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[bookmark: _Toc143868234]Project 1.	SAE Baja Competition
[bookmark: _Toc80705515][image: A person in a go kart

Description automatically generated with low confidence]Off-road vehicle design and manufacturing 
Client: Baja Competition Society of Automotive Engineers (SAE)
Advisor: Chris Bachman

Description/Scope:  The Baja SAE Senior Design Team optimize the 4WD drivetrain system. This includes optimizing the 4WD chain tension, modifying the weights and spring within the CVT, and will design a CVT cooling system. The Baja 4WD car currently exists but is unable to operate for long periods of time or to traverse up steep hills. The senior design team will deliver a working system within the fall semester. The senior design team will optimize the system through vehicle testing with instrumentation on the drivetrain system.
Student Capabilities and Interests: Vehicle dynamics, mechanical design, kinematics, finite-element analysis, manufacturing.

Industrial Sector/Technologies: Automotive, machine design, manufacturing

Background:   The Baja Society of Automotive Engineers (SAE) Senior Design team, in collaboration with the current Baja SAE club, is tasked with the design and development of a four-wheel drive off-road vehicle that will compete against many teams from universities around the world. The Baja SAE competition is an event with various course challenges where teams from different schools put their engineering skills to the test and build off-road vehicles to compete with. 

Team Composition/Special Notes:
Members of the SAE Baja Club will be given preference to join the Baja Senior Design Team.  
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[bookmark: _Toc143868235]Project 2.	Robosub Competition 
Autonomous Underwater Vehicle Robotics Competition 
Client:  RoboNation Robosub Competition
Advisor: Mike Thorburn 
[image: ]Description:  Design and integrate a robotic system to compete in the Robosub competition.
Background:  The Robosub Club at Cal State LA builds autonomous underwater vehicles (UAVs) each year for the international Robosub competition.  In the competition, the UAV will be required to complete a series of tasks that may include detecting and passing through a gate, identifying and touching buoys, dropping markers, manipulating or deploying objects, and surfacing at desired locations.  
The project is big and complex and involves many technologies including the design, analysis, integration, and testing of the robot's mechanical and electrical systems and its many software functions.  The senior design team works with experienced students and advisors from the Robotics Laboratory and the club.   
[image: ]Skills/Learning:  The Robosub systems include structures, propulsion, communications, power, telemetry, command and control, computer vision, navigation, and many task specific payloads.   Interest and skills in robotics systems are important.   There is opportunity to learn a variety of technologies.
Team Composition:  The senior design teams are drawn from EE/ME and from the CS programs.   Membership in the Robosub club is important.  Competition is at the end of July and participation in the competition is an important part of being on this team.  New members are welcome.
Special Notes:  Please check out the Team website for more information:  https://www.robosubla.com/. 
Remember, team members should plan on supporting the Robosub competition in late July 2024.




[bookmark: _Toc143868236]Project 3.	ASHRAE Competition
Client: Sao Paulo, Brazil – Three Story Structure with Basement Level Library
Advisors: Chet Dik & Mohammad Shaikhsaheb
Description/Scope: 
[image: Text

Description automatically generated]The student design competition guidelines provide enough background information to enable the teams to design or select the HVAC system for the given building, or to design a sustainable building implementing an integrated building design process (the architectural and building design for sustainability, and its supporting mechanical and electrical systems) for the given program.
The Setty Family Foundation Net Zero Energy Design competition's aim is to encourage students to extend their knowledge beyond the core mechanical systems. Mechanical and Electrical Engineers will work together to define the requirements for a design for the building and will create their own selection of equipment to create a Net-Zero design that helps create a center for the community while showcasing their knowledge on building requirements with assistance from the advisors. 

Background:
ASHRAE sponsors these competitions to encourage students to become involved in a profession that is crucial to ensuring a sustainable future for our Earth – the design of energy-efficient HVAC systems. ASHRAE will recognize the outstanding student design projects at the 2025 ASHRAE Winter Conference scheduled for February in Orlando, Florida, United States of America.

Skills (Required/Learned)
ASHRAE helps apply the skills learned throughout the year to understand load calculations, energy calculations, heat and thermal exchange understanding of building envelope, and other requirements for building design. Advisor will help explain the different available types of systems and explanation of systems to utilize cooling, heating, energy creation, and other requirements needed for a building design in Revit/AutoCAD and utilizing Trace/IES to calculate building load requirements. 

Team Composition:
It is recommended to have 4-5 Mechanical Engineers per ASRHAE Senior Design Competition Team. Mechanical teams can be paired up with 4-5 Electrical Engineers to create the net-zero energy creation through different design systems to create a Net-Zero Building Design. 

Special Notes:
CSU LA is competing against international universities from all over the world to create the best possible design for a building and create a note. 2023 Design Team with 5 Mechanical and 3 Electrical engineers captured 2nd in the ASHRAE Senior Design Competition for last year’s building design in Cairo, Egypt. We look forward to help capturing another win for CSU LA! 


[bookmark: _Toc143868237]Project 4.	ASME Unmanned Aerial Systems Competition
Student Unmanned Aerial Systems Competition 
Client:	ASME Club (Mike Thorburn, ASME Club Advisor)
[image: ]Advisor:  Bob Dempster
Description/Scope: To build, along with the ASME club, an autonomous drone to compete in the California Unmanned Aerial Systems Competition at Mojave Air & Space Port.    The senior design team will be assigned specific subsystems to design and project tasks to complete.  The tasks may include aerodynamic structure design, telemetry, command and control system design, autonomous flight control, computer vision, design of a package carry and dispense system, power and thermal systems.   For the competition, there will be three categories evaluated.   
· Flight Demonstration
· Most Innovative Design
· Best Design Simulation
While schools and clubs may enter the competition in selected categories, the Senior Design teams must enter all three categories.

Background In 2024, the ASME club at Cal State LA is going to build an autonomous drone for entry in the California Student Unmanned Aerial Systems Competition, to be held at the Mojave Air & Space Port.   The competition will require that the drone navigate way points, avoid obstacles, and deliver a package to a target – all autonomously.   
Skills/Learning:   Team members will be sought with interest in electromechanical design of drones, control systems and design, autonomous control design, waypoint navigation, object detection, classification and localization, computer vision.    Skills in CAD modeling and in simulation will be developed.
Team Composition: A mix of students, with different backgrounds, is sought.  The project needs EEs, MEs and CS students. Membership in the Cal State LA ASME club or, alternatively IEEE or ASM clubs is encouraged.
Special Considerations
Students will join the Cal State LA chapter of Academy of Model Aeronautics and will need to invest the time in learning how to fly model aircraft.  The competition is scheduled to be held in Mojave on June 22, 2024.   Members of this team should plan to participate.


[bookmark: _Toc143868238]Project 5.	3D-Printed Fixed-Wing Aircraft Competition
[image: ]Lead Advisor:  Everardo Hernandez
Client:  CSU 3D-Printed Fixed-Wing Aircraft Competition
Description/Scope:  In this project, students will use design and fabricate, using 3D printing technology, airplanes.  The planes will need to be lightweight; the designs will need to maximize performance given manufacturing and material constraints.   Student teams will leverage modern digital manufacturing technologies. 
Background:  Cal State LA hosted the 1st CSU 3D-Printed Fixed-Wing Aircraft Competition in May 2023.    We will host a similar event in 2024.  This senior design project will be to design entries suitable for this event.

[image: ]The airplanes can be any size but will need to satisfy strict manufacturing conditions.    All airframe components including all aerodynamic surfaces and control surfaces, must be printed using a purely (not hybrid) 3D printing technology.   (Propellers will be commercial off-the-shelf technology.)
For the competition, three categories will be evaluated.   
· Longest Duration
· Most Innovative Design
· Best Design Simulation
While schools and clubs may enter the competition in some or all categories, the Senior Design teams must enter all three categories.

Skills/Learning:  Solid modeling and 3D-Printing skills are extremely important.  Aeronautical design, Control Systems, Simulation, Radio communications and control.
Special Considerations
Students will join the Cal State LA chapter of Academy of Model Aeronautics and will need to invest the time in learning how to fly model aircraft.   The competition is scheduled to be held on Cal State LA campus on May 18, 2024.   Members of this team should plan to participate.


[bookmark: _Toc143868239]Project 6.	AcroBot – Robotic Trapeze Artist
Exploring the Physics of Acrobatics with a “Stickman” Robot
Advisor:  Kurt Sawitskas
AcroBots are autonomous robots designed to perform specific acrobatic feats.  Student teams will define, design and produce a working AcroBot to perform a trapeze act.  Students will master an understanding of the physics involved and develop a robotic control system with sensors and actuators to perform an acrobatic trapeze stunt.
[image: ]RequirementsFigure 1Disney's Stickman Prototype. Later developed into the Spiderman Stuntronics figure.

1. AcroBot must perform autonomously.
2. Each team will define the structure, sensor, actuators, grip, power supply and control system for their own AcroBot.
3. Each team will participate in cooperatively defining, designing and building the common trapeze, catch nets, and other collateral equipment.
4. Each team will define their “flight profile” and produce an artistic show of undefined length.  AcroBots are expected to grip and release the trapeze bar, swing on the trapeze for at least one cycle, flip and/or tumble to the catch net or pad.


Students will use integrated design and simulation tools (Solidworks, OnShape, Matlab, Simulink Multi-body) to explore, optimize, and define their robot’s performance before actual construction and testing.
Will your AcroBot perform a Back-Flip?  Maybe a Double Back-Flip?  Or, Jackknife?  What about a combination flip and twist?  There are many performances to attempt, and many more ways to design your AcroBot to accomplish the task!
Students should have an interest in robotics, sensors, physics, and simulation.  The team should have a mix of skills, including mechanisms, mechanical power calculations, solid modeling, battery power design, fundamental programming.
AcroBots will participate in a performance at the end of the second semester.  Teams are encouraged to add features to their AcroBot to facilitate an entertaining show with programmed lights and sound.
Reference: https://thewaltdisneycompany.com/disney-research-explores-physics-of-acrobatics-with-stickman-robot/  

[bookmark: _Toc143868240]Project 7.	Project Channel Islands – Off Grid Solar System
[image: National Park Service - Wikipedia]Client:	National Park Service (NPS) Channel Islands National Park
Advisor:  Ted Nye
[image: Solar panels on poles in a field

Description automatically generated]Description/Scope:  The team will design, build and deliver a new, modular solar power system to replace a water well electrical power system at Scorpion Cove on Santa Cruz Island.   The system must provide enough power to run the water pump and auxiliary equipment and must survive the harsh marine environment of the island for 25 years.   The system will be deployed and installed on the island by the team in June 2024.  
Background:  Over the past several years, Cal State LA has designed, built, and installed, solar power systems for elementary schools in Oaxaca (in southern Mexico) and for a park ranger stations on the Channel Islands.    In the schools, the electricity from solar power is used to drive new computer labs.  Seek students with a high interest in sustainable energy.
Skills/Learning:   You will learn about electromechanical design and fabrication, small facility electrical infrastructure, reliability analysis, and solar power engineering.
Team Composition:   Ideally the team will have 2 EEs and 8 ME (or Engr Tech) student members. 
Special Requirements:  Furthermore, students must be able to travel to the Channel Islands and back for the installation.  (The cost of the trip will be paid for by the sponsor.)    A critical part of this project is the installation of the system in the Summer 2024.





[bookmark: _Toc143868241]Project 8.	Electric Car Battery Development
Model and test battery package for electric vehicles
Advisor: Masood Shahverdi
Description/Scope:  
1.	Develop a test plan for cell characterization.
2.	Collect pulse charge/discharge test results.
3.	Build an electric circuit equivalent model in Simulink.
4.	Forecast the cell's performance using the Simulink model and compare it with the test results.
5.	Determine pack requirements, including power, energy capacity, voltage, and architecture.
6.	Scale the Simulink model to pack level using the specified number of series and parallel cells required by the pack.
7.	Design and test state of charge and state of health algorithms.

Student Capabilities and Interests: Electric vehicles, electrical design, lithium-Ion battery test and modeling.
Industrial Sector/Technologies: Automotive, lithium-ion battery

Background:   The project is a new student competition at Cal State LA aimed to design, build, test, and integrate an advanced EV battery pack into a production vehicle. Kicking off in Fall 2023, the three-year competition will provide an immersive hands-on learning experience for students to gain valuable engineering, manufacturing, and battery testing skills that transcend the classroom environment.

Teams will follow real-world industry milestones focused on battery design, simulation, controls development, testing, and vehicle integration and demonstration. Participants will also learn valuable project management, communications, teamwork, and problem-solving skills that will provide them an unparalleled educational experience and prepare them for future careers throughout the battery industry.

Team Composition/Special Notes:
Members of the IEEE association, students passed EE 5320 class, and students with background in battery and Simulink will be given preference to join the EE Senior Design Team.  

[bookmark: _Toc143868242]Project 9.	Battery Development: Thermal Management 
Advisor: Mario Medina	
Background: The project is a new student competition at Cal State LA aimed to design, build, test, and integrate an advanced EV battery pack into a production vehicle. Kicking off in Fall 2023, the three-year competition will provide an immersive hands-on learning experience for students to gain valuable engineering, manufacturing, and battery testing skills that transcend the classroom environment.

Teams will follow real-world industry milestones focused on battery design, simulation, controls development, testing, and vehicle integration and demonstration. Participants will also learn valuable project management, communications, teamwork, and problem-solving skills that will provide them an unparalleled educational experience and prepare them for future careers throughout the battery industry.

Description/Scope: Student members will design, build, and test a cooling system for a module-level battery pack. The team will perform trade studies for various cooling systems and adopt an appropriate strategy. Ideally the team should validate their design choice with some analysis. They will find hardware and size components to reject heat while maintaining battery performance while considering packing and architecture. The end deliverable will be a working prototype of a robust cooling system. The system should be safe, reliable, and well instrumented. 
There is an opportunity to work on simulation-based testing to complement the physical model. 
Skills/Learning: Battery thermal system management, electrical vehicles, instrumentation and testing, heat transfer, thermodynamics, fluid mechanics.
[image: ]Special Requirements: This team will work closely with other students that make up the larger team including a student club and EE team.

[bookmark: _Toc143868243]Project 10 **. 	Boeing Spot Tag Generator
USA Citizenship Required
Client:  Boeing (Teo El Masri and Jonathon Fish, leaders)
Advisor:   Patrick Hartunian
[image: ]Description/Scope:  Develop a tool that can generate spot tags and photo cards for all instrumentation defined in the Boeing satellite master instrumentation list.    This requires the team to develop a computer program/script that takes information from our instrumentation list and creates the labels for each spot tag and photo card for all channels and create some sort of mechanism to apply Kapton tape to both sides of each spot tag (like current spot tag design shown in the slides). 

Background: Spot tags and photo cards are used to identify accelerometer locations that are placed on satellite hardware.    As such, they require specific orientation information and need to satisfy some spacecraft environment requirements, such as outgassing, so that they can remain in place through different test phases.  Such a device has the potential for substantial efficiency improvements as presently the process is done by hand.
Working Prototype Expectations: 
The intent of the working prototype is proof of concept and not a final product to use on flight hardware.
Skills/Learning:   This project requires skills across multiple disciplines (ME, EE, CS).  There will be some programming of the spot tag generator – so an ME or EE interested in improving their coding skills can replace the need for CS students.    You will learn about instrumentation and testing in a satellite manufacturing environment.  
Team Composition:  1-2 EE / 2-3 MEs, with flexibility depending on student interests.
Special Requirements:    USA Citizenship is required.






[bookmark: _Toc143868244]Project 11 **.	Aerospace Corporation – On Orbit Manufacturing
USA Citizenship Required 
Client/Advisors:  Aerospace Corporation
[image: ]Description/Scope:  Design a payload, to be hosted about the BCT X-Sat Venus Class bus, that will demonstrate a chain of 3 or more discrete operations that provide a capability important for on-orbit autonomous manufacturing in vacuum.   Deliverables shall include:
· A conceptual design identifying the key payload elements & showing how the elements fit within the payload volume for launch
· The Concept of Operations describing how the payload will be deployed & how it will perform the manufacturing operations
· A prototype of at least one key element of the conceptual design 

Background:   Why Manufacture in Space?  Traditional spacecraft terrestrially manufactured are exposed to significant mechanical loads coming from the launch vehicle, acoustics, and shock and vibration from separation, and engine shutdown.   Manufacturing in space may have significant advantages, including, enabling larger structures possible, which may offer unique capabilities over terrestrial spacecraft, increasing flexibility and responsiveness as new design paradigm possible, launch loads and environments do not need consideration, spacecraft design is not limited in size to the volume of the payload fairing and Lighter weight / low strength structures possible.  
Aerospace has developed a 10-year roadmap to deploy an autonomous, persistent orbital satellite factory. There are many milestones along the way, including complex demonstration missions we have targeted for 2028 & 2029. The ISAM Design Challenge is aimed squarely at those demonstrations; we want the students to design small sats that can perform a series of manufacturing operations in orbit.  Within that challenge, there is certainly room for students to conceptually design the mission, perform detailed design & analysis work in 1-2 select areas, and create some prototypes. Aerospace Corporation wants to sponsor/ mentor senior design projects because it helps us move towards our larger objective, we really enjoy the student engagement, and by mentoring senior design students we can learn what works well and what does not.
Skills/Learning:  
Team Composition:     The teams will primarily be composed of MEs with the possibility of some EEs.
[bookmark: _Toc111293230]Special Requirements.   Students must be USA Citizens. 

[bookmark: _Toc143868245]Project 12 **.	Aerospace Corporation:   DiskSat Dispenser
USA Citizenship Required
Advisor: Patrick Hartunian

Project Scope: Develop concept for a DiskSat dispenser. Build digital twin model of DiskSat and separation system to inform design of dispenser. Execute Monte Carlo separation analysis to show concept robustness to model uncertainties. 

[image: ]Background: CubeSats have proven to be a low-cost rapid acquisition platform to advance maturity of new space technologies. Demands for more power and instrumentations are set to outpace current CubeSat capabilities which require larger deployable solar arrays. To cater to future demands, a scalable disk-shaped spacecraft has been proposed to provide the necessary surface area to accommodate additional instrumentation and solar cells. In order to release multiple DiskSats into orbit a scalable dispenser consisting of retention, release, and separation mechanisms is required.  

Skills/Learning: Students will learn about multibody dynamic analysis, spacecraft separation, mechanisms.   Solid modeling and prototyping skills are important.
Team Composition:   2 teams each with 0-2 EEs, 3-5 MEs 
Special Requirements.   Students must be USA Citizens. 





[bookmark: _Toc143868246]Project 13.	Infrastructure Masons for a Digital Future
Client:	Infrastructure Masons (iMasons)
Advisor: J. Albright, B. Kleyman, C. Popp (Advisors are all from iMasons)
[image: ]Description/Scope:  Students will work directly with iMasons to develop a detailed proposal and budget to build the digital infrastructure needed to meet the expected market demand in the U.S. of a new digital application.   The team will determine whether the client can justify building its own infrastructure. You will determine how many data centers to build, where, and when, and then design and cost one. Your proposal will need to consider latency and app response time to maintain the user experience, cost and scale (for example, number of cores) of the hardware, availability of fiber connection, availability and cost of power, availability and cost of renewable energy, land cost and availability, different approaches to heat rejection/management, facilities efficiency, flexibility in the event the market forecast is inaccurate, and resilience in the face of interruptions of power, fiber connection, natural disasters, pandemic, etc.
Your team will present your final proposal to decision-makers. If the decision is made to build, your team would expand to lead the design, build and operation, moving you from being individual contributors to managing a large, diverse team working on a complex, high-budget, mission-critical project. Pretty exciting! So, you are motivated to make “building your own” a cost-effective option. At the same time, if management accepts your proposal, failure to execute within the budget would be career-limiting. Your proposal must be both cost-effective and realistic.
Background:   Infrastructure Masons (iMasons) is a global, nonprofit, professional association of individuals connected and empowered to build a greater digital future for all.   They are engaging with Cal State LA through their Capstone Initiative.  Throughout the year-long project, students work in groups with dedicated iMasons member mentors to design a nationwide digital infrastructure architecture plan to support the latency and bandwidth requirements and the projected growth of a mobile phone app. Once sites have been selected, students will design a data center on one of their selected sites.
Skills:   Computer/Electrical Engineering to model latency, develop telecom architecture, build power budgets, provide electrical distribution concept.   Mechanical engineers create HVAC plan, evaluate building and energy/sustainability designs.
Team Composition:    This project needs 4-6 EEs and 4-6 MEs for two teams.
Special/Unique Opportunity:
All Capstone students on the team are awarded a $2,500 iMasons Scholarship as well as access to a number of professional credentials, offered exclusively by DCD Academy.
[bookmark: _Toc143868247]Project 14.	Consumer Product Design
Advisor: Kurt Sawitskas
Product Design – Automated Appliance
The design and engineering of everyday products may be an overlooked career path that offers valuable experience in mechanical and electronics integration (Mechatronics).
This project will offer the opportunity to develop a competitive household appliance that will integrate mechanical and electronic disciplines, producing a reliable working prototype.  At first glance, an automated paper towel dispenser’s complexity could be underestimated.  This team will design a working prototype with the same features as the reference design.
The team will be expected to innovate from the reference design, in both style and construction.  Design goals are to find production methods that will allow increased production volume and reduce manufacturing costs.
[image: A hand holding a paper towel

Description automatically generated with medium confidence] 
Innovia Automated Paper Towel Dispenser.  Project Design Reference.
Students will use integrated design and simulation tools (Solidworks, OnShape, Matlab, Simulink Multi-body) to explore, optimize, and define the appliance performance before actual construction and testing.
DELIVERABLES:
The team will produce a working prototype, fabricated using 3D printing, sheet metal, and electro-mechanical components.  This prototype will have a high degree of finish and should be considered as the last step before production approval.
The team will produce written documentation for customers, including a User Manual, Mounting Templates.
The team will produce a product sales video and product setup/use video.


[bookmark: _Toc143868248]Project 15.	MathWorks Excellence in Innovation – Drones
Clients:  MathWorks & Cal State LA Controls Lab
Advisor: Mike Thorburn
Description
For students who are especially interested to build upon their modeling and simulation tools significantly as part of their senior design experience.    MathWorks has helped develop several projects to contribute to the progress of engineering and science by solving key industry challenges!
[image: A picture containing green, sand, sandy

Description automatically generated]Are you looking for a design or research project idea with real industry relevance? This is a list of inspiring projects based on industry trends. These projects help you learn about technology trends while becoming an important and valued contributor to the advancement of technical computing and Model-Based Design with MATLAB and Simulink. 
Our priority this year is to continue work in drones.     There are:
· Aggressive Maneuver Stabilization for a Minidrone
· Flight Controller Design & Hardware Implementation
· Sensor Fusion for Autonomous Systems
See:
MathWorks-Excellence-in-Innovation/megatrends/Drones.md at main · mathworks/MathWorks-Excellence-in-Innovation · GitHub
Scope of Work
Most of this work will be associated with designing drone controllers based on digital models of the drones.   We will want to take solid models created from Onshape or SolidWorks and turn them into physical models of a drone.   Then we will want to incorporate the electrical system design into the drone as well.   Once we have a reasonably good digital twin of the drone, we will begin designing the controllers and eventually testing them with drone hardware.
Skills
You need to be enthusiastic about modeling and simulation.    Skills in solid modeling and/or MATLAB/Simulink are very important.   Other tools, such as CFD, may also be of interest.
Team Composition
You can be either an EE or an ME but must have interests in control systems.

[bookmark: _Toc143868249]Project 16.	Product Design for LA City Department of Public Works – Sensor Deployment Structure for Automated Sidewalk Inspection System
Client:   LA City Department of Public Works
Advisor:   TBD
[image: ]
Description/Scope:   Design a mechatronic structure for the deployment and positioning of sensors as part of an automated sidewalk inspection system.    
Background:  The CS Department at Cal State LA has been developing an autonomous sidewalk inspection system for the LA City Department of Public Works for a few years.   They have been focusing on the algorithms and the sensor data.   At this point they need a well-designed electromechanical structure to support the sensors in a predictable and controllable way.   The structure needs to be reproducible, cost effective, reliable and maintainable.   It will need to support multiple configurations and must have a configuration suitable for transportation and storage.
Skills/Learning:  Solid modeling and prototype construction.    Development and testing of electromechanical systems.    Position feedback systems.
Team Composition:   The team is foreseen to be composed primarily of MEs and/or Tech students.  One or two EE students are needed for sensor and data logging systems design.



[bookmark: _Toc143868250]Project 17.	Innovative Asphalt 3D Printer
Advanced Materials and Manufacturing Laboratory (AM2L)
Advisor: Dr. Mohsen Eshraghi
Description/Scope
[image: 3D printing of asphalt and its effect on mechanical properties -  ScienceDirect][image: ]Project Description: The repair and maintenance of asphalt pavements, bridges, walls, and other infrastructure components require an efficient and precise method for applying crack sealant. Conventional techniques often lack accuracy, energy efficiency, and versatility, leading to suboptimal results and increased costs. There is a need for an innovative crack sealing process that combines precise application, energy efficiency, and adaptability to various repair and maintenance scenarios. This senior design project brings together a dynamic team comprising 3-4 mechanical engineering students and 1-2 electrical engineering students to collaboratively design, construct, and validate a state-of-the-art asphalt 3D printer. This groundbreaking technology aims to revolutionize road repair and maintenance by utilizing advanced 3D printing techniques to create durable, cost-effective, and precise road patches and overlays.

Team Roles and Required Skills:
1. Project Lead & Mechanical Designer: Responsible for project coordination, management of timelines, and ensuring the overall mechanical functionality and reliability of the printer.
· Skills: Project management, mechanical design, CAD software proficiency.
2. Manufacturing and Prototyping Engineer: Oversees the fabrication, assembly, and prototyping of mechanical components, ensuring precision and efficient manufacturing.
· Skills: Manufacturing processes, machining, rapid prototyping.
3. Electronics and Control System Designer: Designs the electronic control system governing the printer's motion, material deposition, and automation.
· Skills: Control systems, electronics design, programming (e.g., Arduino, microcontrollers).
4. Power and Energy Management: Develops an efficient power distribution system, selects suitable power sources, and integrates energy-saving mechanisms for sustainable operation.
· Skills: Power electronics, energy management, electrical systems.
5. Materials and Process Engineer: Tasked with identifying, testing, and optimizing the asphalt materials suitable for 3D printing, ensuring material compatibility with the printer, and exploring sustainable options.
· Skills: Materials science, material testing, process optimization.


[bookmark: _Toc112744188][bookmark: _Toc143868251]Project 18.	Einstein Telescope (Gravity Waves) – Cryogenic Suspension
Advisor:  Dr. Harry Themann
[image: ]Description:  Design of new suspensions for the main test mass mirrors of the three Einstein Telescope cryogenic detectors.
A collaborative design together with a number of other young scientists and engineers worldwide.
The design group will be doing REAL R & D with a worldwide collaboration of scientists and engineers. You will get to experience this world, you will learn to use cutting edge simulation software. You will present results to the Einstein Telescope collaboration. You will be competing with other groups, a successful design will be used in the telescope construction.
Last year’s group, led by Britney Gallegos, presented their work at the annual CSUL Research Symposium.
The 60 kg mirrors must operate at 20 to 30K and be suspended from what is essentially a 2 m long pendulum with soft hinges to filter out residual seismic noise and minimize the suspension thermal noise that they would produce.  The heat extraction is through the suspension themselves.
The dissipation properties of materials effectively limit the choice to monocrystalline silicon or sapphire for the structures, and low melting temperature metallic braze like gallium or indium for the assembly points.
The design, already ongoing, will have to be made with COMSOL (advanced simulation software) and a CAD package (SolidWorks or Inventor). The group will be working with other collaborators.
The group will have two tasks, 
1. study the internal resonances and optimize the shapes and deliver the resonance shapes and effective resonating masses to more senior collaborators that work on damping and controls.
1. study the thermal conductivity of the beams and flexures as a function of temperature to evaluate cooling times and working temperature given a specific heat loss in the mirror.
Task 1 will be the primary focus of the Senior Design Group. The resonances have been identified and now we need to optimize the suspension system to mitigate the effects of these resonances.
Task 2 is largely complete but as the design of the system in part 1 evolves the heat flow will have to be re checked.
If there is time a study of possible vertical springs will be necessary, but that is more complex, it will be in about one year and likely picked up by more advanced persons.
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