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	1. MINI MOLD
DITTO
JR Chou
ME  325
Fall 2023
 


	2. Design Challenge and  Constraints
Provided a 3”x2”x0.5” aluminum
stock, make a design that fits
within the specified design
envelope. Create a negative of
the design and include holes for
ejector pins and mold alignment.
Also, design the gate and runner
in a way that yields the best
fill. The final product should be
able to link to itself and peers’
designs through a connector that
fits within the ejector pin
holes.
 


	3. Ideation
Since the designs
were  going to be
linked to other
designs, I wanted
my design to
resemble a
stretchy
character that
looks like it is
holding on to
other parts or
holding them
together.
 


	4. Initial Design
I initially  chose the Spider-Man
design I sketched, but quickly
realized that this design was prone
to some difficult challenges. I
suspected that in order to pocket out
the shape of Spider-Man, I would need
to do very tedious surface modeling.
I was also worried that with the thin
webs surrounding the ejector pin
locations, that the part would likely
fracture during ejecting. I was also
quite unsure about how well this part
would fill. My motivation to tackle
this design quickly diminished, so I
played around with my second design
which was immediately more exciting.
 


	5. Chosen Design -  Ditto!
I have always wanted to try
the Form tool in Fusion 360
to create organic shapes.
What better way to experiment
than on my one of my favorite
childhood Pokemon! I used the
picture on the left as a
canvas and morphed the Form
Quadball until it roughly fit
the design constraints.
 


	6. CAD
I then made  a
negative of my form
into the B side of
the mold using the
provided
engineering
drawing. The Ditto
is slightly out of
tolerance for the
design envelope,
but I feel the part
will fill easily
given its smooth,
open geometry -
Marlo concurs.
 


	7. Injection Molding Simulation  - TPU
I ran a few simulations with different gate sites. Filling at the bottom of the
part seemed to work best. I also have the vision of making my part squishy like
how I imagine a real ditto would be. To accomplish this, I simulated using TPU
which caused a few issues…
Quality prediction
indicates that middle
section will have
large section prone to
defects.
Injection Pressure
indicates high
variance from uniform
pressure in the top
corner surrounding
ejector pin location.
Shows large shrinkage
especially in the
dense middle section.
 


	8. Simulation Improvements
To make  a more accurate study, I modeled the gate
and runner I intend to use. I also switched my
material to Polypropylene plastic. After making
these changes, I ran the simulation again.
 


	9. Injection Molding Simulation  - PP
Area of medium quality
prediction decreased.
Injection pressure
more uniform and
contains less
surprising results.
Shrinkage fairly
similar to prior
results, but I think
that given the part
geometry shrinkage
will be unavoidable to
some degree.
*Now the simulation shows decent results, it’s time to start CAM…
 


	10. CAM Toolpaths
Face: 2”
Shell
#2  Center
Drill
0.281”
Drill
0.1875”
Drill
¼” Flat
Bore
⅛” Flat
Bore
 


	11. CAM Toolpaths -  Total Time: 0:28:36
¼” Ball
Trace
⅛” Ball
Trace
¼” Flat
Pocket
⅛” Flat
Pocket
⅛” Ball
Scallop
1/32”
Trace
 


	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
Extremely  happy to see the surface finish from
the scallop operation. Also, happy the 1/32” ball
end mill for tracing stayed in tact and the trace
is very pronounced.
 


	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. However,
despite using precise
facing techniques, the
part was still a little
low in Z within the
mold. To solve this
issue, I simply added
paper shims underneath
the part. Now we’re
ready to inject!
 


	16. First Injection Molded  Parts
First Impressions:
- Part looks
great!
- Edges very clean
with no flash
- Significant
flash at ejector
pin site
- Sink on the back
of Ditto’s left
arm
 


	17. Adjusting Arburg Parameters
Sink  reflects what simulation
predicted. To reduce this sinkage,
Marlo and I:
- Increased volume of dosage
- Increased injection rate
- Increased holding time
These changes helped reduce shrink,
but increased flash around ejector
pin holes.
 


	18. Making Multiples
With the  decrease in sink and the inability to
reduce flash around the ejector pin without
remachining my mold, it was time to ramp up
production and make an army of Dittos! After
snipping gates and flash…
 


	19. Final Product
  


	20. Final Product
  


	21. Reflections
I had a  great experience from start to finish
with this project. I opened a new avenue of CAD
by learning how to use the FORM tool. This will
allow me to explore more fun, organic shapes for
future projects that are more focused on
aesthetic rather than function.
I also got the best surface finish on a CNC I’ve
ever had. I learned that putting a ball end mill
on a pocket operation does not mean that will
provide a good finish. Hence, a larger ball end
mill in conjunction with the scallop finishing
operation turned out great. The machine marks
were very natural and less visible in the molded
parts as a result.
The molded parts looked great, but there are
definitely things I would change if I had more
time…
 


	22. Investigating Flash
I used  pin gauges to
investigate why the flash was
so bad. Then nominal hole size
is 0.1875”. The 0.188” pin
gauge was loose in the hole. I
found the actual diameter of
the hole to be closer to
0.192”. This verifies that the
flash is due to the hole from
the 3/16” drill being too
large.
Reflection: To make a more
precise hole in the future, I
could drill with a smaller
than nominal drill bit. Then,
I could ream the hole to
nominal diameter more
precisely.
 


	23. Witness Marks
When designing  the gate for the
part, I could have made a flat edge
around the Ditto for the gate to
attach to. Removing the gate from a
flat face would make a cleaner cut
opposed to the rounded edge I
designed. This would also make the
witness mark less visible from the
top-down view. The reason I did not
include this change is because I was
already exceeding the design
envelope depth and the extrusion
would exacerbate this issue. To make
the design less deep to allow for
this extrusion would require many
CAD changes that I did not have time
to implement.
Extrusion
for gate
Witness
mark
 


	24. Reflections
Overall, I have  become more confident in my CAD
abilities, CAM operations, and designing molds
altogether. I was also able to use the Arburg
injection molding machine by myself and grow more
comfortable with the hands-on injection molding
process. I still look forward to growing a better
intuition of program changes that can yield the
best results for custom injection molded parts. I
can’t wait for the next project!
 


	25. THANK YOU
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