
 
 
 
 
 
 
 

 
 
 
 

Project Proposal and Feasibility Study 
Team 19: Vossler Design 

An integrated approach to a revolutionary visual experience. 
 

Dillon Carhuff 
Thomas Dykstra 

Connor Macdonald 
Aaron Tucker 

 
 
  

 



Team 19: Vossler Design 
 

Dillon Carhuff 
Thomas Dykstra 

Connor Macdonald 
Aaron Tucker 

 
 
 
 
 
 
 
 

Abstract 
This report represents our team’s first steps in our Engineering 339 Capstone project. We              

have accepted a project from Vossler Media Group of Kirkland, Washington, and the solutions              
we pose in this Project Proposal and Feasibility Study are the initial stages of our integrated                
approach to a revolutionary visual experience. As defined by Mr. Michael Vossler, we will be               
creating a modular screen system with the ability to adjust the height of individual modules, and                
Mr. Vossler believes that this will provide his audiences with a new form of mechanically               
assisted entertainment. To date, we have determined that this system will employ a linear              
actuation system to raise and lower a projection screen. The following document proposes our              
design as well as an assessment of this project’s feasibility.  
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1. Introduction 
The following Project Proposal and Feasibility Study (PPFS) is a representation of the             

goals, design considerations, and plan of action for the project undertaken by Team 19. While               
this project ultimately represents an academic requirement for our team members’ graduation,            
we are nevertheless committed to providing an efficient and effective solution to the problem              
presented by the Vossler Media Group (VMG). We recognize the effect our work will have on                
the reputation of VMG, Calvin College, and ourselves, and this PPFS reflects our first steps to                
creating our modular screen system. 
 
1.1 Course Context 

The Engineering 339 and 340 courses are the capstone for the Calvin College engineering              
degree, and this year long design project serves as the courses’ focus. The goal of this project is                  
to provide graduating engineers with real-world experience within the world of academia. With a              
project of this scope, we expect to encounter many of the problems that surround projects being                
performed in a wide variety of industries, and the solutions that we pursue should provide us                
with much-needed, practical problem solving experience. In order to better facilitate our path to a               
useful solution, our team has been assigned to be mentored by Professor Ned Nielsen through the                
course of this project. While the ultimate goal of the Engineering 339 and 340 courses is to arrive                  
at a final working system, this document represents the immediate goal of the Engineering 339               
course. The final grade of this course will be determined by this PPFS, but design work for our                  
modular screen system will be occurring simultaneously. Therefore, this document is the both             
the end result of Engineering 339 and the starting point for Engineering 340. 
 
1.2 Team 19 
1.2.1. Introduction 

In order to approach the problem given by VMG, we assembled a multidisciplinary team              
consisting of three mechanical engineers and one electrical engineer. Since the bulk of the              
system is mechanically oriented (see System Design and Engineering) the balance of three             
mechanical engineers and one electrical engineer is the ideal setup.  
 
1.2.2. Dillon Carhuff 

I am a senior mechanical engineering student from Lynden, WA. I’ve spent many             
summers working in maintenance at Lynden Christian Schools where I learned many different             
hands on skills. After graduation, I plan on continuing my education in pursuit of a degree in                 
Bioengineering.  I am still undecided if I will pursue a PhD or a Master’s degree.  
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1.2.3. Thomas Dykstra 
I am a senior Electrical and Computer Engineering Major with a Computer Science             

Minor from Kalamazoo, MI. I hope to enter the workforce soon after graduation with my heart                
set on Aerospace engineering. 
 
1.2.4. Connor Macdonald 

I am currently a senior mechanical engineering student at Calvin College. I am originally              
from the great PNW city, Seattle. I had the privilege of working for our client VMG this summer                  
back home in Washington for my internship. In previous summers, I was able to learn a lot of                  
hands on and practical skills in construction engineering for a company called DLW Associates.              
Throughout my early childhood and up to college, my parents pushed me to learn the piano. I                 
spent twelve years mastering anything from classical to jazz and improvisation. Some of my              
favorite hobbies and activities were spent outside while becoming an Eagle Scout for Boy Scouts               
of America. I loved learning practical first aid skills while enjoying God’s beautiful creation.              
Hopefully I can land a job next year back home in Seattle but no matter what, I am excited to see                     
what the Lord has planned for me in the future. 
 
1.2.5. Aaron Tucker 

I am a mechanical engineering student from Albuquerque, New Mexico. After graduation            
I plan to continue my education with a Doctor of Philosophy in Mechanical Engineering with a                
Biomechanical research focus. Eventually, I would like to work in the biotech industry as an               
R&D engineer. In my free time I run short sprints in track as part of our conference                 
championship winning team. 
 
1.3 Vossler Media Group  

Vossler Media Group is a hybrid production company and a creative agency fiercely             
focused on film and audio content. In words from the VMG website: “Combining technical              
excellence and innovative storytelling, we collaborate with brands and agencies to solve            
problems and shepherd your creative vision. Our team is a collection of Thinkers-Makers who              
are passionate about every detail of the production company.” Vossler Media Group is an expert               
in the field of visual technology, and we are excited to work with them for our Senior Design                  
Project. 
 
1.4 Acknowledgments  
1.4.1 Michael Vossler 

While this project is a Calvin Engineering Capstone requirement, this project would not             
have been possible without being first proposed by Mr. Michael Vossler. From the beginning,              
Mr. Vossler has been incredibly accommodating with his willingness to assist us both in our               
learning and our first true steps in engineering design. We are blessed and honored to have this                 
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opportunity, and we are committed to providing a high quality system that will benefit Mr.               
Vossler in his business endeavors. 
 
1.4.2 Professor Nielsen 

Due to the nature of the senior design class, we were assigned to be mentored by                
Professor Nielsen throughout the course of this project. We recognize the commitment required             
as the mentor of our group, and Professor Nielsen has been instrumental to the project process.                
We also wish Professor Nielsen a quick and easy recovery for the accident he suffered in                
November.  
 
1.4.3 Other Acknowledgments 

Finally, this team would like to thank all of the other people who have made this project                 
possible. The other senior design professors, friends, family, and fellow engineering students            
have all played a part in the progress of this project, and we are excited to continue under their                   
support in the upcoming semester.  
 
2. Problem Definition  
2.1 Product Vision 

We were approached by Vossler Media Group (VMG) this summer and asked to help              
design and create the modular screen system. Vossler has had a vision for a couple years to                 
implement these modular screens in different settings all around the world. Their goals for the               
project are to insert the screens in scenes as big as stadium-like settings, or as small as a single                   
screen on display in front of a store. The thought process behind the screens began when Vossler                 
wanted to invent a new form of visual technology in order to “wow” the audience. This visual                 
effect would help create an experience that would capture the audience's attention like never              
before. The only problem they had was the actual designing and building of the mechanical and                
electrical side of the project. Vossler Media Group would cover all of the visual technology side                
while we would help master and design the modular screen system.  

 
2.2 Project Selection 

Our group decided to take on this project for many different reasons. We were excited to                
work on a project that was the first of it’s kind and had never been done before. This modular                   
screen system will be at the forefront of the visual technology industry and be a revolutionary                
visual experience. Another big reason we accepted this project was because of the faith aspect               
involved. Vossler Media Group plans on specifically using this project for christian settings.             
These screens will hopefully help people draw closer to the Lord through their use in christian                
concert settings. We were taught in our senior design class to search for something we are good                 
at, something we enjoy, and something that we find value in. This project for VMG hits the                 
sweet spot for all three points.  
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2.3 Project Objectives and Parameters 

Vossler Media Group wanted a design that had several different requirements and            
parameters. Most of these can be seen below in the functional parameters. The following              
functional parameters represent the project as was proposed by VMG. For a more in-depth              
review of specifications see Tables 3 and 4 in Sections 4.1 and 5.2 respectively. It is important to                  
recognize that the system as presented by our client may not exactly match the specifications of                
the team, and the feasibility of certain parameters will be discussed in greater detail. These               
system parameters represent the desired results of the client with respect to the mechanical              
system. Visual content and the presentation thereof will be decided and provided by VMG.  

 
Table 1. Functional Parameters 

Component Description 

Screen 

- Screen must be compatible with current technology        
employed by VMG. 
- Screen must be adjustable to a specified set of ranges to            
provide a mechanical visual effect. 
- It is highly likely that the content will be displayed by            
means of a projector and the screen should be compatible          
with current projection technology. 
- Rear projection is the desired medium for content. 

Deployment System 

- The deployment system should be able to handle multiple          
deployments over a short period of time. 
-  System needs to be easily, yet accurately controlled.  
- Deployment should be quiet enough to prevent audience         
distraction (i.e. distraction in a concert setting) 

Housing 

- The housing should be robust but as minimal as possible.           
Stage footprint must be minimized. 
- Disassembly should be easy, but the mechanical system         
should be covered to avoid potential failure modes. 
- Housing size should also reflect an ability to easily          
transport the system. 
- Modularity will be a key functionality and a user should be            
able to easily assemble several systems in tandem. 

Control System 

- The deployment system needs to be controlled within a          
predictable degree of accuracy.  
- User interface should be easy to use with minimal training           
and should provide real time system information.  
- Control system should interface with other systems to         
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provide continuity.  

Aesthetics 

- The housing should be visually pleasing or and lack          
distraction from the screen content. 
- Deployment system should be as minimal as possible to          
reduce audience distractions.  

Cost 
- The system should be designed to minimize cost to the           
client wherever possible. 
- Cost in a manufacturing sense should not be considered.  

 
2.4 Approaches and Key Assumptions 

As this project is defined, the team recognizes that the solution could delve in many               
different directions. With that being said, the following descriptions present a key set of              
assumptions to be used as this team begins design of this system. 
 

First and foremost, this project is meant to be a unique solution to a unique problem. In                 
other words, this is not a product that is intended for mass production in any way. It is likely that                    
this system will be assembled on a need basis by employees of VMG, and therefore the design                 
will reflect components intended for human assembly and human modification. As a result, the              
cost and market analysis will not focus on a target market price, competition analysis, and               
manufacturing levels of production. It is a goal of this team to minimize system cost, but it is                  
assumed that should the client adapt this team’s design, he will be willing to accept the                
associated costs. This is assumption was made due to conversations with Michael Vossler as well               
the excellent capital condition of VMG.  
 

Second, it is assumed that VMG desires a complete design at the end of this project. The                 
goal of this team is to provide a modular screen system design that could be built and                 
implemented immediately. Therefore, it is of the utmost importance that a complete system is              
built by the end of this project instead of a starting prototype. While a complete system is                 
desired, it is also important to note that an entire modular screen system is likely outside of this                  
project’s scope. The final product will likely be comprised of one complete module as both a                
proof of concept and a starting point for VMG to build other modules. If it is determined that the                   
project scope will be expanded, additional modules will be created as possible.  

 
Finally, it has been agreed that VMG will provide both the content and the method for                

projecting images onto our system. Since a high quality projector is outside of the budget of this                 
team and since our specialties lie outside of the visual arts realm, VMG will be in charge of the                   
actual implementation of our system.  
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2.5 Design Norms 

The first and foremost goal of this class and our team is to produce a useful, working                 
system for Vossler Media Group, and it is of the utmost importance that this project is completed                 
within the guidelines given by the Engineering 339 Design Norms. The following statements             
represent our team’s commitments to produce a design while keeping respect of our client in the                
highest priority.  
 
2.5.1 Caring 

A well-engineered design is an important goal of this team, but we recognize that our               
design and implementation thereof will reflect both our reputations as engineers as well as our               
reputations as Calvin students. Therefore, we are committed to creating a system with others as               
the primary benefactors. We hope to design a system that both our client and future users will be                  
able to use without fear or worry of safety, loss of control, and total failure. We appreciate the                  
trust that Vossler Media Group has invested in this team, and we will produce a working system                 
within the best of our abilities. 
 
2.5.2 Justice 

According to VMG, one of the primary functions of this system will be to provide a                
unique visual effect in a worship concert setting. As most know, a worship setting is often                
focused primarily on a deeper connection to our Heavenly Father. As such, we believe that we                
are justified in building this system due to the effect it will have on God’s Kingdom on earth. If                   
our design is able to benefit brothers and sisters in Christ who desire fellowship with God, we                 
will consider this project a success both in an engineering sense and in a larger sense of our                  
God-given vocation.  
 
2.5.3 Stewardship 

As engineers working on this project, we recognize that we have been entrusted with a set                
of resources and responsibilities. As a result, we know that it is imperative to use these resources                 
with a minimum amount of waste. Due to the nature of this being a unique solution to a unique                   
problem, it is likely that the final system cost will not be inexpensive. While VMG has expressed                 
a willingness to spend capital on their implementation of this system, we are devoted to               
minimizing cost wherever possible. If it is determined by VMG that cost will not hinder               
immediate deployment of this system, we will consider this project to be an economic success.  
 
2.5.4 Open Communication 

We are excited to have this opportunity to create a new system for VMG, but we                
recognize the importance of communication during this process. If we become sidetracked in the              
design process and delve into a solution not acceptable by VMG, this project would undoubtedly               
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be a failure. Therefore, we are committed to maintaining frequent, transparent communication            
with VMG, specifically Mr. Vossler. Updates of project progress, notification of design changes,             
and well-documented work are integral to the success and implementation of this project. If our               
system meets our client’s most important specifications and is easily implemented we will             
consider this project a success. 
 
2.5.5 Cultural Appropriateness 

When this team was approached with the opportunity for this design, an important             
consideration for the implementation of the system was the planned content. Since VMG will be               
supplying the content for the modular screen system, our team wanted to ensure the content               
presented would align with our own morals and beliefs. The acceptance of this project is largely                
due to the proposed implementation in worship concert settings. Had the eventual presented             
content been outside of our acceptable moral sphere, this project would not have been accepted.               
We are excited to participate in the spread of content that we believe will be culturally                
appropriate. 
 
2.5.6 Delightful Harmony 

Since this modular screen system will be implemented in a concert setting, it is              
imperative that we create a system with minimal distractions. It is critical that this system does                
not interfere with overall message presented in the concert, and as a result, we plan to create a                  
design with both a minimal stage presence and an overall low profile. If this system does not                 
interfere with the harmony of a worship concert, we will consider this project a success. 
 
2.5.7 Trust 

If this design is put into use, it will be seen by large groups of people at the same time.                    
Therefore it is vital that this system will perform at the desired specifications without total               
failure. If VMG decides to implement our design, we expect to give them a design that they trust                  
will operate exactly as they need it. We will consider anything less to be a degree of failure.  
 
 
3. Project Management 
3.1 Team Organization 

As previously mentioned, the ideal setup for completion of this project is a team              
consisting of three mechanical engineers and one electrical engineer. While the work            
organization is fairly straightforward in the splitting of mechanical and electrical tasks, it is              
important to recognize that the mechanical tasks must be split up evenly within our team. The                
critically linked task breakdown shown in Figure 1 provides a clear distribution of current and               
future tasks. It is obvious that the electrical work will be done primarily by Thomas Dykstra and                 
mechanical work will be done by Dillon Carhuff, Connor Macdonald and Dillon Carhuff, but              
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due to the fluid nature of the project, performance of specific tasks will be guided by the critical                  
tasks flowchart rather than on a person to person basis. The critical tasks flowchart can be found                 
in Figure 1. For a timeline and Gantt Chart see section 3.2.  

 
Figure 1. Critical Tasks Flow Chart 

 
3.2 Schedule 

The professors of the Engineering 339 and 340 class have given our team a certain set of                 
project dates that are required to ensure timely completion. However, since we are also working               
for VMG, it is necessary for us to define some of our own dates and timelines to ensure our                   
client is updated and satisfied with our work. In Table 2, a list of the most important dates                  
required for both this semester and next semester are presented. A Gantt Chart (Work              
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Breakdown Structure) in Appendix B-1 shows the specific tasks per member on a week by week                
basis. A new Gantt Chart will be created for the second stage of our design next semester.  
 

Table 2. Completed and Outstanding Important Dates. 

Dates Tasks 

9 September 2016 Team Definition 

14 September 2016 Project Definition and Advisor Designation 

23 September 2016 Project Objectives and Requirements 

5 October 2016 PPFS Outline 

12 October 2016 Definition of Team Member Tasks (Work Breakdown Structure) 

17 October 2016 Preliminary Research Directives (per member) 

7 November 2016 Completion of Preliminary Research 

14 November 2016 PPFS Draft to Professor Nielsen 

14 November 2016 Version 1.0 Frame Model 

21 November 2016 Purchasing of Controls Prototype Boards 

28 November 2016 Secondary Research Directives and Selection of Mechanical       
Actuation System 

9 December 2016 Final First Semester Presentation 

12 December 2016 PPFS Due Date 

3 February 2017 Definition of Second Semester Directives (Work Breakdown       
Structure) 

17 February 2017 Prototype of Frame  

24 February 2017 Final Frame Design 

24 February 2017 Completion of Control Program Prototype 

3 March 2017 Purchasing of Mechanical Actuation System 

3 March 2017 Purchasing of Frame Materials 

17 March 2017 Initial Frame Build with Integration of Actuation System 
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31 March 2017 Complete Initial Testing of Frame and Actuation System 

14 April 2017 Final Integration of Frame, Actuation System, and Control System 

28 April 2017 Completion of Testing and System Modifications 

6 May 2017 Senior Design Night 

10 May 2017 Final Report Due 

 
3.3 Budget 

The budget for this project is maintained as a spreadsheet. Every team member has              
access to view this spreadsheet, but they cannot edit it. Dillon Carhuff is the budget organizer                
and keeps it up to date. Dillon is the only one with permission to update the budget. The team                   
as a whole decides on what the budget needs to be spent on. Seeing as the project also partially                   
outside funded by VMG, budgetary issues are not much of concern. The team is trying to                
minimize costs at all opportunities, however, keeping a low cost is not a large constraint for this                 
project. The budget is a useful tool to help keep the team on track. It will help prevent the team                    
from making any rash decisions. The budget will help keep the team grounded and rational.               
But, again, VMG is very willing and able to provide funds for this project. 
 
4. Research 
4.1 Structural Material 

In order to create this modular screen system, our team has created a list of specifications                
to govern our initial research directives. In summary, the frame should be strong enough to               
support mechanical actuation system for the screen, it should be highly configurable, and it              
should have properties that allow for the easy addition of other screen modules. Table 3 shows a                 
more in-depth look at the frame specifications. On completion of these specifications, the             
primary research directive has been determined to be the selection of a frame material. Two               
different options have been considered by this team: PVC Piping and 80/20 Inc. T-slotted              
aluminum.  

 
Table 3. Frame Specifications 

Category Specification 

Weight 

1. One module of the system will have a total weight less than            
or equal to 50 lbs.  

2. The frame itself will not comprise of more than 50% of the            
total system weight.  

Strength 1. The frame must be able to support the weight of the           
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mechanical actuation system with a safety factor of 2. We          
estimate this will be less than 40 lbs total. 

2. The frame components should resist deflections up to ¼”         
when under maximum load. 

Modularity and Assembly 

1. Build time for one module should be under one hour for two            
workers. 

2. Addition of other completed modules will be less than 5          
minutes of work time per module.  

Size 

1. The frame footprint will contain the entire mechanical        
actuation system. 

2. The frame footprint will be less than 1’x1’. This is defined           
by the client and subject to change with project         
requirements. 

Aesthetics 

1. The frame should not be distracting to the audience. To          
minimize this, all mechanical components will be contained        
within the frame. 

2. Panels will be created to enclose the mechanical actuation         
system. 

3. The frame should avoid significant blockages of the screen         
in order to maintain the possibility for rear projection. 

 
4.1.1 PVC Piping 

In initial brainstorming sessions, one of the first ideas our team settled on for potential               
frame designs was PVC Piping due to the easy assembly, configurability, and lightweight             
construction. Since this system will require transport and setup before every use, it is important               
to create a design that is both lightweight and easily assembled. However, this was quickly               
eliminated as a design choice due to the low tensile strength of PVC. Research reported that the                 
ultimate tensile strength is only 52 MPa which would yield deflections beyond the allowable              1

values determined by our specifications. Preliminary calculations revealed that a 14” long PVC             
pipe (1”, Schedule 40) would deform nearly ¼” under only a 10 lb load. This was determined to                  
be too close to our acceptable values for deformation, and as a result, PVC was abandoned.                
Preliminary calculations can be found in Appendix A-1. 
 
4.1.2 80/20 Inc. T-Slotted Aluminum 

In order to solve the issue of low strength and high deformations, the team next looked to                 
80/20 Inc t-slotted aluminum (See Figure 2). 80/20 Inc creates complicated, yet high strength              
aluminum profiles from extrusion processes. Due to the profile of the T-slotted bars, our team               2

1 http://www.vinidex.com.au/technical/material-properties/pvc-properties/ 
2 https://www.8020.net/university-tslot 
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believes that modularity and ease of assembly will still be readily achievable. 80/20 Inc also               
offers a large variety of fastening options including both external and internal methods. With the               
addition of mounting plates, the use of t-slotted aluminum will allow our team to create our                
modular system without sacrificing strength or weight. Finally, 80/20 Inc also offers a free              
deflection properly calibrated to their products. Results from the same setup as used with the               3

PVC Pipe (14” in length and 10 lb load) show that the t-slotted profile deformed about 0.02”, an                  
order of magnitude less than the PVC Pipe. The result of the 80/20 Inc deflection calculation is                 
shown in Figure 3.  
 

 
Figure 2. T-Slotted Design in Solidworks 

 

3 https://8020.net/deflection-calculator 
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Figure 3. The result of the deflection calculation for 14” t-slotted aluminum frame shows an 

acceptable result. Note that the desired result is shown in the “End Load” section with the value 
being 0.0154 in.  4

 
4.2 Screen Height Adjustment 

One of the biggest problems we have come across thus far in the design process has been 
in the raising and lowering of the screen. A lot of research has been going into different design 
alternatives such as linkage systems, pulley systems, telescoping linear actuators, and scissor 
lifts. Some of these design considerations such as the linkage and pulley system can be seen 
below in the components and frame designs but the telescoping linear actuators and scissor lifts 
are still in the research phase.  
 
4.2.1 Telescoping Linear Actuator 

The telescoping idea can be seen and used in a lot of technology around the world. One 
of the main places it can be seen is in the Zipper Mast for UGV’s (Unmanned Ground Vehicles). 
The Zipper Mast is small mast system designed for rigorous environments and requires 
minimum power. The mast works with three bands of stainless steels with special cuts on either 
side of the band. The bands are rolled into a coil and placed 120 degrees apart. When unrolled 
the small compact mast becomes rigid, strong, and straight.   5

4  https://8020.net/deflection-calculator 
5 http://zippermast.com/ 
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The telescoping linear actuator works similarly to the Zipper Mast. This “Spiral Lift” 

uses two bands of intertwining stainless steel to form a strong and stable column. The lift also 
requires low-power electric motor drives with high mechanical efficiency. The spiral lift can be 
as small as a 75mm diameter with a height of 1.6 meters but can also be as big as a 457mm 
diameter with a height of 12.2 meters.  The picture below shows the basic idea and concept of 6

the Spiral Lift.  
 

The larger Spiral Lifts have a lot of force and can handle heavy materials and loads. We 
are not too worried about the load factor due to the light material we will be using when raising 
the screen. Our team is more worried about the size and diameter of the lift. We are ideally going 
to be using rear projection and thus a bigger spiral lift will cause shadows to be cast on the 
screen. We will be using decision matrix to figure out the positives and negatives to this design.  
 

 
Figure 4. Basic Spiral Lift Design 

 
 
4.2.2 Plastic Spiral Zipper 

The plastic spiral zipper is similar to the designs of the Spiral Lift or the Zipper Master.                 
The main difference between these designs is in the weight of material and complicated              
structure. The plastic spiral zipper uses a single lightweight band that is made of lightweight               

6 https://www.galasystems.com/en/spiralift/ 
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plastic, with a relatively simple meshing mechanism that meshes the teeth on the bottom edge of                
one wrap with the teeth on the top of the wrap below to create a cylinder that has a very high                     
strength to weight ratio, and exceptionally good compressive performance.   7

 
The main differences for our team is in the lightweight material and size of the bands.                

Again, rear projection causes problems for us because of the shadow it can cast on the screen                 
from telescope system. The plastic system is more transparent and smaller. There would be less               
of a shadow on the screen and because scrim is such a light material, we would not need the                   
heavy metal systems to lift any big load. The plastic spiral zipper could be perfect for our screen                  
adjusting problem.  
 

 
Figure 5. Plastic Spiral Zipper System 

 
4.2.3 Actuators 

Actuators are mechanical or electromechanical devices that provide controlled         
movements or positioning which are operated electrically, manually, or by various fluids. The             
two basic types of motions are linear and rotary. For this project we will be using the linear                  
actuators which convert energy into straight line motions.  

7 https://www.grasp.upenn.edu/news/spiral-zipper-creates-robot-arm-out-strip-plastic-ieee-spectrum 
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4.2.3.1 Electric Linear 

Electric Linear Actuators are electrically powered, mechanical devices consisting of          
motors, linear guides, and drive mechanisms, which are used to convert electrical energy into              
linear displacement through mechanical transmission, electro-magnetism, or thermal expansion         
to provide straight line push/pull motion. Key specifications include the intended application,            
drive type, motor type, the mounting configuration, as well as other physical dimensions and              
electrical characteristics. Electric linear actuators are used primarily in automation applications           
when a machine component, tool, etc. requires a controlled movement to a particular position.              
They are used in a wide range of industries where linear positioning is needed. The actuators are                 
driven by several means including ball or lead screws, belts, or voice coils, among others. For                
our project, it is likely we will be using an electric linear actuator that is belt driven. However,                  
other types of actuators will also be considered. 

 
Figure 6. Belt Driven Linear Actuator  8

 
4.3.2.2 Pneumatically Driven Actuator 

These pneumatic actuators are being considered for our design along with the electric 
linear actuators. Although they’re not electromechanical devices like the other actuator types, 
their prevalence in automated equipment makes pneumatic driven versions an important category 
of linear actuators. Pneumatic actuators can be further divided into two sub-categories: 
slider-type and rod-type.In slider-type actuators, the motion is contained within the limits of a 

8 https://www.google.com/search?q=belt+driven+linear+actuator&rlz 
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housing and the load is mounted to a slider (also referred to as a carriage, saddle, or table). In 
rod-type actuators, the motion is produced by a rod that extends and retracts from a housing. The 
load may be mounted to the end of the rod, or the rod can be used to push the load. Slider-type 
pneumatic actuators can be guided by recirculating or plain bearings, depending on the load 
they’re designed for. Rod-style versions are not typically designed for axial loads, and use simple 
plain bearings to provide guidance to the rod, without significantly contributing to load-carrying 
capacity. 

 
4.3 Control System 
4.3.1 Communication 

In order to control the device in a performance setting a standard for device              
communication was selected. DMX512-A is a widely accepted ANSI accredited standard           
sustained by PLASA. DMX uses an asynchronous serial protocol through a UART connection             
that can be daisy-chained between separate receivers. Packets are sent from a central controller              
containing up to 512 data slots corresponding to 512 channels that can be set at each receiving                 
device. 

 
4.3.2 Control 

Many options are available for raising the screen dependant on the method used. The              
motors that have been investigated are explained in the sections above. Any of these options will                
require a power supply capable of driving both the control boards and the motor. This can be                 
done with a simple power circuit and a voltage divider. 
 
5. Design Selections and Feasibility Considerations 
5.1 Structure and Frame 

Once the selection of the structural material was made, initial designs for the frame were               
modeled in Solidworks. Solidworks was chosen due to the ease of use in assembly creation as                
well as the ability to perform Finite Element Analysis (FEA). In the future, completed frame               
designs will have FEA performed in order to better account for some of the unique situations our                 
system may encounter. A big early concern for the implementation of this design is that a wind                 
force could catch the upright projector screen and bend, break or otherwise render this system               
inoperable. One of the first design tasks to be performed in the next semester will be in-depth                 
FEA of the final version of the frame. 
 
5.1.1 Frame Version 1.0 

Before the specifics of the mechanical actuation systems were considered, an initial            
frame design was created to provide a visual starting point for other design selections. The initial                
design was created with modularity in mind to provide a proof-of-concept for the ability to add                
modules at will. Solidworks proved to be extremely useful in this first design due to the fact that                  
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the structural member command was able to follow a sketch path with a t-slotted aluminum               
profile. The addition of mitre cuts also provide early indication of which fasteners will be               
purchased from 80/20 Inc. This initial version of the frame also included a projector mount for                
the main control system. At this point in the process it was assumed that there would be one                  
module with a projector mount with additional modules operating as slaves to the control              
module. Reference Figures 7-10 for Version 1.0 frame designs. 
 

 
Figure 7. Solidworks drawing that shows the mitre cuts and fastener requirements. 
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Figure 8. Control module frame with an add-on for the projector mount. 
 

 
Figure 9. Add-on module without mount for actuator or screen segment (open ended 

connection). 
 

 
Figure 10. Example of a three-module screen setup. 
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5.1.2 Frame Version 1.2  

After the first version of the frame was completed, the first design consideration for              
mechanical actuation was considered. In our early brainstorming sessions we considered a pulley             
system to raise and lower our screen. In this design, a system consisting of two sheaves and a                  
steel cable would be used to raise and lower the screen. The bottom sheave would be controlled                 
by means of a rotary actuator (step motor), and the screen would be connected to the middle                 
piece. However, this design was abandoned due to concerns about a permanent structure being              
required to raise and lower the screen. In order to fulfill specifications about aesthetics, we               
decided to move away from permanent structure solutions. The Version 1.2 design can be seen in                
Figure 11.  

 

 
Figure 11. Version 1.2 frame design with the pulley system. 

 
5.1.3 Version 2.0 

After the pulley system was abandoned, we honed in on our second integration of the               
frame and mechanical actuation system. For this iteration, we spoke with Mr. Vossler about              
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some of the ideas he wanted us to consider for implementation of his system. One of the most                  
important changes made was the elimination of the projector mount, and therefore, the             
elimination of the control module. The technology that Mr. Vossler wants to employ for              
projection likely needs to be at least 3’ away from the screen. This means that the projector will                  
not be included in the frame itself and will likely be a separate unit entirely. In order to eliminate                   
a permanent frame for mechanical actuation, a scissor lift style design was considered. This              
Version 2.0 design consisted of a set of two linkage assemblies connected by rods. This design                
can be seen in Figures 12 and 13.  
 

In order to achieve the forces necessary for lifting this assembly, it was quickly              
determined that a rotary actuator would not be able to output enough force. Since an actuation                
system in a linkage assembly would need to output enough force to handle the weight of many                 
linkages, we determined that a pneumatic system would be required for this design to be feasible.                
Immediately prior to the submission of this document, we will meet with Mr. Vossler to discuss                
the advantages and drawbacks of this system. Since this choice influences the design on a macro                
level, a decision matrix will not be employed. Instead, we will leave the decision to our client.                 
Specifically, some of the drawbacks include addition cost through a compressor and pressure             
regulation system, the elimination of rear projection, and added weight and complexity.            
However, this system does solve the problem of a permanent structure. It is likely that one of the                  
first tasks of the new semester will be to implement our client’s suggestions and requirements for                
our Version 2.0 design.  

 
Figure 12. The Version 2.0 design with our lift system partially extended.  
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Figure 13. Version 2.0 with the lift system retracted. 

 
5.1.4 Future Considerations 

As previously mentioned, we plan to hold a meeting with Mr. Vossler immediately prior              
to the submission of this report in which we will discuss the future direction for our frame                 
design. There are several potential issues and considerations that will be discussed with this              
version of the design. 
 

First, and perhaps most important, the scissor lift eliminates the possibility of rear             
projection. From the beginning, this has been one of the major desires of Mr. Vossler for the                 
implementation of this system. While it may be difficult to accommodate for this in the current                
design, we will do our best to include this if rear projection best fulfills the objective of this                  
system.  
 

Second, the use of a pneumatic system might cause issues in a concert setting. One of the                 
questions we will pose is whether the addition of a compressor and the resultant noise from                
system activation will create issues in system use. 
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Third, we will consider changing the footprint of this screen in order to optimize the               
linkages mechanical efficiency. Currently, a system of 1 ft width makes it necessary to use a                
large amount of linkages to achieve a screen height of 10 ft. This increases both system weight                 
and the minimum screen height. As seen in Figure 13, the bottom height lies above the frame                 
profile which is undesirable. If possible, we will consider extending the length of each unit in                
order to increase linkage length.  
 

While this design is a good step in the right direction, we determined that additional work                
needs to be done after communication with our client. A prototype for this design would have                
been a good result for the end of this semester, but there are a few reasons we decided to hold off                     
on an initial prototype. Since our system will be put into use by VMG, it is absolutely vital that                   
we arrive at a complete design before prototyping. This means that our design will have to be                 
approved by Mr. Vossler before prototyping can begin. We are comfortable with the decision to               
hold off prototyping since our system build time will not be very long. This system will be                 
designed to minimize build time and will not be a sticking point in next semester’s design work.                 
Finally, FEA analysis still needs to be done on the system to ensure it will hold up to the forces                    
that will be exerted on it. For a more complete look at the FEA direction we will take, see                   
Section 7.  

 
5.2 Mechanical Functions 

As previously stated, linear actuation will be used as the method for raising and lowering               
the screens. At this point in the project, we have been prevented from choosing a specific                
actuation system for our design due to the added time required for a lift system and frame design.                  
Although a specific system has not yet been chosen, our team has determined the specifications               
required for the screen actuation and once a lift system is chosen and designed, selection of the                 
actuation system will follow. The specifications for the mechanical functions are shown below in              
Table 4.  
 

Table 4. Specifications for Mechanical Actuation 

Category Specification 

Force 

1. The actuation system should have enough force to raise at          
least 15 lbs. Ideally, the lift system weight will be          
minimized, but a robust actuation system is still necessary. 

2. The actuation will not place more than 20 lbs of force on            
any specific point of the frame.  

3. The lift system should have minimal deflection. The entire         
system should not deflect more than ¼ inch under a 10-20           
lb load.  
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Size and Weight 

1. The total system weight will be under 40 lbs. The          
mechanical actuation system and lift system combined will        
not exceed 75% of the total system weight. 

2. The lift system needs to have a maximum height of 10 ft            
and a minimum height below that of the frame profile.  

3. The lift system must fit entirely within the frame profile,          
and the screen of one module should not have a gap           
between the screen of another module.  

Time 

1. Deployment time of the system should be under 15 seconds          
for maximum height. 

2. Delay from command input to system response will be less          
than ½ second. Delay should not add to total deployment          
time. 

Aesthetics 

1. Actuation noise should be kept to below 90 decibels to          
reduce distraction for a band or speaker. 

2. The lift system should be minimally distracting to the         
audience (i.e. no permanent frame). 

3. Rear projection is desirable, so the lift system will not have           
a shadow on more than 5% of the screen surface area. 

 
 
5.3 Interface and Control Boards 

The interface will be simple and intuitive. This will be done by employing push buttons,               
LEDs, and DMX512-A standard protocols. DMX512-A allows for quick and easy updating of             
data from a central controller. Data is usually changed through a slider or ranged value of 256.                 
Channels will be selected with buttons for incrementing and decrementing the value; the current              
channel will be displayed on a 3-digit LED display. 

 
5.3.1 Microcontrollers 

Prototyping boards from microchip, a microcontroller company, were chosen for running 
the receiving software as well as driving our control mechanism. These two boards pictured 
below in Figure 14 provide adherence to the DMX512-A standard while also providing a large 
area for prototyping a motor-driving circuit. 
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Figure 14: microchip DMX512A Adapter (L) and Prototyping Board  9

 
5.3.2 Power Supply 

The DMX512 standard requires that all receivers are isolated from earth ground. To             
adhere to this the positive and negative pins for a wall jack will be used without the grounding                  
pin. Potential shielding might still be used with the grounding pin to prevent harm from handling                
the device. The 120 Vrms voltage supply can then be adapted for both the motor and control                 
boards. If the option to allow for international voltages of 220 Vrms is available with little                
additional expense then it will be added. 

 
5.4 Feasibility Considerations 

It should go without saying that we believe that this project proposed to us by Mr.                
Vossler is well within our capabilities as engineering students. We would not have accepted this               
project if we did not believe we could produce a working design capable of immediate               
implementation by VMG. However, we recognize the necessity of feasibility assessments, and            
the following sections present completed, as well as, intended assessments of our design. Once              
more substantial analysis has been performed, we plan to participate in a large brainstorming              
session to create a detailed Failure Modes and Effects Analysis (FMEA). This will likely be the                
final step before initial prototyping, but until then, the following sections represent our current              
belief in the feasibility of our system. 
 
5.4.1 Frame and Lift System Feasibility 

In essence, there are two major factors to consider when assessing the feasibility of our               
frame design. In order for this design to be successful, our frame needs to be both easy to build                   
and modify, and it needs to be resistant to a moderate amount of outside force.  
 

As already demonstrated, the t-slotted aluminum from 80/20 Inc provides a very high             
degree of modification. The nature of the profile allows for objects to be mounted along the                
entire length of a frame piece, and the only constraints exist in the size of the frame itself. This                   
means that should a future design change arise after the system has been built, it will be easy for                   

9 http://www.microchipdirect.com/ 
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us to accommodate for it using the t-slotted aluminum. The wide range of fasteners available for                
sale by 80/20 Inc also allows for plenty of modification, but in order to minimize cost, we will                  
attempt to design with the basic set of fasteners in mind. In addition, we will also attempt to                  
minimize cost by custom building our own mounting panels. While 80/20 Inc sells mounting              
panels, we believe that this will be an easy piece to design and will not hinder us in terms of                    
time.  
 

While Figure 3 (Section 4.1.2) shows an example of the t-slotted aluminum resistance to              
outside forces, it is also imperative that the scissor lift assembly is also resistant to outside forces.                 
Ideally, an in-depth FEA of both individual linkages and the linkage assembly would have been               
performed in this semester. However, due to the nature of design changes that have already been                
made we did not feel comfortable performing a subpar FEA for this document. Some important               
considerations that will be explored in the second semester are reported below. 
 

Bending moments in the linkages of the scissor lift assembly will be the main area of                
focus for this future study. If possible, we would prefer to build the scissor lift assembly out of                  
aluminum 6061 instead of steel. This will greatly reduce weight, but the main concern would be                
resistance to static forces. While the overall weight of the system plays a part in the required                 
strength, it is also important to consider the effect of possibly random outside forces (i.e. wind                
gusts in an outdoor venue). Something like this could be detrimental to system performance and               
an FEA will greatly influence future design decisions. See Figure 15 for a visual representation               
of the by-linkage FEA to be performed.  
 

For the scissor lift assembly, it is likely that both single point loads (i.e. a load at the top                   
of the assembly) and distributed loads (i.e. wind force) will be analyzed. While a model could                
certainly be created, at this point it would be wasted time due to the fact that Mr. Vossler might                   
require additional design changes. Regardless of future design changes, an FEA will undoubtedly             
be the first task performed by the team at the beginning of the second semester in order to                  
optimize linkage shape, size and material. 
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Figure 15. The main forces on a linkage basis that will be considered in terms of system failure. 

The cross denotes a force applied into the paper and the holes are pin and rod connections. 
 

 
5.4.2 Mechanical Actuation Feasibility 

As we stated already, our team will be meeting with Mr. Vossler in the near future to                 
discuss the current frame design. While we have a good direction to explore for our actuation                
system, we have yet to settle on any specifics due to the final lift assembly design still being                  
undecided. However, we believe completely in the feasibility of such a system for several              
reasons. First, the screen material to be lifted will be very lightweight, and therefore the majority                
of the force required in mechanical actuation will come from the weight of the system itself. This                 
means that the actuation system will not need any special requirements and can likely be a                
readily available off-the-shelf solution. Most importantly, this will make it easy for VMG to              
replicate our design if they decide to implement our system on a larger scale. Once a final frame                  
design is completed, an analysis will be performed to determine more stringent system             
requirements. At this point, the best system requirements are found in Table 4.  
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6.  Business Plan 
6.1 Costs 

The costs for this project are fairly straightforward. Some parts have already been             
purchased for the control system. They include $80 for an adapter to interact with the DMX                
interface, $30 for a circuit board that the prototype will be built on, and $47.95 for PICkit3 which                  
is the programming device for the circuit. The T-slotted aluminum comes at a cost of $0.24 per                 
inch. For a one foot by one foot box, twelve feet of aluminum would be required. With an                  
additional cost of $1.95 from the manufacturer for cutting the aluminum and two cuts required               
from them, the total cost of the aluminum is $32.70. To connect the aluminum, connectors are                
required. These connectors, from the supplier, come at a cost of $2.10 per connector. The frame                
would require 16 connectors which brings the total to $33.60. Each of these fasteners require               
both a slide in T-nut and a bolt. If the T-nuts are purchased from 80/20, Inc., the cheapest nut                   
cost $0.25. And with 32 of these nuts required, the cost for these would be $8.00. The bolts that                   
would be used to attach the connectors to the fasteners would be a standard size that could be                  
found in any local store. These are all of the costs that are certain at this point in time. At the                     
current moment, this total cost is $232.25. 
 

The next costs come from the lifting mechanisms. The first system is the pulley style               
system. All that would be required would be two simple pulleys. These pulleys can be               
purchased from McMaster-Carr for $15 each. Three 10 foot sections of clear PVC piping can be                
purchased for $80.10. The elbow connectors can be purchased for $6.34 each, and with two               
connectors required, $12.68 would be the total cost for the PVC piping. This pulley system               10

would be driven by a linear actuator. A linear actuator would cost about $250. This would total                 
the cost of a pulley system to be estimated around $366.44. This would mean that the entire                 
system would cost, estimated, $598.69. 
 

A linkage style system would incur slightly different costs. The price of aluminum varies              
greatly depending on what is purchased. The largest question that must be answered is how               
much machining is to be done post purchase. The team estimates that the linkage system would                
cost around $250. This is strictly an estimate, as there are many different prices available for                
aluminum.  This would bring the total cost of the product for the linkage system to $482.25. 
 

One cost that the team will not have is the screen material. VMG has indicated that the                 
scrim material would be provided. Scrim can found in many different places for many different               
prices. Scrim also comes in many different styles. The team is not sure what type of material                 
would be used. Seeing as there are too many unknown variables about the decision of the                
material, the estimate of the price is hard to determine. The estimated value of the scrim material                 

10 https://www.clearpvcpipe.com/ 
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would be somewhere around $200 for the amount required. The actual cost to the team,               
however, is $0. 
 

The other design options are much more difficult to price at this moment. Both the               
spiralift system and the spiral zipper system do not have prices listed for their products. They                
have been contacted, however no response has yet arrived.  
 
6.2 Market 

There is a market available for this product. However, they do not realize they need this                
product. There is no other product like this one out there. Mr. Vossler mentioned before to the                 
team that he had seen a similar product used in a concert setting. There are some differences                 
between this product and the product that the team is creating, though. Mr. Vossler described his                
idea for the product with the changes already present. He did not mention what the original                
product was like, he just mentioned that the original system was similar to the idea he presented                 
to the team. Obviously, our client is VMG. The team is not designing this product for mass                 
production. VMG will be able to use this product in whatever setting they please. The intent of                 
this product, both in the product pitch and the product design, is to be used in a concert type                   
setting. 
 
7. Conclusion 
7.1 Semester Results 

This report represents this team’s progress on our modular screen system thus far, and we               
are proud to present our results to date. While it should go without saying, we truly believe this                  
report contains our best work as engineering students to date.  
 

With that in mind, it is important to summarize our results thus far. In early October we                 
were approached by Mr. Vossler to create a modular screen system that is robust enough to be                 
used in a concert setting. Unfortunately, this opportunity came at a later time than usual for the                 
project definition stage of the Engineering 339 class, and it was the reason for a complete change                 
in our project direction. Once our project directives were given by Mr. Vossler (see Section 2.3),                
initial research directives (see Section 4) were assigned and completed. Brainstorming sessions            
led to our current collection of design decisions, and immediately following, frame modelling             
and controls modelling were completed. Currently, in-depth analyses are being performed for the             
mechanical actuation system as well as the lift assembly, and these represent the next, most               
important steps.  

 
Although the project change we experienced in October initially seemed to be a serious              

time hinderance, we believe that we have completed a large portion of pre-prototype design work               
in this semester, and we have complete trust in our results so far. 
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7.2 Lessons Learned 
Obviously, the first and foremost lesson we learned was a direct result of our project               

change. The ability to be flexible is certainly an important characteristic to have both in our work                 
and daily lives, and we were happy to receive this opportunity from Mr. Vossler despite the                
uncertainty it initially created. From working with Mr. Vossler we have also learned the              
importance of effective communication. Since we are designing for a client, it is imperative that               
our most important design decisions are directed by VMG. Initially, we considered the use of               
decision matrices for certain aspects of our design, but we came to the conclusion that the client                 
should have final say. Finally, we learned the importance of efficient teamwork. While this may               
sound cliche, this is the first time we have been given such a broad capacity for the completion                  
of this project. Since the project is ultimately our own (i.e. not for a professor), there was a                  
learning curve in processes such as delegation, decision making, and overall cohesiveness.  
 
7.3 Future Work 

Last, but certainly never least, we conclude this Project Proposal and Feasibility Study             
with a summary of work yet to be performed. Certain analyses and models have already been                
completed for the frame and control system of our system, but the modelling and analysis stage                
is still incomplete for the mechanical actuation and lift systems. These two aspects round out the                
four integral components of our design: frame, controls, mechanical actuation, lift. As we move              
into the next semester, we expect to begin prototyping within the first month of our return to                 
class, and we expect to begin a system build by March of 2017. While Table 2 and Figure 1                   
provide a more complete overview of project tasks, we expect to encounter some timeline              
changes as the next phase of our design progresses. Regardless of future obstacles, we are fully                
committed to providing an integrated approach to the revolutionary visual experience as            
proposed by Mr. Michael Vossler. As John Milton says in Paradise Lost , we believe in               
Providence as our guide, and we could not be more excited to enter into the next phase of this                   
project.  
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8. Appendices 
 
Appendix A: Preliminary Calculations for Acceptable Structural Deformation 
Appendix B: Work Breakdown Structure  
Appendix C: Bibliography  
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Appendix A-1: PVC Pipe Deformation 
 

 
Figure A-1: Formulas and constants for calculating PVC Deflection 

 

 
Figure A-2: Results of PVC Pipe deflection show undesirable values.. 
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Appendix B-1: Work Breakdown Structure for First Semester Work 
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