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Abstract  

The purpose of this document is to highlight the results of the teamôs research in creating a first 

prototype that will be used as a benchmark for the final product. The team decided to use a 

magnetic damping system for the prototype design to stabilize the light. This was done by 

creating a 3D printed housing that held a magnetic ring. Another circular magnet would be in the 

middle of the magnetic ring that would be ñfloatingò due to the magnetic field repulsion between 

the magnet and the magnet ring. After creating this prototype, the team found that the magnets 

ordered were too strong for the 3D printed housing as the circular magnet would not float in the 

middle, but instead stick to the magnetic ring. With that being said, this idea of a magnetic ring 

with a floating circular ring could still be used in the final design. This is because, during the 

build of the prototype, the team decided to put the magnetic ring on a flat surface (desk) with the 

circular magnet in the middle to see if the magnet would stay centered. The result was that it did 

stay centered as a force was applied. This was an important observation because it illustrated that 

all the team needs to do is to make sure that there is an extra mode of stability to restrict the 

circular magnet from moving in certain directions. This could be done using springs to provide 

extra damping and restriction. Overall, the results from this prototype are very critical and 

beneficial to how the final design will be constructed.  
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1.0 Introduction  

The team has been entrusted with the task of creating a solution to an issue many campers, 

hikers, runners, bikers, and outdoor enthusiasts are facing. This issue is regarding lack of 

stability of a light for outdoor use. The average headlamp/bike light is typically worn or mounted 

in such a way that rigidly connects the light source to the user. This may not seem like a problem 

to most people, but for frequent headlamp/bike light users, the problem arises with the stability 

of the light. This lack of stability arises from any movement that the light is attached to as the 

light will mimic every movement, impact, and vibration that the user or bike experiences. Hence, 

the light from the headlamp or bike light will be very shaky and vibratory, making it a less 

effective light source.  

The task is to develop a mechanism that can stabilize this light source throughout several types 

of movements and impacts that an outdoorsman would experience. The team, StableLight, is 

comprised of four intelligent mechanical engineering students that are motivated to create an 

original, fully mechanical system to solve this issue at hand. The following preliminary design 

report (PDR) is presented with the intention of demonstrating the teamôs ideas, current prototype 

built, what the team has learned from the prototyping stage, and the plan for moving forward in 

the final design. This report illustrates the concept development, design, justification, and future 

work that needs to be done to reach the final goal.  

The concept development section contains the ideas the team put together to solve the problem. 

The team came up with five different concepts before creating the first prototype. All of the 

concepts considered different types of damping the team could implement to combat forces the 

light would face. These concepts are rough sketches, with ideas that could be used in the CAD 

design for the concept design portion.  

The concept design portion of this report contains the CAD designs of the different ideas the 

team is considering creating. These include the ideas of how to damp the system and give more 

structure to how the design will look when it is created.  

The concept justification segment of this report will use some of the criteria the team came up 

with from the scope of work (SOW) to ensure that the designs being created sufficiently meet the 

requirements and needs of the customers and sponsor. This section will highlight what the team 

has currently done it the prototyping phase and what has been learned so far. Additionally, this 

section will talk about the path the team will take after the prototyping phase.  

Lastly, future plans will touch on the broader plan for how the final design will be completed. 

This includes future purchases, tests, and construction of the light stabilizer.  

Overall, this report will serve as a way to demonstrate the work that the team has currently done, 

and the plan for successfully delivering a final product that meets the needs of the sponsor and 

customers. All references and supporting documents will be located at the end of this report in 

the appendix section.   
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2.0 Concept Development 

The Stable Light design process involved two major steps: first, to use the ideation process to 

create and understand different methods of vibration damping. Second, to see which suits the 

defined needs best. Once the best design was determined, the next step is to take the prototype to 

the shake tables in the Cal Poly Vibrations Lab. There are many methods of damping; passive, 

active,  and semi-active. Initially, investigating what are called ñEddy current brakes,ò and due to 

the nature of the vibration that is to be reduce, the Eddy brakes were not a good choice. 

However, the implementation of magnets was kept as a form of spring force.  

2.1 Top Five Concepts 

Referring to Appendix B, the Pugh matrix shows the top five concepts for design, and these 

designs ultimately determined in which direction the first detailed prototyping would go. For the 

matrix datum, selected was a light similar to that of a standard bike light, the datum is simply a 

light fixed on flat surface. Between the Pugh matrices created by the team, the top picks include 

the following: 

 

Figure 1: Eddy current brake damper with soft springs. 

 

This first concept involves two main forms of vibration reduction, in the soft springs and in the 

Eddy currents created by the magnets. The magnets are located on the inside faces of the mounts 

aiming directly at the thin copper bar with opposite pole facing each other. The intended function 

of the design was to have a ball joint at one end of the bar to restrict the end of the bar to nearly 

planar motion. Then, as the shake table creates an input similar to that of someone running, 

mountain biking, or road cycling, the motion of the conductive copper bar would induce Eddy 

currents through the magnets. The induced Eddy currents would cause then oppose the motion 

and completely dampen the vibration, and even large impulses would be softened significantly. 
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However, there were large difficulties in creating the prototype for this design. Finding 

inexpensive magnets to match the strength of the springs that were required was very difficult 

and the lead times were far too long. The other difficulty was inducing the Eddy currents 

effectively with such small displacement in motion. Thus, after taking into account several 

factors in the Pugh matrices like weight, manufacturability, and universal application, the 

decision was made to not go forward with the design. Apart from cost are the three primary 

design criteria found to be most critical. The next step was to ideate over a new solution and take 

what was learned from the Eddy current brake damper. 

 

Figure 2: Ring magnets with soft springs with light attached to ball joint end. 

 

The second concept, Figure 2, had the primary design characteristics better implemented 

considering what was learned from the previous concept. The largest benefit was that magnets 

came to be relatively inexpensive and would be even more so especially when purchased in bulk. 

The magnets were a great and relatively simple way the create a ñStable Light,ò so concept 2 was 

to be similar to concept 1. The ball joint end to restrict the light to planar motion, and the springs 

to suspend the light. Ring (or arc) magnets with the same poles facing each other would be place 

on the ñshaftò holding the light and around the inner circumference of the fixture that was 3D-

printed. These magnets, however, have proven difficult to find as an individual purchase. The 

springs were not intuitive to implement in terms of manufacturability, thus a different route to 

the final concept design was pending. Furthermore, after mocking up this second design, the 

magnets act as springs and not so much like dampers, as was hoped. Following this, the decision 

was made to continue ideating and come up with concepts that were distinctly different from 

what had been done up to this point. 
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Figure 3: Hanging swing bike light with Eddy current brakes. 

 

Here is when ideas were made ñoutside of the box,ò and it was good practice in terms of 

producing new, fresh ideas. Figure 3 simply has a sectioned bike handlebar with a dangling light. 

The light would have been swing on a ball joint with magnets point to its electrically conductive 

shaft. Again, the intent of the conductive shaft was to induce Eddy currents again using strong 

magnets on either side, and this would also reduce some of the motion in the front facing plane. 

However, after really considering its manufacturability and ability to be applied universally, this 

idea was tossed out of the window. This concept helped reinforce the idea that the final concept 

needed to broad enough to expand its application and mounting ability. 

 

 

 

 

 

 

 

 

  

 

Figure 4: Light stabilizer with springs and fluid dampers only. 

 

The second to last concept that was realized was Figure 4, one with vibration reduction due only 

to soft springs, leaf springs, and fluid dampers. The intent with this design was to consider 

something ignoring magnets. During research, a platform supported by leaf springs was found, 
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and the design was excellent in absorbing hard impacts (common in mountain biking). So, the 

new concept simply involved a ball joint, the light with soft spring and fluid dampers attached, 

and the platform supported by leaf springs. This is clearer when referring back to Figure 4, but 

the way the springs and dampers are attached in the drawing was not necessarily the way they 

would be implemented in the final prototype.   

 

Figure 5: Concept 5 involving fluid damper and ring magnets. 

 

For the final concept design and prototype, it was decided that the primary purpose is to see how 

well the method of vibration reduction functioned. This is to be done using the shake tables in 

the vibrations lab, as previously mentioned. Depending on the results, this method of vibration 

reduction will be the final selection, or it will be modified. This final concept, in Figure 5, 

involves a ball joint end to restrict the light to planar motion, ring magnets with same poles 

facing each other (functioning the same way as concept 2, Figure 2), and the fluid damper 

attached to the shaft holding the light. This seemed to be the design that would function best, and 

after again taking into consideration everything on the Pugh matrices, prototype manufacturing 

began. The Pugh matrices communicated which designs and ideas would be most effective when 

considering the manufacturability, universal mounting capability, cost, and weight. The final step 

was taking each design and applying them in the Weighted Decision Matrix (see Appendix C). 

This concept design outscored the others quite convincingly, thus began the detailed design 

steps.  
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3.0 Concept Design 

The initial prototype is not an ideal representation of the intended final design since its purpose is 

to prove a high-level function rather than model what the actual final product would resemble. 

The design intends to prove the stabilization effect of magnet-to-magnet repulsion paired with a 

fluid filled damper. The basic idea is to ñfloatò the light using the magnets and then dampen the 

recoil due to deflection with the fluid filled damper. The difficulty in this design lies in the 

choice of magnet and damper strength as well as the fixturing of the base plates to reduce the 

input vibration prior to reaching the light. Also, this design is going to be much larger than the 

ideal size for a headlamp because it is much easier to build a larger model to do tests with and 

then scale the final concept down to the appropriate size.  

 

Figure 6: CAD model of the concept prototype that will help prove the stabilization effect of 

magnet-to-magnet repulsion.  

This prototype will tackle the first three listed functions in the Functional Decomposition 

Diagram (see Appendix A), including the damping system, use of a total mechanical system, and 

a limited motion design. The damping system being tested is the hydraulic damper and the 

magnets will be the chosen path for a total mechanical stabilization system as well as limiting the 

motion of the light. 

Inner Ring Magnet 

Outer Ring Magnet 

Light Bulb 

Damping Component 

Ball Joint 

Fixturing Bases 

Connecting Beam 
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The plan is to fasten the fixturing bases to the testing apparatus discussed in the Concept 

Justification section of the report. The slots in the base allow for universal fixturing of the 

prototype so there does not need to be a new base for each test that is conducted.  

The outer ring magnet will be a semi-weak magnet that will have its strength adjusted according 

to the level of magnetic repulsion that is desired. The inner ring magnet will be a strong N50 

(Neodymium 50) magnet that will float in the center of the outer ring and act as if there were 

springs attached to it. A variable in the upcoming tests will be the effective ñspring rateò, which, 

in this case, would be the strength of the magnets.  

Figure 7: Visual representation of repulsion forces acting on the center magnet, which will 

eventually house the light bulb being stabilized. 

3.1 Prototype Manufacturing Process 

Currently, the prototype bases and center beam have been 3D printed using PETG filament 

which is a cheap solution to rapid prototyping. This allows for several configurations of the 

design to be tested in a short amount of time, which has helped a lot with narrowing down fixture 

designs and relative sizing of components for initial tests. The hardware includes a 7 allen head 

screws, a ball joint to hold the connecting beam, and a fluid damper shock originally made for a 

remote-controlled toy car. 

Repulsion forces acting on all sides 

of the center magnet, consequently 

holding it in place 



8 
 

 

 

Figure 8:  Built concept prototype model mostly 3D printed with the addition of a screw in ball 

joint, an RC car damper, socket head screws, a magnetic strip, and a ring magnet.  

 

The initial prototype will cover a lot of critical bases, but it will not include the mounting system 

that will attach the light to the headband or bike itself. Also, it will not include a functioning user 

interface meaning there is no controller to change light modes or anything yet. These things did 

not seem like high-risk functions since they already have been invented and have been proven to 

work so it was not crucial to include them in the initial design efforts. The strengths of the 

magnets still need to be adjusted along with the strength of the damper since the prototype does 

not quite fulfill the original expectations.  

3.2 Alternative Design  

Another design that will likely be tested is a similar design except there would be two sets of the 

inner and outer ring magnets on either side of the damper so that the input force is only coming 

through the damper and not the opposing end of the connecting beam. This will reduce the 

overall input force/vibrations but will require more components and a larger space to include all 

the components.  
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Figure 8: Alternate magnet/damper concept including two sets of inner and outer ring magnets. 

(Labeled Isometric View) 

 

 

Figure 9: Alternate magnet/damper concept including two sets of inner and outer ring magnets. 

 

 

(2X) Inner Ring Magnet 

(2X) Outer Ring Magnet 

Damping Component 

Anti-rotation lock 
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4.0 Concept Justification.  

The single set of ring magnets with a damper was determined to be the best design option to 

meet the key specifications. This concept was chosen based upon the following characteristics 

from appendix C: self- centering, non-shaky light, lightweight, water resistant, inexpensive, 

universal mounting, shock resistant, and manufacture ability. The universal mounting has not yet 

been created, however that was found to be a much similar task that will be handled at a future 

date. For this first prototype the main specifications that will be focused on are the self-centering, 

non-shaky light, inexpensive, and manufacturability.  

To determine how well this design will be at being self- centering and creating the non-shaky 

light that is required, there will have to be testing as stated in the previous sections. Therefore, 

for these sections, an educated guess was made to see how well it would perform. This was 

chosen to be the best fit because the magnets provide a variable for how much damping will be 

required. The strength of the magnets will be chosen after using the shake table to see how the 

system will be affected. 

By 3D printing most of the housing and using a remote-control carôs shocks for the damper, it 

leaves the only real expense to be the magnets. This is optimal for the prototyping and testing 

stages because it will allow for various strengths of magnets to be used.  

The most difficult specification is the manufacturability. 3D printing makes this much easier; 

however, it will be difficult to place the magnets in the correct position from each other. Since 

this is the only prominent challenge, it was still decided that this design will not hinder the 

progress of the project. 

At this point there have not been any preliminary calculations. These calculations will happen 

once the prototype is built and it going to be tested. This will help to find the correct strength of 

magnets that will need to be used. 

This project is relatively safe. By looking at appendix D the only two potential hazards are the 

use of the shake table and the potential risk of the magnets. As stated in appendix D, to keep 

every team member safe while using the shake table it is imperative that the project is correctly 

secured so it will not fall off while in use. The magnets that are being used are not strong enough 

to cause any harm to anyone, so it is not a hazard.  

With all that has been done, when testing starts it has the potential to all change. Depending how 

the design works to stabilize will determine how the final product will come out. There are two 

major ways this product can fail to meet the sponsors wants/ needs. The first way would be if the 

light is not stabilized enough to make a noticeable impact. The second way would be if the 

product becomes too expensive to manufacture and will not be able to sell at an effective price.  

 

5.0 Future Work  

Once the final prototype is created, there will be extensive testing to ensure that the design is 

successful in providing enough damping to stabilize the light under many force types. The team 

will utilize the shake table that is available in the mechanical engineering labs. The final 

prototype model will be tested by having a camera where the light would be located while the 

system is on the shake table. Having the camera would show the team firsthand if there is any 
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shaking during the test. This camera would act as the light. This would be one mode to track if 

the system is experiencing any shaking. Another option to track if the system would experience 

shaking would be to have a laser pointer where the light would be located and having a target on 

the wall to see how much deflection is experienced on the system while it is undergoing forces 

induced by the shake table.  

Until there is a finished and finalized design plan, the housing for the prototypes will continue to 

be 3D printed to minimize the cost of the testing phases. The main expenses that will be planned 

for are more magnets, different dampers, and possibly soft springs. By varying the strengths of 

the magnets and possible soft springs it will provide different levels of damping  

 

6.0 Conclusion 

For this product, the primary goal of the Preliminary Design Review was to ensure that a well-

designed and effective form of vibration reduction was selected. The reason for this is that before 

developing further a final product, there must be an understood form of vibration reduction. 

There is confidence that this detailed protype, that is currently in the manufacturing process, will 

have the capability to meet the standard desired, and even if it is not to the desired expectations, 

the following iterations should not be too significant. Thus, it is safe to say that the design 

choices made have finally been converged upon, and testing should be a very soon-to-come 

process. 
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Appendices 

Appendix A: Functional Decomposition 

  



13 
 

Appendix B: Pugh Matrices 
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Appendix C Weighted Decision Matrices 
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Appendix D: Safety Hazard Assessment Sheet 

Y N  

  

 
a 

1. Will any part of  the design create hazardous revolving, reciprocating, running, shearing, 

punching, pressing, squeezing, drawing, cutting, rolling, mixing or similar action, including pinch 

points and sheer points? 

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

 a 3. Will the system have any large moving masses or large forces? 

 a 4. Will the system produce a projectile? 

 a 5. Would it be possible for the system to fall under gravity creating injury? 

 a 6. Will a user be exposed to overhanging weights as part of the design? 

 a 7. Will the system have any sharp edges? 

 a 8. Will any part of the electrical systems not be grounded? 

 a 9. Will there be any large batteries or electrical voltage in the system above 40 V? 

a  10. Will there be any stored energy in the system such as batteries, flywheels, hanging weights or 

pressurized fluids? 

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

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

the use of the design? 

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

the manufacturing of the design? 

 a 14. Can the system generate high levels of noise? 

 a 15. Will the device/system be exposed to extreme environmental conditions such as fog, humidity, 

cold, high temperatures, etc? 

 a 16. Is it possible for the system to be used in an unsafe manner? 

 a 17. Will there be any other potential hazards not listed above? If yes, please explain on reverse. 

 

The only two actions that were answered as ñyesò were high accelerations/ decelerations and that 

the system will have ñstored energyò. For the testing of the product the system will be placed on 

the shake table which can potentially cause high accelerations and if not properly used could 

cause the part to fly off. This is an easy solution by having multiple team members ensure that it 

is secured before the testing begins. The only stored energy in the system would be the ring 

magnets. These have potential energy, however, the magnets that will be used are not strong 

enough to cause any harm to anyone. 
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Appendix E: Updated project Gantt Chart 

 

 


