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Brief statement of the problem
The overall goal of this project is to design a lightweight deployable thermal shield to protect space instruments and satellites from the sun’s heat. Thermal shielding requirements can lead to a need for large structures to adequately protect the hardware. As a result of the large structures, there is a problem with packaging the large thermal shield so that the object does not take up much space. 
 
Project definition, goals and objectives
 
The lightweight deployable shade seeks to reduce mass and complexity to make this machine easier to control and stow away. While in the space environment, the equipment can be exposed to temperatures around 450 degrees Fahrenheit. There are currently two mechanisms that exist today that are used to cool the systems. In- spite of how efficient these mechanisms work, there is still one issue: weight. The two mechanisms that are used to cool the systems are radiator systems with cooling lines and the physical use of shutters made of reflective material. The current radiator system requires a much heavier payload due to the cooling liquids and cooling lines. The cooling lines in this radiator system are used to transport the cooling liquid to proper areas of the thermal shield to keep everything within the desired temperature. In the shield's deployed state, it prevents a direct exposure to the payload surfaces and protects the outer surface of the structure when it is out in orbit. 
 
Method of solution within the stated constraints.
 
After lots of research, a conclusion was made to use a different material for the shield. The material used will be an Aluminized Kapton. This Aluminized Kapton will serve as a great material that is lightweight and strong enough for thermal protection. This material is durable as well, which is an incentive because stowing away this shield in a small area will be easier. This thermal shield will be designed with a strong core structure that will have a motor in the center. This motor will move up and down the center of the structure. When the motor is in the up position, the shield will be fully deployed, and when the motor is in the down position, the shield will be closed. There will be arms connected to this motor that will help support the umbrella-like structure to ensure that it is strong and stable. There will also be a code generated and processed to let the motor know when the umbrella-like structure is fully deployed and when it is closed. With this design and material, along with further research and knowledge acquired throughout the remainder of the semester, the development of the deployable thermal shield will be small and light enough to fit within the parameters set.

Significant results and conclusions drawn from results

After lots of research, and the analysis generated, the results of the design fit within the parameters given. The force analysis, and kinematic analysis was generated to ensure that the correct motor was picked to be used for the design. The motor that was chosen is called the LA56- Non-Captive Linear Actuator - NEMA 23. This motor has more than enough power to move the system up and down, which allows the system to open and close. 
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[bookmark: _Toc102650448][bookmark: _Toc102650661]1.	Project Scope	Comment by Paul Biney: Check the report formatting requirements in the project manual and format the report correctly . Chapter headings should be bold, centered and of a certain font size, etc.

	This project will cover the detailed design process completed by group nine in coordination with Ball Aerospace. Within the project scope the group discusses the various discoveries by Ball Aerospace. For these findings to be attained each device must be protected from the sun’s heat. The group is tasked with finding a solution in protecting the equipment that uncovers these new learnings. The project scope section will provide an overview of the problem statement, project goals, project objectives and project restraints. Once completed, the group will address the client identification and recognition of need regarding the device, the project's goals and objectives, and its potential impact on society.	Comment by Paul Biney: Fix the spelling error

[bookmark: _Toc102650449][bookmark: _Toc102650662]1.1 Problem Statement 
Ball Aerospace has played a key role in many scientific discoveries. They confirmed the first ozone hole as well as discovering the first Earth-sized planet in a habitable zone in orbit of another zone. Ball designed an ultrasensitive photometer for the Kepler mission. Figure 1.1 shows a picture of the Kepler space telescope [8], this provides an example of a payload that would need shielding. 


[image: A satellite in space
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Figure 1.1 Kepler Space Telescope.

They also corrected the Hubble Space Telescopes optics by designing COSTAR. For the WISE mission, Ball designed and built spacecraft to search for objects near-Earth and also designed mirrors and actuators that can operate in extremely cold temperatures for the James Webb Space Telescope. For all these missions, Ball needs to protect its payloads from radiation from the sun. To do this, thermal shielding needs to be put in place.

The Concept of the thermal shield is not a new topic in the aerospace industry. The biggest obstacle when creating the shield is size and weight. The shield also needs to be stored then deployed once in orbit. Lastly, the shield needs to be built with a system that allows it to be applied to payloads of various sizes. To summarize, the task is to develop a large lightweight deployable thermal shield that can be stowed into a small volume for the launch ascent then be deployed to unfold into a large structure to provide thermal protection to payload components.

[bookmark: _Toc102650450][bookmark: _Toc102650663]1.2 Client Identification and Recognition of Need 
[bookmark: _heading=h.ped9h4sm96dc]	This section will identify the potential customers for the design. The design will be evaluated on its usefulness and the segment of population or industries that can potentially use the design.

[bookmark: _Toc102650451][bookmark: _Toc102650664]1.2.1 Client Identification

The goal of this project is to design a lightweight deployable thermal shield to protect 
space instruments and satellites from the Sun's heat. While in space satellites and other equipment can be exposed to temperatures upwards of 260°F. Currently, two mechanisms are used to cool the systems. Radiator systems with cooling lines, However, these are limited due to weight and potential maintenance. The second requires the use of physical shutters made of reflective material. According to the Union of Concerned Scientists, there are over 6,542 satellites; 3,372 of which are active. About 72 countries have space programs focused on exploring and gathering information. Lockheed Martin, Northrop Grumman, Raytheon, Ball Aerospace, Spar Aerospace, NASA, and Space X are a part of a long list of companies producing spacecraft and equipment. These companies would represent the possible clients looking to purchase a thermal shield to protect spacecraft.
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The current problem that ball aerospace faces is dissatisfaction with the size, weight, and complexity of its current cooling systems. When creating space instruments every pound counts. The current radiator system requires a larger and much heavier payload due to the cooling lines and cooling liquids. The more weight that can be saved in the cooling system allows the designers to better design and improve the instrument itself. The thermal shield needs to be a simple system that can be triggered to deploy. It needs to be adaptable and scalable in shape and size. The system will remain within the target width and have adjustments accurate to the nearest degree. In its deployed state it will need to be able to prevent direct sun exposure to payload surfaces. The actuator system will be simplified to make the system simple. 

[bookmark: _Toc102650453][bookmark: _Toc102650666]1.3 Project Goals and Objectives 

The goal of the project is to create a deployable thermal shield that satisfies the listed requirements and guidelines:

1. The architecture and expected performance of the working device.
2. Minimizing the mass of the working device.
3. Easy deployment accessibility. 
4. An understanding that if our target dimensions increase or working device dimensions should also increase. 
5. Stowed height should never exceed payload height. 
6. A possible extension in a deployed state. 

To attain these requirements the desired result for the lightweight deployable thermal shield is to reduce the mass and size of the working device while allowing for our instrument to be universal to multiple variations and sizes. 

[bookmark: _Toc102650454][bookmark: _Toc102650667]1.3.1 Design Objectives

The objectives of the design of a deployable thermal shield that satisfies the previous requirements are:

1. Deployable shade length is maximized.
2. Stowed shade height does not exceed payload height.
3. Capable of having a controlled deployment
4. Capable of withstanding launch conditions.
5. Capable of withstanding high temperatures
6. The mass of the design is minimal
7. Thickness of device is minimal in its stowed state
8. Capable of having an open section for payload sensor field of view
9. Complexity of the design is minimal

Table 1.1 shows a list of design objectives in sets of higher and lower level objectives. The design objectives were broken up into different categories to describe the design of the deployable thermal shield.

Table 1.1: List of Design Objectives in Sets of Higher and Lower Level Objectives.

	Performance
	Reliability 
	Economical 
	Convenience

	Deployed shade length is maximized

Stowed shade height does not exceed payload height

Capable of having a controlled deployment
	Capable of withstanding launch conditions

Capable of withstanding high temperatures 
	The mass of the design is minimal

Thickness of device is minimal in its stowed state
	Capable of having an open section for payload sensor field-of-view

Complexity of the design is minimal



Figure 1.2 shows the objective tree of a lightweight deployable thermal shield. This objective tree was broken down into subsections to show its performance, reliability, economical impact and convenience of the product.


Lightweight Deployable Thermal Shield Design
Performance 
Reliability
Economical
Convenience
Deployed shade length is maximized
Stowed shade height does not exceed payload height
Capable of having a controlled deployment
Capable of withstanding high temperatures
Capable of withstanding launch conditions
Thickness of device is minimal in its stowed state. 
The mass of the design is minimal.
Complexity of the design is minimal
Capable of having an open section for payload sensor field of view 

Figure 1.2: Objective Tree of a Lightweight Deployable Thermal Shield.
Table 1.2 shows a list of objectives measured and its unit of measurement. This table provides a list of the objectives titles, measurement titles, how the parameters are referenced, and units of measurements for the thermal shield.

Table 1.2: Objectives Measured and its Units of Measurement.
	Objective
	Measurement 
	Parameter
	Unit

	Reliability 
	Instrument Material
	Thickness
	

	Configuration
	Size of Thermal Shield
	Mass, Volume
	, 

	Atmospheric Parameters
	Environmental 
	Temperature 
	℃

	Stability 
	Structure Stability
	Deployed Stiffness/Stowed Frequency
	Hz

	Size Variations
	Instrument contact
	Height
	



Still did not make the requested changes for the third  time.
[bookmark: _Toc102650455][bookmark: _Toc102650668]1.4 Potential Impact of Project on Society (global, national, local).

Heat shields are essentially used as the brakes to stop spacecraft burning up and crashing on entry and re-entry into a planet's atmosphere. There are multiple designs in the world that utilise centrifugal forces to stiffen lightweight materials to prevent fires and damage to spacecrafts and satellites in orbit.
What is the impact on society? That has not been answered. Still not addressed for the second time.

Current spacecraft heat shield methods include huge inflatables and mechanically deployed structures that are often heavy and complicated to use. The impact of these thermal shields are very significant when it comes to the overall protection of the payloads, and structures that go into the space atmosphere. As technology grows and innovates, it is imperative that the overall design of the thermal shields are lightweight. Because of the different temperatures and constraints in orbit, heavy shields could cause safety issues during take offs and returning space instruments. 

The impact on society may not be seen in our everyday lives. A heat shield is capable of protecting a payload allowing for various companies to attain new knowledge. This not only allows for growth scientifically, but it gives society a better vision of the world around them. 

As a result, the overall objective of the project is to develop a thermal shield that is lightweight and easily deployable. As stated earlier, lightweight objects provide higher safety satisfaction, and when a product is easily deployable, there is a significant decrease in room for error. The overall structure has to be small, so that it can be stowed out of the way of other objects as well. With multiple deployments, the thermal shield will be able to provide protection over the payload on multiple occasions in the event that the payload has to be moved while in aerospace orbit.


[bookmark: _Toc102650669]1.5 	Initial Project Constraints and Operating Environment

Table 1.3 contains a list of the project constraints for the lightweight deployable thermal shield. These constraints will be used as a guide for the fall and spring semesters of 2021 and 2022 respectively, as the development process goes on.



[bookmark: _Toc102650457][bookmark: _Toc102650670]1.5.1 	Initial Project Constraints

Table 1.3: Initial Constraints for Lightweight Deployable Thermal Shield. 	Comment by Paul Biney: Bad page break, bad font size, bad formatting,
	No.
	Requirements
	Values
	Description

	1
	Number of Sides
	4,6, or 8
	Capable of being adaptable to various payload form factors.

	2
	Width
	15-60 inches
	The width should fall within the given parameters.

	3
	Height
	(0.5-1.0) inches
	For the given payload width how does the height affect the design?

	4
	Payload Field of View
	One side unobstructed
	N/A

	5
	Shade Deployable Angle
	0-90 degrees
	The deployed angles should fall within the given parameters.

	6
	Shade Deployable Angle Accuracy
	+/-1 degree
	Angle Accuracy should be within at least 1 degree

	7
	Keep Out Zones
	N/A
	Areas that are located outside of the appropriate structure.

	8
	Shade Deployable Stiffness
	First mode vibration frequency >2.5 Hz
	Structure vs Membrane (if applicable)

	9
	Shade Stowed Frequency
	First mode vibration frequency >35 Hz
	Shade stowed frequency should not be smaller than 35 Hz.




Table 1.3: Initial Constraints for Lightweight Deployable Thermal Shield (Cont). 

	No.
	Requirements
	Values
	Description

	10
	Thermal Protection
	0 -(90- b/2) degrees where b is the deploy angle
	Shade shall prevent sun illumination on payload surfaces. Min requirement is that shade has to block rays up to being perpendicular to shade deploy angle.

	11
	Shade Material
	1 Layer of Aluminized Kapton,  0.005-inch thickness
	Shall meet the thickness constraints.

	12
	Shade System Mass
	No more than 50lb
	The system mass of the thermal shield should have as little mass as possible.

	13
	Number of Deployments
	Must Withstand 50 Deployments
	The number of Deployments shall be equivalent to the value provided in table 1.3

	14
	Deployment Temperature Range
	-60 C to +60 C
	The temperature should meet the following parameters given for proper operation.

	15
	Operational Temperature Range 
	-60C to +70 C
	The temperature range falls between -60C and +70C to keep warm air constrained to the proper temperature.








Table 1.3: Initial Constraints for Lightweight Deployable Thermal Shield (Cont). 

	No.
	Requirements
	Values
	Description

	16
	1-G Deployments
	Offloaded for 1-G testing
	Does not have to be self-supporting for ground testing, although it is beneficial

	17
	Vacuum Compatible
	Components shall be vacuum compatible
	Don’t need the initial prototype to use flight- materials/ components, need to show traceability.

	18
	Foreign Objects and Debris (FOD) 
	Can’t eject materials, everything needs to be contained
	N/A

	19
	Compatible with AIAA S-114-2005
	Comply with applicable statements. All requirements must meet the standard
	Moving Mechanical Assemblies

	20
	Payload Structure Contact 
	Contact with payload structure is acceptable
	It is acceptable to have contact with the payload structure.












Figure 1.3 shows a non-continuous shade surface. This figure is an indefinite representation of the zones that were mentioned in No. 7 of Table 1.3. In the figure, there is a small gap that lies between the surrounding “umbrella-like” representation. The small gap displayed within that figure would be considered a keep-out zone.

[image: Shape

Description automatically generated]

Figure 1.3: Example of Non-continuous Shade Surface.


[bookmark: _Toc102650671]1.4.2 Operating Environment

The lightweight deployable thermal shield must be able to be incorporated onto a space instrument or bus, to meet the design requirements. The large lightweight deployable thermal shield shall be able to be stowed into a small volume for the launch ascent. This thermal shield shall be operational in an outer space environment and should meet the constraints that are listed in table 1.3 to be able to withstand the differences in gas molecules, temperature, and pressure difference.
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7 Conclusion and Recommendations
[bookmark: _Toc102650509][bookmark: _Toc102650722]7.1 Conclusions

The deployable thermal shield that is being developed has come across many different issues in order to be an actual viable product that can be used in space missions. The boundaries that are given to the team are for it to be lightweight, deployable remotely, and capable to be adjusted. The team is supposed to design the product so that it can be scalable to different missions and protect the payload from damages caused by exposure to the sun. The team overseeing the project has had variations from the past as examples on how to improve the functionality and durability of those shields currently in the market. Details for a specific payload have not been given but the standard operation and the ability to be modified are desired functions. The teams conducted research on different types of materials that can be used to protect the payload and different types of mechanisms that will allow the shield to deploy or adjust the angle of projection. 
The team has had research and feedback from manufacturers and the project sponsor in order to meet the standards that are required. There has been a breakdown of how to approach the build of this project that spans over the course of two academic semesters. The first semester is dedicated to the design and organization process for the build. The second semester is dedicated to the fabrication and testing of the project. Through literature review, examples of previous attempts and older models, and feedback from company representatives have allowed the team to have a foundation of the approach for the deployable thermal shield.
The team currently is in the second half of the second semester and will commence with the design choice and modifications of the chosen project. Through 3D cad modeling and hand calculated force analysis, the decisions to choose the material and motors necessary for function have been decided.
There have been obstacles related to vague information left open to interpretation which has left the team with the capability of designing a product that can be altered and built for more than one shape. Multiple versions will be designed and to be decided upon by the group as to which is the most efficient and functional to move forward with. The project is in the building phase, with calculations and modeling complete, the build of the project and its physical analyzation will be the following steps for the group. 
The things that went well with the deployable thermal shield revolve around the purpose of the design; does it protect the payload from the Sun? The mechanism has a design that is capable of completely covering the payload structure and allows for the opening and closing of the mechanism. There were many difficulties revolving around the design, that of which being creating something to protect an arbitrary shape. Given that there was no given payload, creating something that is protective, and sturdy became an issue when there were no ways to secure our structure to a payload without knowing what possible approaches and constraints the actual payload will have. The major accomplishments in the design come with the ability to open and close, being light weight and remote motor controlled, and capable of fitting multiple sided payloads. Finding the necessary forces to create the motion within our structure and allowing for the structure itself to hold down the payload are what allows the design to meet the company requirements. Overall, the mechanism is capable of doing what is required, and will be able to protect the equipment in space therefore, prolonging its life expectancy.




[bookmark: _Toc102650510][bookmark: _Toc102650723]7.2 Recommendations

1. What went well with the project?
· For the project, the communication and brainstorming were a foundational value that added to the success of the project. Being able to communicate with the company later on in the year allowed for the team to design a compatible device that would satisfy all the required functions. 
2. The difficulties and problems encountered.
· There were difficulties with coming up with specific designs for a project with such arbitrary parameters. Not having a defined payload left a lot of room for interpretation but the team was also restricted by finances. There is not a large budget provided by the university in order to manufacture different builds. Some of the issues had to do with the university and the lack of response time for finances, and lack of response time for the graded reports. There were many instances where reports were turned in after being asked to be adjusted, but did not receive the acknowledgment of adjustment. This left the team with many weeks of trying to figure out what issues were there in reports preventing the purchase or materials or advancement to the next steps. Also, the 3D printing provided by the university is limited. There are many projects to be completed and a limited number of printers, thus adding to the time of completion. 
3. What should be done to improve the design.
· In order to improve the design, the team would benefit greatly from having access or more definitive research on previous examples of deployable thermal shields. Being able to recognize and see firsthand some of the issues would allow for an earlier response to these problems rather than figuring them out during the design or manufacturing stages. There has been more involvement from the sponsoring company and that has helped the team greatly, having this sort of guidance and assistance from the sponsor from the beginning would allow for a better understand of what the company needs. Also for this design, there it would benefit the deflection created by the lead screws if there is a track that allows for a sturdier structure. There are additional parts that could be added such as fissure couplets to certain areas of connecting points such as the lead screw to the motor in order to account for any misalignment. Instead of having a lead screw directly attached to the motor, having a coupler that can be manipulated will preserve the power and help with any vibrations that may be conducted during the outside conditions during function use. 
4. What changes you would like to see made in the senior project design course. 
· A fundamental issue with the course has to do with the layout of how the projects are to be organized and timed. There are a lot of steps that seem to be backwards and because the class is so technical, the team did not receive any real conclusion to a satisfactory design until the very end of the first semester. There should also be a better understanding of the project by the course leaders. An organized number of finances should be readily available. The teams should be encouraged to purchase and manufacture parts in the first semester of the course so there would be more time for design correction. 
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