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	1. GATOR TEETH
ME 325  - FINAL PROJECT
JR Chou
Fall 2023
 


	2. Design Challenge and  Constraints
Using knowledge gained throughout
the quarter, design a part that
physically interacts with an
existing part or assembly in a
meaningful way.
Assuming the custom mold designed
would be inserted into an
existing mold base, we had the
option of using either a 2inx3in
mold stock or a 3inx5in mold
stock.
* Design envelope and ejector pin constraints in
drawing not relevant to this project.
After arriving at my chosen design, I
decided to use the 2inx3in mold stock to
save material costs. Engineering drawing
shows dimensions necessary to fit the
mold in the mold base.
 


	3. Ideation
After thinking
about my  hobbies
and interests, I
wanted to create
a gadget that
was aesthetic in
addition to
having utility.
 


	4. Chosen Design -  Golf Tee Holder Hat Clip
As an EXTREMELY amatuer golf
player, I’m looking for
anything to make my game
better. As someone who
requires multiple shots to
get on the green, it's
important to always have tees
handy and ready to use.
Rather than searching the
bottom of my golf bag for
tees in between slicing
drives, I decided to create a
way to holster multiple golf
tees on my hat while on the
course. I also wanted to make
the part look like an
alligator biting the rim of
the hat as homage to my gulf
coast roots.
 


	5. Prototyping
Through measurements and  online
research, I found golf tees to have
a 0.020” variance in shaft diameter.
In order to test what hole size
would accommodate this tolerance and
determine dimensions for the hat
clip interaction, I created low
fidelity prototypes using foam core.
 


	6. Next Iteration Prototypes
I  3D printed a series of designs that
each taught me something valuable:
Allowed feedback from users at this
point. Found that the last iteration
was distracting in user’s vision and
preferred the 2nd iteration’s form and
function.
Too large and bulky Prone to sink
Holes too tight Lacks alligator features
Prone to sink
Alligator features
obstruct peripheral
view
 


	7. CAD
In addition to
user  feedback, I
also valued the
consistent
thickness of the
second 3D print
as this would
reduce risk of
sink in the
parts. For my
test mold, I
decided to move
forward with this
design for
machining.
Positive
B side
A side
 


	8. Injection Molding Simulation  - TPU
After trying a few different gate locations, I found that the underside of the
tip of the clip would fill nicely and the witness mark would be relatively hidden
when on the hat. Here are some of the results…
Easy to fill and high
quality prediction
Risk of shrinkage,
particularly around
thicker areas as
expected
Small air traps in
corners. Let’s hope we
fix that with the
Arburg
 


	9. CAM Toolpaths
Face: 2”
Shell
#2  Center
Drill
0.281”
Drill
¼” Flat
Bore
⅛” Flat
Pocket
1/16” Flat
Pocket
 


	10. CAM Toolpaths (Same  toolpaths and operations for the A side of the mold)
1/16” Ball
Ramp
1/16” Ball
Scallop
¼” Ball
Trace
1/16” Ball
Trace
 


	11. Circular Gate
Based on  the thickness of my part and
simulation results, I designed a full round
gate to hopefully minimize defects in the
part by allowing a better flow of material
from the gate.
I created the circular gate by tracing a
gate and runner on both the A side and the
B sides of the mold so that the plastic
would “hop up” to the A side once plastic
is shot.
B Side
A Side
 


	12. Machining - Getting  Set Up
Because the tolerance of the thickness
for the mold is only +- 0.001”, I
chose to make the bottom left corner
of the stock the datum corner. This
will hopefully make the thickness more
precise than using the top left corner
since the CNC is referencing zero in
the Z axis for facing rather than
whatever the actual thickness of the
stock is. To set this datum, I probed
Z using the top of the parallels the
stock was resting on.
 


	13. Machining - CNC
  


	14. Post Processing
Since surface  finish
came out great, I
chose to leave machine
marks as is and not
sand the part. There
were some burrs on the
back of the part where
the drill pushed out
the metal. To let the
part lie flush in the
larger mold and to
ensure ejector pins
went through part
easily, I quickly
deburred the holes.
 


	15. Mold Fit
My part  fit perfectly
within the larger
mold in X and Y. Due
to precise facing
techniques described
above, the Z height
on both the A and B
side fit well and did
not require shims -
an improvement from
my last mold!
 


	16. First Injection Molded  Parts
First Impressions:
- Love Dynaflex!
- Lots of flash
- Sink on the back of
the hinge as
expected from
simulation
- Not seen is sink on
top of hole
lead-ins
Now let’s alter the
Arburg program to
remove some defects
 


	17. Adjusting Arburg Parameters
I  learned there is a balance between
flash and sink. In general I altered
the following parameters:
- Correct volume of dosage
- Increased injection rate
- Increased holding time and
pressure
I was able to get some nice parts,
but found that improvement could be
made to the part design…
 


	18. Side Note -  Molding PP
I wanted to test PP
in case the Dynaflex
was too flexible to
securely clip onto
hats or hold golf
tees. However, the PP
deflected less that
anticipated and did
not fit golf tees
well. Good to try and
learn but not a
viable option for
this design.
 


	19. Design Flaws
Considerations for  next
iteration mold design:
- Hinge thicker than
area under holes
- Deflection around tee
holes rather than the
hinge
- Not enough lead in on
the holes for golf
tees
- Makes pushing golf tees
into holes difficult
- 1/16” gate makes flow
too restricted leading
to short shots and
sink
 


	20. CAD
- Ensured the  area under the
holes was thicker than the
hinge so that deflection
was mostly through the
hinge
- Reduced the lead in for
the golf tee holes
- Increased gate size from
1/16” to 3/32”
To save money, I machined the
second iteration on the same
stock as my first mold. This
also allowed me to save time by
skipping facing and drilling
when machining.I used the same
CAM operations as the first
iteration and got set up at the
CNC once again…
Positive
B side
A side
 


	21. Mold - Second  Iteration
Making the second mold on the same
stock worked great. Except how do I
shoot into only one side at a time?
 


	22. Injection Molding Simulation  - TPU
Cut ¼” wooden dowel
into small pegs
Plug runner of first
iteration
Worked great! Simply
remove plug from the
runner and place in
mold again
 


	23. Making Multiples
After adjusting  the Arburg program
again to accommodate the new part
volume and geometry, I was able to
ramp up production and create
multiple parts that had minimal
sink and flash!
 


	24. Final Product
  


	25. Gator Teeth
  


	26. Reflections
The performance of  my final part is great.The golf tees do not fall out of
the clip and have a satisfying snap in and out of the holes that feels
secure yet does not require too much force. The clamp force of the clip on
the bill of the hat in addition to the high friction of the Dynaflex keep
the clip from falling off the hat even during fast motions such as whipping
the head side to side. Using Dynaflex was very fun and a perfect application
for my project.
I also feel accomplished in learning how to design for higher scale
production by iterating on mold design and injection parameters until the
resultant parts are ready for mass production.
I was excited to see almost all of my Gator Teeth were taken by people at
Meet The Makers. I received good feedback from golfers and engineers alike.
If I had more time or were to do this project again, I would probably add
ejector pins into my process. Removing parts from the mold was more manual
than I would have liked. The bosses in the mold that create the holes for
the part were often grabby especially in addition to the high friction
material of Dynaflex. Often times the part would deform slightly while I
wiggled the part out of the mold. I believe ejector pins would provide a
cleaner part and reduce labor.
Overall, I had a great time designing, machining, and bringing my vision of
helping golfers keep track of their golf tees in to reality.
Part Quantity Cost Per Part Total Costs:
2x3” Aluminum Mold Stock 2 $3 $6
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