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3D Printing In Color

 

Documents and Files Link

 

https://drive.google.com/drive/folders/1wnxGCnJ1w_rkne3b_9VtF-bGpa98Xmpf?usp=sharing
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PORTFOLIO ELEMENT A
PRESENTATION AND JUSTIFICATION OF THE
PROBLEM
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JUSTIFICATION OF THE PROBLEM
 
Problem Statement
 
Fused Deposition Modeling 3D printers currently cannot print a consistent multicolored object effectively. Forbes found that 27% of companies
with 3D printers paint their items with color in 2017, while Makerbot notes that painting a 3D printed object takes on average 6 hours. Spending
long times on coloring prevents companies and individuals from being able to easily color their prints, driving productivity down and costs up.
 
 
Evidence
 
Sculpteo. (2018). The State of 3D Printing. Retrieved from https://www.sculpteo.com/en/get/report/state_of_3D_printing_2018/

This is a study done by Sculpteo
These statistics show the usage of 3D printers in the engineering industry. 
The left graph shows how the usage of 3D printers has changed for firms over the years, and how many companies have started to use it
more often. It offers a trend of a growing market while also showing many companies do indeed use 3D printers
The right graphic presents the ideas of what these companies use them for. This helps our problem statement by focusing on what the
companies may use 3D printers for. By relating these fields to what resources and things are needed in order to be successful, it can be
seen that color in 3D prints would be very useful in these fields. It also provides evidence that even though many companies are not
solely a 3D print company, they often do use 3D printing in their design process.
In 2018, it was found that 27% of companies with 3D printers paint their items with color
This statistic shows the actual desire of companies for color, and allows for us to gauge what kind of market is available. This also shows
the bare minimum amount of companies which want 

 
 

Sculpteo - a French based 3-D company which specializes in selling 3-D printing services and goods. It does research on worldwide
engineering firms and compiles a yearly report over trends in the 3-D printing industry including most commonly used materials to the
job market involving 3-D printing.
The study is done every year, the one presented was compiled in early 2018.
We chose this source because

it is able to provide a worldwide perspective and not just a US centric one. 
It is able to provide statistics based on usage rather than desire, as usage is more concrete.
It provides information on trends rather than just raw statistics. 
It includes over 1000 companies worldwide, meaning it has a highly credible because of a large sample group.

 
 

This is a study done by Forbes
These statistics focus on qualitative rather than quantitative
Allows for more opinion and humanizing of statistics

 
 
Experts
 

Jason Seiple
3D printer manager at Microcenter
gave insight into the consumer side of the 3D printer, specifically enthusiasts
allowed us to understand commercial 3D printing
Leaks with multi extruder 3d printers

Rougher Finish
Large desire for color if people realized it could work

 
 

Brandon Redder
Master of 3D printing at Georgia Tech Invention Studio
Works on creating designs and also works with other types of machinery.
Is in charge of 3D printing section of GT Invention Studio
Has mindset of firms and well informed on newer designs 
Is able to provide information on industrial and producer insight
Color printing is available in limited amounts based on powder printing
Beads of filament, some people string them up
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PORTFOLIO ELEMENT B
DOCUMENTATION AND ANALYSIS OF PRIOR
SOLUTION ATTEMPTS
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Prior Solutions
 
These are some of the prior solutions that have attempted to solve our problem

Patent-KR101430582B1
This first patent is for a multi rotatable nozzle, this mechanism allows for four colors at once with four extruder motors. In order to
change the color, the base rotates, and a different nozzle is now in position for printing. This solution only allows for four different
colors, and can only print in colors that you own.

Patent-US20150140147A1
This patent is a two motor rotatable nozzle and it is similar to the first patent with its capabilities, with one key difference. This system
only uses one extruder motor, that lines up with each nozzle as it comes into the vertical position right below it, so it is a cheaper
solution, but is still only limited to four colors, with filaments that you own.

Patent-US8827684B1
This patent is for a print head with multiple nozzles that are all on the same plane. This also allows for four different colors, but with
one additional drawback to the previous two patents. When one of the nozzles isn’t printing, there is still liquid plastic in that nozzle,
and it tends to ooze out due to gravity, so this ooze wipes on the side of the print causing it to look very messy.

Patent-US20150375451A1
This patent is for a 3d printer with dye tanks to color the filament. This patent was filed years ago, but was never brought to life, so we
asked one of our experts, Brandon, why, and he was told us that these companies are using many different chemicals to dye the
filament, and that filament can’t simply just be painted. So this idea is still being tested on, but there isn’t much breakthrough yet.

Ultimaker 3
This is the Ultimaker 3, it has dual extruders, with two retractable nozzles. The nozzles being retractable are in order to prevent the
ooze from wiping on the print. As for their ability to print multi-color, it can print in two different colors, but when Ultimaker designed
this printer, they intended for the second nozzle to be for printing support materials that could dissolve, rather than being able to
print in two colors.

Prusa MMU2
This is the Prusa multi material upgrade 2, it has the capability to print in five different colors while only using one extruder and one
nozzle, as impressive as this is, there are two main drawbacks, the first is that you are still limited to colors that you own or are
available at the store, the second is that since there is only one nozzle, the previous color must be removed from the nozzle in order
to start printing the next one, so it creates a waste tower, this itself may not be a problem, but when switching from dark to light
colors, sometimes the light color doesn't expel enough of the darker color, and it ends up dying it.
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PORTFOLIO ELEMENT C
PRESENTATION AND JUSTIFICATION OF
SOLUTION DESIGN REQUIREMENTS
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Design Requirements
R E Q U I R E M E N T S  I N  O R D E R  O F  D E C R E A S I N G  P R I O R I T Y
1. Finished project by April 14, 2019.
This is a disqualifying specification
By April 23 2019, we will present to the engineering board again. Our product must be finished prior to this date so that we can be prepared to
present the project. All requirements must be finished by April 14 so that we can practice the presentation in class, as it is set in the calender
for the next week.
2. The solution must not be able to cause injury to the individual using the device properly. The solution should not require the use of
safety equipment.
This is a disqualifying specification
For example, if our solution exposes the user to harmful chemicals, or if the user will become harmed in any physical way by being near our
device, then we have failed this requirement. A user should not need to use a hazmat suit or safety googles to work this device, and no bodily
harm should be done by the device.
3. The technology for our solution exists.
This is a disqualifying specification
If the technology does not exist, then this project will be in vain. We will be unable to create a working prototype if the technology does not
exist.
4. The design must be able to change the color of the filament to a desired color.
This ia a disqualifying specification
The point of this project is too create a 3D printer that can print in multiple colors. If we cannot at least change the color (not doing multiple
colors in one print), then we have not fulfilled our problem statement. 
5. The design will work with 3D color programs to print the items, such as Pronterface.
In order to print colored designs, we need some way to communicate with the printer and tell it what colors to print where. Some programs
already exist that can do this, and we need to be able to work with these programs and files in programming the solution, or we will need to
make our own program in order to input the designs. Already established programs will be easier for users to access.
6. The solution will not lower overall print quality.
This is a disqualifying specification.
If the coloring process makes the print rougher or makes the property of the plastic less strong so that it breaks easier, then users would have
to sacrifice quality prints for color. Users should not have to make a choice between color and quality. If there is a noticeable difference in the
structure of a colored item and a normal print, then we have failed this requirement.  Multi-extruder printers can already do some colors with
lower quality prints.
7. The solution must be cheaper than $500.
Cheap multi-extruder printers are around $500. If our solution cannot offer cheaper services, then few stakeholders will see the benefit of our
device when similar devices already exist out there for less.
8. The device must be able to work with PLA filament.
PLA filament is the most common type of filament used by hobbyist and businesses alike. Hobbyist especially will not be able to access the
powder printers that can do the color prints. Color is typically seen as less important with metal printers. 
9. The device must be able to color the filament while the printer is printing (and thus work under temperatures of 215 degrees Celsius or
more).
Not having to wait for the filament to be colored in a separate process will make the coloring easier and less time consuming. If we are to work
with the 3D printer while it is printing, the extruder head gets to temperatures of 215 degrees Celsius. Though the rest of the printer is cooler,
the solution should be able to work with these temperatures and thus materials like cloth might not work for this product. 
10. The device does multiple desired colors in one print.
Though our goal is to change the color of the filament, a device with the ability to change the color multiple times in one print would be able to
more fully fulfill our problem statement. Painting an item and doing multiple filament prints would still be required to get multiple colors if this
solution is not meet. Those ideas lower the  quality of the print and are timely. 
11. The solution does not hinder the printer if it is an add-on, it should not be bigger than the printer itself, and if it is a printer, it should
not be more than 16 cubic feet, or twice the size of an average PLA 3D printer (Ultimaker S5).
The solution should not take up a lot of room. If users could place another 3D printer in the space of our coloring system, they might prefer to
use that space for something else. Users might not see the benefit of an add-on if the add-on doubles the total system size. Again, space for
printers and size of the printer is a consideration of many users, and this should not decrease the use of our product. If the add-on is large
enough to hinder the 3D printer, then that solution would not work. We would be breaking specification six.
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PORTFOLIO ELEMENT D
DESIGN CONCEPT GENERATION, ANALYSIS, AND
SELECTION
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DESIGN CONCEPT GENERATION, ANALYSIS, AND
SELECTION
Documents and Files Link
 
 

Brainstorming
 

 
 
Here are photos of some of our brainstorming sketches. We started off with over 150 of these sketches and a few on the spot sketches. These
were created over a week to create a wide variety of potential solutions which we proceeded to cut down based on whether or not we thought
they were feasible. There were plenty of solutions that were too far out there, but we only started to narrow them down once we started to
compare them to our design specifications. Once we started to break down exactly what we wanted and which devices could potentially solve
these constraints, we created some more sketches. Midway through these, we brought up our topic to our class and began to produce some
brainstorming solutions. It helped produce a small list of ideas that we did not think about because we were locked into more specific ideas. 
The brainstorming sketches were then reviewed over and we removed the ideas we believed were impossible/extremely difficult to build and
those which we had too short of a time to construct. One of the more difficult parts of this process was figuring which ideas were viable and
which were not once we eliminated the ones with little to merit. This was because each idea seemed to contain merit, so we began to work on
combining and striking out pieces of our designs. As shown above, we had an idea of using several different color filament which we decided to
change up and apply to our idea of just using different colors and mixing them together to create a single colored filament rather than having
several different types, as one of our goals was to make coloring the filament a more cost effective way. 
 

 
Annotated Sketches

 

https://drive.google.com/drive/folders/1kPcvyxdDwUBwx-7Jxv6H_yJBdqlO30-q
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These are Justin's sketches for each idea. The first idea, J1, is a filament grinder which takes preexisting white or clear filament and then
proceeds to cut it down into equal length pieces. From there, a dye is inserted into the holding slot of the cut up filament. The dye is then
drained and the pieces are left to dry and the pieces are dropped into a collection tray which can then fit into a printer in a tubing. J2 is a dye
box which incorporates a two part system, on one side of the box the filament roll is placed on a rotating base and held in place by a pike in
the middle. It has a small nozzle in the corner of the box which would connect to the second half of the box. This portion has a clear cover to
ensure that the user can be able to see through in case there is an issue with the dying of the filament or to check how far the process has
gone. The second compartment contains a microcontroller which would read the input for the color desired, and would mix together several
different colors from the ink to create said color. Then, it would proceed to spray it onto the filament while also rotating the base to ensure
that everything is covered. The two pieces of the system would be detachable to ensure that if one side fails, that the other can still be used in
another design and that the pieces could more easily be fixed. Since they were two distinct systems, the compartments were designed to
separate digital and mechanical pieces. J3 was an attachment that would rest right on top of the printer head. It would use several different ink
compartments and four rails. These rails would be set right next to the filament itself and would have slidable dye distributors and sponges.
These would take the dye from containers through a tube and apply them onto the filament by pushing the sponge out and coating the
filament by smearing.
 
 

These are Alex's sketches. Bead Sorter is an idea which uses PLA filament beads rather than any starting filament. The purpose of this is to
make filament rather than alter filament. It takes the colorless filament beads and drops them together with which over color bead or beads
are needed and melts them together. Once they are melted together, the resulting filament would be extruded out of the nozzle and into a
filament roll. Filament Mixer is an idea which take multiple pieces of filament and pulls them all together to mix together. These would be red,
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white, yellow and blue to ensure all the colors are covered.These filaments would come together at the tip and mix inside another chamber,
then be extruded outwards. Stencils was another idea which used 3D printed pieces matching the dimensions of the object to be able to color
the print from several different sides. It would make the process of painting afterwards faster by providing specific stencils that were produced
through computer programing which would have outlines based on which color was desired.
 
 
 
 

 

These were Blake's sketches. B1 was an idea to use the ink cartridges from a traditional printer and a long tube. The filament would run
through said tube, in which the ink would drip or spray onto the filament, coating that specific region. The filament would continue to run
through as it was colored and would exit from a small hole that only filament would be able to leave. This was to ensure ink did not drip out.
B2 used several different ink cartridges and mixes them together.  The colors would be controlled by an internal computer and would
determine the ratios necessary for the specific color. B2 would be attached to the same railing as the extruder head, and would color over the
print as the print continued to ensure that it was quick and accurate. B3 was a marker wheel which would use a servo to color the filament
with markers. Anytime the color wanted to be switched, the wheel would rotate and change which color could be applied.
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These were produced after we moved away from our brainstorming and narrowing down the choices based on our own views on which ideas
could be the most effective while also being able to be finished within our timeframe. Several of these ideas are combinations of older ideas,
an example given in the brainstorming section. We started to work on these and provided information that we thought might be useful to
include about the function of the product. We also sent these photos to our expert, with which we received experts about ones they did not
like and ones they did. All of these ideas that we had drawn up were feasible to them, but some were going to take much more time than
others, making it much harder to produce a working prototype and testing in time. As such, we were able to evaluate them based on build time
much more effectively. The letter and number given show which person created it and which sketch number it was. These ideas were provided
with more help from our experts on what we possibly could do. While we did not have much information on dimensions, this was because we
did not know how large all of these ideas needed to be, so we decided to wait until we started building our mockups until we establish the
dimensions.
 
 

Decision Matrix
 
 

This is our decision matrix that was produced after we had finished all of our designs. The annotated sketches all correlate to an idea on our
decision matrix, and they were evaluated on what was present on the drawings. Feasibility and quality were the most important constraints to
us. Feasibility was the chance that the product would work out and be able to produce a product which is able to function properly
consistently. Quality focuses on the quality of the deliverable which can be produced. The deliverable would be something like the quality of
the filament for the bead sorter, to quality of the print after ink is applied for ideas such as the ink cartridge. Safety and build time were large
too, as having a safe product is necessary, along with being able to produce the product in the time limit. Expert feedback and simplicity was
also important, as the expert's experience helps make up for our lack of experience, while the simplicity is to ensure the user is capable of
using the product. Cost, coding, and size were the lowest not because they are unimportant, it just because the others are necessary for our
product to meet our design requirements. Overall, we chose 4 of our ideas: the bead sorter, filament mixer, ink cartridge, and the dye box. We
chose these four because we saw that each one would work on coloring the filament instead of coloring the print, and were able to produce
more tangible results than the rest. We saw coloring the filament before as more important than after, because coloring it after would cause
larger issues of dripping and potential bleeding, while having it go before the filament would actively bond with the coloring.

Annotated Sketches Revisited
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While we originally were aiming to go with our first few products, two of our products have failed: one from being too expensive, the other not
working out because of coding issues. While we managed to produce both of them, we had to go through another phase of design to ensure
that we had a valid product. These were two of the ideas that we thought might work with dye, as we were trying to test out which kinds
coloring could work. The dye stream became the p trap idea because it was a better method of incorporation of coloring by allowing for a way
that the dye would not just leak out and there would be less of an issue of dye not applying onto the filament. Because of the lateness of the
change from our product to the P. Trap, we focused on creating the sketch with dimensions and material costs in order to know exactly how to
produce it, since we did not produce a product concept sketch.
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PORTFOLIO ELEMENT E
APPLICATION OF STEM PRINCIPLES AND
PRACTICES
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Application of STEM Principles and Practices
 

Documents and File Link
 
 
All of the justifications for the products are attached in the Google Drive.

 
BEAD SORTER
 
 
The Bead sorter works by putting in different color beads with PLA filament beads into a tube which would then melt them down and produce
a filament out the extruder. It works by having a heating compoment at the tip while the entire champer constantly turns to ensure that the
filament is pushed out. The bead sorter idea was validated by Brandon and Nick when discussing our potential choices. We initially went to
Brandon to discuss our brainstormig and annotated sketches because he was the first expert we went to. When we discussed with him the
ideas that we had, he gave a response saying that all of the designs were possible, but difficult to build. He noted that there were some issues
that could hinder building it, such as higher costs and the filament beads might be harder to come by. He said that the idea had potential, but
there were already some solutions. However, most of these have failed and some offer partial solutions. Nick was on board with the idea, but
brought up several issues that might occur. He discussed how purging of colors would be one of the biggest issue which could hamper the
process by having older colors appear and coat the filament later on. The Bead Sorter has the most potential for varying ranges of colors. As
an aspect of it has already been applied in an industrial process, there is backing to say that it has potential to work if scaled down and
modified. Below is our Product Concept page where the operation is more detailed as well as an annotated sketch to visualize the process.

 
 

INK CARTRIDGE
 
The Ink Cartridge idea works by using a traditional Inkjet printer's cartridges to adjust the color of the filament. To do so, it will apply the ink
from the ink using the printer's coding. This will allow for the ink to be able to be applied to by a steady supply of ink without human error
implemented.  We had two experts, Nick Tonini and Brandon Redder, validate our idea. Nick Tonini addressed several different issues with the
application and coloring, but he said the design would work. He described the versatility of dye and the ability to manipulate colors much more
effectively than that of printer ink, due to their relatively cheap costs.  Brandon Redder described how the ink might be harder to work with
due to its staining power. It also is harder to work with liquids closer to electronics, as there might be issues of damage. He told use that we
might need to focus on creating a closed system which would not leak, but said that the idea had potential. To solve these issues, we focused
on changing up the system to include a closed system which would deposit the ink in a safer location in order to prevent coloring issues.

 

https://drive.google.com/drive/folders/1qws8xf6WGCNv7J2YeY9s20kK8gsZMgLJ?usp=sharing
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FIL AMENT MIXER 
 
The filament mixer works by combining several different pieces of filament together and melting them down. We had Nick Tonini, Brandon
Redder, and Corrigan Nolan review this idea. Nick favored the less variable filament over ink, as did Brandon. Brandon prefered the bead
sorter, but also said that the filament mixer had a lot of promise if done correctly. It could be used relatively easily and would also have a
consistent coloring scheme. It would also fully integrate into the printer, which he felt was a better way to create a coloring method. Nick Tonini
prefered this idea over the others, describing the how the only issue that he could identify was a purging method that was effective. Below is
the filament mixer and how it functions. To fix these issues, we decided to focus on adding a chamber after the heating piece in order to
ensure that the filament coming out would be consistent and also to focus on coding for this problem, as purging would require mechanical
manipulation. Filament is normally combined this way, but this allows for the end user to be able to easily use it without any prior knowledge
to making their own filament.

 
SHARPIE
 
 
While this idea was originally not one of our ideas, we had to restart the process for the two ideas below. We modified the sharpie idea to work
horizontally instead of vertically, and shifted the focus on being able to use multiple sharpies on the same piece of filament. We took the advice
of our experts on the difficulty of dying and the difficulty of purging and reviewed the sharpie idea. The sharpie would be able to applied by
coloring the sides of the filament while the filament runs through. This reduces the chance of error by purging, and becomes more of a coding
issue for when we need to change the color itself. While this method of coloring is different from the others because it is using an alcohol
based solution rather than oil or ink, it has the same staining ability as dye and would work because of the versatility of sharpie's coloring
capability. 
 

 

DYE TUBE
 
 

 



6/22/2020 Portfolio | Innovation Portal | BadJer Print

https://www.innovationportal.org/portfolio/43663/print-layout 18/38

The dye tube was a later addition along with the sharpie idea. This one takes the problems with the dye idea and changes it up a bit. Instead of
using printer ink, ink is directly dropped into the tube itself and it levels out at the bottom. The closed system which Brandon mentioned is
incorporated here, where the ink would settle towards the bottom due to gravity and the valve at the bottom would be able to release the
coloring when a change is needed. The material used to hold fashion the dye tube would most likely be plastic, but material testing to see
which cause less adhesion and more cohesion of the dye would work best to reduce staining and 
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PORTFOLIO ELEMENT F
CONSIDERATION OF DESIGN VIABILITY
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Consideration Of Design Viability
 

Documents and File Link
 
 
 
There images are brought over from part E to allow for visualization of the products.
 
 
 

BEAD SORTER 
 
Potential Issues
 

The filament may be printed out inconsistent because of a constant supply of colder beads.
The ability to push the melted plastic out.
Purging the colors out.

 
 
Addressing the Issues
 
To address the issue of inconsistent filament, the best way to solve this issue is to have a thermocouple to ensure that the temperature stays
consistent, where it would produce increased voltage if the temperature were to drop and reduce voltage if it were to go too high. By doing
this in addition to increasing the length of the heater ensures that the minute changes in heat will not affect the overall product. To address
pushing filament out, instead of pushing the filament out, it will be pulled out similar to how material is pulled through a die. This will ensure
that the filament will come out as a line and not a blob. If one wanted to switch colors halfway thorough printing the filament, then the
beginning of the filament would have to go. This is one the limitations of the design.

 
 
 
 
 
 
 
 

INK CARTRIDGE
 
Potential Issues
 

The ink could be toxic.
The ink could melt down when heated, causing leakage.
The ink might bleed through the print.
The container size might take up too much space.
The ink take too long or too short to dry, causing either leaks or clogs.
The pressure of the ink coming out may cause inconsistent coloring.

 
Addressing the Issues
 
To address the issues of the volatility of the ink and other materials, tests would need to be done to determine the effects of the ink and
determining which kind can be used would be the first idea to ensure that it works. While all printer ink may seem the same, it is worth testing.
The container sizes for the ink is relatively small and if they do take up too much space the ink can be extracted and moved to a smaller
container. For many of these issues, more testing would need to be done to find the proprties of the ink. However, focusing on lower
temperatures for printing might work better than higher ones because of the potential danger that ink presents if the alcohol or oil base inside
ignites. One idea Nick Tonini recommended was Dykem Industrial Grade Coloring which would stain extremely well and is used on machinery,
so it should be much safer for higher temperatures.

 

https://drive.google.com/open?id=186EKWTPKwEk1P3vEoF_esJP_YxR22-Ui
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FIL AMENT MIXER 
 
 
Potential Issues
 

The filament may not have the same melting consistency because of colder filament constantly entering the heating chamber.
The filament may have issues with motor pushing the filament too fast, causing jams or inconsistent melted plastic.
The filament head may not be able to hold 4 filaments.

 
Addressing the Issues
 
To address the heating issue, we would have the head stop printing if the tip got too cold and just wait for things to warm up. It would not clog
because the plastic would still be melted, but it would ensure that the consistency of the plastic is the same throughout. To ensure the motors
are going at just the right speed, we would have to figure out the amount of filament being extruded per roll of filament. Then, we would have
a computer figure out how much of color would be placed. For instance, if red and blue filament was mixed, then only half of each is taken to
extrude onto the bed rather than taking the full amount of both and printing them. This would ensure that the amount of filament wasted in
mixing is much less and that the filament does not clog the head. For the issue of not being to melt 4 different filaments at once, we have
found a head which can carry up to 5, but testing will be needed to determine if this issue is unsolvable.

 
SHARPIE
 
Potential Issues
 

The sharpies might dry out from overexposure.
The sharpies may not be able to apply enough pressure to the filament.
The sharpies may not be able to determine the distance between the printer and the coloring method.

 
 
Addressing the Issues
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To prevent the issue of drying sharpies which could cause poorer results in coloring, we would need to put a case over the sharpie box. This
would ensure that moisture is maintained inside of the device so that the pieces will not dry out. The closed of place will not include any sort of
computer, but will only include the sharpies, the filament passing through, and the servo bars to move the sharpies. To address the issue of
the sharpies not applying enough presssure, we would need to change the design from vertical to horizontal which would allow for a more
compact device and also one which allows for several different colors to be applied at once. In addition, there will be a cap and bottom hole
which  the filament will go through to ensure that the filament comes out straight, and the color applies correctly. The distance between
printer and coloring would have to be determined by computer or manually inputed by the end user, which would be a limitation of the
design.
 

DYE TUBE
 
Potential Issues
 

The ink could be toxic.
The ink could melt down when heated, causing leakage and bleeding through the print.
The dye might stain the tubing, causing colors to mix if changing color.
Too much moisture from the dye
Purging the dye.

 
 
Addressing the Issues
 
As said before, any issues with the dye needs to be tested before use to ensure that the dye itself is not the problem. Regarding the design, the
staining of the tubing fixed by switching the poisitioning of the input tube and moving it towards where the drainage tube is. By connecting the
drainage tube and input tube while cutting a hole in the middle of the input tube to let the filament pass by will ensure that the filament is
colored. Then, by shifting the air pressure to have a vacuum near the output, the dye in the input/drain tube will stay in, but not touch the rest
of the tubing. Regarding draining it, by purging the system with rubbing alcohol, it will bond with the ink and dissolve it. To reduce the moisture
of the system, a sponge will be placed at the tip where the filament is coming out to rub off any excess dye. This will need to be changed out
every time the print is done. Purging the dye is done by a buret tip which can control exactly how much you want out, in case excess amounts
of dye was put in.
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PORTFOLIO ELEMENT G
CONSTRUCTION OF A TESTABLE PROTOTYPE
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Prototypes
 

Documents and Files Link
 
 
Printer Cartridge prototype: the idea behind this is that we would use printer cartridges to color the filament. In order to easily take
out the ink from the cartridge, our plan was to use the printer head, but when we tried using it, it was telling us there was a paper jam,
and when we tried asking our experts, the robotics team’s chief programmer, to help us fix it, he could not figure out how to get it
working, so we ultimately had to drop this idea.

Filament Mixer prototype: The filament mixer idea is based on the idea of mixing together two different colors of filament together
and having it come out a new color. Our experts listed many problems with this idea, such as color purging not easy or the mixing
ratio will be tricky, and the main nozzle we would need would cost over $150, so we decided to drop this design too.

Bead sorter prototype: this idea is based off of how they make filament in the factory. They take plastic beads and coloring beads and
melt them down into liquid, and then extrude it through a hole onto a spool. This idea does the same thing except it allows you to
select the ratio of colored beads to select the color of filament you want. The device constructed funnels the beads in the cut open
bottle, and puts them into the pipe below to get melted down by the heating band. It is then pushed out by an augur bit attached to
the drill. The filament is then extruded through a tiny hole in the from of the pipe. This machine was built because the real one (right
picture) was over $300.

Sharpie prototype: this design based off a YouTube video we saw, where someone took a sharpie and actually dyed the filament to
the color of the sharpies. We saw that idea and made this mechanism that points sharpies onto the filament as it passes by. It is
hooked up to an Arduino so we can control the servos under the sharpie to move them into and out of position of the filament. It is
placed right above the head of the printer nozzle so that the filament passes through it to get colored right before it goes into the
printer.

 

https://drive.google.com/drive/folders/18hQ_KBQVSE_6qrewLAH_vxA3KcdARsUS?usp=sharing
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Dye Tube prototype: Dye is inserted in the middle (cut open pipet), and it stays in the curved section while the filament passes
through the tube, and at the end of the tube is a sponge to absorb any wet or excess dye. This process would happen right before it
goes into the printer, to print. At the bottom is a buret. This opens to drain out the current color of dye, and can close to put in
another color.
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PORTFOLIO ELEMENT H
PROTOTYPE TESTING AND DATA COLLECTION
PLAN
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Testing Plan
Criteria:

General Criteria Data needed Data type Accuracy

The solution must not be able to cause 
injury to the individual using the 
device properly.
The solution should not require the use 
of safety equipment.

Any release of toxic 
fumes or burning.

Qualitative Identifiable 
odor or 
visible gas

The design must be able to change the 
color of the filament to a desired color.

Color. Measured 
through the Pantone 
color scale

Quantitative ±10 for all 
CMYK

The device must be able to color the 
filament while the printer is printing

We will have to run the 
colored filament through 
a printer.

Qualitative Identifiable

The device does multiple desired 
colors in one print.

We will have to run the 
colored filament through 
a printer.

Qualitative Identifiable

The device is capable of running 
multiple trials.

Multiple tests for 
accuracy across the 
board.

Quantitative 10 - 15 
trials

Ink Criteria      

The ink is capable of drying fast 
enough before entering the printer.

Determined comparing 
drying times and motor 
speed.

Qualitative Identifiable

The ink is capable of being applied in a 
correct concentration.

Determined through 
Pantone Color Scale

Quantitative ±10 for all 
CMYK

Dye Tube      

The device is stable. Determined by if is able 
to moved.

Qualitative Identifiable

 
Sharpie Test 1

 
Our first test will be to see if the filament is able to be colored by the sharpie. We are not looking to see if the color will be similar, but if it looks 

similar to filament of that specific color being printed. It also involves whether or not the sharpie can color the filament prior to heating. First step is to take 
a sharpie and color a long strand of clear filament with it. Then take that srand and print any object with it. If the filament becomes a different color after it 
was printed, then the test was a success. This difference in color shade can be calculated as the CMYK values, found by the HTML color code found on 
this site: https://htmlcolorcodes.com/.

 
Sharpie Test 2 

 
If the filament is colored, then the second test can begin.We need to make sure to be careful during printing in case of any issues. Take the colored 

filament and load it into a 3D printer. Cut off a part of it for reference later. Print the strand of colored filament. If there are any problems, such as the 
filament getting stuck or the filament releasing bad smells or burning, note them. The releasing of toxic fumes, a failure to print a coherent object, or 
getting stuck after ten trials will result in a failure of the test. Print the same object with the uncolored filament and compare the quality (so long as both 
objects can be recognized as being the same, this will not result in a quality failure of the test, but should be noted), looking at fraying and how well curves 
appear. If the colored filament prints properly, note the color by comparing it with the color code closest to the final color. Find the same thing with the 
marker's cap used to color the filament and compare these colors, noting the difference between the shades. This difference in color shade can be calculated 
as the CMYK values, found by the HTML color code found on this site: https://htmlcolorcodes.com/. Within 10% of each value is good.

Sharpie Test 3
 

In the final sharpie test, we will be looking to see if the print has any issues. We will be testing to see how well the colors mix with each other to see 
if we can create a wide range of colors. We will start by mixing simple colors such as blue and red to see if we can create purple, and then we will try to set 
those common colors as a setting in our device so we can easily create those colors with the press of a button.

 
Bead Sorter Test 1

 
The first test is to see if the filament recycler works. We will fill the recycler with beads and attempt to create a filament. If a filament is created, 

this test is a success. Proportions are not key in this test. Here we just want to make sure that we can create new filament colors. By making sure that the 
filament is produced we can show that the production is viable as the design hinges on the filament recycler.

 
Bead Sorter Test 2

 
This test will determine whether or not the newly produced filament can change colors in one filament extrusion. This will show whether or not the 

product is capable of producing prints that are multicolored without having to create a new roll. If the color can change to a distinctly different color, and 
not just a different shade, in order to determine the difference, we will be using the Pantone color scale. This was advised by Mr. Campagna and is the 
industry standard for design in relation to colors.

 
Bead Sorter Test 3

 
This test will see if the bead sorter can produce the roll and work with the printer to print at the same time. This will combine both of the processes 

of coloring and printing to shorten the production time. This will allow for printing at a short times notice without having to worry about prep time for the 
beads. We will test the time it takes for the recycler to create 1 yard of filament, and we time a 3d on how fast it takes to print 1 yard of filament, if the 
recycler is faster than the test is it can spit out filament faster than the printer can print, and it passes this test.

 
Dye Tube Test 1

 
    This test will be focused on how the product is accessibility. It must be light enough to where it can be very easily placed on the 3D printer or on parts of 
it without damaging anything, but it also must be able attach to surfaces depending on the printer. It must be strong enough to not break when the extruder 
is pulling through the device. This is because of its small size it may not be strong enough and we need to be able to understand portions of it which need to 
be reinforced or improved.

 

https://htmlcolorcodes.com/
https://htmlcolorcodes.com/
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Dye Tube Test 2
 

    This test will be focusing on how well the product is capable of retaining the ink. The test will be successful if the ink is capable of dying the filament 
without dripping out of the container or leaking across the filament. This is to ensure that the product will not cause any issues or messes need to be 
cleaned up. This will also be necessary to figure out where exactly the dye will flow so that we can produce a better model.
 

Dye Tube Test 3
 

    This test will be focusing on how we the cleaning system works out. This will be the test to see if we are able to change between colors. It will test to see 
if the colors are able to be purged when desired by the user. 
 

All Products Test
 

We will be looking into quality control for each of these products. For starters, we are going to be looking to see if these products all have relatively 
equal qualities of print. Anything major entails breaks, incorrect dimensions, easy cleavage points, and other problems that would reduce the durability and 
aesthetic of the product will be taken into account to evaluate our system. Minor issues would include small chips, slight discoloration, and fixable 
mistakes after printing. We will be printing a single object with our multiple prototypes to make sure that there is no issue with design. Once this is 
complete, we will print out one without any devices to set the base. We will be qualitatively comparing them.
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PORTFOLIO ELEMENT I
TESTING, DATA COLLECTION AND ANALYSIS
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Testing, Data Collection and Analysis
 

Documents and Files Link
Sharpies

Testing
Accuracy - The colors were close to our predicted values, except for the red sharpie. We believe that because the red 
sharpie did not touch the filament strongly, it did not put enough red hue in the result. Besides this, all of the resultant 
colors matched the colors we expected.
Repeatable - We printed whistles each time with the same clear type of filament and setup, thus the tests were very 
repeatable. A Success
Corrections
Prototype - It needs a way to attach to the printer in a more cohesive way. It does color the filament, but it needs more 
reach. The sharpies sometimes run into each other. To improve the prototype, we could turn the servos on their side so 
that the sharpies will not overlap and push into the filament. 
Testing Procedure - We felt that the testing procedure itself worked fairly well and gave us accurate, repeatable data to 
work with.
Data Collected - We could find more data, especially with how the sharpies mix when multiple colors are going at once. 
We also should get more data on the red (perhaps black and green as well) color and see if it is possible to make it a 
deeper red with more push into the filament.
Extras

Graphs -
Reflection - Overall, this is probably our most successful idea. Except for how the prototype attaches to the printer, the 
proof of concept is mostly successful. With more time, we would test how well the colors mix and rebuild the prototype so 
that the servos push the sharpies into the filament more effectively and do not have any chance to run into each other.
 
 

Bead Sorter
Testing
Issues - filament is coming out too brittle, so any bend will cause it to snap. I believe the reason is the air bubbles in the 
plastic being formed. My guess as to why is that the band heater is heating up too quickly for the thermistor to accurately 
determine the temperature, so it is heating up why too hot and causing the plastic to vaporize and cause the bubbles.
Corrections
Prototype - Make the heating band heat up slower by regulating the PID loop in temperature control device.
This should solve many issues we were having by limiting the voltage going to the heating band, ultimately causing it to 
heat up slower.
Testing Procedure - create filament using 10:1 ratio of colored beads to the PLA pellets for each of our three colors. 
Take that filament created and print it out in a 3d-printer to see how the color differs from the original colored beads. 
Then do the same with mixed ratios, so 10:1:1 with each sets of colors to create the secondary colors and print that to 
see how well the color changed.
Data Collected - filament is too brittle to test in printer, so our data is just the color difference of the filament and the 
bead, and not how it printed out.
Extras

 

https://drive.google.com/drive/folders/1FuHZ21CWC13SGu_lRzkhQbGC1y-FmTZH?usp=sharing
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Graphs - 
Reflection - This idea appears be correctly coloring filament until you try to mix or change the colors, but we can’t say 
it’s a success because the filament is too brittle to put in a printer, and it’s thickness varies slightly, so it’s not ideal to 
mass produce as a product.
 

Dye tube
Testing
Accuracy - As long as the dye stays consistent and is not contaminated, it will be able to produce the same color over 
and over again. The only difference that could be made with this is the filament type and color, however we are always 
going to be using clear filament as the other colors cause tints, as seen when we tried to color white filament. 
Repeatable - It is repeatable as the dye just needs to come through the tubing from one entrance. Then the filament just 
needs to be run through, and the coloring will be done relatively quickly.
Prototype - Some corrections that need to be made are to ensure that the ink does not stain as much, as the tubing 
itself is plastic and can easily be stained.
Testing Procedure - The first few tests seem to be already checked before the prototype has been done, so there 
needs to be more tests involving differing types of color rather than to check if the filament is able to colored.
Data Collected - While the Pantone color scale is great for checking what colors you have and the difference in hues of 
the colors is apparent, its harder to find what the color would be if mixed.
Extras

Graphs - 
Reflection - While this was our last idea and one of our most rushed one due to a severe time constraint, it functions 
relatively well and relatively cheaply versus our original 3rd idea. While it may not be the most pleasing to look at, it has a 
good promise if the tube size was roughly all the same and the pieces were connected better.
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PORTFOLIO ELEMENT J
DOCUMENTATION OF EXTERNAL EVALUATION
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We had several experts provide opinions and help us with this project. Listed below is each expert, the general advice they gave us, and any
meeting summaries or important emails associated with that expert. In general, some experts told us to stray away from this problem as it is
difficult, others gave us advice in prototyping. One said that our final product looked really cool, but would require more interface and
programming before being accepted by the general public. 
Brandon Redder
3D Printing Master at the Innovation Studio at Georgia Tech, well versed with modern 3D printing technology and all of the machines at
Georgia Tech. In general, he gae us a rundown of the major things happening in the field and helped us determine our project. He stated that
this idea would be hard and suggested doing something with 3D printing electronics. The pproblem was that these have, for the most part,
already been done. He said that this is indeed a problem and that we could use it as our project, and then introduced us to some other places
to gather more information. He also reviewed our orignial problem statments.
Emails

Hi Blake,

I'm the 3D Print Master (lead student volunteer) for the Invention Studio. I am responsible for maintenance and training for all of our 3D
Printers (~30 consumer and professional printers).
I'd be happy to meet with you and your group. What is your timeline? Are you able to meet during the day?
If you haven't visited our space already, it may be beneficial for you to do so; I'd be happy to give you a quick tour and answer questions
related to your project.

Thanks,
Brandon Redder
 
 
Blake,
Sorry for the slow response, it's been a crazy two weeks. 
I think either of those would be fine projects. As we discussed there have been several different attempts at full color printers, but I haven't
seen anything with printing on top of a failed print. If you can make that work it may be useful.
Thanks,
Brandon Redder
 
Meeting Summary
We met Brandon Redder. He showed us around the Invention Studio, including all of their great tools. This included non-3D printer tools as
well as their wall of 3D printers. We did not see, but he did talk about their powder printers. These types of printers can apparently print in
color, but require training to use as well as are very expensive, up to  $200,000.  We also saw some items like a washer that were used to clean
3D objects. A multi-tiered printer allowed them to print many objects at once and over time (it had a bottom that moved the finish product off
the bed when it was done). They had mostly Ultimakers for their other printers, the ones that were used for single, normal prints. They also
had a multiextruder printer, and expressed some problem of leakage, but there was another multiextruder that was able to pull its head up
and did not leak as much. We discussed our idea for a color 3D printer, and he said this idea would be hard to do and has been implemented
with powder printers. He also mentioned how some people pieced filaments together to get a color print. He did say that this problem was
justified, just that it would be harder than we assumed. He also gave us ideas to work with conductive filament to make circuits and resistors,
3D print on fabric, create a more user-friendly interface with how to set the settings, and to make the 3D printed object look really nice in one
step because he believed the color idea might be hard. He gave these other ideas as backup, although the user-friendly interface and the
finishes in one step were our ideas, just that these ideas were justified. We also discussed about limitations of our project, and what
constraints we should work with.  He also mentioned that filaments are colored using special beads, but perhaps there was another way to
color them. Overall, he said our problem had some partial solutions, but was justified.
Nick Tonini
Nick Tonini is an employee of Fast Radius, an additive processes manufacturing company (3D printers and such), and helps monitor 3D
printers there. He gave us advice throughout the process, from which of our annotated sketches were the best, to getting parts for out
prototypes. He told us to be careful using dye and to double check that it would dry fast enough. He also got us in contact with Corrigan Nolan.
He liked our final designs.
Emails
 
Hey Alex!
Good hearing from you. I've browsed the sketches and there's 3 things that stand out which I believe are going to be the toughest challenges
for your team. Hopefully you can understand my rambles.
1)Dying of material is not as easy as it sounds. You're going to need something which will dye and dry very quickly. If it's going to be dyed
before the nozzle you'll need to verify it'll withstand the melting temp's. Will it stay the color you dyed? Burn? Go back to the original color of
the filament? I'm not sure. The material you choose to use is going to make a big difference in success or failure. ABS for example tends to
resist dying, while a nylon takes it fairly well. I imagine you'll need to have the dye penetrate the filament fairly deep to get accurate colors. This
may prove to be more difficult then you think. If you decide to attempt the "Dye on demand" strategy I'd turn you towards a company called
"Dykem". This is some industrial grade stuff! It's essentially designed to stain/mark metal and is probably some of the quickest working dyes
you can find off the shelf. We use it in some cases if we have parts with stains as it can cover up a white mark on a black part extremely well
and it drys very quickly. Use gloves and old clothes as it'll stain your skin for weeks!
2) Purging of colors may prove difficult. If you choose to mix colors before the extrusion process you may find the colors will remain in the top
long after you think they're gone. We change tips for any color changes even if the material remains the same. This is because we have had
issues with the old colors popping up 50 layers later. If you are using a dark color like a blue, and switch to a yellow, you may find the darker
color hangs out in the tip and surprises you at the least opportune time.
3) Filament printing really dislikes moisture. If you can't keep the filament dry when it enters the extruder you'll end up with the excess
moisture boiling in the tip. This leads to loss of control of the extrusion and issues with print quality. When deciding on the material to use, i'd
target a lower temp material in hopes to minimize adverse side effects.
You may also look for direction by browsing the filastruder forums. Filastruder is a device that lets people make filament at home, but I'd think
you can find info on how people have successfully added color to filament on there.
Thoughts: I'd find a material to print with first. Something low temp with good acceptance of color (Use a light color like White or ivory as it'll
take color better then darks!). I'd try a dye you're considering, dye the filament and see what happens when you extrude it. Does it stay the
same color? Does it burn?
Ideally you'd find a dye which doesn't burn or oil at the print temp you're aiming for.  I don't know the boil point of dykem, but i'd look around
at a wider verity of dyes.
While dyes will be easier to mix and get certain colors, pre colored filament would be the easiest route to control mixing ratios.
I'm thinking the best chance of success is going to be annotated sketch #2 (with page 77 in the top right).
Nick 
 
Hey Alex,
 
I don't know of any systems currently like this, but that's not to say it wouldn't work. Are you all planning on just having a few different colors
to print with, or an actual color mixture utilizing CMYK? I think I would work to get a setup going which simply has a purge bucket if you need it,
and trouble shooting any undesired color mixing afterwards. Try purging first and see if that works for you. I think a plunger system just
complicates things at this point. If you need a mechanism to help mix the filaments and push it through a single tip, I'd probably look into an
auger system of some sort or individual drive blocks feeding the same tip.
 
Nick
 
Hi Alex!
 
Sorry i'm just now getting back to you on this. Unfortuantly our location in Atl is simply a sales office. I'm not sure we have anyone down there
which would be able to lend you quality advice. I do have a friend who used to work at Fast Radius which is an engineer and lives down in Atl.
I'll reach out to him and see if he's willing to give you a hand!
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Nick
 
Hi Alex,
 
It looks like a nice piece of kit! I would make sure you program in some good purge procedures if you go this route due to residual filament of
the previous color being in the head. 
 
I've also included in this email my bud Corrigan. He's an ATL native and should be helpful in this endeavor. Corrigan have you ever used this
head?
 
Alex, you may give Corrigan a quick rundown on your teams goal and how far you've com
e to this point.

https://www.reprap.me/diamond-fullcolor-hotend.html
Thanks!
Meeting summary
Alex met with Nick at the UPS logistics center and we was talking about his company's 3D printers. He explained that other companies that ask
him to print certain materials also ask for many different colors. He explained how some filaments are limited in the color they come in, like for
carbon fiber, this would be black. He said that it is a problem for his company to have to paint their prints sometimes. Alex also got a business
card which shows that Fast Radius has a base in Atlanta, so that could be a great place for our group to go visit to find other experts.
 
Corrigan Nolan
He used to work at Fast Radius, a company that deals with 3D printing technolgy, and keeps up to date on modern 3D printing techniques. He
helped us with the 3D printing nozzel and filament mixer prototype, eventually helping us realize it needed to end.
Emails
So I've never worked with that tip but my buddy has and says it's a nightmare. He had a ton of issues with thermal control, clogging, and color
mixing. 
 
What's the intention? If its multi color / multi material the palette+ or prusa multi material would be the way to go. 
 
https://www.google.com/aclk?
sa=l&ai=DChcSEwjBsr3l1pvgAhXNusAKHU2TARwYABAAGgJpbQ&ae=1&sig=AOD64_1_a3H3STlaG08pJ0KIWXNrV_XOFg&q&adurl=https://www.matterhac
pallet/sk/M8AE9Z10?
gclid%3DEAIaIQobChMIwbK95dab4AIVzbrACh1NkwEcEAAYASAAEgJwafD_BwE&ved=2ahUKEwjH0rjl1pvgAhUD34MKHd66A88Q0Qx6BAgLEAE
 
https://www.google.com/url?sa=t&source=web&rct=j&url=https://shop.prusa3d.com/en/printer-upgrades/183-original-prusa-i3-mk3-
multi-material-upgrade-kit.html&ved=2ahUKEwiY0tfw1pvgAhVL2IMKHciuBxIQFjAAegQIBBAB&usg=AOvVaw239DlRyP6xasdOWXm74LN6
 
Cheers,
Corrigan
 
Hey, apologies. The email fell through the cracks. The nozzle should mix the colors but I imagine it will be quite difficult to change the colors
without significant purging. 
The other thing to note is that you will be limited in color because you will always need to be extruding where all values (r,g,b) add up to 100%
(no control of how light or dark your color will be). 
 
That said, I did find an instructable online that claims to have done this. I think it's very misleading though because he shows off parts that
where clearly not printed on his contraption (or at least in the rgb configuration). 
 
https://www.instructables.com/id/Full-Color-Mixing-3D-Printer/
 
I don't see a heating element. I believe this is just an extruder and the heat sink is just there to show how you would mount the nozzle and
heating element. 
 
Will it mix? 
Unfortunately, no. The mixing will have to occur after the heating element.  
Jason Seiple
He is an employee at Microcenter in charge of 3D printers. He assured us that the market for 3D printers would be interested in a multi-
colored printer and that if customers knew that they could easily get a multiple colred print, that the customers would use that instead of just
getting a normal one color print. He, like Brandon, gave other suggests for a problem. He said our final product looked really cool, but would
require more interface and programming before being accepted by the general public when we showed it to him recently.
Meeting Summary
Blake met with Microcenter employee Jason Seiple and talked about 3D printers. He said that putting color on 3D objects requires a lot of
work, and he is not even sure that it can be done. He did say that would be a cool idea. Currently, most people do not request colored items,
but that is because they understand that 3D printers cannot do that as of now. He believes that if we are successful, that demand will rise. He
also suggested perhaps creating better interface in setting the settings of the print.

 

https://www.reprap.me/diamond-fullcolor-hotend.html
https://www.google.com/url?sa=t&source=web&rct=j&url=https://shop.prusa3d.com/en/printer-upgrades/183-original-prusa-i3-mk3-multi-material-upgrade-kit.html&ved=2ahUKEwiY0tfw1pvgAhVL2IMKHciuBxIQFjAAegQIBBAB&usg=AOvVaw239DlRyP6xasdOWXm74LN6
https://www.instructables.com/id/Full-Color-Mixing-3D-Printer/
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Overall, we feel that the deisng process went fairly well, although there are several key changes that could have occured. The reflection is
sorted out into each of the major areas of the design process and how these areas could be improved.
 
Problem Statement
    The problem statement has been updated several times, and has improved each time. In general, I feel that the problem statement
conveyed our idea well, but that the wording contained a little too much jargon. The FDM printers could be said by simply stating plastic
printers, although linng up the paint times and paint statitics worked out well.
    As far as creating the problem statement,  we feel that this process went fairly well and that our group and choosen problem was a good fit.
Our experts did say that this problem would be hard to fix, but we decided on this one due to our interest in 3D printing. 
    The constraints were not created until a later date than the problem statement, but these could have been somewhat better. The constraint
that the price was to be limited to $500 should have been lower. We eventually dropped our one idea that was over $300, so a better constaint
would be $150. Our original reasoning was that it should cost less than a printer (cheap ones are $500), but not enough people would likely
pay even a large fraction of a printer cost just for some color, so about 1/3 the cost of a printer would be a better option. The other constraints
are fairly fine and were to the most part followed.
 
Research
    We were able to research and gain experts who were fairly helpful to us in this process, but we should have done these things sooner and
helld onto our experts better. Our first expert, Jason Seiple at Microcenter, was usefulfor the information he provided n the market, but he
never responded back and he was not as much of an expert on how to prototype or how to test the inner workings of a printer. It was good for
us to try Microcenter, but the expert there was not as mch help as we had hoped. Brandon redder at Georgia Tech was fairly useful in helping
us figure out our problem, but he did not answer emails after our first meeting at the Georgia Tech lab. We emailed him every couple weeks,
but he never responded back. We do not think he knew how big of a commitment this would be, and that we should have informed him that
we would contact him throughout the year. Nick Tonini at Fast Radius gave us a lot of great advice for prototyping and even got us in contact
with Corrigan Nolan, a local expert. We are happy that Alex was able to find him, as he usually answered his emails fast. Mr. Benton's idea to
talk to Mr. Campagna about tesitng color was great, although what Mr. Campanga told us about was something Blake had mentioned prior.
Overall, we got plenty of feedback from the experts, but drawing them in earlier and keeping Bandon longer would have been preferable.
    The actual research was mostly fine, but we should have done more research with the sharpies at the start of the year. Blake had said that
he saw a viddeo where a guy colored a filament with sharpies, but the idea seemed to far out and to have too many problems that we did not
further the research until after we dropped the filament mixer idea. More research into the complexities of filament mixing would have saved
us time in not having to deal with that prototype as we did later. Statistics and background data and past prototypes were fairly easy to find on
Forbes, Google Patent search, and through me and Alex already knowing the big 3D printing companies and getting emails from Prusa. 
 
Brainstorming
    We liked our method of making brainstorming sketches seperately and then coming together. This allowed us to not go down one path, but
at least have three pathes to go on. One problem was that several of the ideas were essentailly the same for each person, but I believe this
method was best. We heard ideas from the class as well, but i wish this would be done sooner and not prior to us already have our ideas
established.
    The decision matrix worked farily well for us and helped us limit which ideas to focus on. For the deicison matrix, we each came up with
rankings seperately and then came together. This helped  us with not agreeing with everyone else. We then discussed and then averaged out
the numbers.
    The mock-ups were not too useful. None of the mock-ups really helped with our final idea. We did get soen dimensions for a couple of the
mock-ups, but we ended up not even prototyping them. More research into costs and attempts to uild them would have stopped us ffrom
wasting time in their creation. The one mock-up that we did make was the bead sorter, but this mock-up was of mostly what the bead holders
would look like. It was not useful in helping with the later prototype. Overall, we could have made better use of our prototypes.
 
Prototyping
    The biggest problem we had with prototyping was the fact that we spent a long time buying materials. We should have bought them as soon
as school started up again. Instead, we wasted time discussing the prototypes and pushing it off, limiting our time for testing. Part of the
problem was waiting for expert feedback on the filament mixer idea, but after finding how hard it would be to make that and the cost of the
pieces, we should have dropped that idea right away instead of waiting. We bought valves that were electronically controlled for the bead
sorter idea, but these were never used as they could not be electronically controlled the way we expected. We had to get a bunch of new parts
for the bead sorter idea due to just trying to figure out how to build it. Starting to build that an earlier time would have allowed us to get the
parts we needed faster. The sharpie prototype had its servos on the wrong way. We originally wanted it on sideways so that the sharpies could
push in easier and so they would not overlap. Blake should have communicated his ideas better or cadded it entirely himself, or Alex should
have sent a picture of the product prior to printing it. The sharpies did have to have platforms, and attaching it to the printer effectively is very
hard. We are happy to have this device actually programmed. The dye idea went through several prototypes, some of which were not properly
fitted. Luckily, Justin was able to create a prototype that looked nice and was not just a small section of tubing but with a controllable valve.
That idea was a last-minute idea to replace the filament mixer, so we are fairly happy with how it turned out. The ink cartridge idea was fairly
good, but perhaps we took apart the inkjet printer a little too much. The issues might not have happened if we did not break it down
completely. It was a good idea, but more problems were likely to come along with it even if the programmign did not fail. The bead sorter idea
was fairly weell built, and Alex did a great job wiring it and figuring out the temperature probe. Moving it back earlier would have saved us
time, though. It still needs a way to pull the filament by itself, as well. Overall, we lost time during the prototyping phase, but the end reuslt of
the prototypes worked fairly well.
 
Testing
    As far as testing went, the main thing we would like to do is test more color mixing. This is hard in part due to the current design of the
prototypes, of which the only working one to really test color mixing would be the sharpie one. Another problem would be how we would test
color mixing, as this could not be the same test as we used for the other colors. Overall, we believe our testing procedure was fine.
    We should also have tested for print quality more. Although we made sure the design was not affected, doing a durability test to an original
whistle or doing a weight test to see if the coloring affected these other qualities should have been done. 
    We were happy with how we tested for color. HAving the Pantone scale made the data more legitimate and helped us figure out where the
problems were. We found that darker colors had more variety in their hues and that in general, the colors lightened when printed. Finding a
way to get the hues of the dye would be prefered, and the bead sorter prototype was unable to effectively switch colors, although we were
happy to have it not burn the filament anymore.
 
Presentation
    The presentations went fairly well. Over the course of the year, we improved on our techniques as well as on how we created the slides. We
came to rely less on the words on the slides and more on the images, which is more effective. Excpet for some stumbling, we feel that the last
presentation went very well. There were lots of easy to see graphs and pictures of our project, and the presentation was broken into five
simple sections. We also timedit fairly well. We believe that we put enough time and effort into each presentation to make sure that everyone
knows their part and that the timing was mostly correct (only slipping up once or twice) while at the same time not wasting too much of our
classtime together.
 
STEM Principals Application/ Summary
    Overall, we feel that STEM prinicpals were well applied. We followed the process and went back when needed. When two of our original
prototypes failed, we returned to a preious section of the design process (research and brainstorming) to make two more working prototypes.
Although more expert feedback would be preferable, we did get some expert to comment on our progress throughout the year. We came up
with many ideas in brainstorming and ensured that we did not get stuck on one idea. Although we somtimes did not efficiently use our time,
we were able to get data on three prototypes. If we had done more research from the start and bought materials earlier, we could have had
more time to test and get more varied testing data. Overall, we were able to at least prove that our prototypes do change the color of clear PLA
filament.
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If time permitted, the following modifications would be made to the project and the further changes and continuation to testing would be
done.
Make sharpies push in vertically- right now the sharpies push in on the side. If the sharpies pushed in vertically, then the sharpies would no 
longer overlap each other. We could also adjust the amount of angle that the sharpie pushs in, and thus how much of each sharpie is placed 
in the final combination. Through this method, we could do way more color mixing and have more control over the intensity of color. Right 
now the sharpies can only do mixture of whole number multiple of colors at once, but by changing the intensity of each push, theoretically, 
any color is possible. We ran out of time to remake the prototype to test for this, but future groups would be advised to attempt to have the 
sharpies push in vertically.
Test color mixing more- we only did a little bit of color mixing. Because the sharpie prototype is the only one that can effectively do this, we 
tried some colors, like light blue and orange. The problem is testing for intensity, which the previous point covers how we would expect to 
adjust this function and get more color opportunties. Another problem is how this would be accurately tested, as there is no real expected 
color to compare with. Data collection of each intensity combination would be the most effective operation.
Fix heating of bead sorter- right now the heating makes the filament brittle and unprintable. We adjusted the heating enough to make it so 
that filament came out that was not burnt, but we ran out of time to make it so that the filament was no longer brittle. Future groups would be 
advised to work on how to make the filament less brittle and to find the perfect temperature. We found that 170C was fairly close, but still left 
air pockets that made the filament brittle. Improving the entire system is probably necessary to rid the filament of air bubbles and brittleness. 
A pull system is needed to pull the filament out of the sorter, right now we are using a screwdriver and having someone manually pull it out.
Better way to clean dye- right now the dye stays in the tube. Although this does not seem to have any major effect on the coloring of the 
filament, it is less asthetically pleasing to have the dye therre and may in the long term affect the coloring. Finding an efficient way to clean 
the tube (just washing it does not work very well) or doing more testing to see the long term effects of the dye would be neccessary for 
anyone continuing this prototype.
Reformat testing for dye- we have verylittle idea what the actual hue and pantone of the dye are. They dilute whenever we pour some out 
and change based on what we dump them on. They do not list their pantone and are no longer sold, so their hues are also not online. 
Perhaps with more research or different dyes we could get more accurate results.
Programming to work with printer- right now we have to manually work the devices to change colo. This is true even with our programmed 
sharpie design. This is why we have stripes on our final prints, as any other color change is too hard for us to figure out. With a sensor, one 
could figure out how much filament has passed, and using the distance between the sensor, coloring device, and where the extruder head is, 
find out where to color the filament for a specific design. One could put the colored design in a program like Pronterface and get a print with 
the colors that match. Our sharpie design easily changes colors, but would need to work with the printer program to know exactly when to 
change. This is doable, but would take a long period of time and lots of programming. Anyone wishing to make these ideas into final products 
would NEED to go through this step.
More expert feedback- we got approval from one of our experts on the fly, but none of our main experts ever responded with what they 
thought of our final designs. getting more feedback prior to the projects end would help us see some other places to improve the project and 
is suggested to anyone else who follows us. They should contact similar experts and get opinions on our prototypes prior to proceeding to 
work on them.
Strength tests, other miscellaneous testing- the final engineering panel suggested this. We printed whistles to test for quality (if it blows, then 
the print is good), but doing strength, weight change, and other tests will help show the other side effects of our designs. The dye might make 
the prints weaker or heavier than before, and that should be something to note with the final products. Finding more long term effects of 
printing in color may also be useful. Although in our dozens of tests with color we did not notice any change to the printer overall, in the long 
term certain effects may occur. Testing coloring on the printer for several months would bring this data forward.

 


