of 5 nm and record UV
absorbance in Table 1.

Figure 3. Genesys 10S UV-Vis Spectrophotometer
5. Remove slide holder from cuvette holder and repeat the process for the 0.25%, 0.5%, 0.75% and
1% coupons.
6. Turn off UV-Vis spectrophotometer and clean up.
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Table 1. Coupon UV Light Absorbance
Wavelength
(nm)
250
255
260
265
270
275
280
285
290
295
300
305
310
315
320
325
330
335
340
345
350
355
360
365
370
375
380
385
390
395
400

Control
0.168
0.149
0.166
0.15
0.163
0.138
0.156
0.16
0.128
0.124
0.028
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.25%
0.498
0.498
0.473
0.473
0.475
0.475
0.469
0.469
0.512
0.512
0.272
0.776
0.755
0.721
0.71
0.704
0.702
0.697
0.699
0.706
0.718
0.73
0.763
0.793
0.846
0.859
0.745
0.645
0.589
0.54
0.509

Absorbance
0.5%
0.612
0.623
0.581
0.605
0.558
0.582
0.559
0.567
0.619
0.599
0.612
1.109
1.147
1.137
1.144
1.16
1.163
1.181
1.191
1.205
1.21
1.231
1.279
1.329
1.393
1.409
1.257
1.1
1.008
0.954
0.916

0.75%
1.089
1.089
1.115
1.115
1.107
1.107
1.087
1.087
1.091
1.091
1.731
1.97
1.897
1.855
1.846
1.834
1.836
1.847
1.843
1.86
1.895
1.938
2.036
2.139
2.303
2.345
1.914
1.596
1.416
1.315
1.255

1%
0.951
1.022
0.891
0.918
0.901
0.874
0.923
0.891
0.995
1.277
1.863
2.871
2.961
3.007
3.063
3.092
3.186
3.489
3.208
3.226
3.286
3.359
4.039
4.396
3.596
3.634
2.704
2.022
1.707
1.572
1.495
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Results:
Fail Criteria: No noticeable UV absorbance
Pass Criteria: UV absorbance with a peak absorbance between 250 and 400 nm wavelengths
Number of Samples: 1 of each coupon (control, 0.25%, 0.5%, 0.75%, 1%)
Test Date(s):
4/26/22
5/05/22
Test Results:
5

Control
0.25%
0.50%
0.75%
1%

4.5
4
3.5

Absorbance

3
2.5
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1.5
1
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0
250
-0.5

300

350
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Wavelength (nm)

Figure 4. Comparison of UV light absorption for control, 0.25%, 0.5%, 0.75%, and 1% ZnO
Based on the plotted results, the test results show an increasing absorbance with the increased
concentration of ZnO nanoparticles. Considering that a value of one on the absorbance scale signifies 99%
and a two represents 99.9% UV light absorbance, we can see that the 1% concentration begins to
completely block the light. Our test results indicate that the 0.75% concentration is the most reasonable
choice to use for the test enclosure coating.
Performed By: David Cortez, Victor Dekhtyar, Maria Muñoz
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Appendix B: Tensile Test Data and Procedure
Team: F41
Test Title: Thin Film Tensile Test
Scope:
This test is being performed in lieu of the Taber abrasion test. Our goal is to get qualitative data on the
effects of Zinc Oxide nanoparticles on the physical properties of the West Systems Epoxy.
Equipment:
• Thin film test coupons
o Control 0% by weight ZnO
o 1% by weight ZnO
o 2% by weight ZnO
• Tensile Test Machine
• Data Acquisition System
• Extensometer
Hazards:
• Flying Debris
• Heavy Objects
• Injury, Pinch Points
• Cuts
PPE Requirements:
• Safety goggles
• Closed-toed shoes
• Tensile Tester shield
• Gloves for any sharp debris
Facility: Cal Poly Composites Lab
Procedure:
1. Equip all necessary PPE, put on safety goggles, gloves, and make sure closed toed shoes are
worn.
2. Measure and record the dimensions of each sample being tested.
3. Clean work area and inspect tensile tester, make sure nothing is obstructing the path of the load
cell.
4. Use appropriate jaw for the thin film specimen. Load the first specimen into the jaws ensuring at
least one inch of clamped area. Keep fingers clear of jaw when tightening and ensure jaws are
tight on specimen. Be sure not to overtighten the jaw so that the specimen is not subjected to stress
caused by the clamping force. If possible, use jaws with rubber grips.
5. If extensometer is available attach to specimen.
6. Set load limit to 200 N.
7. Measure and record the distance between clamps.
8. Place secondary shield to ensure that if the specimen splinters debris will be stopped.
9. Start new test and enter specimen cross sectional dimensions, distance between clamps.
10. Run tensile test.
11. The test will stop once the load limit is reached.
12. Remove extensometer and save data.
13. Remove the load limit and record the distance between clamps.
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14. Place shield back in its place.
15. Run tensile test until failure.
16. Save data
17. Reset new specimen and repeat for all specimens being tested.
5-16-22
Sample Information
Test #
% ZnO
Width (mm)
1
0
13
2
.25
13.01
3
.25
13.01
4
.75
13.2
5
.75
13.2
6
.75
13.2

Thickness (mm)
3.2
3.1
3.1
3.2
3.2
3.2

NOTES: Highlighted samples had uneven thickness due to larger air bubbles. Test were ran but these trials
were not used to calculate the ultimate tensile strength or modulus of the .25% concentration.
Specimen Information
5-19-22

Sample Information
Test #
1
2
3
4
5
6

% ZnO
.25
.25
.25
.5
.5
.5

Width (mm)
13.25
13.23
13.18
13.1
13.51
13.2

Thickness (mm)
3.4
3.4
3.35
3.47
3.45
3.45

Test Dates: 5-16-22, 5-19-22
Test Results:
Adding ZnO nanoparticles gives the epoxy a higher Youngs modulus indicating a stiffer material when
compared to “pure” epoxy. The pure epoxy sample had a Youngs modulus of 2.06 GPa where the samples
with ZnO nanoparticles had a Youngs modulus above 20 GPa. The ultimate tensile stress also had a
dramatic increase with an increase of the concentration of nanoparticles. The “pure” epoxy had an ultimate
tensile strength of 75 MPa. The samples with ZnO showed higher ultimate tensile strength, .25% had an
average ultimate tensile strength of 25 MPa, .75% had an average ultimate tensile strength of 32 MPa, .5%
had an average ultimate tensile strength of 39 MPa.

%ZnO

Young’s
Modulus
(GPa)

Ultimate Tensile
Strength (MPa)

0
.25
.5
.75

2.06
26.15
23.96
24.05

7.5
25
32
39
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This increase in mechanical properties may be caused by the high surface area of the nanoparticles. The
attraction between the particles may be providing some strength to the epoxy. We noticed that the more
epoxy in a sample the more brittle it became.
We assume that the dog bone sample used for the control were not completely cures, they were still soft
to the touch. All samples were left to cure for three days. For future tests it is recommended to let all sample
cure at least two weeks before testing to ensure all samples are completely cured.
Performed by:
David Cortez, Maria Muñoz
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5-16-22
Results

Stress-Strain Control
6

Stress (MPa)

5

y = 2062.1x + 0.7727

4
3
2
1
0
0

0.0005

0.001

0.0015

0.002

0.0025

Strain

Stress-Strain .25% Test 1
6

Stress (MPa)

5

y = 21220x + 0.4582

4
3
2
1

0
0

0.00005

0.0001

0.00015

0.0002

0.00025

Strain
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Stress-Strain .25% Test 2
6

Stress (MPa)

5

y = 23945x + 0.2019

4
3
2
1
0
0

0.00005

0.0001

0.00015

0.0002

0.00025

Strain

Stress-Strain .75% Test 1
8
7

y = 22082x - 0.0746

Stress (Mpa)

6
5
4
3
2
1
0
0

0.00005

0.0001

0.00015

0.0002

0.00025

0.0003

0.00035

Strain

ix

Stress-Strain .75% Test 2
16
y = 23549x + 0.7858

14

Stress (MPa)

12
10
8
6
4
2
0
0

0.0001

0.0002

0.0003

0.0004

0.0005

0.0006

0.0007

Strain

Stress-Strain .75% Test 3
12

y = 26513x + 0.5168

Stres (MPa)

10
8
6
4

2
0
0

0.0001

0.0002

0.0003

0.0004

0.0005

Strain

x

5-19-22
Results

Stress-Strain .25% Test 1
8
7

y = 27757x + 0.4035

Stress (MPa)

6
5
4
3
2
1
0
0

0.00005

0.0001

0.00015

0.0002

0.00025

% Strain

Stress-Strain .25% Test 3
12
y = 28405x + 0.529

Stress (Mpa)

10
8
6

4
2
0
0

0.00005

0.0001

0.00015

0.0002

0.00025

0.0003

0.00035

0.0004

% Strain
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Stress-Strain .25% Test 4
14

Stress (Mpa)

12

y = 22297x + 0.6861

10
8
6

4
2
0
0

0.0001

0.0002

0.0003

0.0004

0.0005

0.0006

0.0005

0.0006

Strain

Stress-Strain .5 % Test 1
12

y = 21368x + 0.9149

Stress (MPa)

10
8
6
4

2
0
0

0.0001

0.0002

0.0003

0.0004

Strain
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Stress-Strain .5% Test 2
12
y = 23604x + 0.4639

Stress (Mpa)

10
8
6
4
2
0
0

0.0001

0.0002

0.0003

0.0004

0.0005

Strain

Stress-Strain .5% Test 3
12

y = 26924x + 0.2677

Stress (Mpa)

10
8
6
4

2
0
0

0.0001

0.0002

0.0003

0.0004

0.0005

Strain
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Appendix C: Coating Thickness Procedure

Test Name: Coating Thickness
Purpose: This procedure serves to measure the thickness at various points for strips of coated aluminum
Scope: This test will help determine if our coating is leveled
Equipment:
•
•

2”x6” Coated aluminum strips (.75%)
Caliper

Hazards:
Pinch hazards
PPE Requirements:
•
•

Safety goggles
gloves

Facility: Cal Poly Building 13, Grotto Lab
Procedure:
7. Mark the Control, 0.5%, and 1% coated aluminum strip as shown in Figure 1 below.
Y (in.)
2

1

0

1

2

3

4

5

X(in.)

Figure 1. Coordinate System used for Measuring Thickness

xiv

8. Using a caliper, measure the thickness of the coated aluminum at each marked location and
record the thickness in Table 1 under the ‘Coated Aluminum Thickness” column. Take
measurements in order of coordinate system shown in Table 1.
9. Record the thickness of the aluminum (prior to coating application) in the column marked
“Uncoated Aluminum Thickness”.
10. To obtain the coating thickness at each coordinate point, subtract “Uncoated Aluminum
Thickness” from the “Coated Aluminum Thickness” and record in the last column of Table 1.
Table 1. .75% Coating Thickness
Coordinate
x
0
0
0
1
1
1
2
2
2
3
3
3
4
4
4
5
5
5
6
6
6

y
0
1
2
0
1
2
0
1
2
0
1
2
0
1
2
0
1
2
0
1
2

Coated
Aluminum
Thickness (in)

Uncoated
Aluminum
Thickness (in)

Coating
Thickness
(in)

.190
.23
.28
.195
.200
.26
.192
.197
.21
.193
.197
.198
.192
.198
.200
.192
.198
.200
.192
.195
.200

.16
.16
.16
.16
.16
.16
.16
.16
.16
.16
.16
.16
.16
.16
.16
.16
.16
.16
.16
.16
.16

.03
.07
.12
.035
.04
.1
.032
.037
.05
.033
.037
.038
.032
.038
.04
.032
.038
.04
.032
.035
.04

Results:
Fail Criteria: Coating thickness is < 0.005” or > 0.0105”
Pass Criteria: Coating is 0.01” ± 0.005”

Test Date(s): 5-17-22
xv

Test Results:
0.12
0.07
0.03

0.1
0.04
0.035

0.05
0.037
0.032

0.038
0.037
0.033

0.04
0.038
0.032

0.04
0.038
0.032

0.04
0.035
0.032

Performed By: Maria Muñoz
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Appendix D: Visual Test Procedure and Pictures
Team: F41
Test Name: Visual test of the UV coating inside the enclosure
Purpose: This test will help determine if the UV absorption of the coating noticeably affects images.
Scope: Test if coating on the enclosure will visually affect an image in UV.
Equipment:
•
•

Completed Enclosure with applied coating
UV Camera

Hazards: (list hazards associated with the test)
None
PPE Requirements: (e.g. safety goggles, respirators)
Masks
Facility: Cal Poly, Grotto Lab 13-201
Procedure:
1) Setup enclosure with the UV camera looking into the opening. Adjust the mirrors of the
enclosure so that the camera can get a clear picture through it. Point the enclosure at a
subject. The subject of the photos doesn’t matter, as long as it is kept constant throughout
the test.
2) Light the scene with a UV light.
3) Use the UV camera to take 10 pictures of the object looking through the enclosure, make
sure the coating is facing outward and not inside the enclosure.
4) Flip the side panels so that the coating is inside the enclosure, then repeat step 3 and take
some more pictures of the object with the UV camera. Make sure that the enclosure is
relatively unmoved between both shots.
5) Collect the pictures and compare them between each other for any changes between the
UV absorbing coating and control.
Results:
Visually inspect the pictures to see if there is a noticeable change with the UV absorbing coating. The
comparison is purely subjective, there is no numerical data collected in this test.
Test Date(s): 5-23-22
Test Results: Small improvements in light reduction. More testing required for more conclusive data.
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Test 1

Test 2

Test 3

Test 4

xviii

Test 5

Test 6

Performed By:
Victor Dekhtyar, Maria Muñoz, David Cortez
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Appendix E: Matlab Image Comparison Script
Written by: RJ Macaranas
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Appendix F: DVP&R
DVP&R - Design Verification Plan (& Report)
Project:

F41 UV Space Imager Enclosure Coating

Dr. Amro El Badawy, Dr. Eltahry Elghandour

Sponsor:

Edit Date: 5/24/2022

TEST PLAN
Test
#

Specification

Test Description

Acceptance
Measurements
Criteria
Absorption between 250- Peak between
400 nm wavelengths at 5 250-400 nm
nm increments.
wavelengths.

TEST RESULTS
Required
Parts Needed
Facilities/Equipment
Cal Poly Bldg 13-114. Film (CP), Film
UV-Vis (Genesys 10S holder
UV-Vis)
Spectrophotometer

Responsibility

TIMING
Numerical Results
Start date Finish date
4/26/2022 5/5/2022 Peak UV absorbance of 2.345 at 375
nm for 0.75% concentration.

Test absorption of coating (film)

Coating Thickness

Measure thickness of the applied epoxy Even thickness across
coating, make sure it is an even
the aluminum sheet
application.

coating is 0.01"
± 0.005"

13-201 lab potentially Calipers,
has a film spreader
coating on test
piece (CP)

Maria

5/16/2022 5/16/2022 coating had an average thickness of
.0459". High spot of .12" low of .032"

Coating thickness did not meet
the pass criteria. To apply a
more unifrom thi coating , iIn
the future it should be applied
to panels before water jet.

Tensile Test

Test elastic properties of coating

ultimate tensile strength,
elastic modulus

N/A

Composites Lab

test coupons (0,
0.5%, .75%),
tensile tester

David

5/16/2022 5/19/2022 Youngs Modulus Control 2.06 GPa.
Mixtures with ZnO nanoparticle Youngs
Modulus >20 GPa. Sigma ultimate
control 7.5 MPa. Sigma ultimate .25%
25 Mpa*. Sigma ultimat .5% 32 MPa*.
Sigma ultimate .75% 39 MPa*.

More samples would provide
more accurate data. Increase
cure time for epoxy. The ZnO
nanoparticles improved the
ultimat tensile strength.

Visual Test With UV
Camera

Test stray light reduction with and
without coating on test enclosure

visual confirmation of
stray light reduction;
Matlab program written
by grad student RJ
Macaranas comparing
the whiteness of both
images

stray light
reduced with
coating

UV camera

enclosure,
coating

Victor

5/16/2022 5/23/2022 The results were impossible to confirm A better camera would provide
visually. Using Matlab and comparing
a greater range in results, as
how far away each pixel of the image ours was only 2MP.
was from the color white, we found that
on average the UV coating images
were 0.0001% less bright in
comparison to the uncoated images

1

Maria

2

3

4

Notes on Testing

UV Absorption

UV absorption increase with
increasing ZnO concentration.
The 1% concentration coupon
began to completely block UV
light. The 0.7% concentration
provided best results.
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Appendix G: Final Project Budget

UV Space Imager Enclosure Coating
Project Budget
Descriptive Part Name

Vendor

Vendor Part Number

Project Part
Number

Qty

Material
Price

Tax Estimate

S/H Estimate

Total
Cost

1

$129.46

$11.33

$17.24

$158.03

Purchase

Purchase

Method1

Date2

Current
Location

24x36 6061 T6 Aluminum sheet for
enclosure

onlinemetals.com

21112

1301, 1302,
1303, 1304,
1305, 1306

0.01" aluminum roll

Provided by Dr. Elghandour

-

-

1

$0.00

$0.00

$0

$0.00

1" 6105 Aluminum T-slotted
framing for wall supports

McMasterCarr

47065T101

1400

1

$22.26

$1.78

$29.55

$53.59

team
3/9/2022
reimbursement

4x4 Mirrors

Amazon

-

1500

50

$20.99

$1.68

$0

$22.67

team
Composites
4/12/2022
reimbursement
Lab

Friction Hinge

Home Depot

-

1600

1

$8.00

$0.64

$0

$8.64

team
reimbursement

-

M3 Screws

Amazon

31161500

1601

6

$0.19

$0.09

$0

$0.00

-

-

M3 Nuts

Amazon

31161500

1602

6

$0.19

$0.09

$0

$0.00

-

-

team
$15.12
reimbursement

team
3/9/2022
reimbursement
-

-

Composites
Lab
Composites
Lab
Composites
Lab

Composites
Lab
Composites
Lab
Composites
Lab

1/4 in.-28 tpi x 7/8 in. Zinc-Plated
Grade 5 Fine Thread Hex Bolt

Fastenel

17003C

1700

8

$1.75

$1.12

$0

UV Camera

maxmax.com

XNiteUSB2S-MUV

1800

1

$168.00

$13.44

$6.52

$187.96

team
Composites
4/12/2022
reimbursement
Lab

UV Light Source

Amazon

365 SK68 UV Flashlight

1801

1

$12.99

$1.04

$0

$14.03

team
5/4/2022
reimbursement

West System 105 Epoxy Resin

Provided by Dr. Elghandour

-

2100

1

$0.34

$0.03

$0

$0.37

-

-

206 Slow Epoxy Hardener

Provided by Dr. Elghandour

-

2200

1

$0.03

$0.00

$0

$0.04

-

-

Nanomaterials

Provided by Dr. El Badawy

-

2300

1

$0.09

$0.01

$0.00
Spent/Allocated:

$0.00
$460.45

-

-

Budget:
Remaining:

$500.00
$39.55

1

sponsor, team reimbursement, or ME Pro-Card

2

blank if it is a planned purchase

-

Composites
Lab

Composites
Lab
Composites
Lab
Composites
Lab
Grotto Lab
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Appendix H: User Manual
UV Absorbing Coating

Safety Hazards
Many of the machined edges of the enclosure may cause a cutting hazard in the event of a fall. To avoid
harm while using the test enclosure, only adjust the enclosure when it is lying flat on a secure surface. If
the box does fall, be aware of any broken glass in the immediate area.

Pinch Hazard

Pinch Hazard

Pinch Hazard

Figure 1. Design Hazards
The UV light source used during testing can cause damage to skin and eyes if directly exposed for extended
periods of time. Only point the UV light into the test enclosure and avoid pointing the light directly into
anyone’s face. Do not look directly into the beam of light at close range, the UV light does not show much
intensity in the visual range because the emitted light is at higher energy. Do not assume that because
the visual light emitted is small there isn’t any light coming from the light source.
Camera holder
and safety strap
Hinge for
adjustable angle
Light is on, visible
light intensity low

Pin for height
adjustment

xxiii

Figure 2. UV light source and mount used for visual test.

Assembly Instructions
The enclosure for our coating is a relatively simple box. The following are detailed instructions for
how to properly assemble the box and operate it according to our tests. The first step, once all the parts
are acquired, is to file the edges of all the aluminum panels and extrusion to remove any sharp corners
and defects from the cutting process. Once the user is satisfied with the finish of the panels, they can
begin assembly by starting with the bottom base panel and placing bolts through the 4 holes in the corners
with the head of the bolt facing down and the threads sticking up.
Lens Cover
UV Camera

Top Panel
Mirror

Top Panel
Supports
Side Panel
Rear (Camera) Panel

Front Panel
and Mirror

Side Panel
Bottom Panel
Figure 3. Layout of all components of test enclosure

¼-28 Bolts

xxiv

Figure 4. The base panel with the bolts inserted from the bottom
Using pliers or a 7/16 wrench, keep the bolt in place while threading in the support extrusion. Repeat this
for the remaining three corners.
Wall supports threaded
onto the bottom panel

Figure 5. Base panel with all four corner supports
With all four corner supports attached, the user can now slide the side panels into the T-slots. Make sure
that all the panels are inserted with the UV coating facing inward. The panel with the camera should be
placed directly across from the panel with the mirror. To attach the camera, place the camera through
the camera hole, place the camera support on the inside face of the panel, and secure with the set screw.
Figure 6a shows a close-up view of the camera properly mounted to the inner surface of the rear panel.

Camera support
surrounding camera lens

Set Screw
Figure 6a. Close-up view of mounted camera on inner surface of rear panel
After the four side panels are inserted, the top panel can be placed over the enclosure and secured with
bolts. Figure 6b shows the test enclosure with all 6 sides fully attached and secured.

xxv

¼-28 UNF Bolts [(4) top,
(4) bottom]

T-Slot
Extrusion
Supports

Figure 6b. Enclosure with all six panels attached and secured with fasteners
With the enclosure assembled, the user can now attach the hinged panels. The mirror panel is secured to
the top panel and the plain aluminum panel is attached to the front panel with the angled mirror. Both
panels are secured using M3 screws and nuts. With those panels attached, the enclosure is now complete
and ready to be used for testing. Figure 7 below shows the fully assembled enclosure.

Figure 7. Fully assembled enclosure
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Maintenance
This enclosure is very low maintenance. There are only two recommended maintenance procedures.
Clean the mirrors to remove smudges.
1. Remove panel holding mirrors and place on flat surface
2. Pour small amount of acetone into paper towel and use paper towel to remove any smudges
3. Use a dry paper towel to buff off any residue
Apply epoxy to loosened hinge.
If the epoxy holding the mirror to the top panel fails, apply epoxy adhesive to reattach hinge.
1.
2.
3.
4.
5.
6.

Remove top panel and place on flat surface
Use an abrasive pad to remove any of the old epoxy adhesive
Prepare epoxy adhesive
Align the lens cover with the top panel and apply epoxy to hinge and panel surface
Secure hinge and lens cover in place using tape
Let cure

Replacement Parts
There are only three parts to this assembly that weren’t manufactured by our team. These parts are
detailed below along with the provider we used.
The UV camera was purchased from an online camera supply company Maxmax.com. They can be
purchased for about $187 shipped.
The mirrors used were ordered in the needed size from Amazon; however, any mirror would work if it is
cut to size.
The friction hinges were purchased from McMaster Carr for $4.64 each.
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Appendix I: Risk Assessment
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